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Introduction
The Isle of Man government commissioned this report to identify the potential impacts
of climate change for the Isle of Man. The study was managed by the Department of
Local Government and the Environment (DLGE). A steering group whose membership
was drawn from a cross-section of Island stakeholder organisations provided guidance.

This paper provides a technical summary of each of the elements of the study,
represented by a series of technical papers. The technical papers published from this
study are:

1. Technical summary
2. Methodology
3. Climate indicators
4. Future climate change scenarios
5. Costing the impacts of climate change: estimated costs of three historic events
6. Socio-economic scenarios
7. Historic costings under future climate change scenarios
8. Sector impacts
9. The Isle of Man’s economy in a global context
10. Climate change and water resources on the Isle of Man
11. Workshop reports
12. Adaptation policy framework

The following sections set out the key issues and conclusions taken from each of the
technical papers.

There is a further Executive Summary document which provides a non -technical
overview of the scoping study. This document also identifies key themes and issues for
the Isle of Man.
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Methodology

Using published tools

The study has made extensive use of the following tools and techniques developed by the
UK Climate Impacts Programme (UKCIP):

 UKCIP02 climate scenarios1

 Socio-economic scenarios2

 Costing3

 Risk 4

In addition to the work undertaken by UKCIP the study has also used climate scenarios
published by the:

 British Irish Council – BIC Climate Scenarios
 ICARUS – report prepared for the Republic of Ireland Environmental Protection

Agency

A key feature of the study has been the identification of potential impacts for the Isle of
Man within a risk management framework. The methodology used has adopted the tools
developed by the UK Climate Impacts Programme (UKCIP) and published in their report:
Risk Uncertainty and Decision-Making Framework (2004) (RUD)4. This technical paper
should be read in conjunction with the UKCIP framework.

The UKCIP framework (RUD) sets out a risk assessment process, which is iterative,
transferable and allows climate change risks to be integrated within existing decisions and
procedures. An outline of the RUD framework is provided in Figure 1.

1 Hulme,M., Jenkins,G.J., Lu,X., Turnpenny,J.R.,Mitchell,T.D., Jones,R.G., Lowe,J., Murphy,J.M.,Hassell,D., Boorman,P.,
McDonald,R. and Hill,S.(2002) Climate Change Scenarios for the United Kingdom: The UKCIP02 Scientific Report, Tyndall
Centre for Climate Change Research, School of Environmental Sciences, University of East Anglia, Norwich, UK.
2 UK Climate Impacts Programme, (2001), Socio-economic scenarios for climate change impact assessment: a guide to their use in
the UK Climate Impacts Programme. UKCIP, Oxford.
3 Metroeconomica (2004). Costing the impacts of climate change in the UK: overview of guidelines. UKCIP Technical Report.
UKCIP, Oxford.
4 Willows, R.I. and Connell, R.K. (Eds.). (2003). Climate adaptation: Risk, uncertainty and decision-making.UKCIP Technical
Report. UKCIP, Oxford.
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Figure 1: UKCIP Risk, Uncertainty and Decision-Making Framework4

The RUD framework has eight key stages. The Isle of Man study has focussed on stages 1
to 4.

The methodology used in the study is described in the following sections within the
context of the relevant stage of the RUD framework. An overview of the methodology is
provided in Figure 2.
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Figure 2: Methodology overview
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Stage 1: Identify problem and objectives

The first stage of the study was to identify a list of problems and issues for the Island, which
may be influenced by climate change and climate variability. This involved reviewing key
published strategies and policies to identify significant issues and decisions, which are or
will be affecting the Isle of Man’s environment, society and economy.

A survey of all key sectors was undertaken using published sources to produce a series of
sector ‘characterisations’. Information was supplemented by a series of telephone and
face-to-face interviews and an exchange of emails with key stakeholders. The sectors were
chosen to reflect a broad cross-section of the Island’s environment, society and economy.
The sectors in the study are:

 Transport
 Business
 Tourism
 Society and culture
 Historic environment
 Health
 Leisure and recreation
 Communications and energy
 Water management
 Waste management
 Built environment
 Natural resources and environmental quality
 Marine environment
 Agriculture, fisheries and forestry

A stakeholder workshop was held in December 2005 to assist with the identification of
issues (see technical paper 11 for the workshop outputs). The stage 1 outputs can be
found in the Stages 1 and 2 matrices for each sector in technical paper 8.

Stage 2: Establish decision making criteria

The Stage 1 review of published sources, interviews and the stakeholder workshop was
also used to identify information on key receptors, vulnerability thresholds and decision
making criteria.

An exercise was undertaken looking at the costs of historic extreme events to provide
guidance on decision making criteria, receptors and their sensitivity to exposure. Three
case studies were made based on flooding at Sulby (December 2000), tidal flooding and
storm surge (February 2002) and windstorm (January 2005). These studies used the UKCIP
‘Costing the Impacts of Climate Change’ tool. The case studies are described in detail in
technical paper 5.
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Stage 3: Risk assessment tier 1

Stages 3, 4 and 5 of the RUD framework are tiered. This enables qualitative assessments to
be made or, if data availability and time permits, increasing quantitative assessments. The
resource constraints of the Isle of Man study allowed a tier 1 qualitative assessment to be
made for each of the sectors. The assessments draw on additional research work
undertaken as part of the project assessing:

 socio-economic scenarios (technical paper 6),
 climate scenarios (technical paper 4),
 further costings work (technical paper 7)
 economic factors (technical paper 9)
 hydrological modelling (technical paper 10),

A stakeholder workshop was also held in March 2006 to assist with the identification of
impacts.

Socio economic scenarios

The identification of climate impacts and a risk assessment should not be undertaken in
isolation from a consideration of potential changes in our society and economy. Published
scenarios prepared for UKCIP were used to provide a briefing to assist with the
identification of climate impacts. These enable an understanding of how the receptors,
their thresholds and sensitivities may change over time, providing the context for
assessing climate impacts. These scenarios are described in technical paper 6.

Climate scenarios

A review of relevant regional climate change models and scenarios was undertaken to
ensure that the most appropriate information is being used for the Isle of Man. The
relevant scenarios used were: the UKCIP02 scenarios, the BIC Scenarios of Climate Change
and the scenarios produced for the Republic of Ireland. Additional work was undertaken
by the University of Ireland. The scenarios used for the Isle of Man are described in detail in
technical paper 4. The scenario information was widely disseminated to stakeholders.

Costing extreme events under climate change scenarios

Using the outputs from the socio-economic scenarios and the climate change scenarios
together with the costs of extreme events (technical paper 5), the study looked at the
potential future cost of similar extreme events. These results are presented in technical
paper 7.

Isle of Man’s economy in a global context

Whilst the focus of the project was the Isle of Man, it is important to recognise that the
climate change impacts must be assessed within a regional and an international context.
The Isle of Man’s economy does not exist in isolation from the rest of the world and climate
change impacts elsewhere may have significant implications. A review of the potential
impact of climate change on financial services (the most important sector in the Isle of
Man’s economy) was undertaken and is presented in technical paper 9.
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Hydrological modelling

The hydrological impacts of climate change were identified as a key issue for the Island. A
hydrological model was developed for the Island to:

 assess the annual and seasonal changes in effective run-off,
 determine the spatial distribution of change to highlight the areas most at risk

from water shortages and flooding.
 assess the impact on water supply and resource management, water quality and

flood management.

The modelling results were used to inform stakeholders and to assist with the
identification of potential impacts. The results of this research work are provided in
technical paper 10.

Sector impacts

Having identified receptors, exposure units and sensitivities, developed climate scenarios
specific to the Isle of Man, established baseline characterisations and understood how the
receptors may change through socio-economic factors, the next stage involved identifying
potential impacts. A review of existing published sources (mainly regional scoping studies
from the UK and the Republic of Ireland) and stakeholder engagement was used to identify
potential climate change impacts. The active involvement of stakeholders was particularly
important during this process, using a stakeholder workshop (see technical paper 11) and
direct discussion.

The results from this exercise are provided in technical paper 8, and are contained in the
impacts matrices for each sector.

Stage 3: Risk assessment tier 2

It was intended to undertake a more detailed assessment for a number of hot-topics for
the Isle of Man. However limitations on the availability of baseline information prevented
this exercise from being undertaken.

Stage 4: Identify options

A number of options to manage the impacts were identified ranging from ‘do-nothing’ to
‘do a little’ to ’do a lot’. These options explored both risk reduction and adaptation to the
potential climate impacts. The input from the workshops and the steering group played a
major role in this stage, which were combined with existing published impact assessments
in order to provided suggested responses.

Adaptation options have been developed in conjunction with stakeholders and from
literature searches. Adaptation matrixes have been developed for each sector (see
technical paper 8) using the concept of ‘building adaptive capacity/delivering adaptive
action’ which was developed by UKCIP and is now included within the UK Defra
‘Adaptation Policy Framework’.
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Next steps: adaptation policy framework

Adaptation is necessarily cross-cutting. It involves promoting an understanding of how
the changing climate will affect all sectors, and then encouraging relevant parties to take
action to reduce future risks and take advantage of future opportunities. The study
provides some guidance on the next steps, moving beyond scoping and a description of
the possible impacts of climate change, to focus instead on risks and opportunities where
action needs to be taken in the short, medium and longer-term. There are a number of
areas where it is particularly important to respond, because decisions taken now will have
long-term impacts.

To assist with this process the study takes the concept of ‘building adaptive
capacity/delivering adaptive action’ and recommends the development of an Isle of Man
‘Adaptation Policy Framework’. This work is covered in technical paper 12.

Study reporting

The study results are presented in a series of technical papers as follows:

1. Technical summary
2. Methodology
3. Climate indicators
4. Future climate change scenarios
5. Costing the impacts of climate change: estimated costs of three historic events
6. Socio-economic scenarios
7. Historic costings under future climate change scenarios
8. Sector impacts
9. The Isle of Man’s economy in a global context
10. Climate change and water resources on the Isle of Man
11. Workshop reports
12. Adaptation policy framework

These are designed to provide detailed information and analysis for those interested in
pursuing their understanding and awareness of the issues facing the Isle of Man.

Technical paper 1: Technical Summary provides a summary of the main findings and
conclusions.

The study has also prepared an Executive Summary identifying the key themes for the Isle
of Man. This has been published as a separate document.
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Climate change: the global context

1.1 Introduction

The current scientific consensus attributes most of the increase in global
temperature experienced since the middle of the 20th century, to anthropogenic
activities (IPCC, 2001). This increase is associated with increasing atmospheric
concentrations of greenhouse gases, primarily CO2, from pre-Industrial
Revolution levels of 280 p.p.m.v. (parts per million volume) to their current levels
of over 380 p.p.m.v. The present day concentration of CO2 is at a level that has
not been exceeded during the past 420,000 years and most likely not during the
past 20 million years (IPCC, 2001).

The natural greenhouse effect, which results from naturally occurring quantities
of greenhouse gases, acts to raise the temperature of the Earth’s surface by
~21oC; thereby making the planet habitable. However, as a consequence of the
increasing concentrations of these gases in the atmosphere, primarily attributed
to human activity such as the burning of fossil fuels, it is likely that global
temperatures will increase significantly during the course of the present
century.

Records of surface temperatures from the Northern Hemisphere, compiled from
various sources and proxy data, suggest that, globally, 1998 was the warmest
year of the warmest decade of the warmest century of the last millennium (IPCC,
2001). Indeed eight of the ten warmest years on record have occurred in the last
decade (1996-2005) with 2005 being the second warmest year recorded by the
UK Met Office. These increases in temperature have been accompanied by
decreases in snow cover and retreat of mountain glaciers. As a consequence, a
rise in sea level of between 10-20 cm has occurred since 1900. Reductions in the
sea-ice thickness of the Arctic and increases in precipitation over the land
masses of temperate regions of between 0.5-1.0% have also been observed
(IPCC, 2001).

If emissions of greenhouse gases were to continue increasing at current rates, a
doubling of atmospheric concentrations of CO2 is likely to occur by the end of
the present century. An increase in effective CO2 is likely to occur much sooner.
Global Climate Model (GCM) simulations of the climate system suggest that
increases in global temperature in the order of between 1.4 to 5.8°C by 2100 are
likely as a consequence. These temperature increases are unlikely to be
uniformly distributed and there is likely to be a large degree of regional
variation in the spatial distribution of these increases.

1.2 Past climate

The Earth has undergone repeated glacial and interglacial cycles as a
consequence of climatic fluctuations between cold, glacial, and warm,
interglacial periods during the Quaternary Period (<2 million years). During
glacial periods, approximately one-third of the Earth’s surface was covered by
ice sheets (Benn and Evans, 1998). These glacial-to-interglacial sequences are
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primarily driven by changes in solar radiation receipt as a consequence of
periodicities inherent in the Earth's orbit around the Sun.

These orbital cycles affect climate by causing variations in the seasonal and
latitudinal amount of solar radiation received at the Earth’s surface. These
variations in turn have a dramatic effect on the global climate system, producing
climatic fluctuations between cold, glacial conditions, resulting in the
development of ice sheets, and warm, interglacial periods, with a much reduced
ice cover.

Terrestrial storage of water as ice and snow had a dramatic effect on global sea
levels during glacial periods. Evidence from proxy sources suggest that sea level
was approximately 120 metres lower than present during the last glacial
maximum (Benn and Evans, 1998). At present, glaciers and ice sheets cover
about 10% of the Earth’s surface which if melted, could raise present day sea
levels by approximately 70 metres (Nesje and Dahl, 2000).

After the last glacial maximum, a cold interstadial occurred around 11-10 kyr
ago, after which rapid retreat of the northern hemisphere ice sheets occurred.
The onset of this retreat marked the beginning of the present interglacial,
known as the Holocene Epoch, and within 1,000 years, the North American
Laurentide ice sheet had been reduced to remnants, some of which still exists
today on Baffin Island.

Periods of neoglaciation, which refer to the readvance or regrowth of glaciers
after attaining their minimum extent during the Holocene (Nesje and Dahl,
2000), occurred as early as 8 kyr ago (Benn and Evans, 1998). The most recent
period of neoglacial activity, known as the Little Ice Age, commenced during the
late 16th century and continued up until the middle of the 19th century, was
marked by temperature reductions of up to 1.0 - 1.5oC, most likely resulting from
a reduction in sunspot activity and increased volcanic activity during this time.

1.3 Present climate

Global average surface temperature has increased by 0.6 ±0.2oC over the course
of the 20th century (IPCC, 2001). The global temperature record displays a large
degree of variability, but does suggest that most of this warming occurred
between two specific periods, 1910-1945 and 1970-2000. While the temperature
increase experienced during the 1910-1945 was larger than the latter period, the
rate of warming during the 1970-2000 has been faster over land than the
oceans. In the Northern Hemisphere, the 1990s was the warmest decade and
1998 was the warmest year (IPCC, 2001), followed by 2005, 2002 and 2003 since
reliable global instrumental records began in 1861. Proxy records indicate that
the temperature increases recorded during the 20th century in the Northern
Hemisphere resulted in it being the warmest century in the last millennium.
Much of this warming has occurred in the winter, spring and autumn seasons
(Jones et al., 2001). There is evidence to suggest that this increasing trend in
temperatures has accelerated over the past three decades (IPCC, 2001).

In a study of long-term temperature trends in Western Europe over the 20th

century, Moses et al. (1987) detected a greater magnitude of change at higher
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latitudes reflecting the sensitivity of high-latitudes to climate change. This
increased sensitivity at these latitudes primarily results from ice-albedo
feedback mechanisms. The detection of this increased temperature trend at
high-latitudes is consistent with current global climate model predictions on
global warming.

Sea levels have been rising at approximately 1-2 mm/annum over the course of
the 20th century, as a consequence of a number of factors, such as, thermal
expansion of the water column and glacial meltwater, released from the
ongoing and widespread retreat of mountain glaciers. Decreases in the Arctic
sea-ice thickness of up to 40% during the late summer and early autumn, while
not contributing to sea-level, does indicate a warming trend in the Arctic
regions.

There is evidence to suggest that regional changes in precipitation amounts,
intensity and location have likely occurred over the course of the 20th century
(IPCC, 2001). Annual precipitation over the 20th century has displayed an
increasing trend in the mid- to high-latitudes in the order of approximately 0.5-
1.0% per decade (IPCC, 2001), while in the sub-tropical Northern Hemisphere
land areas, precipitation has decreased by 0.3% per decade (IPCC, 2001).
Associated with these precipitation increases in the mid- to high- latitudes is a
tendency towards an increase in the frequency of more intense precipitation
events (IPCC, 2001). An increasing frequency of more intense events can occur
due to a number of factors, such as, changes in humidity, atmospheric
circulation patterns and increased storm activity.

1.4 Projections of future climate

 Globally averaged surface temperature is projected to increase by
between 1.4 to 5.8oC, over the 1990 to 2100 period, depending on
emissions scenario.

 Precipitation increases are likely by the middle of the present century in
the mid to high latitudes in winter, with large year-to-year variations.

 An increase in maximum temperatures and in the frequency of hot days
is very likely.

 More intense precipitation events are also very likely over mid to high
latitude areas of the Northern Hemisphere

 The present day retreat of mountain glaciers is likely to continue during
the course of the 21st century. While Eastern Antarctica is likely to gain
mass due to enhanced precipitation, Greenland is likely to lose mass due
to a greater increase in runoff over precipitation increases.

 The best estimate for global mean sea-level rise over the present century
is 0.48 metres. Sea levels are likely to continue to rise after 2100.
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Climate change: meteorological indicators for the Isle of Man

2.1 Primary indicators

2.1.1 Introduction

In order to assess if the global trends described above are occurring at the
regional scale of the Isle of Man, this chapter will examine the available
meteorological data for any long-term trends, which may have occurred over
the period of record. The focus of this examination will be on the two key
climatological parameters, that of temperature and precipitation, but additional
climate parameters will also be discussed.

2.2 Air temperature indicators in the Isle of Man

A limited observational record exists for the Isle of Man with only two long-term
records available. Long term data extends as far back as 1870 for precipitation
and to 1878 for temperature at Douglas. Data from Ronaldsway commenced in
1947. These two stations are located on the eastern side of the island and are
monitored by the Isle of Man meteorological service.

2.2.1 Global and Isle of Man temperature anomalies

Annual mean temperatures, from both Douglas and Ronaldsway, were used to
calculate the mean annual air temperature anomaly for the Isle of Man, relative
to the 1961-1990 period (Table 2.1). The 1961-1990 period is considered to be a
representative 30-year period for assessing climate change and is the
recommended period for assessing change by the World Meteorological
Organisation (WMO). The Isle of Man has a mild maritime climate, reflecting its
proximity to the Atlantic Ocean. As a consequence, the annual temperature
range tends not to experience the large ranges of other countries at similar
latitudes. Annual average temperatures on the Isle of Man are between 9oC -
10oC.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Douglas 5.0 4.4 5.6 7.4 10.1 12.8 14.4 14.4 12.7 10.6 7.3 5.9 9.2
Ronaldsway 5.4 4.9 5.9 7.5 10.1 12.8 14.4 14.5 13.0 11.0 7.7 6.3 9.5

Table 2.1 Mean monthly temperature for Douglas and Ronaldsway for the 1961-1990 period

Figure 2.1 illustrates the mean annual air temperature anomalies calculated for
the Isle of Man, based on the average anomalies for Douglas and Ronaldsway for
the 1947-2001 period and the global anomaly for 1890-2004. The global
anomaly demonstrates largely decreasing negative anomalies from the start of
the records up to the 1940s, with slightly negative anomalies between the 1940-
1970 period. After the 1980s, increasing and positive anomalies are evident.
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Overall, the trend is one of decreasing negative to increasing positive anomalies
over the course of the 20th century.
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Figure 2.1 Global and Isle of Man temperature anomalies, relative to 1961-1990. (*1999 and 2000
were removed from the Douglas record due to missing monthly values; anomaly values from

Ronaldsway are used directly for these years)

The annual temperature anomalies from the Isle of Man demonstrate much
greater interannual variability than is evident in the global anomalies. During
the 1950s, a number of years with large positive anomalies are evident with
departures from the 1961-1990 mean of greater than +0.5oC. Negative
departures from the mean, of similar magnitude, are experienced during the
1960s, 1970s and 1980s. However, after 1988, consistent and positive anomalies
become evident, with nine years displaying positive anomalies greater than
+0.5oC, four of which are greater than +1.0oC above the 1961-1990 average. The
warmest year globally was recorded in 1998, with an anomaly of +0.58oC, while
the warmest year for the Isle of Man was recorded in 1997 with an annual
anomaly of +1.1oC, over the 1947-2001 period of record.



Page 9

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1890 1898 1906 1914 1922 1930 1938 1946 1954 1962 1970 1978 1986 1994 2002

T
e

m
p

e
ra

tu
re

A
n

o
m

al
y

(o
C

)

10 year moving average (IOM 1947-2001) 10 year moving average (Ireland 1890-2004)
10 year moving average (Douglas 1890-2001) 10 year moving average (CET 1890-2004)

Figure 2.2 10-year moving averages of the regional temperature anomalies for the CET series, Ireland
and the Isle of Man, relative to 1961-1990. (*1999 and 2000 were removed from the Douglas record

due to missing monthly values)

Figure 2.2 shows the 10-year moving average of the regional temperature
anomalies for the Central England Temperature (CET) series, the Irish
temperature anomalies, calculated from the Irish synoptic network, and the Isle
of Man anomalies. The anomaly series from Douglas was included due to its
data record length extending far back in time relative to the Isle of Man only
anomaly.

While the Isle of Man anomalies demonstrate a large degree of interannual
variability with regards to the global temperature anomaly record, when
compared to the CET and Irish anomaly series, they are found to be consistent
with both of these anomaly series. Warming occurred from the start of the 20th

century to the mid-1940s with cooling occurred thereafter until the 1960s,
commonly referred to as mid-century cooling and most likely associated with
large-scale circulation changes. Rapid warming then becomes evident from the
1980s to the present. It is evident that at the present the Isle of Man
temperatures are increasing faster than the global average, in line with findings
from Ireland (Sweeney et al., 2002)

2.2.2 Long-term mean annual air temperature

The mean annual air temperature index (1947-2001) derived from the average
of the Douglas and Ronaldsway annual temperature series is illustrated in Figure
2.3. An annual temperature of 10.5oC was recorded in 1997, the warmest year on
record for the period 1947-2001. 6 of the 10 warmest years have occurred since
1988 resulting in the 1990s being the warmest decade on record for both
stations. Warming in the Isle of Man annual air temperature index was found to
be significant at the 0.05 level. All significance levels were derived from the
Kendall’s tau b significance test.
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Figure 2.3 Mean annual air temperature index (1947-2001). (*1999 and 2000 were removed from the
Douglas record due to missing monthly values).

Warming in both the Douglas (1878-2001) and Ronaldsway (1947-2004) mean
annual temperature series was also found to be significant, at the 0.01 level, for
their respective periods. Similarly to the Irish records, the warmest month on
record was recorded in August 1995, with a mean monthly temperature of
17.9oC at Douglas and 17.8oC at Ronaldsway. A monthly temperature of 16.8oC
recorded in August 2003 was the second warmest year on record at Ronaldsway.
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Figure 2.4 Mean annual air temperature for Douglas (1878-2001). (*1999 and 2000 were removed
from the Douglas record due to missing monthly values)

The highest maximum monthly temperature recorded at Douglas was 21.6oC in
August 1947, while the second highest of 21.3oC was recorded in August, 1995.
Records from Ronaldsway only start in September of 1947. While it is likely that
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August of that year was very warm, the warmest month on record is again
August of 1995, when the mean monthly temperature from this station was
21.6oC. The coldest minimum temperature recorded at Douglas was in the 19th

century, a value of –4.4oC in December of 1882. While station relocation may
explain the fact that 6 of the 8 lowest minimum monthly temperatures at
Douglas were recorded before 1900, a possible influence of cooler conditions
after the Little Ice Age (LIA), when European temperatures were colder than
present, warrants further investigation. At Ronaldsway, the lowest minimum
monthly temperature was recorded in February of 1963, associated with a very
cold winter across Ireland and the UK.

2.2.3 Seasonal maximum and minimum air temperatures

Globally, minimum temperatures appear to be warming at a faster rate than
maximum temperatures (Karl et al., 1993), particularly since the 1950s (IPCC,
2001), possibly associated with a change in cloud cover. Jones et al. (1999)
found no significant increase in very warm days in the Central England
Temperature series in recent years, but there was a marked decrease in the
frequency of very cold days. A decrease in the diurnal temperature range has
also been found in Northern and Central Europe (Heino et al., 1999).

Douglas Ronaldsway
winter max 0.124 1.160**
spring max 0.000 0.870**
summer max -0.123 0.928*
autumn max 0.620 0.638
winter min 0.875* 1.829**
spring min 1.240** 1.357**
summer min 1.353** 1.062**
autumn min 2.232** 0.870*

** significant at 0.01 level (2-tailed).
* significant at 0.05 level (2-tailed).

Table 2.2 Increase in seasonal maximum and minimum temperatures for Douglas (1878-2001) and
Ronaldsway (1947-2004) derived from linear regression.

Significance determined from Kendall’s Tau-b.

Figure 2.5 illustrates the changes in seasonal maximum and minimum
temperatures over the period of record for both Douglas and Ronaldsway. The
seasons are comprised of the following months: Winter- December, January and
February (DJF); Spring- March, April and May (MAM); Summer- June, July and
August (JJA); Autumn- September, October and November (SON). Minimum
temperatures were found to be increasing at a greater rate than maximum
temperatures (Table 2.2). The increasing trends in minimum temperatures for
both stations, calculated by fitting a least squares linear regression to the
seasonal values, were found to be statistically significant. Increases in the
autumn minimum temperature at Douglas were found to display the greatest
degree of warming, increasing by 2.2oC over the period of record, while winter
minimum temperatures at Ronaldsway display the greatest increases for this
station. For maximum temperature, the only significant trend found at Douglas
was in the autumn series. Maximum temperature increases were found to be
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significant for all seasons at Ronaldsway. The greater increases evident in the
autumn and winter periods are consistent with findings from Ireland (Butler et
al., 2005).

Between 1950 and 1993, global maximum and minimum temperatures
increased by 0.1oC/decade and 0.2oC/decade, respectively. Table 2.3 displays the
seasonal increases in maximum and minimum temperature in oC/decade, which
are largely consistent with global trends.

oC/decade Douglas Ronaldsway
winter max 0.01 0.2
spring max 0.2
summer max -0.01 0.2
autumn max 0.1 0.1
winter min 0.1 0.3
spring min 0.1 0.2
summer min 0.1 0.2
autumn min 0.2 0.2

Table 2.3 Rate of warming in seasonal maximum and minimum temperatures for Douglas and
Ronaldsway (oC/decade). Significant results are shown in italics.

Table 2.4 shows the trend (oC/decade) for changes in the highest daily
maximum and lowest daily minimum temperature recorded for all seasons over
the period 1947-2004. These findings are consistent with those trends found in
the seasonal maximum and minimum series. Again, the significance of the
lowest daily minimum temperature demonstrates that increasing minimum
temperatures are the predominant driver of temperature changes in the Isle of
Man.

HD LD
Winter 0.17** 0.53**
Spring 0.04 0.32
Summer 0.09 0.30*
Autumn 0.14 0.35*

** Correlation significant at 0.01 level (2-tailed).
* Correlation significant at 0.05 level (2-tailed).

Table 2.4 Rate of warming in seasonal highest daily maximum (HD) and lowest daily minimum (LD)
temperatures for Ronaldsway (1947-2004) (oC/decade) derived from linear regression. Statistical

significance derived from Kendall’s Tau b.
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Figure 2.5 5-year moving averages of maximum and minimum temperatures for Douglas (1878-2001)
and Ronaldsway (1947-2004)
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2.2.4 Annual frequency of days with air frost

Figure 2.6 displays the annual number of days in which frost was recorded at
Ronaldsway over the 1947-2004 period. Decadal means for the 1950s-1980s
indicate that, on average, greater than 20 days each year recorded days with air
frost. However, the decadal average for the 1990s suggest a reduction by
approximately half in the number of days with air frost, recording, on average,
only 12 days per year in which air frost occurred. As minimum temperatures
continue to increase, it is likely that the number of days with air frost will
continue to decline resulting in a longer growing season.
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Figure 2.6 Annual number of days on which air frost was recorded at Ronaldsway (1947-2004). 5-year
moving average included as a smoothed line. Decadal means are displayed in black.

2.2.5 Sun hours

Changes in the sun’s elevation produce large seasonal variations in bright
sunshine (Keane and Sheridan, 2004), from a minimum in December, January
and February to a maximum in May, June and July (Table 2.5). While no trend
exists in the annual series of sun hours, there is large interannual variability
apparent in the observed record (Figure 2.7), fluctuating between
approximately 1300 hours of annual sunshine in 1958 to approximately 1800
hours in 1955.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Sun hrs 52 71 113 170 216 208 194 180 131 95 64 43 1537

Table 2.5 Mean monthly sun hours from Ronaldsway for the 1961-1990 period

The 10-year smoothed average shows an overall tendency towards decreasing
sun hours between the 1950s and the 1970s. This decreasing trend reverses in
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the early 1980s, with an increasing trend evident until the end of the records in
2004. These changes in annual sun hours are likely to be driven by changes in
winter cloud cover. A split sample of winter season sun hours was assessed for a
trend. The sample was split into pre-1990 and post-1990 and then both data
series were input into a linear regression. A decreasing trend of –0.75 hours per
winter season, significant at 0.05, was found in the pre-1990, while, in the post-
1990 data (with fourteen cases), a strongly increasing trend of 6.2 hours per
winter season was found to be significant at 0.01.
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Figure 2.7 Annual sun hours from Ronaldsway 1949-2004. Smoothed line represents the 10-year
moving average

Stanhill (2005) in an analysis of global irradiance, the flux in solar radiation of
direct and diffuse radiation reaching the earth’s surface measured during four
years, 1958, 1965, 1975 and 1985, found that large significant reductions had
occurred at a number of sites around the world. Gilgen et al. (1998) analysed of
global radiation data over the 1964-1993 period also found a decrease,
averaging 2% per decade, over large regions of Africa, Asia, Europe and North
America. This phenomenon was termed ‘Global Dimming’ and is likely a
consequence of changes in the transmissivity of the earth’s atmosphere due to
an increased loading of aerosols (Stanhill, 2005) and not necessarily associated
with changes in cloud cover. Conversely, as the aerosol loading in the
atmosphere is reduced we may find that the warming signal observed thus far
has been masked, with the warming signal being greater than previously
thought; a concept termed Global Brightening.

2.3 Precipitation Indicators

2.3.1 Long-term precipitation series

An amplification of the hydrological cycle is likely to result from an increase in
global temperatures as a consequence of increased evaporation from the
surface of the oceans. Over the course of the 20th century, large scale regional
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changes in precipitation amounts, intensity and location are likely to have
occurred (IPCC, 2001), with annual precipitation displaying an increasing trend
of approximately 0.5-1.0% per decade in the mid- to high- latitudes over the
same period. There has also been an increasing trend towards more intense
precipitation events in the order of 2-4% (IPCC, 2001).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean
(1870-2002) 110.3 83.0 77.3 65.1 64.9 67.2 75.5 95.1 98.7 122.5 122.1 125.1 1105.1

Max. (mm) 276.6 193.3 199.1 149.2* 166.7 179.6 166.5 202.2 263.7 233.0 281.4 287.3 1598.7
Year 1948 1937 1947 1961 1886 1982 1888 1956 1950 1903 1931 1934 1872

Min. (mm) 21.0 2.2 15.7 8.6 5.7 2.8 7.4 7.4 5.8 13.7 6.9 25.1 701.8
Year 1880 1986 1953 1980 1896 1925 1898 1959 1986 1946 1945 1963 1887

Table 2.6 Mean, maximum and minimum monthly precipitation data for the period 1870-2002 for
Douglas. Year indicates the year in which the greatest or smallest monthly total was recorded.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean
(1947-2004) 86.4 60.5 63.8 55.6 49.1 55.1 56.7 68.0 80.2 95.6 97.2 93.9 863.1

Max. (mm) 237.1 139.1 211.1 130 140.9 132.8 139.8 184.3 184 228.6 210.7 213.4 1118.2
Year 1948 1977 1947 1961 1993 1982 1985 1956 1950 2002 2002 1978 2002

Min. (mm) 14 1.5 7.6 4.8 10 8.4 9.9 4.1 3.2 18.3 26.9 17.6 683.8
Year 1997 1986 1953 1980 1977 1949 1989 1976 1986 1951 1956 1963 1995

Table 2.7 Mean, maximum and minimum monthly precipitation data for the period 1947-2004 for
Ronaldsway. Year indicates the year in which the greatest or smallest monthly total was recorded

Tables 2.6-2.7 display the mean monthly precipitation for Douglas and
Ronaldsway, along with years in which the highest and lowest monthly falls
were recorded. There appears to be no strong seasonality to precipitation
receipts at either of these stations. However, there does appear to be large
interannual variability (Figure 2.8). Increasing precipitation is evident from the
start of the 20th century until the 1930s, after which, a general decline is
apparent until the 1970s. Increases in receipts during the late 1970s and early
1980s are followed thereafter by a decline in annual receipts until the end of the
records. The 1961-1990 mean rainfall total is 1131 mm for Douglas and 863 mm
for Ronaldsway. While receipts for Ronaldsway are lower than Douglas, they
follow a similar annual pattern. No significant trend was found in the annual
series for either station.
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Figure 2.8 Annual precipitation for Douglas (1870-2001), Ronaldsway (1947-2005) and a combined
annual precipitation series comprised of both Douglas and Ronaldsway (Annual receipts from

Douglas for 2000 removed due to a missing value recorded in November of that year).

A significant trend in seasonal rainfall amounts was only found for increasing
spring precipitation at Douglas, significant at the 0.05 level. A decreasing trend
at Ronaldsway during the summer months, significant at the 0.05 level was also
found. All other seasons displayed no significant trend in terms of changing
seasonal precipitation amounts. However, a significant and decreasing trend in
the 90th percentile of winter rainfall, over the 1961-2000 period, was found to be
occurring on the Isle of Man in research conducted by the STARDEX project
(http://www.cru.uea.ac.uk/cru/projects/stardex/) inconsistent with trends
occurring in England. A decreasing trend in the maximum 5-day rainfall during
winter was also found to be occurring over the 1958-2000 period. Figures 2.9-
2.10 display the 10-year moving average of winter and summer amounts,
suggest only slight changes in the seasonality of precipitation.
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Figure 2.9 10-year moving averages of the winter (djf) and summer (jja) seasonal precipitation
receipts for Douglas.

Analysis of the monthly precipitation totals for both stations only displayed
statistically significant changes during August, with a decreasing trend
precipitation, for both Douglas and Ronaldsway. A decreasing trend of –0.191
mm per year (significance level 0.05) was found for Douglas, while a decrease of
–0.488 mm per year (significance level 0.05) was found for Ronaldsway. No
significant trends in precipitation were found for the other months.
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Figure 2.10 10-year moving averages of the winter (djf) and summer (jja) seasonal precipitation
receipts for Ronaldsway.
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2.3.2 Annual frequency of ‘rain’ and ‘wet’ days

No significant trends were found to be occurring in the annual series of raindays
or wetdays (Figure 2.11) or in the monthly frequencies of raindays or wetdays at
Ronaldsway over the period 1947-2005.
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Figure 2.11 Annual frequencies of raindays (>0.1 mm) and wetdays (>0.9 mm).

2.4 Wind Indicators in the Isle of Man

2.4.1 Wind

Mean monthly wind speeds (knots) from Ronaldsway for the period 1961-1990
are displayed in Table 2.8. Wind speeds during the winter months tend to be
moderate (11-16 knots), while during the summer months they tend towards
more gentle breezes (7-10 knots). Over the 1961-1990 period, January displays
the highest mean monthly wind speeds, followed by December and February,
while the lowest wind speeds tend to occur during the summer months of June,
July and August.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean 15.7 15.0 13.8 11.7 10.7 9.8 9.6 10.1 11.7 13.4 14.5 15.3 12.6
Minimum 11.3 8.4 9.3 8.1 7.4 7.8 6.3 7.0 7.4 10.6 10.0 11.9 8.8
Maximum 19.9 22.0 18.5 19.6 15.8 13.3 13.1 14.9 14.7 17.5 20.2 19.6 17.4

Table 2.8 Mean monthly wind speeds (knots) for the Isle of Man from Ronaldsway (1961-1990).
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In an analysis of seasonal trends of wind speeds at Ronaldsway over the 1961-
2005 period, no significant trend was found to be occurring. Similarly, in an
analysis of monthly trends, no significant trends were found to be occurring in
windspeeds.

Year Month mph knots

1964 Dec 64 55

1965 Jan 63 55

2005* Jan 62 54

1961 Oct 61 53

1963 Feb 61 53

1965 Nov 60 52

1966 Dec 60 52

1984 Jan 57 49

1997 Dec 57 49

1998 Dec 57 49

Table 2.9 Highest hourly mean speeds for Ronaldsway (Table compiled by Alan Hisscott, Oik Emshyr
Runnysvie, Isle of Man). (* Storm on January 2005).

Significant decreases in the highest hourly wind speeds were also found for a
number of months. Decreases in April and September of -0.136 and -0.248
knots per year, respectively were significant at the 0.01 level, while decreases in
November of –0.130 knots per year, respectively, were significant at the 0.05
level. The ten highest recorded hourly mean wind speeds are shown in table 2.9.
However, site and instrumentation changes also occurred at this station during
the period of record, which may also account for the changes found. Further
work is required to assess these impacts.

Year Month mph knots

1966 Dec 98 85

1965 Jan 96 83

1998 Dec 95 82

1991 Nov 91 79

2005* Jan 91 79

1997 Dec 90 78

1961 Oct 89 77

1962 Dec 89 77

1964 Dec 89 77

1983 Mar 89 77

Table 2.10 Highest recorded gusts for Ronaldsway (Table compiled by Alan Hisscott, Isle of Man Oik
Emshyr Runnysvie, Isle of Man). (* Storm on January 2005).

Similarly, decreases in the highest monthly gusts were also found for a number
of months. Decreases during April (-.134 knots per year), May, (-0.197 knots per
year), and November decreased (-0.233 knots per year) were found to be
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significant at the 0.05 level, while a decrease during September (-0.277 knots per
year) was found to be significant at the 0.1 level. Again, caution must be
exercised with regards to these results due to changes in site and
instrumentation. The ten highest recorded gusts are shown in table 2.10.

2.5 North Atlantic Oscillation

Climate variability in the North Atlantic results from numerous interactions:
between the troposphere, stratosphere, ocean, adjacent land masses, the Arctic,
the Tropics and remote forcing from the Pacific (Marshall et al., 2001). This
variability results primarily from the interaction of three interrelated
phenomena; the Tropical Atlantic Variability (TAV), fluctuating tropical Atlantic
sea surface temperatures which straddle the intertropical convergence zone
(ITCZ), the North Atlantic Oscillation (NAO), which represents fluctuating sea
level pressure between the Azores and Iceland, and the Atlantic Meridional
Overturning Circulation (MOC) or thermohaline circulation (Marshall et al., 2001).
These phenomena interact on a variety of timescales, from interannual to
decadal, and over a large spatial area, vertically integrating the ocean and
atmosphere.

In the mid-latitudes, the North Atlantic Oscillation accounts for 37% of the
variability of the winter 500 hPa heights over the North Atlantic (Marshall et al.,
2001). It is the leading mode of climate variability, particularly in winter when it
is most pronounced in amplitude (Marshall et al., 2001). The NAO is also linked
to the leading annular mode of climate variability in the Northern Hemisphere,
the Arctic Oscillation (AO).

The NAO is characterised by a meridional or north-south pressure gradient
between the semi-permanent low pressure centred over Iceland (Icelandic Low)
and the semi-permanent high pressure centred over the Azores (Azores High). It
is instrumental in the large-scale transfer and redistribution of atmospheric mass
between the equator and the North Pole and is associated with changes in
westerly airflow over the North Atlantic onto Europe (Hurrell, 1995). It is most
pronounced during the boreal winter months of December, January and
February, when it accounts from more than one-third of the total variance in
sea-level pressure (SLP) over the North Atlantic, but is present throughout the
whole year (Marshall and Kushnir, 1997; Hurrell and Dickson, 2001).

The NAO fluctuates between positive and negative modes on a decadal to
multi-decadal time scale (Figure 2.12). Positive modes are associated with
stronger than average westerlies due to a large pressure gradient between the
Icelandic Low and Azores High. A positive phase of the NAO results in intensified
depressions tracking over Northern Europe due to the increased pressure
gradient. Negative modes result from a diminished gradient between Iceland
and the Azores. Fluctuations in the NAO have also been found to co-vary with
fluctuations in temperature and precipitation.
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Figure 2.12 Winter time (DJF) North Atlantic Oscillation 1865-2003. Smoothed line represents the 10-
year moving average.

2.6 Storminess

Figure 2.13 Number of North Atlantic low pressure systems with pressure less than 950hPa

(Source: Deutscher Wetterdienst, 1994)

Extra tropical cyclones are low-pressure systems that occur throughout the mid-
latitudes of both hemispheres (IPCC, 2001). These low-pressure systems can
cause significant damage resulting from increased wind speeds and wind
generated waves and flood damage from the frontal systems associated with
extra tropical storms, particularly during the winter months when these systems
are most active. Analysis of changes in frequency and intensity of extra tropical
storms has produced conflicting results. However, evidence for an increase in
storm intensity in the North Atlantic during the 1980s and early 1990s has been
found by a number of researchers (Figure 2.13) (Stein and Hense, 1994; Kushnir
et al., 1997). Jones et al. (1999) in an analysis of severe gales over the United
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Kingdom for the period 1881 to 1997 found a higher frequency of severe gales
occurring after 1990, which were attributed to an intensification of the NAO
during the 1980s and 1990s (Figure 2.12).

However, drawing any conclusions with regards to long-term changes in storm
frequency and intensity still remain uncertain. Model projections from the
HadCM3 suggest an overall decrease in storm frequency over Northern Europe
and the Mediterranean, but an increase in frequency over the British Isles and
Ireland. Storm intensity is also predicted to increase substantially as a
consequence of enhanced global warming (McDonald et al., 1999).

2.6.1 Case study- January Storm 2005

Between 0000GMT and 1200GMT on the 8th January, 2005, a rapidly deepening
area of low pressure moved from western Ireland towards southern Norway
with fronts spread south east across the British Isles (Figure 2.13)
(http://www.met.rdg.ac.uk/~brugge/diary2005.html). Heavy rain, associated
with the fronts, caused widespread flooding, resulting in thousands of people
having to be evacuated from their homes. The city of Carlisle suffered its worst
flood in over one hundred years. Strong gusts were recorded at many coastal
locations across Northern Europe, the most damaging of which were recorded
across Northern Ireland, the North of England, Denmark and Southern Sweden.

On the Isle of Man, the strongest winds, from WSW to W, were reached between
0430GMT and 0700GMT. At Ronaldsway, the highest hourly mean wind speed
recorded was 54 knots (62mph) and the highest gust reached 79 knots (91mph)
(Alan Hisscott, Oik Emshyr Runnysvie, Isle of Man). Maximum gusts on the island
reached 112mph at Brandywell, 101mph at Mountain Box, 98 mph at Point of
Ayre, 96mph at Douglas Breakwater and 85mph at Peel Breakwater. Based on
approximately 45 years of recorded wind data at Ronaldsway, the estimated
return period is around 10 years (Alan Hisscott, Oik Emshyr Runnysvie, Isle of
Man). Plates 2.1 to 2.3 illustrate some of the damage caused by the high winds
on the island (Courtesy of Isle of Man Newspapers).
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Figure 2.13 Surface pressure chart from 00 UTC on the 8th January 2005 showing the area of low
pressure which resulted in widespread flooding in England and high wind speeds over Northern
Ireland, Isle of Man, Scotland (Source: http://www.wetterzentrale.de/topkarten/tkfaxbraar.htm).

Plate 2.2 Wind throw of a forest stand

Plate 2.1 Damage from fallen tree
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Plate 2.3 Grave stones damaged by fallen tree

2.7 Mean Sea Level

Observational estimates and modelling studies suggest that warming of the
oceans, with resultant thermal expansion of the ocean layers, has accounted for
a rise in sea level of approximately 0.3-0.7 mm/yr, averaged over the 20th century
(IPCC, 2001). Sea surface temperatures from the Isle of Man have increased by
0.7oC throughout their observational period (Figure 2.15). Eleven of the twelve
warmest years have occurred in the record over the period 1989-2005. During
this period, 1998 was the warmest year with an average annual anomaly of
1.15oC relative to the 1961-1990 period.

Changes in salinity have also been found in the upper layers of the ocean (IPCC,
2001). Melting of glaciers and ice caps, outside of Greenland and Antarctica,
indicate a contribution of 0.2 to 0.4 mm/yr over the 20th century. Dyurgerov
(2003) estimated that the glacier melt contribution to sea level rise was 0.15
mm/yr or 10% of total sea level rise. However, this contribution increased to 0.41
mm/yr or 27% of total sea level rise between 1988-1998 suggesting that glacier
sensitivity to climate warming may be accelerating. Due to increased
precipitation over Antarctica during the course of the 20th century, contributions
to sea level, estimated from modelling studies, are suggested to be between –
0.2 and 0.0 mm/yr (IPCC, 2001). Greenland contributes between 0.0 and 0.1
mm/yr resulting from a change in the balance between increased storage, in the
form of precipitation, and increased runoff due to melting (IPCC, 2001).
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Figure 2.15 Annual average anomalies (1904-2005) of sea surface temperatures from Port Erin, Isle of
Man, relative to the 1961-1990 period (Data reproduced with kind permission of Theresa Shammon,

Port Erin Marine Laboratory, Isle of Man).

2.7.1 Waves and Storm Surges

Wave heights are determined by the distance of uninterrupted open water over
which a wave forming wind can travel, called the fetch. On the Atlantic coast, a
south-westerly wind can have a fetch in excess of 5000km, dramatically
enhancing wave heights (Lewis, 1971). Wave heights in excess of 24m have
been recorded in the Atlantic (Pethick 1984), although these are considered
extreme.

Wind waves, or sea waves occur when the wind has a direct influence over a
body of water. Swell waves are initially generated by wind but have propagated
out from the centre of action where they were initially generated. Wind waves
tend to appear as chaotic and less well structured while swell waves appear as
structured and regular wave movements. The interaction between both sea and
swell waves can enhance wave heights causing unusually high waves.
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Figure 2.16 Percentage increase in mean winter significant wave height, 1985-89 to 1991-96 from
altimeter data (JERICHO) (Cotton et al. 1999)

Bouws et al. (1996) found a trend towards increasing wave heights in the North
East Atlantic, with significant wave heights increasing by between 10 and 30 cm
decade-1 over the1961-1993 period (Gulav and Hasse, 1999). Figure 2.16
illustrates the percentage increase in mean winter significant wave heights
between the 1985-1989 and 1991-1996 periods for the North Atlantic.

Research conducted by the Waves and Storms in the North Atlantic group
(WASA) (1998) showed that there was no significant long term trend in
windiness and cyclonic activity in the North Atlantic but that major variations
did exist on decadal time scales (IPCC, 2001). This variability is likely linked to
variations in the NAO. Even if there is no significant change in the frequency of
storm surge events, return periods are likely to decrease relative to the present
day, as a consequence of an increase in sea level, which will act to raise the base
water level.

Figures 2.17 and 2.18 show the mean significant wave height and variance for
the Atlantic and Irish Sea for the period 1993-1997. Significant wave heights are
indicative of significant wave conditions averaged over a particular period of
time. Significant wave heights in the Atlantic are in the order of 2.5 to 4 metres,
while in the Irish Sea significant wave heights are lower, ranging from 0.5 to 1.5
metres. Figures 2.19 and 2.20 show the seasonal difference between significant
wave heights.
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Figure 2.17Mean Significant Wave heights for the
period 1993-1997 from altimeter data

Figure 2.19Mean Winter Sig. Wave Height for the
period 1993-1997 from altimeter data

Figure 2.21 1-Year Return Value of Significant
Wave Height from altimeter data (JERICHO)

Figure 2.18 Variance in Significant Wave heights
for the period 1993-1997 from altimeter data

Figure 2.20 Mean Summer Sig. Wave Height for
the period 1993-1997 from altimeter data

Figure 2.22 25-Year Return Value of Significant
Wave Height from altimeter data (JERICHO)

(Figures were produced by Satellite Observing Systems Ltd, as part of the British
National Space Centre supported JERICHO project.)
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This difference is greatest in the Atlantic, while for the sheltered Irish Sea, the
seasonal difference in wave heights tends to be greatly diminished. Figures 2.21
and 2.22 illustrate the significant wave height of waves likely to occur once
every year and once every 25 years.

Surges are generated when meteorological variables, such as barometric
pressure and winds, depart substantially from average conditions. This can
produce negative or positive surge conditions, which are reflected in the
difference between actual tidal height and predicted tidal height, based on
average conditions, at a location. A decrease of 1hPa in pressure can raise sea
level locally by approximately 10mm. An area of extreme low pressure over the
ocean associated with a strong wind acts to enhance the resulting storm surge
elevation. In Irish Sea waters this can result in significantly increased water levels
at the coast (ECOPRO, 1996). Figure 2.23 shows the 50-year surge elevation for
the North Eastern Atlantic. The 50-year surge elevation for the Isle of Man is
125cm.

Figure 2.23 Distribution of 50 year surge elevation (cm) based on analysis of model surges (from
Flather et al. 1998)

As a depression moves, the generated swell can become coupled with a tidal
wave, which results from the gravitational pull of the sun and moon on the
oceans, further enhancing the surge elevation. The effects of a storm surge as it
moves onshore depends on a number of factors, including local topographical
features of the sub-surface, strength and direction of an onshore wind,
occurrence with a spring or neap tide and location of the tidal bulge. The
elevation of a storm surge can also be greatly enhanced when it becomes
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coupled with wind waves. The duration of a surge event also has implications
that determine its potential for damage

2.7.2 Case Study- Storm Surge Event: 1st February 2002

Figure 2.24 Synoptic weather chart from the 1st of February showing a deep depression off the west
coast of Ireland ((Source: http://www.wetterzentrale.de/topkarten/tkfaxbraar.htm).

During the 1st February 2002, a combination of several meteorological factors
produced a storm surge, which led to significant damage on the Isle of Man. A
deepening area of low-pressure in the North Eastern Atlantic, off the West coast
of Ireland (Figure 2.24), produced gale force south westerly winds. At
Ronaldsway, the hourly wind speed reached nearly 50 mph, with gusts of
70mph. A combination of the sustained winds and the long fetch resulted in
increased water levels being forced up the Irish Sea. The resultant storm surge,
combined with a large astronomical tidal wave, produced a water level over a
metre higher than was expected from astronomical calculations alone.
Importantly, for the Isle of Man, a veer in wind direction and a decrease in wind
strength, which occurred approximately 2 hours before high tide, diminished
the extent of damage caused as a consequence of flooding.

Severe flooding occurred around the islands coastal areas, with seawater
encroaching into several towns (Isle of Man Meteorological Office report) (Plates
2.4 to 2.6). Figure 2.25 illustrates the skew surge of the afternoon tide on the 1st

February. The skew surge is a modelled height (cm) estimation of the storm
surge component by which the actual total water levels exceeded the tidal
predictions based on astronomical calculations alone.
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Figure 2.25 Skew surge for the afternoon tide on 1st February 2002 (Source: Proudman
Oceanographic Laboratory). The water height, in centimetres, that exceeded the predicted level

based on astronomical calculations.

The following warning was issued by the Ronaldsway Meteorological Office-

WARNING Issued By Ronaldsway Meteorological Office
SEVERE GALE, HEAVY RAIN, LARGE HIGH TIDE / TIDAL FLOODING.

It'll stay very windy today and sometimes wet between now & mid afternoon, the
spells of rain coming & going, possibly heavy at times & driven hard by the SSW'ly
Gale which is reaching Severe Gale force at times at low levels with gusts 55 to
65mph but over the hills it's reaching Storm force indeed the Audi Stn at Brandywell
has already recorded gusts over 75mph. Driving conditions are bad, especially for
high-sided vehicle & it'll be very dodgy up on the Mountain Rd. -indeed I'd
recommend all drivers to avoid using the Mountain Rd.

There's a large high tide at 1/4 to 2 this afternoon & the very rough to high sea is likely
to break over along windward promenades & coastal roads, especially Shore Rd. in
Rushen, Castletown promenade & parts of Douglas prom as well - leaving quite a lot
of sea water & debris. A tidal surge may also cause some problems up into the inner
harbour areas with a risk of flooding. However the gales will slowly abate mid to late
afternoon as the rain is replaced by showers.

There's likely to be further splash-over on the following high tide overnight (about
10 past 2 tomorrow morning) with a very strong to gale force SSW or S'ly wind and
further spells of rain. (Source: Alan Hisscott, Oik Emshyr Runnysvie, Isle of Man)
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Plate 2.4 Overtopping at the Douglas Promenade.

Plate 2.5 Flooding on the Douglas Promenade.

Plate 2.6 Flood waters on the Douglas Promenade.
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3.0 Conclusions

In this chapter, meteorological data from the Isle of Man were assessed for any
changes that may have occurred over the course of the 20th century. Temperature
and precipitation, two key climatic parameters, from Douglas and Ronaldsway were
examined for trends to determine if, and how, climate on the island is responding
to global warming.

Annual temperature anomalies, which displayed a large degree of interannual
variability, were found to be largely consistent with global temperature anomalies.
However, they display a faster rate of warming from the 1980s onwards than is
apparent in the global anomalies. The warming rates evident in the 10 year moving
averages of annual anomalies from the Isle of Man were found to be highly
consistent with more regional indices, such as the Central England Temperature
series and the annual anomalies from the Irish temperature records.

An index of mean annual air temperature demonstrates warming occurring after
1980, with 6 of the 10 warmest years on record occurring after 1988, making the
1990s the warmest decade on record. This warming trend was found to be
significant.

Consistent with global trends, minimum temperatures were found to be warming
at a greater rate than maximum temperatures, with the greatest warming occurring
in minimum temperatures during autumn at Douglas. Winter minimum
temperatures displayed the greatest increases at Ronaldsway. Increases in the
seasonal minimum temperatures from both stations were found to be significant;
maximum temperatures from Ronaldsway were also significant. Seasonal increases
in minimum and maximum temperatures per decade are consistent with global
trends. Significant increases in the lowest daily temperatures were also found.

While no significant trends were found in the annual frequency of frost days, the
decadal average for the 1990s represents a reduction of approximately half in the
number of frost days when compared to previous decades. These findings are
consistent with the increases found in minimum temperatures.

While no significant trend was found in annual precipitation data, large interannual
variability is evident in the series, with a decreasing tendency from the 1980s
onwards. However, a significant and increasing trend was found in the spring
receipts at Douglas, while a decreasing trend at Ronaldsway during the summer
months was also found to be significant. No apparent changes in the annual count
of rain days or wet days were found to be occurring.

A significant and increasing trend was found in the number of sun hours during the
winter months after 1990, which up to this point had been decreasing. This may
reflect changes in cloud cover and extent, and may partially explain the reductions
in precipitation after the 1980s.
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The trends identified in this chapter are largely consistent with findings from other
studies and in line with global trends. Precipitation series require further analysis.
Despite the oceanic influence of the Atlantic, seasonal precipitation series were
found to be unrelated to the large-scale circulation represented by the North
Atlantic Oscillation, results which are inconsistent with findings from both the UK
and Ireland and which may explain the decreasing trends found in the 90th

percentile of rainfall and 5-day maximum rainfall amounts on the Isle of Man.
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Climate Change: Scenarios for the Isle of Man

1 Introduction

Large scale dynamical models of the climate system or global climate models
(GCMs) suggest that mean global temperatures could rise significantly as a
consequence of increasing anthropogenic emissions of greenhouse gases.
Estimates from a selection of GCM models suggest that end of century increases
in global temperatures could be in the range of between 1.4-5.8oC, depending
on which emissions scenario is considered likely (Figure 1.1, Figure 1.2, Box 1.1)
(IPCC, 2001). An increase in global temperatures of this magnitude is likely to
have a significant impact on climate processes operating at various scales, from
global and hemispherical scale processes to the regional and local scale surface
environmental variables.

Figure 1.1 Temperature change by 2100 depending on emissions scenario (IPCC, 2001)

Confidence in the simulations of these models is largely based on the
assumptions and parameterisations used to develop them but also on the
ability of these models to reproduce the observed climate (Karl et al., 1990). In
recent years increasing sophistication of these models has resulted from an
improved understanding of the underlying climate process and ability to
incorporate these advances into these numerical models. Complexity of the
climate system is also accounted for with the incorporation of horizontal and
vertical exchanges of heat, moisture and momentum extending into the
atmosphere and ocean.
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Figure 1.2 Carbon Dioxide (CO2) emissions, 1990-2100, for seven marker emissions scenarios.

Despite the high degree of sophistication of GCMs, their output is generally too
coarse to be useful for regional or local scale impacts analysis, as important
processes which occur at sub grid scale are not at present resolved by these
models (Wilby et al., 1999). Changes in both temporal and spatial variability
(Figure 1.3), which may be just as important as the magnitude of change, are
also masked at the sub grid scale (Wigley et al., 1990), as it is unlikely that all
locations will warm by the same amount and at the same rate. Global variations
in the amount and rate of warming will also affect the distribution and rates of
change of other meteorological variables, such as precipitation. Therefore a
disparity of scales exists between the global scenarios, as output by GCMs, and
changes that could occur at the regional or local level due to these large-scale
changes. In order to overcome some of these scale differences, a number of
techniques have been developed in which large-scale GCM output can be
translated or ‘downscaled’ into information about changes in the climate that
can then be used for local scale impact analysis.

The application of regional climate models (RCMs), which are dynamical in
nature, to the downscaling problem have become more widespread in recent
years due to the increase in available computational resources. RCMs are
fundamentally similar to GCMs in that they utilise physical parameterisations
that are either consistent to their respective resolutions or each other (Yarnal et
al., 2001). Their added value is derived from the fact that they operate on a
much smaller domain and as such offer a much higher resolution than that of
the parent GCM within which they are nested. The optimum resolution at which
nested RCMs operate is in the tens of kilometres, which may still be too coarse
for some impacts analysis needs.
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Figure 1.3 Mean annual change in temperature (colour shading) and its range (isolines) (Unit: °C) for
the SRES scenario A2, for the period 2071 to 2100 relative to the period 1961 to 1990.

Empirical statistical downscaling has become a viable alternative to that of RCMs
where high spatial and temporal resolution climate scenarios are required. It
requires substantially less computational resources and produces results that
are comparable to that output from RCMs. The methodologies employed in
statistical downscaling are largely in common with those of synoptic
climatology, however, the goal of downscaling is to adequately describe the
relationship between atmospheric circulation and the surface environment,
with attention being focused more on model parsimony and accuracy, rather
than understanding the relationship between them (Yarnal et al., 2001). As a
consequence of their relative ease of implementation and comparability of
output to RCMs, the use of statistical downscaling methodologies to produce
climate scenarios from GCMs is now the favoured technique for many
researchers.

Box 1.1: The Emissions Scenarios of the Special Report on Emissions Scenarios (SRES)

A1. The A1 storyline and scenario family is indicative of high levels of greenhouse gases and describes a future
world of very rapid economic growth, global population that peaks in mid-century and declines thereafter, and
the rapid introduction of new and more efficient technologies. Major underlying themes are convergence
among regions, capacity building and increased cultural and social interactions, with a substantial reduction in
regional differences in per capita income. The A1 scenario family develops into three groups that describe
alternative directions of technological change in the energy system. The three A1 groups are distinguished by
their technological emphasis: fossil intensive (A1FI), non -fossil energy sources (A1T), or a balance across all
sources (A1B) (where balanced is defined as not relying too heavily on one particular energy source, on the
assumption that similar improvement rates apply to all energy supply and end-use technologies).

A2. The A2 storyline and scenario family is indicative of medium-high levels of greenhouse gases and describes
a very heterogeneous world. The underlying theme is self-reliance and preservation of local identities. Fertility
patterns across regions converge very slowly, which results in continuously increasing population. Economic
development is primarily regionally oriented and per capita economic growth and technological change more
fragmented and slower than other storylines.
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B1. The B1 storyline and scenario family is indicative of low levels of greenhouse gases and describes a
convergent world with the same global population, that peaks in mid-century and declines thereafter, as in the
A1 storyline, but with rapid change in economic structures toward a service and information economy, with
reductions in material intensity and the introduction of clean and resource -efficient technologies. The emphasis
is on global solutions to economic, social and environmental sustainability, including improved equity, but
without additional climate initiatives.

B2. The B2 storyline and scenario family is indicative of medium-low levels of greenhouse gases and describes a
world in which the emphasis is on local solutions to economic, social and environmental sustainability. It is a
world with continuously increasing global population, at a rate lower than A2, intermediate levels of economic
development, and less rapid and more diverse technological change than in the A1 and B1 storylines. While the
scenario is also oriented towards environmental protection and social equity, it focuses on local and regional
levels.

(Source: IPCC, 2001)

Results from both RCMs and statistical downscaling techniques are, however,
largely dependant on the parent GCM used as input to these models. Therefore
uncertainties in the GCM are translated though both methodologies. Ideally, in
order to account for some of these uncertainties, a number of GCMs should be
employed, which account for uncertainties that arise with regards to climate
sensitivity and model uncertainty. However, due to the computational
requirements of RCMs, production of ensembles or averages of a range of GCM
forced output, are not presently feasible. While employing a number of GCMs to
force statistical downscaling techniques is possible, few studies to date have
done so, due to differing model resolutions of the various GCMs.

2 Climate scenarios: UK and Ireland (UKCIP and ICARUS)

Both RCMs and statistical downscaling methodologies have found fairly
widespread application in the UK and Ireland. The Hadley Centre employed an
RCM, HadRM3, to produce a future scenario of climate based on the A2 or
Medium-High emissions scenario for the 2071 to 2100. The boundary conditions
for the RCM were provided from the global atmospheric model, HadAM3H
(~120 km). This nesting approach results in high-resolution regional scenarios
(~50km), with significantly improved spatial detail for a domain over the UK and
Ireland. Due to the cost of running the nested RCM, only four climate model
experiments were undertaken, three for the Medium-High (A2) emissions
scenario and one for the Medium-Low (B2) scenario. Climate scenarios for all
other emissions scenarios and time slices were then pattern scaled based on the
respective global average temperature change for each of the remaining
scenarios.

Results from the HadRM3 suggest annual warming rates of 0.1 to 0.3oC per
decade for the Low Emissions scenario, to 0.3 to 0.5oC per decade for the High
Emissions scenario (Hulme at el., 2002), rates which are consistent with global
average temperature increases. This results in an increase in annual
temperatures of between 1 to 5oC by the end of the present century, with
greatest warming experienced in the southeast of England particularly during
the summer as a consequence of its proximity to the continent. Rates of
warming were found to be greater during summer and autumn than during
winter and spring.
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Increases in winter precipitation were found for all scenarios and periods,
ranging from increases by the 2080s of 5-15% for the Low Emissions scenarios to
more than 30% for the High Emissions scenario (Hulme et al., 2002). Summer
decreases ranging from 20% for the Low Emissions scenario to more than 40%
for the High Emissions scenario were projected to occur across the whole
country. While only a slight change was projected to occur in the annual totals, a
significantly increased seasonality, with wetter winters and drier summers, is
likely to occur in precipitation.

Changes in interannual variability were also projected to occur in temperature
and precipitation. Winter and spring temperatures decrease in variability, while
summer and autumn become more variable. For precipitation, again there is a
marked seasonal component with increased variability during winter, while
reduced variability during the summer months are projected to occur.

In an assessment of climate change for Ireland, Sweeney and Fealy (2003)
employed the alternative approach of statistical downscaling to produce
climate scenarios, based on the HadCM3 GCM. High-resolution spatial detail was
inferred from the large number of stations employed in the analysis which
incorporated ~550 stations measuring precipitation and ~70 stations measuring
temperature. Results from this research project increases in winter temperatures
of 1.5oC by mid-century, with summer increases of 2.0oC. Greatest warming was
found to be occurring in inland regions away from the coast during the summer
months. The spatial extent of this ‘continental’ effect during the summer
months is further enhanced by the end of the century with temperature
increases of 2.5oC being experienced from the west to east coast and over all the
central midlands. Winter increases of similar magnitude are projected by the
2070s (2061-2090). Mean projected temperatures for Ireland exhibit a warming
rate of ~0.25oC per decade, again in line with observations (Sweeney, et al.,
2002) and projected global temperature increases.

The greatest changes occur in projected seasonal precipitation for Ireland and
have a marked spatial gradient. Winter increases in precipitation are projected
to be 11%, with up to 20% for regions in the north west of the country. While
decreases during the summer months of the order of 25%, with decreases of
over 40% projected for the south east of the country by the 2070s. The major
difference between the 2050s and 2070s is the spatial extent to which the
changes occur between these periods.

However, precipitation scenarios are inherently less reliable than those of
temperature due to the large stochastic and local component, which affects
precipitation mechanisms. As a consequence, the large scale deterministic
forcing for precipitation is much less than that of temperature. As temperature is
also a largely homogeneous variable over space and therefore more confidence
can be placed in the temporal and spatial changes which occur in this variable.

3 Climate scenarios: Isle of Man (BIC)

Due to the resolution of the HadRM3, the Isle of Man and other islands around
the British Isles were not capable of being resolved in the original UKCIP02
Scientific Report. However, under the auspices of the British-Irish Council, a high
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resolution RCM (HadRM3H) that was capable of resolving the island was run. The
HadRM3H (~25km) was run with boundary conditions from a high-resolution
global atmospheric model, HadAM3H, for two periods, 1961-1990 and 2071-
2100, to produce climate projections for the Medium-High emissions scenario.
Similar to the UKCIP methodology, the remaining emissions scenarios and time
periods were then pattern scaled according to the global mean temperature
temperatures for the respective time periods and emissions scenarios

DJF MAM JJA SON ANN
Mean temperature
(oC) +1.7 +2.2 +2.7 +2.8 +2.4
Max. temperature (oC) +1.8 +3.0
Min. temperature (oC) +1.8 +2.4
Precipitation (%) 20 12 -36 -8 -1
Snow (%) -75
Cloud cover (%) -3 -4 -9 -8 -6
Relative humidity (%) -0.8 -1.8 -4.4 -1.6 -2.1
Soil moisture (%) 2 2 -12 -7 -4

Table 1.1 Changes in seasonal and annual values for a selection of variables for the Isle of Man by the
2080s for the Medium-High emissions scenario.

Table 1.1 presents the results from the HadRM3H RCM for the 2080s for the
Medium-High emissions scenario. Seasonal changes in temperature are broadly
consistent with the findings from both the UKCIP and Irish analysis. The changes
in precipitation are also in line with previous results. Again, only a small change
in annual precipitation is projected, but with large seasonal changes, reflecting a
more marked seasonal contrast in receipts. These projected changes in the
seasonality of precipitation are likely to have a significant impact on water
supply and storage, during summer and winter respectively. An increased
potential for flooding during the winter months is also more likely with the
projected changes.

In order to account for uncertainties arising from the modelling process, Jenkins
et al. (2003) provide uncertainty margins, derived from taking the highest and
lowest grid square averages for the Isle of Man from a range of GCMs. These
uncertainty margins are shown in Table 1.2. Model output from different GCMs
can vary for a number of reasons, such as, unknown future concentrations of
greenhouse gases. As a consequence, regional climate projections can contain a
considerable degree of uncertainty due which results from translating future
socio-economic storylines into greenhouse gas emissions and subsequent
climate change scenarios. In order to account for some of the uncertainties that
can occur, results from a number of GCMs are utilised to produce ranges of
future projections, all of which can be considered to be equally likely.

Winter Summer
Mean temperature (oC) -0.5, +1.3 -0.6, +2.5
Precipitation (%) -19, +13 0, +36

Table 1.2 Uncertainty margins for projected changes in temperature and precipitation for the winter
and summer for the 2080s under a Medium-High emissions scenario
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Interannual variability is also projected to change in both temperature and
precipitation, with a reduction in variability in mean winter temperatures of 10%
and an increase of 20% in the variability of summer temperatures. The largest
seasonal increase in the variability of precipitation is likely to occur during the
summer months with a reduction of 25%, while during the winter months, an
increase of 10% in the variability of precipitation is projected for the Isle of Man.

As the HadRM3H was only run for the 2071-2100 period, time series of monthly
data were not available for the post-1990 period onwards. However, in order to
assess future changes in runoff for the Isle of Man presented in technical report
10, time series of precipitation and potential evapotranspiration were required.
In order to produce the necessary time series of data, the seasonal change
factors (2071-2100 minus 1961-1990) for the four emissions scenarios for the
2080s for both precipitation and temperature were scaled employing yearly
scaling factors as oppose to the average for the particular 30-year time period of
interest, calculated from the HadCM3 GCM.

Estimates of potential evapotranspiration (PE) were calculated using the
Thornthwaite method (1948), which utilises mean monthly temperature, in
order to calculate PE. According to Thornthwaite, PE is calculated as follows-
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where Ld is the daytime hours in units of 12
T is the mean monthly temperature

I is the heat index, which is the sum of the monthly heat indexes (I=∑i)
where the monthly heat index i is (T3/5)1.514

a=0.000000675 I3-0.0000771 I2+0.01792 I+0.49239

It was not possible to validate the results of calculating PE in this manner, as PE
is not an observed or calculated meteorological variable on the Isle of Man.
However, it is likely that it is a good approximation as monthly values of PE
largely follow a sin curve reflecting seasonal changes in radiation, which is
approximated by the use of mean monthly temperatures in the equation.

Figures 1.4-1.9 show the seasonal changes in precipitation and temperature for
each of the four SRES marker emissions scenarios and three time periods, 2020s
(2011-2040), 2050s (2041-2070) and 2080s (2071-2100). Differences between the
emissions scenarios is not that apparent in the 2020s, but by the 2080s the
difference in winter precipitation ranges from 13% in the Low Emissions
scenario to 25% in the High Emissions scenario. While in summer the spread is
greater, ranging from reductions of 23% to 45%. Similarly with temperature
changes, the greatest differences between scenarios is in the 2080s, during the
autumn season, where a range of 1.8oC to 3.5oC is apparent between the lowest
and highest emissions scenario. Greater warming projected during the summer
and autumn and increasingly wetter winters and drier summers are consistent
with the UKCIP scenarios for the UK. The differences in the scenarios reflect
uncertainties in future emissions pathways, which increase over time depending
on which emissions storyline is more realistic.
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Figure1.4 % change in precipitation, 2020s for all emissions scenarios.
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Figure1.5 % change in precipitation, 2050s for all emissions scenarios.

-50

-40

-30

-20

-10

0

10

20

30

djf mam jja son

%
c

h
an

g
e

A1F1 A2 B2 B1

Figure1.6 % change in precipitation, 2080s for all emissions scenarios.
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Figure1.7 Change in temperature (oC), 2020s for all emissions scenarios.
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Figure1.8 Change in temperature (oC), 2050s for all emissions scenarios.
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Figure1.9 Change in temperature (oC), 2080s for all emissions scenarios.

An important caveat when assessing these results is that they are derived from
just one GCM. Therefore, GCM model uncertainty has not been addressed. While
the climate sensitivity of the Hadley GCM lies close to the mid-range of a
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number of GCMs, no measure of confidence can be attributed to the scenarios.
Figure 1.10 illustrates between-model differences in temperature and
precipitation for Northern Europe for a selection of GCMs. While the direction of
change is consistent between models for a number of seasons, the magnitude
of change is shown to differ greatly between models. During the summer
season, contradictory results are shown in terms of the direction of change
between the various models.

4 Sea Level Rise

Global projections for a rise in mean sea level, from a range of global climate
models (GCMs), indicate an increase of between 0.09 and 0.88 metres over the
period 1990 to 2100 (Table 1.3) (IPCC, 2001). These ranges are based on an IS92a
forcing, which represents an increase of effective CO2 concentrations by 1% per
annum after 1990. The Best Estimate value reported in Table 1.3 is based on
more recent data derived from the 35 SRES (Special Report on Emissions
Scenario) emissions, with an ensemble mean of 0.48 metres sea level rise by the
end of the present century.

Experiment Min Max
CGCM1 GS 0.45 0.77
CSIRO Mk2 GS 0.29 0.60
ECHAM4/OPYC3 GS 0.19 0.48
GFDL_R15_A GS 0.37 0.67
HadCM2 GS 0.21 0.48
HadCM3 GSIO 0.18 0.46
MRI2 GS 0.11 0.31
DOE PCM GS 0.12 0.37
Range (IS92a) 0.11 0.77
Central Value (IS92a) 0.44
Best Estimate (SRES) 0.48
Range (SRES) 0.09 0.88

Table 1.3 Sea level rise 1990-2100 derived from different AOGCM experiments with the IS92a and
SRES emissions forcing (Source: IPCC, 2001)

Sea level may also change as a result of a change in the elevation of the land. A
change in absolute sea level, a eustatic change, occurs over all the oceans, while
a localised sea level change resulting from a change in the absolute level of the
land is termed an isostatic change. Shennan and Horton (2002) in their analysis
of sea level changes in Great Britain suggest that the best estimate net rate of
relative land uplift for the Isle of Man at 0.45 mm/yr-1. This would result in an
isostatic change in the level of the Isle of Man by approximately +5cm by the
end of the present century, above 1990 levels.



Page 16

Emissions Scenario 2020s 2050s 2080s
Low-emissions 4-14cm 7-30cm 9-48cm
Medium-Low
emissions

4-14cm 7-32cm 11-54cm

Medium-High
emissions

4-14cm 8-32cm 13-59cm

High emissions 4-14cm 9-36cm 16-69cm

Table 1.4 Ranges of global mean sea-level (IPCC, 2001) averaged over three future 30-year periods
(Jenkins et al., 2003)

As the geographical distribution of sea-level changes will be dependant on
regional factors, such as thermal expansion, sediment loadings and isostatic
changes, some regions are likely to experience above average sea level rise,
while other areas may experience a fall in relative sea level (IPCC, 2001). To
assess future sea level rise for the Isle of Man, the global estimates are
employed. Future sea level rise, accounting for isostatic rebound, for the Isle of
Man for a medium-high emissions scenario results in a rise of 2.4-12.4cm for the
2020s, 5.1-29.1cm for the 2050s and 8-54cm by the 2080s.

4.1 Storm surges

A great deal of uncertainty surrounds future projections of changes in the
frequency, strength and storm tracks of depressions in the North Atlantic and
wind speeds. While a change in storminess, in terms of their strength, could be
expected as a consequence of global warming due to increased moisture in the
atmosphere, their frequency may decreases due to heat being transferred more
efficiently in a moister atmosphere (IPCC, 2001). Findings, based on the Hadley
Centre global model, suggest that the number of deep depressions (<970 hPa)
crossing the UK in winter may increase by 40% by the 2080s (Jenkins et al.,
2003).

Hulme et al. (2002) estimated the change in frequency of the present day 50-
year return period surge event under various emissions scenarios for the end of
the century. Under a low emissions scenarios, which results in an increase in sea
level of 9cm, the likely return period of a surge of this magnitude, relative to the
present day, decreases to a one-in-10 year return period. While under a high
emissions scenario, for which a 69cm rise in sea level is projected, a surge of this
magnitude is likely to occur more than once a year.

5 Uncertainty in climate projections

Future projections of anthropogenic climate change arising from increased
concentrations of atmospheric CO2 are subject to a high degree of uncertainty
(Jones, 2000). This uncertainty arises as a consequence of both ‘unknowable’
knowledge and ‘incomplete’ knowledge’ (Hulme and Carter, 1999). The major
uncertainties in the projected ranges of future climate change arise from four
main areas (after Hulme and Carter, 1999; Jones, 2000):-

1. Emissions scenarios- due to human actions being unpredictable,
emissions scenarios, which are influenced by population growth, energy
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use, economic activity and technology, are also unpredictable in any
deterministic sense.

2. Climate sensitivity- the sensitivity of the climate system to forcing due to
greenhouse gases. According to the IPCC, the sensitivity of the climate
system is in the range of 1.5oC-4.5oC. For the full range of SRES marker
scenarios, the climate sensitivity has a slightly range of 1.4oC-5.8oC (IPCC,
2001).

3. Climate system predictability- a large degree of variation occurs both
between and within GCMs at the regional level which results from
different modes of variability, especially multi decadal variability and
chaotic behaviour of the models (Figure 1.11) (Jones, 2000).

4. Sub-grid scale variability- due to computational limitations, the grid box
output from GCMs is generally in the order of 100s kms. While this is
adequate to capture large scale variability, many important process in
the climate system occur at much smaller spatial scales, such as,
convective clouds, and thus are too fine to be resolved in the modelling
process.

Regional climate projections can therefore contain a considerable degree of
uncertainty due to the ‘cascade of uncertainty’, which results from translating
future socio-economic storylines into greenhouse gas emissions and
subsequent climate change scenarios. Due to uncertainties in the climate
system, modelling the future climate for a given emissions scenario will always
result in a range of future scenarios being simulated (Hulme and Carter, 1999).

In addition, we also need to allow for the possibility of ‘surprise’ outcomes or
imaginable abrupt events which may occur due to the non-linear responses of
the climate system to anthropogenic forcing (Hulme and Carter, 1999; Moss and
Schneider, 2000). While no GCM to date has produced a sudden collapse in the
thermohaline circulation (THC) in the North Atlantic, most GCMs do show a
reduction in the strength of the THC due to increasing anthropogenic emissions,
which may partially offset the resulting warming (Hulme and Carter, 1999).



Page 18

Figure 1.11 Each scatter point represents a single model-simulated temperature/ precipitation
response to one forcing scenario. The scenario is depicted by the colour of the point (A1FI - red, A2 -
grey, B1 - green and B2 - violet). The shape of the symbol defines the model: CCSRNIES (crosses),
CSIRO Mk2 (squares), CGCM2 (X), ECHAM4/OPYC3 (diamonds), GFDL-R30 (snowflakes), HadCM3
(circles) and NCAR DOE PCM (triangles). Solid symbols correspond to responses directly inferred from
AOGCM runs; open symbols are those calculated by the pattern-scaling method

(Source: http://ipcc-ddc.cru.uea.ac.uk/sres/scatter_plots/scatterplots_region.html).

6 Conclusions

Regional climate models projections suggest that climate change on the Isle of
Man is likely to follow projected regional scale trends for Europe over the course
of the present century. Warming in all seasons and for all periods is anticipated,
coupled with an increasing tendency towards wetter winters and drier summers
than is presently experienced. Changes in wind speeds are projected to
decrease marginally in all seasons, except winter, these projections have a high
degree of uncertainty associated with them. While changes in the climatological
mean of a particular climate variable may be small, changes in extremes are
likely to be greater in the future, such as an increase in the frequency of extreme
hot days, extreme wind speeds or more intense precipitation events. Resultant
changes in secondary meteorological variables, such as, potential
evapotranspiration, frost frequency and growing season length and sea level
rise, with consequent changes in surge return periods, is likely to impact the Isle
of Man both positively and negatively.

While some sectors may be ‘isolated’ from changes in climate, global scale
climate events may play a more significant role than those occurring at the local
scale. However, each sector needs to assess the potential impact of climate
change, both globally and locally, in order to minimise the potential negative
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impacts and be better positioned to capitalise on the potential positive impacts.
There is a requirement that policy needs to be ‘climate proofed’ in order to
achieve this end.

6.1 Future research needs and recommendations

In order to more fully investigate the trends in the observed meteorological
data, an analysis of daily data, as oppose to monthly or annual values, should be
undertaken. Daily data would also facilitate an examination of extremes, which
was not possible in the current research. In addition, an analysis of precipitation
receipts in conjunction with circulation types may also be beneficial in
explaining the lack of correlation between the North Atlantic Oscillation and
precipitation. Analysis of changes in precipitation intensity would also be
possible with higher temporal resolution data.

In order to address issues of uncertainty with regards to future projections of
climate on the Isle of Man, output from a range of GCMs should be employed,
either by RCMs or statistical downscaling.
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EXECUTIVE SUMMARY
This study represents a first attempt at expressing in economic terms a number of
physical impacts that are associated with historic weather events in the Isle of Man as a
step towards costing the impacts of climate change on the Manx people. The events
chosen were:

 The flood at Sulby on the 8th of December 2000.

 The storm surge and tidal flooding that affected coastal areas of the island
on the 1st of February 2002.

 The windstorm that hit the island on the 7th and 8th of January 2005.

These events were selected to represent potential historic analogues for future climate
change related events. Flooding, storm surges and wind storms are all likely to increase
as a result of climate change though the uncertainty surrounding possible changes in
frequency and intensity of these types of extreme weather events remains significant.

In technical report 7: Costings under future climate scenarios, these costs for the three
extreme events are assessed under future climate scenarios and different emissions
scenarios. Where possible, results from this study are used to present a picture of the
future evolution of the costs of these impacts.

Estimated damage costs for the selected weather events in Isle of Man are presented in
the following table.

Table 1: estimated costs of three weather events

Weather event Estimated costs
(2005 prices)

Sulby floods, December
2000

>£3.2 - £3.7 million

Tidal Surge,
February 2002

>£8 million

Windstorm,
January 2005

>£15 million

Sulby Flooding 8th December 2000

A starting-point for the integration of results of the physical modelling and costing the
predicted change in the realisation of future flooding events was the costing of the
flood in Sulby. On the 8th of December 2000 the Sulby River overflowed, leading to
serious flooding of about 30 residential and commercial properties in Sulby at Carrick
Park Estate and along the Mill Race. Over the last 30 years, the Sulby area has in fact
been flooded on at least 6 occasions, including on October 24th 1998. A summary of the
estimated costs of the Sulby flood is presented in Table 2.



Table 2 : Summary of Estimated Damages for December 2000 Floods at
Sulby, by Duration of Flood (£2004)

Flood Duration < 12 Hours Flood Duration > 12 Hours

Low High Low High

Direct property damage:

Residential property 1,574,220 1,741,960 1,915,460 2,109,890

Garages 28,410 48,590 88,110 76,560

Conservatories 101,890 101,890 101,890 101,890

Non-residential property 319,000 319,000 319,000 319,000

Other Effects:

Temporary accommodation 13,760 13,760 13,760 13,760

Residential clean-up 556,740 556,740 556,740 556,740

Additional power 74,220 90,270 74,220 90,270

Health 334,430 334,430 334,430 334,430

Emergency services a 202,570 220,520 239,090 214,400

Secondary effects b 3,790 4,120 4,470 4,860

Total (sensitivity test) c 3,209,030 3,431,280 3,647,170 3,821,800

Total (‘best guess’) d 3,078,730 3,280,800 3,457,170 3,643,350

Total (£ per affected property) 55,980 59,650 62,860 66,240
Notes:
a Based on residential and non-residential property damage totals, without garages and conservatories.
b Based on residential and non-residential property damage totals, without garages and conservatories.
c Assumes that all affected residential properties have a garage and a conservatory.
d Excludes damages to residential garages and conservatories.

As can be seen from table 2, the largest cost category was damage to residential
property, with between £1.6 and £2.1 million of damages. Residential clean up, health
costs and costs to the emergency services represent a significant cost as well.

Most of the cost estimates are derived from market price data, and therefore do not
necessarily capture the full welfare cost of the impact of the flood on specific
categories. In general, market prices will undervalue the welfare costs of specific
impacts. Where possible, the true welfare costs have been approximated from the
market price data. There also remain a number of impacts, including a number of
health effects that have not been costed in the current exercise through lack of data.
Our cost estimates should therefore be regarded as under-estimates of the total welfare
cost that can be attributed to the Sulby flood.

Windstorm event 7th-8th January 2005

Windstorms are anticipated to increase in frequency and intensity, though the
dynamics of such storm patterns are not as well understood as the processes for
precipitation. To give a first estimate of the possible impacts of climate change related
storms, the windstorm of 7-8 January 2005 was selected as an historical analogue. This



storm saw wind gusts of 112 mph recorded on the Mountain Road – a 1 in 100 year
occurrence. Gusts reached 85 mph at Peel breakwater, 92 mph at Ronaldsway Airport,
96 mph at Douglas and 98 mph at the Point of Ayre. At one point the winds were Storm
Force 11. The storm peaked at around 5-6 am on Saturday though given that the storm
lasted for 24 hours this peak time is not thought to be very significant. This windstorm
had significant impacts on property and other impact categories as shown in Table 3
below. As can be seen from the table significant impacts were experience on private
property and transport.

Table 3: Damage Cost Estimates for January 2005 windstorm

Cost Item Estimated damages (£mn)
Property damage 10.3
of which
Private property 10.0
Government property 0.26
Forestry losses 2.89
of which
Broadleaf damage 2.84
Conifer Damages 0.04
Non timber forest products NQ
Non government owned forests NQ
Utility losses 0.05 to 0.1
of which
Power sector - lost revenue 0.004
Power sector - disruption to
consumers (low) 0.045
Power sector - disruption to
consumers (high) 0.120
Power sector - direct costs to MEA NQ
Water sector NQ
Transport sector 2.6
of which
Flight cancellations 0.036
Flight delays NQ
Ferry cancellations .024
Ferry delays

.004
Bus service disruption NQ
General traffic disruption 2.5
Emergency costs 1.1
Other Impacts NQ
of which
Exam disruption NQ
Disruption to business NQ

NQ: Not Quantified



Storm surge 1st February 2002

Storm surges may increase in frequency and intensity as a result of climate change. The
historical analogue of the storm surge, which occurred on The 1st of February 2002,
was selected to provide estimates of the costs of such events in the Manx case.
Astronomical high tides were predicted, but a deep depression over the northeastern
Atlantic produced gale force southwesterly winds (with gusts to around 70 mph), which
generated a storm surge, that added more than a metre to the predicted tide level
(reaching a level of around 8.4 metres on the Douglas tide gauge, compared with an
average of 2). The result was that sea levels exceeded many of the promenades and
quaysides around the island. Coasts exposed to the southwesterly winds also had high
seas to deal with. A summary of the estimated costs of this event is presented in Table 4
below.

It can be seen from the table that the most significant damages were in terms of
property damage. However, it was not possible to quantify a number of impacts due to
a lack of data on this event. In particular, road disruptions were not given value as the
statistics provided did not indicate any road closures, though the anecdotal evidence
suggests that inundation of coastal roads did occur. This is an area that needs further
investigation.

Table 4: Damage Cost Estimates of Storm Surge of February 2002

Cost item Estimated damages (£mn)
Property damage 7.5
of which
Private property 7.5
Government property NQ
Health impacts 0.321
Transport disruption 0.013
of which
Flight disruptions NQ
Ferry cancellations 0.007
Ferry delays 0.007
Road disruptions 0
Utility disruption NQ
of which
Electricity sector NQ
Water sector NQ
Emergency costs 0.8

Data on the frequency of flood events, windstorms and storm surges for the Isle of Man
under climate change scenarios are not available at the time of writing this report. It is
likely that these events may increase in frequency and, potentially, intensity. The costs
presented above show that climate change may have a significant impact on the Manx
economy in terms of property damage and transport disruption in particular. Future
work will investigate the future costs of these events, drawing on socioeconomic
scenarios for future developments in the Isle of Man, which is reported in technical
paper 7.
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SECTION 1: INTRODUCTION
Justification for study

The justification for undertaking an exercise to assess the economic costs of climate
change impacts in the Isle of Man is that these costs may be important to the people of
the island and have not been collated previously to understand the full costs of such
events. Such welfare cost changes should therefore be assessed in order to inform
present policy making related to greenhouse gas mitigation and adaptation to
potential impacts. For example, the costs of adaptation responses such as higher flood
defences may be justified by demonstrating that the benefits of the impacts avoided
are greater.

It is recognised that the nature of climate change impacts may - in a number of
instances - not have welfare effects that are readily translated into monetary costs.
Examples include impacts on peoples’ mental state that may be associated with having
their home flooded, and the effects on ecosystem from inundation of salt-water
marshes as a consequence of sea level rise. However, where there is evidence that
people do make monetary trade-offs that reflect such welfare changes, then costing
these impacts using a money metric may provide information that will be useful in
making decisions about resource use.

This study represents a first attempt at expressing in monetary terms a number of
impacts in a historical context that are associated with future weather events in the Isle
of Man, which in turn may be associated with climate change. The events considered
are flooding, windstorms and storm surges. These events were chosen because of their
relative importance in the potential range of climate change impacts so far identified to
directly affect the Isle of Man in the future– a perception borne out of recent
experience. Furthermore, these events clearly have potential significant resource
implications for the Manx Government in relation to investment in flood and sea
defences, as well as other preventative measures.

Approach to study

An effective way of deriving estimates of future climate change costs is to use a
historical analogue of an expected climate change event as a starting point. This study
takes as its starting point recent events of significance – the Sulby flood of 8th

December 2000, the windstorm of 7th and 8th January 2005, and the storm surge and
tidal flooding of 1st February 2002. These events were selected to give a broad range of
impact types and because it was felt that data were likely to be available on these
events.

Where necessary, we extrapolate from the results of previous studies on the costs of
climatic events in the UK to attempt to fill gaps in the knowledge on the impacts of
these events on the Isle of Man. In this way, impacts on transport disruption (estimated
using UK data) and emergency service costs can be included in the analysis. For
transport disruption, levels of transport flow in regions in the UK similar to the Isle of
Man were used to provide a reasonable estimate. Ideally data on the Isle of Man specific
case would be used, but this was not possible as this data does not exist in the Manx
case.

The study has the following elements:
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 An overview of the UKCIP costing guidelines

 A detailed case study of the costs of the Sulby flood

 A detailed case study of the costs of the windstorms of January 2005

 A detailed case study of the costs of the storm surge of February 2002

 Conclusions and areas for further research
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SECTION 2: THE UKCIP COSTING METHODOLOGY
– AN OVERVIEW

In broad terms, the UKCIP Climate Change Impact and Adaptation Costing Methodology
comprises two elements, or stages. Before the impacts of historic or predicted future
weather-related events can be valued they must first be identified and measured. Only
once they have been quantified is it possible to determine their relative economic
importance by expressing them in monetary terms. The identification and measurement
(i.e. quantification) of impacts is therefore a prerequisite to their valuation. This
requirement is common to all valuation exercises in environmental economics, whether in
the context of climate change, air quality, waste management, transport, etc.

The two-stage nature of the Costing Methodology, as applied to a historic weather-related
event and a predicted future event, is illustrated in Box 1 and Box 2, respectively. This two-
stage process underpins the approach to valuation prescribed in the UKCIP Costing
Guidelines1, as well as the approach adopted in this study.

Of course, successful application of the Methodology depends not only on the
identification of weather-related or climate change impacts, but also on sufficient
quantitative data being available, and in an appropriate format. It is likely that there will be
many types of identified impacts for which appropriate quantitative data is simply not
available, and thus valuation cannot take place. For example, changes in the hydrological
regime and resulting impacts on natural habitat might be considered a likely consequence
of climate change-inducted coastal erosion in an area, but there may as yet be no evidence
as to the extent or implications of the impacts. It is also likely, given the state-of-the-art of
economic valuation, that it will not be possible to value certain impacts, even if appropriate
quantitative data is available (e.g. impacts on species and ecosystems). However, these
impacts are real, and relevant to the appraisal of alternative adaptation strategies,
regardless of the fact that they cannot be valued. In order to place the impacts actually
costed in each case study within the context of the full range of potential impacts, we have
developed impact matrices for each event – illustrations of which are given in the
forthcoming sections.

1
Metroeconomica (2004) Costing the Impacts of Climate Change. Report prepared for Defra and UK Climate Impacts

Programme. http://www.ukcip.org.uk/.
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Box 1: The General Approach to Valuation Used in the UKCIP Costing
Guidelines (historic event)

The cost (or benefit) of a historic weather-related event on a specific vulnerable receptor
(£ per event in year t)

is equal to
The observed ‘physical’ impact on the vulnerable receptor (the number of units affected

by the event in year t )
times

The appropriate economic unit value or ‘price’ (£ per affected unit in year t)

Box 2: The General Approach to Valuation Used in the UKCIP Costing
Guidelines (predicted event)

The cost (or benefit) of a predicted future weather-related event on a specific vulnerable
receptor, under selected climate and socio-economic scenarios (£ per event in year t)

is equal to
The predicted ‘physical’ impact on the vulnerable receptor, under selected climate and

socio-economic scenarios (the number of units affected by the event in year t)
times

The appropriate forecast economic unit value or future ‘price’ (£ per affected unit in year
t)

In the next three sections we develop cost estimates for three historic weather-related
events of significance to residents of the Isle of Man. The three events considered are:

 The flood at Sulby on the 8th of December 2000.

 The storm surge and tidal flooding that affected coastal areas of the island on
the 1st of February 2002.

 The windstorm that hit the island on the 7th and 8th of January 2005.

The estimated cost of these events will subsequently feed into analysis of the future costs
of similar weather-related events, under various climate and socio-economic scenarios.

In each of the case studies we describe how the various impacts are costed, but we do not
outline the detail of each calculation (e.g. indexing prices, calculating present values, etc.),
as such detail is already provided in the UKCIP Costing Guidelines1. The interested reader
should consult these Guidelines.
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SECTION 3: CASE STUDY OF THE SULBY RIVER
FLOODING

Introduction

On the 8th of December 2000 the Sulby River overflowed, leading to serious flooding of
about 30 residential and commercial properties in Sulby at Carrick Park Estate and
along the Mill Race. Over the last 30 years, the Sulby area has in fact been flooded on at
least 6 occasions.

Impact assessment

The first step in applying the Costing Guidelines to historic events is to identify all the
weather-related impacts that have occurred and distinguish who have been affected
by the impacts. For future events it is also necessary to determine the frequency with
which the impacts of such events may occur.

Figure 1 presents a matrix of broad (first-order and key second-order) impacts from a
river-flooding event, those sectors most likely to be affected by these broad impacts,
potential economic consequences and the main stakeholder groups. Of course, any
specific river flood will not necessarily give rise to all these impacts (e.g. in some cases
affected areas will not contain objects of cultural or heritage value, include agricultural
land, etc.). Moreover, as noted above, not all these potential impacts will have been
reported, of which only sub-set will have been measured. Quantification of impacts is a
pre-requisite to valuation.

Against a background of regular serious flooding of property in Sulby, Bullen
Consultants were appointed by the Department of Transport to investigate options to
provide acceptable levels of flood defence for local residents and property in the face
of future risks, as well as enhance the natural river environment. For the purpose of this
case study, the consultant’s final report of November 2002 is used to define the
physical impacts of the December 2000 flood at Sulby, given that detailed impact data
was not available for the event itself.
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Figure 1: Impact Matrix for Flooding from Increased Winter Precipitation – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Mortality in ‘valued’ species (foregone use and non-use value)

Habitat Destruction of ‘valued’ ecosystems (foregone use and non-use value)

General public, tourists, national interest groups,
government departments

Destruction of trees (loss of timber products and producer surplus)

Forestry Destruction of trees (loss of recreation and amenity)

Timber producers, consumers, national interest groups,
government departments, general public

Loss of crops (lost producer surplus)

Agriculture land Loss of livestock (lost producer surplus)

Local farmers, consumers of farm products, government
departments

Loss of infrastructure/equipment (replacement necessary)

Transport infrastructure Damage to infrastructure/equipment (repairs necessary)

Transport operators, contractors, local public (users and
employees in this sector), business and wholesale
distributors

Loss of private and public property (replacement necessary)Buildings (residential,
commercial, industrial,
agriculture, government) Damage to private and public property (repairs necessary)

Households, property owners, insurers, contractors,
business

Loss of cultural objects (foregone amenity and non-use value)

Historical and cultural heritage Damage to cultural objects (repairs necessary)

Local public, tourists, national interest groups,
government departments, insurers, business

Increased risk of mortality (fatal injuries)

Human health Increased risk of morbidity (non-fatal injuries and anxiety)

Local public, employers, insurers, NHS, government,
regulators

Damage to transmission network

Damage to power generation infrastructure

Power generators and suppliers, electricity customers -
both households and business (prices), regulator,
insurers, other utilities, government departments

Damage to water treatment facilities and pumping stationsUtilities

Damage to distribution and sewer system

Water authority, customers - both households and
business (prices), regulator, insurers, government
departments

Decreased strength (damage), increased maintenance and repair
requirements
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Flood protection infrastructure
Destruction (replacement required)

Local authorities, government departments, contractors,
general public, property owners, insurers
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Continued: Impact Matrix for Flooding from Increased Winter Precipitation – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative trans port routes or
modes
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D
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p
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Road transport

Increase in highway agency’s costs

Local population, users and operators of public
transport (buses), businesses, highways authorities

Increase in costs of ‘emergency service’ and related activities

Temporary accommodation costs
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Households / government

Disutility costs to individual (e.g. from stress and anxiety)

Local public, emergency services, government
departments

Second-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Disutility (individual)

Lost output / increased costs (business customers)Electricity

Additional costs / foregone producer surplus (supplier)

Power generators and suppliers, electricity customers -
both households and business (lost services), regulator

Disutility (individual)

Lost output / increased costs (business customers)

D
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Water

Additional costs / foregone producer surplus (supplier)

Water authority, customers - both households and
business (lost services), regulator
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Commerce and industry Lost business during repairs / replacement (lost producer surplus)

Local manufacturing and service sector, insurers



The Estimated Cost of Climate Change Related Events in the Isle of Man Page 16

The work undertaken by Bullen Consultants included hydrological modelling of flow
regimes, of various return periods, at different intervals along the Sulby River, including
at Sulby itself. Based on the predicted river flows at Sulby, flood depths were computed
for those properties (residential and non-residential) deemed to be at risk, for each of
the modelled return periods. In total, 54 residential properties and 1 non-residential
property, the distillery at Kella Mill, were identified as susceptible to flooding. We
assume that the same properties were also at risk to the flood on the 8th of December
2000.

The modelled flood level at each property under a range of return periods, for the
consultant’s “no project” scenario, is shown in Table 4. We assume that the “no project”
scenario (i.e. before any additional flood defences are introduced, or the ones that
existed in 2000 are “serviced”) is most representative of conditions and risks that
prevailed during the flood on the 8th of December 2000.

The modelled river flow at Sulby Bridge, for different return periods, is shown in Table
5. Bullen Consultants also estimated the peak flow at Sulby Bridge on the 8th of
December 2000 at 73.5 m3 per second. Flow levels that gave rise to the December 2000
floods at Sulby therefore roughly equate to a 1-in-250 event – that is, with an annual
probability of occurrence of 0.4%. However, for the “no project” scenario, the
consultant’s report did not provide flood levels for a return period of 250 years. We
have estimated these flood levels by, first, fitting a logarithmic function to the data for
each property and, second, using these functions to predict the flood level
corresponding to a 250-year return period at each property. The results are shown in
the shaded column in Table 4. The estimated depth of flooding at each property (our
measure of “impact”) is then computed as the difference between the 250-year flood
level and the modelled floor level, both in metres, as shown in the final column in Table
4. We assume that this is roughly equivalent to the depth of flooding experienced by
the listed properties on the 8th of December 2000.
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Table 4: Estimate Flood Levels and Depths at Sulby for Various Return Periods
Predicted
Depth of
Flooding

1 0 2 0 3 0 50 1 0 0 2 5 0 2 5 0

( m A OD ) ( m A OD ) ( m A OD ) ( m A OD ) ( m A OD ) ( m A OD ) ( m A OD ) (m)

12 M ill Race R esident ial 1 17.01 15.70 16.62 16.77 16.93 17.03 17.74 0.727
11 M ill Race R esident ial 1 17.11 15.70 16.61 16.76 16.92 17.01 17.71 0.600

9 & 10 M ill Race R esident ial 2 16.82 15.70 16.61 16.76 16.92 17.01 17.71 0.890
7 & 8 M ill Race R esident ial 2 16.66 15.70 16.61 16.76 16.90 16.99 17.68 1.021

6 M ill Race R esident ial 1 16.55 15.70 16.60 16.74 16.87 16.96 17.63 1.083
4 & 5 M ill Race R esident ial 2 16.36 16.12 16.33 16.43 16.46 16.68 16.88 0.519

3 M ill Race R esident ial 1 16.22 16.12 16.33 16.43 16.46 16.68 16.88 0.659
2 M ill Race R esident ial 1 16.01 15.95 16.16 16.29 16.44 16.67 16.95 0.940
1 M ill Race R esident ial 1 16.10 15.95 16.16 16.29 16.44 16.67 16.95 0.850

B urnbrae Sulby Road R esident ial 1 16.91 15.70 16.60 16.73 16.86 16.94 17.61 0.696
Sabrew Sulby Road R esident ial 1 16.30 15.58 15.80 15.93 16.08 16.30 16.59 0.285

St rooam-y -W y llin Sulby Road R esident ial 1 16.59 15.58 15.80 15.93 16.08 16.30 16.59 0.005-
G lenlea & M osdale Sulby Road R esident ial 2 15.92 15.58 15.80 15.93 16.08 16.30 16.59 0.665

Ballahow in & F y Yerrey Sulby Road R esident ial 2 16.27 15.58 15.80 15.93 16.08 16.30 16.59 0.315
Rivers ide Ramsey Road R esident ial 1 15.86 15.36 16.62 16.74 16.90 16.95 17.83 1.970

2 Carrick P ark R esident ial 1 15.38 15.47 15.67 15.78 15.92 16.12 16.38 0.996
3 Carrick P ark R esident ial 1 15.43 15.47 15.67 15.78 15.92 16.12 16.38 0.946
4 Carrick P ark R esident ial 1 16.26 15.47 15.67 15.78 15.92 16.12 16.38 0.116
5 Carrick P ark R esident ial 1 16.69 15.47 15.67 15.78 15.92 16.12 16.38 0.314-

12 Carrick P ark R esident ial 1 16.11 15.47 15.67 15.78 15.92 16.12 16.38 0.266
13, 21 & 24 Carrick P ark R esident ial 3 16.00 15.71 15.93 16.05 16.20 16.43 16.71 0.709

14 & 27 Carrick P ark R esident ial 2 15.70 15.71 15.93 16.05 16.20 16.43 16.71 1.009
15 & 16 Carrick P ark R esident ial 2 16.15 15.83 16.04 16.16 16.30 16.52 16.73 0.583

17 Carrick P ark R esident ial 1 15.93 15.83 16.04 16.16 16.30 16.52 16.73 0.803
18 & 36 Carrick P ark R esident ial 2 16.29 15.95 16.16 16.29 16.44 16.67 16.95 0.660

19 Carrick P ark R esident ial 1 17.01 15.95 16.16 16.29 16.44 16.67 16.95 0.060-
20 Carrick P ark R esident ial 1 16.40 15.83 16.04 16.16 16.30 16.52 16.73 0.333
22 Carrick P ark R esident ial 1 16.71 15.71 15.93 16.05 16.20 16.43 16.71 0.001-
23 Carrick P ark R esident ial 1 16.55 15.71 15.93 16.05 16.20 16.43 16.71 0.159
25 Carrick P ark R esident ial 1 15.49 15.71 15.93 16.05 16.20 16.43 16.71 1.219
26 Carrick P ark R esident ial 1 15.69 15.71 15.93 16.05 16.20 16.43 16.71 1.019

28 & 29 Carrick P ark R esident ial 2 15.96 15.71 15.93 16.05 16.20 16.43 16.71 0.749
30 Carrick P ark R esident ial 1 16.80 15.71 15.93 16.05 16.20 16.43 16.71 0.091-
31 Carrick P ark R esident ial 1 16.86 15.95 16.16 16.29 16.44 16.67 16.95 0.090
32 Carrick P ark R esident ial 1 16.11 15.95 16.16 16.29 16.44 16.67 16.95 0.840

34 & 37 Carrick P ark R esident ial 2 16.05 15.95 16.16 16.29 16.44 16.67 16.95 0.900
35 Carrick P ark R esident ial 1 15.80 15.95 16.16 16.29 16.44 16.67 16.95 1.150
38 Carrick P ark R esident ial 1 15.85 15.83 16.04 16.16 16.30 16.52 16.73 0.883
39 Carrick P ark R esident ial 1 15.60 15.83 16.04 16.16 16.30 16.52 16.73 1.133
40 Carrick P ark R esident ial 1 15.18 15.71 15.93 16.05 16.20 16.43 16.71 1.529
41 Carrick P ark R esident ial 1 15.22 15.71 15.93 16.05 16.20 16.43 16.71 1.489
42 Carrick P ark R esident ial 1 15.31 15.71 15.93 16.05 16.20 16.43 16.71 1.399

K ella M ill Sulby Road D ist illery 1 16.81 17.11 17.42 17.58 17.80 17.73 18.13 1.316

Property Name and S treet
Return Period Flood Level

Floor
Level

Number of
Properties

Type

Source: Bullen Consultants (2002, Annex E) plus author’s calculations
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Table 5: Results of Hydrological Modelling: Modelled Peak Flow at Sulby Bridge
Flow Return Period Peak Flow

5 years 29.2 m3 / sec

10 years 35.1 m3 / sec

30 years 46.8 m3 / sec

50 years 53.0 m3 / sec

100 years 64.1 m3 / sec

250 years 74.2 m3 / sec

Source: Bullen Consultants (2002, Table 3.2, p. 18)

The next step is to calculate the monetary damage associated with the predicted depth
of flooding at each property.

Economic valuation
Residential and non-residential property damage
Here we estimate the direct damages of flood waters on residential and non-residential
building fabric and inventory items.

Direct: residential
In assessing the direct flood damage to residential property we utilise depth-duration-
damage curves published by the Flood Hazard Research Centre (FHRC) in their “Multi-
coloured Manual”2. Depth-duration-damage curves are available for:

 5 different house types;

 5 different building periods (years of construction); and

 4 different social classes.

The data used to develop these curves are based on economic3 and not financial4

values.

In developing the depth-duration-damage curves, the FHRC collected details of the
effect of flood waters of varying depths and durations on every component of a
property’s inventory (content) and building fabric (structure). In total, fifteen depths
and two durations have been analysed (see Box 3).

2 Penning-Rowsell et al (2006) The Benefits of Flood and Coastal Risk Management: A Manual of Assessment
Techniques. Flood Hazard Research Centre, Middlesex University Press.
3 Economic: (a) Valued from the standpoint of the nation as a whole. (b) Corrects the actual money transfer
in order to calculate the real opportunity cost. (c) VAT is excluded as are other indirect taxes because they
are money transfers rather than real losses or gains.
4 Financial: (a) Valued from the standpoint of the individual household or organisation involved. (b) Uses
the actual money transfer involved to evaluate the loss. (c) VAT is included as are other indirect taxes as
they affect the individual household or organisation involved.
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Box 3: Depth and Duration of Damage Information

Two durations
Short: Above ground floor level for less than 12 hours
Long: Above ground floor level for more than 12 hours

Fifteen depths above and below ground floor level
-0.3m: To include damage to sub-floor level
0.0m: Ground floor level to include damage to floors
0.05m: To include damage to carpets and floor coverings
0.1m: To include superficial damage to both internal fabric and inventory items
0.2 to 0.3m: To include superficial damage to both internal building fabric and
inventory items
0.6m to 3.0m: In incremental steps of 0.3m to include progressively more items of
damage

Source: Flood Hazard Research Centre, Multi-coloured Manual, 2003.

In the absence of data on property type, construction period and social class (we return
to this below) we have used the “sector average” depth-duration-damage curve for the
UK. To the extent that the mix of these three factors in the affected properties in Sulby
differs from the UK average, we will under/overestimate the true damages. Also, we
have used depth-duration-damage curve for both short and long duration floods,
given that we do not know the duration of flooding at each property on the 8th

December 2000. These curves are shown in Figure 2 and in Figure 3.

The data underlying the depth-duration-damage curves relates to 2002. We have up-
rated the data to 2004 prices using a combination of the Isle of Man’s RPI index (applied
to the inventory component of the cost data) and a house price index (applied to the
building fabric component of the cost data), which we derived from time series data on
average house prices on the island.

Table 6 presents our estimates of the total direct flood damage to the 54 residential
properties assumed to be affected by the Sulby River Flood on the 8th of December
2000. If the flood duration was less than 12 hours, the average cost per property was
about £30,700. The average cost per property rises to about £37,300 if the flood
duration was more than 12 hours.
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Figure 2: Sector Average Depth-duration-damage Curve for Floods with
Durations of Less than 12 Hours (2004 prices)

0

10,000

20,000

30,000

40,000

50,000

60,000

-0.30 0.05 0.20 0.60 1.20 1.80 2.40 3.00

Flood Depth (metres)

To
ta

lD
am

ag
es

(£
pe

r
pr

op
er

ty
)

Duration: < 12 hours Low er 95% CI Upper 95% CI

Figure 3: Sector Average Depth-duration-damage Curve for Floods with
Durations of More than 12 Hours (2004 prices)
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Table 6: Estimated Total Direct Flood Damage to At-risk Residential Property
in Sulby (2004 prices)

Lower 95% CI Mean Upper 95% CI Lower 95% CI Mean Upper 95% CI

(£) (£) (£) (£) (£) (£)

31,684 33,370 35,084 38,402 40,341 42,304
30,828 32,442 34,082 37,485 39,355 41,249
65,795 69,369 73,006 79,403 83,474 87,595
67,591 71,257 74,973 80,832 84,993 89,189
34,209 36,062 37,936 40,735 42,835 44,949
59,385 62,467 65,600 73,435 77,061 80,732
31,185 32,828 34,500 37,867 39,766 41,688
33,244 35,051 36,886 39,991 42,045 44,122
32,612 34,375 36,169 39,396 41,408 43,446
31,470 33,138 34,833 38,173 40,094 42,040
26,433 27,750 29,090 34,066 35,692 37,341

668 707 746 2,103 2,251 2,414
62,512 65,811 69,166 75,886 79,696 83,553
54,339 57,098 59,903 70,027 73,394 76,806
39,836 41,962 44,110 48,319 50,874 53,457
33,589 35,412 37,261 40,256 42,327 44,417
33,244 35,051 36,886 39,991 42,045 44,122
21,951 22,955 23,983 28,514 29,855 31,222

- - - - - -
25,823 27,086 28,371 33,204 34,779 36,378
94,625 99,645 104,751 114,747 120,530 126,383
67,315 70,968 74,673 80,619 84,767 88,953
61,152 64,346 67,594 74,628 78,344 82,106
32,255 33,988 35,752 39,013 40,998 43,007
62,512 65,811 69,166 75,886 79,696 83,553

668 707 746 1,893 2,024 2,167
27,422 28,818 30,236 35,184 36,880 38,599

668 707 746 2,103 2,251 2,414
54,614 57,145 59,707 62,166 64,808 67,462
35,092 36,989 38,899 41,457 43,602 45,754
33,727 35,556 37,411 40,363 42,440 44,535
63,654 67,048 70,502 77,110 81,010 84,959

668 707 746 1,726 1,843 1,969
13,265 13,848 14,453 19,116 20,079 21,071
32,541 34,298 36,086 39,319 41,326 43,358
65,937 69,523 73,173 79,556 83,638 87,771
34,691 36,568 38,461 41,107 43,230 45,363
32,826 34,607 36,419 39,625 41,655 43,710
34,553 36,423 38,311 41,001 43,117 45,245
36,886 38,871 40,891 44,044 46,348 48,682
36,628 38,602 40,608 43,736 46,021 48,335
36,116 38,064 40,038 42,976 45,215 47,474

1,574,215 1,657,428 1,741,957 1,915,458 2,012,106 2,109,892

Total Direct Property Damage (Fabric andInventory)

Duration of Flood< 12 Hours Duration of Flood> 12 Hours
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The depth-duration-damage curves do not cover potential flood damage to garages
and conservatories, where present. Using average unit costs for a typical garage and
conservatory (up-rated to 2004 prices) and observed relationships between flood
depth and structural susceptibility, we have estimated the potential flood damages to
these structures for each property. The results are shown in Table 7. However, we do
not know whether the affected properties actually have a garage and / or conservatory.
Consequently, simply adding the damage estimates in Table 6 to those in Table 7 will
overstate the true costs of the event. The total from Table 6 therefore constitutes a
minimum property cost estimate whilst the totals of Tables 6 and 7 aggregated
constitute a maximum.

The presence (or absence) of household contents, clearly, has an effect on flood
damage potential. Furthermore, the ownership of household goods, as well as their
quality, varies between socio-economic groupings. As mentioned above, the inventory
damage data was compiled using social class as a measure of inventory quality and
thus value. ‘Good quality’ has been ascribed to the contents of AB5 social class
dwellings, ‘medium quality’ to C16 and C27 social class dwellings and ‘poor quality’ to
DE8 social class dwellings.

The HM Treasury Green Book recommends that distributional impacts are considered
in economic analysis where it is necessary and practical to do so. Taking distributional
impacts into account basically involves weighting, in this case, the damage costs
incurred by each household, in accordance with their social class. The weighting is
undertaken prior to aggregating costs across households. The weights to be applied
are as follows: AB = 0.74, C1 = 1.12, C2 = 1.22 and DE = 1.64 (DEFRA, 20049) . However,
at present it is not possible to weight the costs per property in Table 6 and Table 7
when deriving a total damage cost, since we do not have the information to categorise
each household into one of the four social classes.

5 Upper middle and middle class: higher and intermediate managerial, administrative or professional .
6 Lower middle class: supervisory or clerical and junior managerial, administrative or professional.
7 Skilled working class: skilled manual workers.
8 Working class and those at the lowest level of subsistence: semi-skilled and unskilled manual workers. Unemployed
and those with no other earnings (e.g. state pensioners).
9 Defra (2004) Supplementary Note to Operating Authorities, July 2004.



The Estimated Cost of Climate Change Related Events in the Isle of Man Page 23

Table 7: Estimated Damage to Garages and Conservatories if Present at
Flooded Residential Property in Sulby (2004 prices)

Timber Garage Conc. Garage Conservatory Timber Garage Conc. Garage Conservatory

(£) (£) (£) (£) (£) (£)

496 937 1,838 1,654 1,489 2,451
460 827 1,838 1,532 1,379 2,451

1,097 2,187 3,676 3,656 3,290 4,902
1,152 2,426 4,657 4,167 3,529 5,882

588 1,268 2,574 2,206 1,820 3,186
827 1,489 3,309 2,880 2,592 4,534
475 873 1,838 1,583 1,425 2,451
560 1,140 2,002 1,920 1,691 2,614
536 1,057 1,838 1,787 1,608 2,451
487 910 1,838 1,624 1,461 2,451
276 496 1,225 1,164 1,048 1,838
- - - - - -
956 1,765 3,676 3,186 2,868 4,902
623 1,121 2,492 2,471 2,224 3,717

2,711 2,086 5,596 3,064 3,070 6,556
570 1,186 2,206 2,022 1,737 2,819
560 1,140 2,002 1,920 1,691 2,614
135 276 1,103 858 772 1,716
- - - - - -
245 441 1,225 1,103 993 1,838

1,471 2,757 5,515 4,902 4,412 7,353
1,144 2,390 4,493 4,085 3,493 5,719

899 1,618 3,595 3,023 2,721 4,820
521 1,011 1,838 1,736 1,562 2,451
956 1,765 3,676 3,186 2,868 4,902
- - - - - -
322 579 1,287 1,256 1,131 1,900
- - - - - -
429 276 3,064 1,838 1,654 3,676
643 1,388 3,084 2,471 1,939 3,697
574 1,204 2,288 2,063 1,756 2,900

1,005 1,912 3,676 3,350 3,015 4,902
- - - - - -
49 221 613 551 496 1,103

533 1,048 1,838 1,777 1,599 2,451
1,103 2,206 3,676 3,676 3,309 4,902

603 1,333 2,859 2,349 1,884 3,472
545 1,085 1,838 1,818 1,636 2,451
598 1,314 2,778 2,308 1,866 3,391

1,593 1,673 3,758 3,064 2,243 4,371
1,471 1,636 3,636 3,023 2,187 4,248
1,195 1,553 3,452 2,839 2,105 4,065

28,406 48,594 101,899 88,112 76,562 132,148

Total Direct Property Damage (Garages andConservatories)

Duration of Flood< 12 Hours Duration of Flood> 12 Hours
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Direct non-residential

Four main damage components have been identified as most relevant to flood impacts
on non-residential properties, namely:

 Building structure, fabric and services;

 Fixtures and fittings;

 Moveable equipment; and

 Inventory or stock (either inputs or outputs).

Obviously, these components will vary depending upon the type and size of the
properties concerned. The size of premises will affect levels of total flood damage, and
average floor size per property varies considerably, depending upon the nature of the
business that takes place within. Moreover, each of the components will vary in their
susceptibility to flood damage.

The Multi-coloured Manual10 contains a database of susceptibility-values for each of the
four damage components. From this information high (maximum) and low (minimum)
depth-damage curves, as well as indicative (arithmetic mean) depth-damage curves
have been developed for categories of non-residential property, for a range of flood
scenarios.

It is difficult to find a non-residential land-use category that corresponds exactly to the
distillery at Kella Mill. The closest match from the dataset is an industrial “laboratory”.
The depth-damage curve for one flood scenario is shown in Figure 4. As with the
residential depth-duration-damage curves, we have up-rated the depth-damage curve
to 2004 prices.

To calculate the direct property damage to the distillery from the December 2000 flood
we applied the depth-damage curve in Figure 4 to the estimated flood depth, as shown
in Table 4, assuming that the ground floor area of the distillery is 500 m2 (from the
Bullen Consultants report). A flood depth of 1.32m will result in total damages across all
four components of £638 per m2; aggregating over 500 m2 yields a total direct flood
damage cost of £319,000.

10 Penning-Rowsell et al (2006) op. cit.
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Figure 4: Depth-damage Curve: Laboratory: River flood of more than 12
hours duration with no flood warning being issued (2004 prices)
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Source: Flood Hazard Research Centre, Multi-coloured Manual, 2003.

Indirect effects
According to Defra (200011) approximately 50% of all households can be expected to
leave their home, for an average of 30 days, when flood levels in their property exceeds
0.3m. In looking at the flood depths in Table 4, this implies that 22 (44 x 0.5) households
would require temporary accommodation for 30 days. Consultations on the Isle of Man
suggest that this is a reasonable approximation to what actually happened. Obviously,
the average cost of house rentals per week is dependent on the location, size and type
of property. The mean weekly rents, average over all tenancy types in England in 2000
was about £95 (or £145 in 2004 prices, assuming rental values increase in line with
average house prices) for assured short hold tenancies (SEH, 2000). In the absence of a
figure for the Isle of Man, we have used this weekly rental value in our calculations. The
total cost of temporary accommodation is thus close to £13,670.

In addition to building fabric and household inventory items, clean-up costs are also an
important variable in determining the potential damages to residential properties.
Average clean-up costs have been derived by the FHRC for flooding below and above
depths of 0.1m depths, based on actual observed damage costs12:

 Average clean-up costs for flood depths below 0.1m are estimated to be
£6,205 per property (2004 prices).

 Average clean-up costs for flood depths above 0.1m are estimated to be
£10,825 per property (2004 prices).

The estimated total clean-up cost for all 54 flooded residential properties is thus
£556,735; found by applying the appropriate average unit cost to the data in Table 4.

While these clean-up cost estimates include the rental and labour costs of
dehumidifiers, they do no include electricity costs. On average, a dehumidifier utilises

11 Defra (2000) FCDPAG3, Project Appraisal Guidance 3 - Economic Appraisal. Available online at
http://www.defra.gov.uk/environ/fcd/pubs/pagn/fcdpag3/default.htm
12 Penning-Rowsell et al (2006) op. cit.
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3kw per hour of electricity, which at 2004 prices costs roughly between 9 and 11 pence
per kWh. The electricity cost for one dehumidifier for a 24-hour period is thus between
£6.50 and £7.90. For flood depths below 0.1m (which requires four units for 28 days)
the total average electricity cost would then be £730 to £885 per property. And for a
flood depth above 0.1m (which requires four units for 56 days) the total average
electricity cost would then be £1,455 to £1,770 per property. The estimated cost of
powering dehumidifiers for all 54 flooded residential properties is thus £74,220 to
£90,270.

Floods not only impact upon the property directly affected, but that the impact can
spread further into neighbouring economic units, in turn causing general disruption to
the regional or sub-regional economy. Such impacts are typically termed secondary
effects, and are notoriously difficult to measure. Nonetheless, FHRC (2003) reports the
findings of a case study of flooding in the Thames Valley in which secondary effects
were calculated. They found that secondary effects in the locality of the flood (i.e.
within 15-20 kilometres of the flood plain) were 0.2 per cent of total direct losses, which
would amount to under £5,000 in the case of the Sulby flood on the 8th of December
2005.

Health effects
The health (or ‘intangible’) effects of flooding are now recognised as being quite
significant. The effects on human health as a consequence of flooding range from risks
to life, hypothermia and injuries during, or immediately after, the flood, to more long
term physical and psychological health effects during the weeks or months following a
flood (e.g. anxiety during heavy rainfall, increased stress levels, mild, moderate, and
severe depression, flashbacks to flood, etc.). We have only informal reports of the
health consequences of the Sulby flood. Our estimates are therefore based on values
transferred from wider UK studies.

The results of a recent national survey concluded that the benefits of avoiding the
health effects of river flooding were in the order of £205 per household per year
(associated with reducing the Annual Flood Probability from 0.05 to 0.007) (DEFRA,
Supplementary Note to Operating Authorities, July 2004). One could also look at this
figure as the welfare cost of experiencing a 1-in-150 year flood as opposed to a 1-in-20
year flood. The Annual Flood Probability at Sulby is 0.07. Thus the benefits of avoiding
the health effects of the floods on the 8th of December 2005 are likely to be at least as
high as £205 per households per year, i.e. we can apply £11,100 as an annual total as an
expected value for all 54 affected households.

Using population, household and age data for the Parish of Lezayre from the 2001 Isle
of Man census and life expectancy tables from the UK Actuarial Service, we have
estimated the capitalised (present value) of the health damages for affected residents
(in accordance with the declining discount rate schedule recommended by the HM
Treasury Green Book) at £334,430.

Emergency costs
Floods also disrupt communications and impose extra costs on those involved in
managing the flood event and in the recovery process. Depending upon the severity of
the flood event, several emergency services may be involved in both emergency works
and clean-up operations, during and after the flood event. Extra staff time and
materials may be required, and additional administrative costs may be involved.

In the absence of precise data from the Sulby event we take an estimate of the
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emergency service costs as a percentage of total property losses from a flood event of
comparable severity in Yorkshire in Autumn 2000. Based on detailed research of the
autumn 2000 floods in Yorkshire, FHRC (2003) found that the total cost of all
emergency services as a percentage of total economic property losses was 10.7%. This
historical analogue can be used as a multiplier on top of property damages that
accounts for emergency costs - though in practice the size of this multiplier will vary
with the intensity of event and location. We have therefore multiplied total property
losses, estimated above, by a factor of 1.107 to allow for extra emergency costs. These
are shown separately in table 8.

Missing impacts
The ‘main river’ upstream of Ramsey is about 13.8 km in length. The land-use along
both banks is mixed, with areas of agricultural, commercial, residential and park land.
The latter are important areas of open space for recreation (for the local community)
and wildlife. Indeed, Sulby itself is considered on of the most scenic parts of the Isle of
Man and it has been proposed that Sulby Glen is designated a Conservation Area.

A potentially significant omission from the case study thus relates to the impact of the
floods on (a) agriculture in the Sulby area and (b) on recreation and amenity for local
residents and visitors. However, the data necessary to include these categories within
the study are not available.

A further significant omission relates to disruption caused to the road network as a
result of the floods. Again, no data is available to estimate the cost of such disruption to
the transport system.

Cost summary
Our estimates of the total damages from the floods at Sulby on the 8th of December
2005 are shown in Table 8. Total damages range from £3.1 to £3.6 million (2004 prices),
depending on the duration of the flood. This is equivalent to between £56k and £66k
per affected residential and non-residential property. Direct property damages
comprise around two-thirds of the estimated total costs.

For the reasons set out above we have not included the damages to residential garages
and conservatories in these figures. If they were included, as a sensitivity test, total
damages would increase to between £3.2 and £3.8 million.

Note that given the limited data available for the Sulby event itself, we have
supplemented this with unit values available elsewhere in the UK, where we have felt
this was reasonable to do. A degree of uncertainty is therefore attached to the results
and the full range should always be presented. It is probably more accurate to view the
totals given in

Table 8 as ‘sub-totals’, given that not all the impacts that actually occurred as a result of
the flood have been captured by the analysis. Possible significant omissions include: (a)
disruption to transport, (b) impacts to agriculture and (c) loss of recreation and amenity.
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Table 8: Summary of Estimated Damages for December 2000 Floods at Sulby,
by Duration of Flood (2004 prices)

Flood Duration < 12 Hours Flood Duration > 12 Hours

Low High Low High

Direct property damage:

Residential property 1,574,220 1,741,960 1,915,460 2,109,890

Garages 28,410 48,590 88,110 76,560

Conservatories 101,890 101,890 101,890 101,890

Non-residential property 319,000 319,000 319,000 319,000

Other Effects:

Temporary accommodation 13,760 13,760 13,760 13,760

Residential clean-up 556,740 556,740 556,740 556,740

Additional power 74,220 90,270 74,220 90,270

Health 334,430 334,430 334,430 334,430

Emergency services a 202,570 220,520 239,090 214,400

Secondary effects b 3,790 4,120 4,470 4,860

Total (sensitivity test) c 3,209,030 3,431,280 3,647,170 3,821,800

Total (‘best guess’) d 3,078,730 3,280,800 3,457,170 3,643,350

Total (£ per affected property) 55,980 59,650 62,860 66,240

Notes:
a Based on residential and non-residential property damage totals, without garages and conservatories.
b Based on residential and non-residential property damage totals, without garages and conservatories.
c Assumes that all affected residential properties have a garage and a conservatory.
d Excludes damages to residential garages and conservatories.
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SECTION 4: CASE STUDY OF JANUARY 2005
WINDSTORM

Introduction

The windstorm of 7-8 January 2005 saw wind gusts of 112 mph recorded on the
Mountain Road – a 1 in 100 year event. Gusts reached 85 mph at Peel breakwater, 92
mph at Ronaldsway Airport, 96 mph at Douglas and 98 mph at the Point of Ayre. At one
point the winds were Storm Force 11. The storm peaked at around 5-6 am on Saturday.

Impact assessment

A matrix of broad (first-order and key second-order) impacts likely to arise from winter
windstorms are presented in Figure 5, along with those sectors most likely to be
affected by these broad impacts, potential economic consequences and the main
stakeholder groups. Of course, any specific windstorm event will not necessarily give
rise to all these impacts and only a sub-set of actual impacts will have been reported /
measured.
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Figure 5: Impact Matrix for Windstorms – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Mortality in ‘valued’ species (foregone use and non-use value)

Habitat Destruction of ‘valued’ ecosystems (foregone use and non-use value)

General public, tourists, national interest groups,
government departments

Destruction of trees (loss of timber products and producer surplus)

Forestry Destruction of trees (loss of recreation and amenity)

Timber producers, consumers, national interest groups,
government departments, general public

Loss of crops (lost producer surplus)

Agriculture land Loss of livestock (lost producer surplus)

Local farmers, consumers of farm products, government
departments

Loss of infrastructure/equipment (replacement necessary)

Transport infrastructure Damage to infrastructure/equipment (repairs necessary)

Transport operators, contractors, local public (users and
employees in this sector), business and wholesale
distributors

Loss of private and public property (replacement necessary)Buildings (residential,
commercial, industrial,
agriculture, government) Damage to private and public property (repairs necessary)

Households, property owners, insurers, contractors,
business

Loss of cultural objects (foregone amenity and non-use value)

Historical and cultural heritage Damage to cultural objects (repairs necessary)

Local public, tourists, national interest groups,
government departments, insurers, business

Increased risk of mortality (fatal injuries)

Human health Increased risk of morbidity (non-fatal injuries and anxiety)

Local public, employers, insurers, NHS, government,
regulators

Damage to transmission network

Damage to power generation infrastructure

Power generators and suppliers, electricity customers -
both households and business (prices), regulator,
insurers, other utilities, government departments

Damage to water treatment facilities and pumping stations

Damage to distribution and sewer system

Damage to waste water treatment plant

Water authority, customers - both households and
business (prices), regulator, insurers, government
departments
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Damage to telecommunication system / lines Telecommunication suppliers, customers - both
households and business (prices), regulator, insurers,
government departments
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Continued: Impact Matrix for Windstorms – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes

Road transport

Increase in highway agency’s costs

Local population, users and operators of public
transport (buses), businesses, highways authorities

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes

Air transport

Increase in airport authority’s costs

Users and operators of airlines, tourists, businesses,
airport authorities

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non-work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes
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Sea transport

Increase in harbour authority’s costs

Users and operators of airlines, tourists, businesses,
harbour authorities

Increase in costs of ‘emergency service’ and related activities

Temporary accommodation costs
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Households / Government

Disutility costs to individual (e.g. from stress and anxiety)

Local public, emergency services, government
departments
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Continued: Impact Matrix for Windstorms – Potentially Relevant Economic Impacts

Second-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Disutility (individual)

Lost output / increased costs (business customers)Electricity

Additional costs / foregone producer surplus (supplier)

Power generators and suppliers, electric ity customers -
both households and business (lost services), regulator

Disutility (individual)

Lost output / increased costs (business customers)Water

Additional costs / foregone producer surplus (supplier)

Water authority, customers - both households and
business (lost services), regulator

Disutility (individual)

Lost output / increased costs (business customers)

D
am

ag
e

to
U

til
it

ie
s

O
u

ta
ge

s
/D

is
co

n
n

ec
tio

ns

Telecommunications

Additional costs / foregone producer surplus (supplier)

Telecommunication suppliers, customers - both
households and business (lost services), regulator
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Commerce and industry Lost business during repairs / replacement (lost producer surplus)

Manufacturing and service sector, insurers
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Property damage

The windstorm affected most of the island, damaging both residential and non-
residential property (in private and public hands), as well as private and public
infrastructure.

Government property

Two government departments have provided cost data on damages the windstorm
caused to their estates. The Department of Home Affairs incurred total costs amounting
to £22,524 (48% labour costs and 52% materials) (2005 prices) as a result of the
windstorm on 7th and 8th January 2005. The cost of storm damage reported by the
Department of Local Government and Environment totalled £78,650 (2005 prices) (see
Table 9). These costs relate primarily to roof and building repairs, removing fallen trees,
and other associated wind damages. In addition, the Department of Education reports
costs of £68,000 for damages arising from the January windstorms. The Highways
Division estimate costs of £93,000 for damage to the infrastructure.
.

Table 9: Storm Damage Costs Department of Local Government and Environment
Parish Total Cost (£)

Andreas 3,170

Arbory 5,070

Ballaugh 665

Bradden 4,580

Bride 1,780

Castletown 21,915

Douglas 795

German 205

Jurby 17,135

Lezayre 1,675

Lonan 15,105

Malew 2,895

Marown 210

Maughold 10

Patrick 275

Peel 235

Port Erin 1,425

Santon 1,505

All Parishes 78,650
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Private property

There were reports of significant damage to private residences and property (e.g. cars),
with chimney stacks being blown over and roof slates being dislodged. Significant
damages were experienced, with insurance company Tower Insurance reporting 850
claims. Of these, 120 were commercial and 50 related to vehicle damage. The total
claims amounted to £1.5 million, Tower Insurance has a 25% market share on the Isle of
Man, hence insurance damages can be estimated (assuming that all insurers were
similarly impacted) at £6 million.

Not all property is, however, insured. It is assumed, based on previous studies13, that
60% of damages are insured. Hence, total economic losses to private property are
estimated at £10,000,000.

Damage and disruption to forests

According to the Forestry, Amenity and Lands Division of DAFF, tree losses in
government owned woodlands amounted to approximately: (a) 325 broad leaves (e.g.
ash, sycamore, elm, etc.) and (b) 22,000 plantation conifers with an estimated timber
volume of 7,200 m3 over an area of 17.0 hectares.

Valuing the loss of broadleaves can be done by estimating the cost of replacement.
Costs vary between £5 to £50 per tree for replacing with non-semi mature trees, and up
to £15,000 to £20,000 per “instant tree”. Instant trees are only used in special
circumstances (Peter Williamson, DAFF, pers. comm.). To give the full cost of replacing
the trees to the state they were before the storm would involve the latter value for
mature trees. However, not all trees on the Isle of Man damaged would have been
mature. An estimate may be that 50% were mature. Using average values of £17,500 for
replacement of a mature tree and £27.50 for replacing an immature tree gives a value
of damage to broadleaves of £2.8 million.

Valuing the loss of conifer plantations depends on knowing the quality of the timber
lost. The quality of the timber lost in the Isle of Man from the windstorm ranged from
firewood to saw logs. Valuing the clear up costs, according to DAFF, would be
“relatively easy” at the end of the harvesting operations, which are still ongoing at the
time of writing this report. Data on the price of conifer wood is available from the UK
Forestry Commission. The Timber Price Indices give the Coniferous Standing Sales Price
over the period in question at between £6.13 to £6.19 per cubic metre. Using a central
value of £6.16 per cubic metre, we can estimate the costs of the timber lost at £44,332.

Total impacts on government forests are hence estimated at £2.9 million.

Damages to non-government owned forests were not available, nor were the relative
size of holdings of government and non-government owned forests. As such, we have
not quantified the damages to non-government forests. Impacts on non-timber forest
products are also not quantified. The estimate of £2.9 million is likely to underestimate
the true cost to forestry.

13 See the Foresight study on Flooding and Coastal Defense (www.foresight.gov.uk).
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Damage and disruption to utilities

Electricity sector: overview

The Manx Electricity Authority (MEA) is a statutory body charged with providing the
population of the Isle of Man with a safe, reliable and economic electricity supply. The
MEA is responsible for all aspects of supply, including generation, transmission and
distribution of electricity, as well as billing and collecting revenues for these activities.

As of the 10th of January, it was reported that about 400 properties remained without
power and that it could take to the end of the week before electricity supply is restored.
At the height of the storm – around 5-6 am on Saturday the 8th – about 900 customers
were without power as poles were blown over, power lines ripped out of walls and
trees crashed onto overland cables. It was reported that the Civil Defence volunteers
were looking after people who remain without power (as of Thursday the 13th).

Five teams of electricity workers were due to arrive on Sunday night from the north of
Scotland and the Midlands to assist the more than 100 MEA staff and contractors
already deployed to restore power supply to affected customers.

Direct costs to MEA

The direct costs to the MEA include the costs of repairs and the lost revenues on
electricity that would have been supplied if supply disruptions did not occur. Costs of
repairs were not able to be provided for the study. We now try to quantify the lost
revenues to the MEA.

Quantification of the energy blackouts in terms of kWh can be done, though statistics
for the Isle of Man on consumption of electricity by domestic households were not
available. Hence, we drew on the annual average consumption rate in the UK of
4,600kWh per household (DTI, 2005). This annual figure was distributed across the
months using quarterly data on consumption and allocating quarterly consumption to
the months according to number of days. This gave an estimate of the monthly
consumption in January of 482.9kWh per household, or a daily estimate of 15.6kWh.
The supply disruption was allocated across the days of impact based on the data
provided above, with it being assumed that a total of 900 houses had impacted
supplies at the peak and this initially declining at a rate of 250 per day for the first two
days and a rate of 100 per day until the end of the week (see Table 10 below). This
yields an estimated impact on the supply of electricity of 39,723 kWh.

To value the losses to the MEA, ideally one would use the gross margin for electricity.
However, no such estimate exists due to commercial confidentiality. Hence, it is
necessary to use the market price of electricity to value the losses to the MEA of the
supply disruptions. The price of electricity in the Isle of Man is 11.04 pence per kWh.
Thus, the estimated cost of energy interruptions in terms of lost (gross) revenues
to the MEA is £4,381. The welfare loss, estimated by the gross margins approach,
would of course be lower since the resource costs would be subtracted from the gross
revenue total.
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Costs of energy supply blackouts – welfare loss

The quantification of the amount of energy disruption to households and the
estimated duration of these blackouts is given in the previous section. It was estimated
that the impact on the supply of electricity of 39,723 kWh.

Blackouts cause significant annoyance to consumers and the value of this annoyance
has been the subject of some investigation in the economic literature. A recent study
for the EC reviewed the literature on the valuation of these supply disruptions
(EXTERNEPOL, 2005). Valuation of blackouts can be based on the Value of Lost Load
(VOLL). The appropriate values for the case of the Isle of Man cuts in supply are
between €1.80/kWh (£1.20) for an outage of over 24 hours (Egenhofer et al, 2004) and
€4.60/kWh (£3.07).

Applying these values to the case of the disruptions to supply caused by the
windstorms of January 2005 in the Isle of Man gives estimates of the impacts as shown
in Table 10. The total cost in terms of the welfare loss to consumers of these cuts in
supply are estimated at between £47,668 and £121,817.

Table 10: Valuation of Energy Disruption to Consumers
Electricity losses Valuation

Household
s impacted

Day
reductio
n

kWh lost
supply per
househol
d

Total
lost
kWh

VOLL=£1.2
0 VOLL=£3.07

250 1 15.58 3,894 4,673 11,943
250 2 31.16 7,789 9,347 23,886
100 3 46.73 4,673 5,608 14,331
100 4 62.31 6,231 7,477 19,109
100 5 77.89 7,789 9,347 23,886
100 6 93.47 9,347 11,216 28,663
900 39,723 47,668 121,817

Power sector disruption - summary

The windstorms of January 2005 had significant impacts on the power sector. Some of
these impacts have been valued, notably:

- the lost gross revenues to the MEA from energy that would otherwise have
been supplied and consumed of £4,381; and

- the impact on consumers was valued at between £47,668 and £121,817.

Strictly speaking, these totals include some overlaps and therefore should not be
summed. Given the size of the gross revenue loss it is therefore sensible to adjust the
consumer loss downwards to give a broad range of £45,000 to £120,000.

It should be noted that we have not included values on the direct costs to the MEA of
repairs, since these were confidential.
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Water Sector

The Isle of Man Water Authority is a statutory body charged with providing the
population of the IOM with a wholesome, reliable and economic supply of potable
water. The authority is also responsible for providing the necessary treatment,
distribution and sewage collection infrastructure to meet the islands needs.

The island’s water treatment works and pumping stations are powered by electricity.
During the peak of the storm on Saturday morning alarms indicated power failures at
10 sites, including Ballure Water Treatment Works and Ballagawne Water Treatment
Works. The Isle of Man Water Authority deployed mobile generators at affected
installations to ensure potable water supplies to customers. However, a number of
customers remained without water on Saturday due to broken mains, which were
damaged by uprooted trees. We have not been able to obtain sufficient data to value
these impacts, though we note that these customers would have suffered significant
adverse welfare effects.

Transport disruption

As a result of the storm all flights were delayed and ferry sailings disrupted. In addition
transport networks on the island were badly affected.

Flight disruption

Anecdotal evidence suggests a number of flights were delayed or cancelled as a result
of the storm. One of the major flight operators lost 4 flights out of 30 scheduled on
January 7th and 8th – their Gatwick and Manchester routes. Estimates of the potential
costs of these cancellations were provided by the airline. These do not represent actual
costs to the airline, but are indicative of the maximum costs that may have been
incurred as a result of the cancellations. Assumptions include:

- flights are assumed to be 2/3 full;

- all are assumed to take compensation and refunds.

Costs are estimated on the basis of compensation at £5 per passenger and revenues of
average £30 and £40 for one way fares from Manchester and Gatwick respectively.
Passenger rates on the flights are assumed to be 30 and 40 respectively. This leads to
an estimated cost of £6,300, though sources suggest that the loss to the airline in terms
of yield was approximately £700. We take the upper bound estimate for the cost as the
yield loss does not include factors such as loss of reputation and also inconvenience to
passengers.

This operator had 30 flights in and out of Douglas in the period in question. To estimate
the total impact on flights in terms of cancellations, we calculate the impact in terms of
flights cancelled on a proportionate basis. A total of 170 flights come in and out of
Douglas on Fridays and Saturdays. This means, assuming all operators are equally
affected, that approximately 23 flights were cancelled. Taking the average cost to BA of
£1,575 per cancelled flight gives an estimated loss in terms of cancelled flights of
£36,225.
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It should be noted that this is likely an overestimate of the costs to the airlines of
cancellations, as many passengers would have taken a later flight and not claimed a
refund. Also we have used cost data rather than gross margins – which would further
reduce these estimates and produce a reflection of the real welfare costs.

We have not had data sufficient to estimate the delay costs or the inconvenience to
passengers of such delays, or the knock on effects of delays and cancellations on other
scheduled flights. Clearly, these will be significant.

Ferry disruption

Ferries were badly disrupted by the storm. Tables 11 and 12 give data on the ferries
delayed and cancelled during the period of the storm. The costs of cancellations are
estimated using the lost yield to the ferry operator as a proxy for the welfare cost. It
should be noted that we assume that delay time for outgoing ferries is the same as the
delay at departure. This does not take into account the inconvenience of the
cancellation. Delay costs can be estimated using work and non-work travel time values
from the UK government. The value of work time delays is estimated at £30.43 per
hour, with the comparative value of non-work time being £4.52 per hour. Business
passengers accounted for 5% of passengers on ferries in January (Isle of Man Passenger
survey).

Table 11: Ferries delayed by January 7th and 8th Windstorm

Date Route Dep Arr
Delay
(mins)

7th

Jan
Heysham-
Douglas 02.15 06.35 60

7th

Jan
Douglas-
Heysham 08.45 10

7th

Jan
Heysham-
Douglas 14.15 18.23 45

8th

Jan
Douglas-
Heysham 08.45 70

8th

Jan
Heysham-
Douglas 14.15 2020 165

8th

Jan
Douglas-
Heysham 19.45 110

Table 12: Ferries cancelled by January 7th and 8th Windstorm

Date Route Dep
7 th

Jan
Liverpool-
Douglas 19.00

7th

Jan
Douglas-
Heysham 19.45

8 th

Jan
Heysham-
Douglas 2.15

8th

Jan
Douglas-
Liverpool 8.00
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Estimated passenger numbers and lost yield were obtained from the Steam Packet
Company based on monthly data for January 2005. The average number of passengers
on the Heysham service was 99.4 per sailing and the equivalent for Liverpool was 157.2
passengers. The average yield was £55.43 for Heysham and £42.20 for Liverpool. The
cost of cancellations was hence estimated at £24,283 and the costs of delays was
estimated at £4,431. Total losses due to the January windstorm impacts on ferries
can be estimated at £28,715.

Bus service disruption

Bus services were also cancelled on Saturday the 8th as the emergency services battled
to clear roads around the island of uprooted trees and other debris. Fallen trees
blocked a number of major routes, including Peel Road at Quarterbridge. Services
resumed on Sunday. Data were not available on bus passenger numbers and hence
this impact is not quantified or costed.

General traffic disruption

Delays caused to general traffic on the Isle of Man by road closures due to the January
windstorm are presented in Table 13. The costs of these delays can be estimated using
the value of time (VOT) and vehicle operating costs (VOC). In addition, building on
previous work on the cost of flooding diversions estimates for the value of stress and
additional congestion on alternative routes are considered. As noted in the table, some
road closures had to be excluded due to insufficient data on the duration of the
closure.

Baseline data on traffic in the Isle of Man, in terms of vehicle kilometres per annum and
average vehicle speeds, were not available. As such, we have taken values from UK
regions and transferred them to approximate the case in the Isle of Man case. We have
assumed that diversions are approximately 5km in length and that average daily traffic
is 2,600 vehicles per day (based on data on Welsh roads14). The average vehicle speed
assumed is that of B roads in Northern Ireland, where off peak speeds average 47.6
mph15. The caveats to this are:

- vehicle speeds off B roads are likely to be less (hence these estimates
underestimate the true impact);

- vehicle numbers may be less as some of the roads impacted were very
minor;

- diversions caused by wind may be less than those experienced by flooding.

We also assume that light goods vehicles make up 2.2% of traffic flows based on UK
data.

14 Source: http://www.dft.gov.uk/stellent/groups/dft_transstats/documents/page/dft_transstats_030361.xls
15 Source: http://www.dhsspsni.gov.uk/publications/2003/paperspeeds.pdf



The Estimated Cost of Climate Change Related Events in the Isle of Man Page 40

Table 13: Assumptions for Transport Impacts of Windstorms
Impacted vehicles

Minutes Days

Average
diversion

(km)
Average daily

traffic Passenger cars Goods vehicles
Total Road
closures 91050 63.23 3.2 2300 142228 3199

In terms of estimating the costs of these delays, Value of Time estimates were obtained
from the Posford/Met Office study16. These show an average cost for cars of 673.6
pence per vehicle hour and 1167.7 pence per hour for light goods vehicles. Note that
we have assumed that the goods vehicles travelling on roads form 2.2% of traffic, and
that HGV costs are equivalent to LGV costs in the absence of data to the contrary. This is
a reasonable assumption, as costs to HGV in terms of time may actually be higher than
those for LGVs given the skilled nature of drivers. These assumptions lead us to
estimates of Value of Time damages of £366,534 for the Isle of Man resulting from the
January windstorms. To calculate the Vehicle Operating Costs, we took the proportion
of VOC costs to VoT costs shown in the Posford/Met Office study for non-built up A
roads in Wales. The VOC on non-built up roads in Wales was £633/day/km, compared to
a VoT estimate of £4725/day/km (1994 values). This leads to an estimate of total
resource costs. The total resource costs were then multiplied by a factor of 5.7 to take
account of stress and anxiety (based on FHRC, 2002) to give an estimated (rounded)
cost of £1.27 million. A multiplier of 2 may be applied for the knock-on effect on
congestion and subsequent time losses on roads to which the disrupted traffic has
been diverted, (as suggested by FHRC, 2002) we arrive at an estimate of total
damages due to road disruption of £2.55 million.

16 Posford/Meteorological Office/JB Chatterton Associates (2000) Research to determine the impact of severe weather.
Unpublished.
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Table 1: Emergency Orders Issued As A Result Of Weather Conditions 7-8 January
2005

Road Name Area Closed Dates and Times of
Closure

Notes

Summerhill Road, Onchan Blackberry Lane to
The Park

15.40 08.01.05 – 15.40
09.01.05

Slieau Whallian Back Road,
Patrick

300m south of its
junction with Patrick
Road to Ballanass
Road

12 Noon 10.01.05 –
6.00pm 25.01.05

Marine Parade, Peel From junction with
Walpole Road to the
cliff face

8.50am 08.01.05 – 10am
09.01.05

Spaldrick Promenade, Port
Erin

Church Road to
Rowany Drive

8.45am 08.01.05 – 10am
09.01.05

Ridgeway Street, Douglas North Quay to Lord
Street

10.30am 08.01.05 –
10am 09.01.05

Queen Street, Castletown The Parade to
Farrants Way

10.30am 08.01.05 –
09.01.05

Parliament Street, Ramsey Market Hill to Court
Row

11.25am 08.01.05 –
10am 09.01.05

Ballanard Road,
Douglas/Onchan

Johnny Wattersons
Lane to Abbeylands
Crossroads

08.40am 08.01.05 –
18.40 09.01.05

Patrick to Glen Maye Road,
Patrick

Patrick Village to
Glen Maye

19.30 08.01.05 – 19.30
09.01.05

Glen Darragh Road,
Marown

A1 to Ellerslie Farm
Road

17.15 08.01.05 – 17.15
09.01.05

Lhoobs Road, Patrick A24 at the Eairy to
Kionslieu Road

17.15 08.01.05 – 17.15
09.01.05

Auckland Lane, Ramsey Christian Street to
West Street

5.00pm 10.01.05 –
6.00pm 24.01.05

A3 Kirk Michael to Ramsey
Road

Orrisdale Loop
Road North to
Orrisdale Loop

11.15am 09.01.05 –
5.00pm 09.01.05

Imperial Terrace, Onchan Belgravia Road to
Hague Crescent

16.00 09.01.05 – 12.00
Noon 10.01.05

A1 Douglas to Peel Road Ballagarey Road to
Glenlough

16.35 09.01.05 – 20.00
09.01.05

North Quay, Douglas Quines Corner to
Market Hill

10.01.05 Excluded -
insufficient
data

Public Right of Way No
347

Adjacent to Poyll
Vaaish Quarry

4.30pm 10.01.05 –
6.00pm 18.01.05

Excluded -
insufficient
data

Pulrose Road, Douglas Peel Road to Peel
Road

3.00pm 11.01.05 –
6.00pm 12.01.05

Breakwater Road, Port Erin Raglan Pier to
former Marine
Biological Station

3.00pm 11.01.05 –
12.01.05

Excluded -
insufficient
data

Duke Street, Douglas Wellington Street to
Regent Street

12.30pm 11.01.05 –
6.00pm 12.01.05

St Georges Walk, Douglas St Georges Street to
Peel Road

11.30am 11.01.05 –
6.00pm 12.01.05

Parliament Street, Ramsey Market Hill to
Parliament Square

12.40pm 11.01.05 –
6.00pm 14.01.05
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Emergency Costs

Windstorms can disrupt communications and impose extra costs on those involved in
managing the storm event and in the recovery process. Depending upon the severity
of the event, several emergency services may be involved in both emergency works
and clean-up operations, during and after the storm event. Extra staff time and
materials may be required, and additional administrative costs may be involved.

Data on the additional costs to emergency services of windstorms are not available.
Given that similar weather related events may have similar impacts on the emergency
services, we take the costs estimated for the 2000 floods in Yorkshire and apply the
FHRC (2003) finding that the total cost of all emergency services as a percentage of
total economic property losses was 10.7%. This can be used as a multiplier on top of
property damages that accounts for emergency costs. We have therefore multiplied
total property losses, estimated above at £10.1 million, by a factor of 0.107 to allow for
extra emergency costs. This leads to an estimate of emergency costs of £1.1 million.

Other impacts

Exam disruption

A knock-on effect of the storms on the 7th and 8th of January was that schools and the
IOM College were closed on Tuesday 11th of January due to concerns over the safety of
parents and students travelling in the late afternoon, when another deep depression
was forecast. (As it turned out, the strongest winds did not arrive until the evening).
Nonetheless, the fact that the schools were closed created problems for AS and A-level
students whom were due to sit modular exams. The same exams were being sat
throughout England and Wales on the same day. Since the exams sat on the Tuesday
were then in the public domain, new exam scripts needed to be drafted. The exams
were to be re-sat in May or June, or January 2006. This was expected to increase the
pressure on those students that are due to sit their main exams at the same time (The
Examiner 11/01/05).

The additional stress caused to students and their families gives rise to direct welfare
losses (in an economic sense). Moreover, it may adversely affect their performance. It is
also possible that re-sitting the exams would entail extra costs on the part of the
examining authority. However, insufficient data exists to measure and value these
effects. In any event, they are likely to be relatively small.

Disruption to businesses

At the same time that schools were closed, the adverse weather warning issued by the
Department of Home Affairs (on the 10th of January) asked businesses to consider the
implications that the approaching storm may have for the safety of their own staff. To
the extent that businesses heeded this warning in light of events on the preceding
weekend, there will have been some losses of producer surplus. Depending on pay
arrangements (contracts) with employees, some workers may also have suffered a
reduction in income.
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Cost summary

A summary of the costs of the January 2005 windstorm is presented in Table 15. Major
cost items are property damage, particularly damage to private property; transport
losses, though it should be noted that general traffic disruption estimates may be
overestimated due to transfers of estimates from the UK case and because no data
exists on minor road use rates; and forestry losses, which are driven by broadleaf losses.

It should also be noted that a number of impacts have not been quantified. Whilst, for
reasons outlined above, the costs cannot simply be summed, the total welfare effects
of the January 2005 windstorm are certainly likely to be in excess of £15 million.

Table 15: Summary of costs from January 2005 windstorm (2005 prices)

Cost Item Estimated damages (£mn)
Property damage 10.3
of which
Private property 10.0
Government property 0.26
Forestry losses 2.89
of which
Broadleaf damage 2.84
Conifer Damages 0.04
Non timber forest products NQ
Non government owned forests NQ
Utility losses 0.05 to 0.1
of which
Power sector - lost revenue 0.004
Power sector - disruption to
consumers (low) 0.045
Power sector - disruption to
consumers (high) 0.120
Power sector - direct costs to MEA NQ
Water sector NQ
Transport sector 2.6
of which
Flight cancellations 0.036
Flight delays NQ
Ferry cancellations .024
Ferry delays

.004
Bus service disruption NQ
General traffic disruption 2.5
Emergency costs 1.1
Other Impacts NQ
of which
Exam disruption NQ
Disruption to business NQ
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SECTION 5: CASE STUDY OF COSTS OF
FEBRUARY 2002 TIDAL FLOODING
On Friday the 1st of February 2002 several meteorological factors combined to cause
severe flooding around parts of the island’s coastline. Astronomical high tides were
predicted for Friday in any event, but a deep depression over the northeastern Atlantic
produced gale force southwesterly winds (with gusts to around 70 mph), which
generated a storm surge that added more than a metre to the predicted tide level
(reaching a level of around 8.4 metres on the Douglas tide gauge).

The result was that sea levels exceeded many of the promenades and quaysides
around the island. Coasts exposed to the southwesterly winds also had high seas to
deal with.

Impact assessment

Figure 6 presents a matrix of broad (first-order and key second-order) impacts from
storm surge in coastal areas. It also shows those sectors most likely to be affected by
these broad impacts, potential economic consequences and the main stakeholder
groups. As with windstorms and river flooding, any specific storm surge event will not
necessarily give rise to all these impacts and only a sub-set of actual impacts will have
been reported / measured.

Unlike the flooding event at Sulby, where previous detailed modelling provided us with
a basis for the impact assessment, no such modelling of damage costs has been
undertaken for tidal flooding similar to that experienced on the 1st of February 2002.
As a result, we cannot employ the same approach adopted for the Sulby flood case
study, which would be the preferred approach. Instead we have to build a picture of
what happened from published sources and discussions with affected stakeholders.
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Figure 6: Impact Matrix for Storm Surge and Coastal Flooding – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Mortality in ‘valued’ species (foregone use and non-use value)

Coastal habitat Destruction of ‘valued’ ecosystems (foregone use and non-use value)

General public, tourists, national interest groups,
government departments

Loss of crops / productivity (lost producer surplus)

Coastal agriculture Loss of livestock (lost producer surplus)

Local farmers, consumers of farm products, government
departments

Loss of infrastructure/equipment (replacement necessary)

Coastal transport infrastructure Damage to infrastructure/equipment (repairs necessary)

Transport operators, contractors, local public (users and
employees in this sector), business and wholesale
distributors

Loss of private and public property (replacement necessary)

Coastal buildings and property Damage to private and public property (repairs necessary)

Households, property owners, insurers, contractors,
business

Loss of cultural objects (foregone amenity and non-use value)

Coastal historical and cultural
heritage

Damage to cultural objects (repairs necessary)

Local public, tourists, national interest groups,
government departments, insurers, business

Increased risk of mortality (fatal injuries)

Human health Increased risk of morbidity (non-fatal injuries and anxiety)

Local public, employers, insurers, NHS, government,
regulators

Loss of infrastructure (replacement necessary)

Coastal / harbour infrastructure Damage to infrastructure (repairs necessary)

Local authorities, government departments, contractors,
business

Damage to transmission network

Damage to power generation infrastructure

Power generators and suppliers, electricity customers -
both households and business (prices), regulator,
insurers, other utilities, government departments

Damage to water treatment facilities and pumping stations

Damage to distribution and sewer system

Damage to waste water treatment plant

Water authority, customers - both households and
business (prices), regulator, insurers, government
departments
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Utilities

Damage to telecommunication system / lines Telecommunication suppliers, customers - both
households and business (prices), regulator, insurers,
government departments
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Continued: Impact Matrix for Storm Surge and Coastal Flooding – Potentially Relevant Economic Impacts

First-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes

Road transport

Increase in highway agency’s costs

Local population, users and operators of public
transport (buses), businesses, highways authorities

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes

Air transport

Increase in airport authority’s costs

Users and operators of airlines, tourists, bu sinesses,
airport authorities

Increase in travel cost (individual, work time)

Increase in travel cost (individual, non -work time)

Disruption to inputs / sales (business losses)

Change in demand for unaffected, alternative transport routes or
modes
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Sea transport

Increase in harbour authority’s costs

Users and operators of airlines, tourists, businesses,
harbour authorities

Increase in costs of ‘emergency service’ and related activities

Temporary accommodation costs

Ev
ac

ua
ti

o
n

Households / Government

Disutility costs to individual (e.g. from stress and anxiety)

Local public, emergency services, government
departments
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Continued: Impact Matrix for Storm Surge and Coastal Flooding – Potentially Relevant Economic Impacts

Second-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Disutility (individual)

Lost output / increased costs (business customers)Electricity

Additional costs / foregone producer surplus (supplier)

Power generators and suppliers, electricity customers -
both households and business (lost services), regulator

Disutility (individual)

Lost output / increased costs (business customers)Water

Additional costs / foregone producer surplus (supplier)

Water authority, customers - both households and
business (lost services), regul ator

Disutility (individual)

Lost output / increased costs (business customers)
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Telecommunications

Additional costs / foregone producer surplus (supplier)

Telecommunication suppliers, customers - both
households and business (lost services), regulator

Loss of ‘valued’ ecosystems

Habitat Loss of ‘valued’ species

General public, tourists, national interest groups,
government departments

Decrease in tourist demand (foregone producer and consumer
surplus)

Reduction in quality of visits (foregone consumer surplus)
Tourism (and domestic
recreation)

Lost recreation amenity or reduction in quality of opportunities
(individual)

Travel companies, hotels and related businesses, local
public, government departments

Building and infrastructure Loss of property and infrastructure (public and private, business and
individual)

Property owners, government and insurers

Historical and cultural heritage Loss of objects with cultural or historic value Local public, tourists, national interest groups,
government departments, insurers, business
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Agriculture Loss of productive land Local farmers, government departments
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Continued: Impact Matrix for Storm Surge and Coastal Flooding – Potentially Relevant Economic Impacts

Second-order Impact Sector Affected Potential Economic Impacts Relevant Stakeholders

Change in water treatment costs

Water authority Investment in new supply sources needed

Water authority, customers - both households and
business (prices), regulator, insurers, government
departments

Sa
lt

w
at

e
r

in
tr

u
si

o
n

o
f

g
ro

u
n

dw
at

er
su

p
pl

ie
s

Autonomous abstractors Change in productivity

Households, farmers, businesses

Change in operational costs
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Water transport/port authorities

Change in risk of accidents

Sea transport authorities and operators, general public,
government departments, emergency services
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es Numerous sectors Changes in deposition of materials (e.g. beach movements)

Local authorities, local population, tourism industry,
local businesses, conservation groups
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Commerce and industry Lost business during repairs / replacement (lost producer surplus)

Manufacturing and service sector, insurers
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Property damage

The Tongue and North Quay in Douglas suffered extensive flooding and sea water
invaded many properties along the promenade. Cars were swept away, and boats
ended up on the Tongue in Douglas as the harbour flooded, with boats and vehicles
damaging one another. The promenade was closed, with parts remaining closed until
late Saturday.

The quayside and main streets of Ramsey were also flooded for several hours. In Laxey,
the breakwater and harbour office were damaged. The area around the Creek Hotel
and House of Mananan in Peel were swamped by sea water. In Port St Mary, a factory
on the quayside was severely damaged. The breakwater in Castletown suffered
significant damage (with about 150 feet being washed away), and as a result a large
area of the town was flooded (around 50 houses). The breakwater at Gansey also failed,
with sea water travelling up to 100 metres inland damaging garden walls and flooding
properties.

John Riseley, claims manager at Tower Insurance, said the total insurance cost could
average around £25,000 for repair work and £10,000 for contents per house damaged
by the flooding. This represents ‘best guesses’ as of the 4th of February, and does not
include commercial premises, which also suffered damage around the island. For
example, 40 tonnes of sand at a timber yard in Castletown was contaminated with sea
water and had to be written-off by insurers (the sand was actually given to the
emergency services to fill sandbags).

In total insured losses were estimated at £4 million shortly after the event by John
Riseley. More up-to-date estimates are not available. Total economic damage to private
property is likely to be considerably higher however, as only about 60% of damage is
able to be claimed on insurance. This means we can estimate the total economic loss to
private property from the storm surge at £7.5 million (2005 prices).

Significant damage was also caused to public property, but estimates of this were not
available at the time of writing this report.

Health effects

No injuries were reported, although, as with the Sulby floods, affected individuals will
have suffered stress and anxiety, and associated welfare losses. If we assume that stress
and anxiety were similar to the Sulby flood event case, then we can estimate the health
damages of the February 2002 event at £321,000 (2005 prices).

Transport disruption

Flights and sailings to and from the island were severely disrupted. The weather also
played havoc with local transport, although bus services returned to near normal
around.

Ferries were slightly disrupted by the storm surge event. One ferry from Douglas to
Liverpool was delayed from 8.45am to 4.07pm and the return sailing was cancelled. The
costs of the cancellation are estimated using the lost yield to the ferry operator as a
proxy for the welfare cost. It should be noted that we assume that delay time for
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outgoing ferries is the same as the delay at departure. This does not take into account
the inconvenience of the cancellation. Delay costs can be estimated using work and
non-work travel time values from the UK government. The value of work time delays is
estimated at £30.43 per hour, with the comparative value of non-work time being £4.52
per hour. Business passengers accounted for 5% of passengers on ferries in January
(Isle of Man Passenger survey).

Estimated passenger numbers and lost yield were obtained from the Steam Packet
Company based on monthly data for January 2005. The average number of passengers
for Liverpool was 157.2 passengers. The average yield was £42.20 for Liverpool. The
cost of cancellations was hence estimated at £6,632 and the costs of delays were
estimated at £6,732. Total losses due to the February 2002 storm surge on ferries
can be estimated at £13,365 (2005 prices).

The DOT records for 2002 indicate that a coastal footpath was closed for repair. Lack of
data on the use has meant that the welfare costs associated with the closure are not
estimated. Data on further road disruptions were also not available – so no costs for
road disruption were found.

Damage and disruption to utilities

The water caused electricity circuits to short. An electrical sub-station in Ramsey blew
apart. However, data on the costs to the utility of this are confidential and will not be
included in our analysis.

Emergency costs

Storm surges can disrupt communications and impose extra costs on those involved in
managing the storm event and in the recovery process. Depending upon the severity
of the event, several emergency services may be involved in both emergency works
and clean-up operations, during and after the storm event. Extra staff time and
materials may be required, and additional administrative costs may be involved.

Data on the specific additional costs to emergency services of storm surges are not
available. Given that similar weather related events are likely to have similar impacts on
the emergency services, we use the multiplier between property costs and emergency
costs identified in the Sulby flooding case study. This yields an estimate of emergency
costs from the February 2002 storm surge of £801,000 (2005 prices).

Other costs

Disruption to businesses

Whilst specific data has been unavailable, an indication of such cost components are
given by anecdotal evidence from affected businesses. The manager at Tesco, Paul
Gallagher, said that his store was out of stock until trucks arrived by boat on Sunday.
Marks and Spencer were also reported as having stock delivered by air freight on the
Saturday. In both cases additional costs will have been incurred. Tesco will have lost
business (as measured by lost producer surplus), while Marks and Spencer will have
had to pay the incremental cost of air freight over sea freight.
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Cost Summary

The estimated damages of the storm surge of February 2002 are presented in Table 16
below. It can be seen that of the quantified damages most are due to economic losses
due to flooding of private property. A number of cost elements, including impacts on
government property and utilities. Clearly the total costs of the February 2002 tidal
surge is likely to be more that £8 million.

Table 2:Summary of Damage Costs from Tidal Flooding February 2002 (2005
prices)

Cost item Estimated damages
Property damage 7.5
of which
Private property 7.5
Government property NQ
Health impacts 0.321
Transport disruption 0.013
of which
Flight disruptions NQ
Ferry cancellations 0.007
Ferry delays 0.007
Road disruptions 0
Utility disruption NQ
of which
Electricity sector NQ
Water sector NQ
Emergency costs 0.8
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SECTION 6: CONCLUSIONS AND AREAS FOR
FURTHER RESEARCH

This study presents cost estimates for three historic weather-related events of
significance to residents of the Isle of Man. The three events considered are:

 The flood at Sulby on the 8th of December 2000.

 The storm surge and tidal flooding that affected coastal areas of the
island on the 1st of February 2002.

 The windstorm that hit the island on the 7th and 8th of January 2005.

Our estimates for these three events are shown in Table 17.

Table 3: Estimated damage costs for selected weather events in Isle of Man (2005
prices)

Weather event Estimated costs
Sulby floods, December
2005

£3.2 to £3.7 million

Tidal Surge,
February 2002

>£8 million

Windstorm,
January 2005

>£15 million

These events have been shown to have had significant economic costs to the Isle of
Man, particularly in terms of property damage. Impacts on the forestry sector were also
estimated to be significant for the windstorm of January 2005.

The estimated cost of these events will subsequently feed into analysis of the future
costs of similar weather-related events, under various climate and socio-economic
scenarios.

Data on the frequency of flood events, windstorms and storm surges under climate
change scenarios are not available at the time of writing this report. It is however likely
that these events may increase in frequency and, potentially, intensity. The costs
presented above show that climate change may have a significant impact on the Manx
economy in terms of property damage and transport disruption in particular. Future
work will investigate the future costs of these events (see technical paper 7), drawing
on socio-economic scenarios for future developments in the Isle of Man (see technical
paper 6).
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1.0 Purpose of report
This report aims to provide background information relating to socio-economic change
on the Isle of Man that will help understanding of how climate change impacts might
change over time. The importance of the socio-economic component in climate impact
assessment modelling can be understood by considering that socio-economics of a
region, country etc. determines the number and nature of climate change impact
receptors. Thus, for example, population growth projections - coupled with household
person-size - may be combined to estimate the number of domestic properties in an
area. In the same vein, changes in planning guidance will help determine whether the
demand for a resulting increase in the number of houses built will be accommodated in
an area susceptible to flooding. At the same time, technological changes will help
determine whether such properties are designed in such a way as to withstand flood
risk. Consideration of possible future socio-economic contexts therefore allows a more
realistic assessment of future vulnerability to climate change than one based on current
socio-economic conditions. It also enables us to examine the relative significance of
climate change next to socio-economic change in determining overall changes in
impacts.

However, the forward-looking nature of such assessment necessarily introduces
significant uncertainties since no-one knows what the future will look like. To
accommodate this uncertainty it is good practice to construct alternative scenarios of
possible socio-economic futures. Thus, in order to assess the impacts of climate
change, both climate change scenarios, describing conditions or changes in climatic
parameters, and non-climatic scenarios, providing the wider socio-economic context in
which the climatic changes would be taking place, are required. Socio-economic
scenarios have been developed both to characterise the various drivers of
anthropogenic greenhouse gas emissions that cause climate change, and to
characterise the sensitivity and vulnerability of social and economic systems with
regard to such change. This report therefore outlines how socio-economic scenarios
have been constructed for the climate change context in the UK and how they may be
interpreted for the Isle of Man.

1.1 Construction of relevant socio-economic scenarios

In this project we have not attempted to construct new socio-economic scenarios for
the Isle of Man. Rather, we have used as a corner stone of our analysis the socio-
economic scenarios prepared for UKCIP (UKCIP, 2001), together with material
developed to supplement these scenarios by the BKCC Building Economic and Social
Information for Examining the Effects of Climate cHange (BESEECH) project and the
interpretive work on the UKCIP scenarios already undertaken for the North West and
East England of England by the REGIS projects. Clearly in the first time period centred
on the 2020s there are specific relevant socio-economic projections made for planning
purposes by the Isle of Man Government and these help to inform our interpretation of
the UKCIP socio-economic scenarios. The UKCIP scenarios are thought to be the most
appropriate since they are relatively recent and build upon other exercises that have
attempted to construct such scenarios for the UK (e.g. Office for Science and
Technology (1998)). Perhaps more importantly the UKCIP scenarios are designed to be
consistent with the construction of greenhouse gas emission scenarios that were
prepared for the IPCC, (IPCC Special Report on Emission Scenarios, 2001) and which
form the basis of the most recent UKCIP climate change scenarios (UKCIP, 2002).



Page 5

2.0 Overview of UKCIP socio-economic
scenarios
The UKCIP socio-economic scenarios have attempted to describe possible future states
of the world in such a way as to retain plausibility and consistency. They build upon the
existing global futures literature in identifying key dimensions of socio-economic
change. These dimensions include:

Governance and the capacity of institutions at different levels to manage change.

This represents alternative structures of political and economic power and decision
making. The dimension is characterised in the UK socio-economic scenarios at one end
of the spectrum by a high level of inter-dependence in governance such that the power
to govern is distributed upwards to international institutions and downwards to local
institutions, and away from national state level. At the other end of the spectrum,
autonomy of power is retained at national and regional levels and development is
much more reliant on local resources. In the context of the Isle of Man, this spectrum is
truncated so that at one end of it, a high level of inter-dependence in governance
would exist vis-à-vis international institutions and other national governments, whilst
at the other end of the spectrum the national government has a high degree of
autonomy of power.

The orientation of social and political values

The values dimension represents alternative developments in core social and economic
values as they might be represented in choices made by individuals and policy makers.
In this case the spectrum is represented at one end by the dominance of consumerism,
i.e. the drive to private consumption and personal freedom. This is complemented by
the dominance of market based mechanisms in determining resource allocation. At the
other end of the spectrum community-based values are to the fore, shaped on the
concern for the common good, where individual rights and responsibilities are
determined by social goals such as future goals, equity and participation. This
characterisation of the possible evolution of social and political values seems
transferable to the Isle of Man context. Thus, these two dimensions are combined to
create a range of four plausible scenarios, as shown in Figure 1.

Figure 1: Diagrammatic representation of UKCIP Socio-Economic scenarios

The high emissions scenario is most consistent with what has become known as the
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"World Markets" scenario that represents a combination of consumerist values and
inter-dependence in the form of political governance that dominates in this scenario.
To show the sensitivity of the analysis, and in recognition of the large uncertainties
inherent in using scenarios - we indicate, where possible, how the changes foreseen
under the World Markets, National Enterprise, Local Stewardship and Global
Responsibility (also known as Global Sustainability) scenarios might affect the factors
relevant to climate vulnerability.

3.0 Methodology of socio-economic scenario
adoption
Time-frame

The UKCIP socio-economic scenarios give representations of possible futures for the
2020s and 2050s. Where possible, data from the Isle of Man have been used as a
baseline and forecast forward to project possible future scenarios for the island. The
UKCIP socio-economic scenarios are used as the first point of reference here because
the UK is a neighbouring country with a similar level of socio-economic development
and is assumed to have the choice of similar future development paths. It is also the
only European country with socio-economic scenarios developed specifically for the
purpose of analysing climate change impacts – the Isle of Man currently has no such set
of scenarios.

Treatment of Climate Change Context in Socio-economic Scenarios

The UKCIP scenarios are constructed under the assumption that society will not
undertake any adaptation measures. In other words, the present climate is maintained
in the scenarios as a baseline. An advantage of making this assumption is that the
scenarios "provide a reference point for conclusions to be drawn about relative
sensitivity to climate change" (UKCIP, 2001) and can be seen as being a worst-case
scenario. Adoption of this assumption also allows the user to make a clear distinction
between the effects of physical climate change and autonomous socio-economic
adaptation to climate change.

To complement this approach we try to highlight cases where inclusion of adaptation
into the scenarios would be most significant in determining the welfare impacts of
climate change. It is clear, for example, that in some contexts the potential impacts of
climate change are already well enough known to be incorporated in thinking about
future product or service design (e.g. flood defence systems).

Application of UKCIP Socio-Economic Scenarios and Building Economic and Social
Information for Examining the Effects of Climate cHange (BESEECH) to Isle of Man
context

The recent UKCIP and BESEECH work provides analysis of regional future socio-
economic scenarios, and these are applied below where possible to outline
socioeconomic scenarios for the Isle of Man. First, a description of the different
scenarios is provided, before being applied to Manx data to estimate scenarios. The
potential use of these to estimate the costs of climate change is then addressed.
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3.1 Description of the “World Markets” scenario

As identified above, the application of the World Markets socio-economic scenario is
understood to have similar underlying assumptions to the "high" greenhouse gas
emissions scenario.

The World Markets scenario is described in detail in UKCIP (2001). It will suffice here to
outline certain key features that are likely to be most relevant to flood vulnerability,
which in themselves, can be seen to have a certain representativeness, in that flood
impacts encompass a broad range of the impact categories/sectors (e.g. buildings,
transport, health etc) likely to be affected by climate change. These features are
identified up to the 2050s.

Social/political values & households: the overriding importance of striving for personal
material well-being in this scenario is characterised by a strong desire for mobility. This
is combined with a desire for smaller households and a consequent demand for more
new housing. The planning system is not assumed to resist these property market
pressures to any great degree. Environmental values are strongly related to their
recreational uses.

Welfare and health: private sector provision will account for the vast majority of
healthcare and education in the UK and Isle of Man, with an increase in the disparity of
the level of provision between poorer and more affluent groups within society.

Economic development: globalisation and the increased integration of the UK and the
Isle of Man in the expanded European Union are assumed to facilitate relatively high
rates of economic growth, based on the growth of the service and distribution sectors.
It is likely this will greatly impact the Isle of Man which already has a comparative
advantage in the financial services sector, and which under this scenario the sector
would be expected to further expand.

Planning: The planning system is weak and not used to counter-act wider social and
economic trends.

Regional trends: regions and localities offering world-class knowledge-based services
tend to grow fastest under this scenario – this is likely to be the case in the Isle of Man
with relative expertise in financial services.

Transport: it is assumed that increased demand for mobility and housing development
will manifest itself in an increased demand for car-based road transport and associated
improved infrastructure.

Construction: there is rapid innovation in construction technologies and this is
combined with a greater willingness to scrap the existing building stock to make way
for hi-technology pre-fabricated buildings.

Agriculture: agriculture is increasingly concentrated, industrialised and global in scope
as a result of the dismantling of price controls and a general liberalisation of world
trade.

Key quantified assumptions for the Isle of Man under the World Markets scenario are:
GDP growth at a constant 3% per annum; population growth: total grows from 76,000
in the mid-1990s to 85,000 in mid 2020s and 90,000 in the mid 2050s.
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3.2 Description of the “National Enterprise” scenario

The National Enterprise scenario is the scenario that perhaps most closely fits the
profile of recent historical socio-economic development.

Social/political values & households: People concentrate in meeting their own needs
through private consumption with little regard for social equity or environmental
protection other than when it meets recreational needs.

Welfare and health: State provision of health and education declines and access
becomes uneven, reflecting the growth the share of private sector provision.

Economic development: A higher degree of protectionism and lack of integration with
Europe ensures that economic growth is lower than the historical long run average. A
rate of growth of 1.75% per annum is assumed. Such protectionism will may be
expected to impact negatively on the economy of the Isle of Man.

Planning: Planning controls at the local level are weakened in an effort to encourage
economic development. There is a presumption in favour of new housing.

Regional trends: In the UKCIP scenarios London and South East England experience the
highest growth rates whilst historically peripheral regions continue to suffer from
relative underdevelopment. Since the Isle of Man – with its reputation as a financial
centre - has a unique character it is not reasonable to characterise the country as a
peripheral region to London and South East England. It can, though, be assumed that –
combined with greater protectionism – the Isle of Man will have relatively static
economic development under this scenario.

Transport: There is continuing reliance on private transport with little additional
provision for public transport. However, due to lack of investment, roads operate at full
capacity with high incidence of congestion.

Construction: Lack of investment in new housing and infrastructure ensures that the
there is low growth in the construction sector.

Agriculture: Public financial support is maintained for agricultural production. Current
agricultural practices intensify with high inputs of pesticides and fertilisers.

Population rises from a mid-1990s level of 76,000 to 81,000 in the mid-2020s, remaining
at the same level in the mid-2050s under the National Enterprise scenario.

3.3 Description of the “Local Stewardship” scenario

Social/political values & households: Society is community oriented with cooperative self
reliance. Strong emphasis on equity, social inclusion and democratic values.
Conservation of resources a major objective.

Welfare and health: There is a high level of public provision of health and social services,
which are open to all.

Economic development: Economic growth is slow compared to long term average.
Smaller scale production is encouraged. Sectors heavily dependent on international
trade face difficult growth prospects. This may particularly adversely affect the Isle of
Man.
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Planning: Tight planning controls over the countryside, with denser urban
development. Planning favours mixed residential and commercial development and so
transport volumes fall.

Regional trends: Economic growth is more evenly spread across UK regions, and
suggests that non-financial services growth on the Isle of Man would hold firm.

Transport: There is continuing reliance on private transport with little additional
provision for public transport. However, due to lack of investment, roads operate at full
capacity with high incidence of congestion.

Construction: Lack of investment in new housing and infrastructure ensures that the
there is low growth in the construction sector.

Agriculture: Heavily subsidised to protect food security, local landscapes and to reduce
environmental impacts. Rapid growth in organic and low input farming.

Population rises from a mid-1990s level of 76,000 to 81,000 in the mid-2020s before
falling to 79,000 in the mid-2050s under the Local Stewardship scenario.

3.3 Description of the “Global Responsibility” (sustainability) scenario

Social/political values & households: Social values are communitarian and
internationalist with a focus on the maintenance of social equity and environmental
protection.

Welfare and health: There is an emphasis on high quality provision of public education
and health services, with a strong welfare system.

Economic development: Economic growth rates continue at long term average rates of
2.25%. International co-operation and regulation reduces the tensions between social
and environmental objectives on the one hand and competitiveness on the other.

Planning: Strong planning controls prevent development in green belts around cities.

Regional trends: Planning controls and transfer payments ensure that regional
development in the UK is broadly balanced, and acts to strengthen Isle of Man’s links
with UK regions.

Transport: There is a modernisation and restructuring of freight and passenger
transport that leads to an integrated system with an increased proportion of public
road and rail transport. The cost of transport rises substantially.

Construction: Most new housing demand is met by dense low-rise development mainly
on existing urban land.

Agriculture: The increase in agricultural productivity and production slows down and
substantial areas of land are taken out of production. This area is used to support
nature conservation rather than recreation.

In the Global Responsibility, population rises to 84,000 in the mid-2020s and to 88,000
in the mid-2050s.



Page 10

4.0 Application of socio-economic scenarios
to the Isle of Man context
The section above summarises key sectoral trends discernable within the UK level
socio-economic scenarios that can reasonably be applied to the Isle of Man context.
Table 1 below summarises some key quantitative indicators that help describe the
socio-economic scenarios in the context of the Isle of Man. Clearly, whilst the North
West of England is the closest UK region to the Isle of Man its current socio-economic
profile is not the same. As a consequence, it is safest to regard the scenarios based on
the UK as a whole as the most robust when interpreting from the Isle of Man’s
perspective. Indeed, the high relative importance of financial services to the economy
of the Isle of Man makes it impossible to approximate closely to another UK region.
However, in order to give some idea of the sensitivity of the socioeconomic scenarios to
the background assumptions driving socioeconomic scenarios, we additionally present
both changes based on the analysis of UK socioeconomic scenarios and the scenarios
for the North West where these have been identified in the BESEECH study.

Base data on economic variables are taken from the Digest of Economic and Social
Statistics 2005. Data on population are based on the Isle of Man 2001 Census Report.

Key simplifying assumptions include:

1) That the Isle of Man grows at the same rate as the UK or the North West, (even
though growth has been faster in the Isle of Man over recent years).

2) That the population of the island changes in line with changes in the UK or North
West, even though different regulations are in force to control migration to the Isle of
Man;

3) That the sectoral contribution to GDP varies according to changes in Gross Value
Added.

In a separate report (see technical paper 7), we apply these socio-economic scenarios to
specific climate change impacts, where historical weather events are used as the
baseline data. However, the principle of how these scenarios may be applied can be
easily shown. The case study of the Sulby flood has shown that, (without the new flood
defence system), property damage would be likely to be a significant part of future
climate related costs from increased flood frequency or intensity. Property damage is
driven by a number of factors, including the number of properties. It can be seen from
Table 1 that the number of properties in the Isle of Man is likely to change since the
number of households may change from the current level of 31,521 to between 27,000
or 45,000 depending on the scenario. This will therefore impact the stock at risk. Overall
vulnerability will also be dependent on building design and flood management
practices, which will vary under alternative socio-economic scenarios.
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Table 1: Key summary statistics for Isle of Man under different socioeconomic scenarios

NE LS WM GR NE LS WM GR
Population
Based on UK SES 76,315 82,521 80,923 85,560 83,938 81,445 78,844 90,575 87,924 Based on BESEECH scenarios
Based on NW SES 76,315 77,211 76,893 78,582 78,072 73,436 73,900 79,716 78,219 Based on BESEECH scenarios

Households
UK SES 31,521 36,820 33,779 39,170 37,831 36,937 28,940 45,334 40,810 Based on BESEECH scenarios
NWSES 31,521 33,796 31,488 35,283 34,518 32,626 26,588 39,079 35,568 Based on BESEECH scenarios

Household size
UKSES 2.42 2.24 2.40 2.18 2.22 2.20 2.72 2.00 2.15 Based on above estimates
NW SES 2.42 2.28 2.44 2.23 2.26 2.25 2.78 2.04 2.20 Based on above estimates

GDP/capita (£)
UK SES 14,902 27,815 23,307 34,642 32,206 51,887 36,431 91,752 69,559 Based on BESEECH scenarios

Sectoral
Contribution to
National Income
(£k)

Manufacturing 98,883 206,104 177,594 205,363 180,882 385,006 286,313 408,250 275,903
Based on GVA increase of
manufacturing growth (averaged)

Finance 539,996 1,114,168 855,614 1,654,110 1,389,027 2,060,899 1,220,192 5,215,575 3,294,580
Based on GVA increase of Banking,
insurance and business services

Tourist Industry 74,168 172,595 130,871 226,534 217,586 354,718 207,735 712,675 571,946
Based on GVA increase of Hotels,
catering and recreational services

Construction 134,631 240,260 205,234 375,297 323,394 376,391 279,907 1,092,320 719,281
Based on GVA increase of
Construction and quarrying

Agriculture and
fisheries 17,808 31,661 58,785 35,661 53,172 49,354 132,129 66,104 141,472

Based on GVA increase of
Agriculture, Forestry and Fishery

Public admin 63,202 126,048 112,818 149,296 155,736 225,258 180,918 362,058 355,135
Based on GVA increase of Public
Administration

Professional and
scientific services 227,101 469,075 412,263 627,642 606,317 868,565 670,760 1,812,175 1,484,256

Based on GVA increase of
Education and health

Other services 271,444 364,706 321,184 478,680 463,987 320,440 285,951 643,803 612,343
Based on GVA increase of other
services

Socioeconomic scenario
Assumptions2020s 2050s

Current



5.0 Concluding thoughts on socio-economic
scenarios in the Isle of Man context
The bulk of this paper has served to outline how the four alternative socio-economic
scenarios developed by UKCIP can be interpreted for the Isle of Man. Table 1
summarises the quantitative data that we have derived in application of the scenarios
in the Isle of Man context. The use of a range of scenarios is sensible given that we do
not know what will happen in the future. It is also reasonable to assume that no one
scenario is more likely to occur than another. To assume otherwise would risk adopting
an unduly narrow focus in their application. An extension of this point can be made in
relation to their use in conjunction with climate change scenarios.

Whilst it is envisaged that the factors that drive greenhouse gas emissions are the same
as those that define socio-economic development and that the emission scenarios and
socio-economic scenarios are paired on that basis e.g. World Markets with High
emissions, and Global Sustainability with Low Emissions, it may not be inconsistent to
explore other combinations that allow a fuller range of possibilities to be analysed, and
so understand the sensitivities of the projections to these assumptions. For example, a
combination of Global Sustainability and High emissions may be justified if it was felt
that the Isle of Man could diverge from the global trend to such a degree.

The application of the UKCIP socio-economic scenarios to the Isle of Man context
necessitates that there is a transfer of assumptions about the evolution of value
systems from a geographical area where these assumptions have been developed and
tested by stakeholder discussion and consultation. Should the Isle of Man Government
wish to consider the development of climate change policy on the basis of this
evidence it would be valuable to undertake an Isle of Man-specific consultation on this
topic, particularly given the unique nature of the Manx economy, and the more specific
level of detail likely to be required to properly inform sectoral policies.

Linked to the point made in the previous paragraph, it is clear that scenarios such as
these are not entirely exogenous to the decision-making process: it is possible that the
Isle of Man may use these scenarios as a basis for guiding decisions relating to the
minimisation of climate change impacts. The planning process is a good example of a
policy that is determined primarily by the Isle of Man Government and that could be
used to mitigate e.g. transport infrastructure and building flooding and subsidence
from climate change-induced weather events.
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Purpose of report
The purpose of this report is to provide some initial estimates of the type of costs that
might result from extreme events under future climate change scenarios. To make
these estimates, we draw together information from four other technical reports
produced within the Isle of Man Scoping project. These reports are:

(a) Technical paper 5 “Estimated costs of three historic weather events” produced
by Metroeconomica,

(b) Technical papers 3 and 4 “Climate change indicators” and “Future climate
change scenarios” by ICARUS, and

(c) Technical paper 6 “Socio-economic scenarios” by Metroeconomica.

In the remainder of this report, we refer to these three reports as Report (a), Report (b)
and Report (c), respectively.

Report (a) provides cost estimates for historical analogues of the type of events whose
frequency might be expected to vary under future climate scenarios. The three events
that are considered are:

 The flood at Sulby on the 8th of December 2000.

 The storm surge and tidal flooding that affected coastal areas of the island
on the 1st of February 2002.

 The windstorm that hit the island on the 7th and 8th of January 2005.

Report (b) then provides the details relating to what the climate science can tell us
about such changes in frequency. Report (c) provides the basis on which changes in
vulnerability to impacts, and adaptive capacity, may come about under alternative
socio-economic future scenarios for the island.

In the following sections of the report we first summarise the findings of Report (a),
before identifying the common impact receptors across the three events that need to
be considered when accommodating socio-economic change. We then interpret the
socio-economic scenarios vis-à-vis their impact on these receptors and derive
qualitative and quantitative estimates of how vulnerability to these weather events
may change over time, without climate change. As far as Report (b) allows we then
comment on the extent to which the frequency of these events, and their attendant
vulnerability, may change under climate scenarios. There is a significant amount of
technical detail presented in these three reports. For ease of exposition we do not
replicate much of this here. Rather, this report should be read in conjunction with
reports (a) – (c).

Whilst we provide quantitative and qualitative estimates of how various socio-
economic factors may bring about changes to estimates of costs from the historical
analogues, it should be remembered that the nature of this exercise is necessarily
speculative and very much reliant on the assumptions made with regard to the
interpretation of the socio-economic scenarios. Whilst this interpretation is based on
best practice, there is no means of verification of the assumptions and methods. We
therefore would caution the reader to treat any results from this exercise as indicative
only, of the scale of costs that might be associated with future climate change.
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1.0 Summary of historical analogue costings
of weather events
The aggregate cost estimates of the three historical weather events considered in
Report (a) are presented in Table 1. These costs are equivalent to between about 0.22%
of annual GDP (Sulby floods) and 1.1% of GDP (Windstorm) in 2005. As emphasised in
the earlier report, these estimates should be taken as lower-bound estimates since
there are a number of potentially significant impact receptors for which data was either
non-existent or unreliable. It is clear, however, that these events had a significant effect
on the island’s economy and people, and – should the frequencies of these events
increase under climate scenarios – they are likely to become more important.

Table 1. Estimated damage costs for selected weather events in Isle of Man
Weather event Estimated costs

(2005 prices)
Sulby floods,
December 2000

>£3.2 - £3.7 million

Tidal Surge,
February 2002

>£8 million

Windstorm,
January 2005

>£15 million

1.1 Costing climate change impacts: physical and monetary impact
assessment

A summary of the impact categories included in quantitative terms in the costing of the
weather event historical analogues is given in Table 2.

Table 2: Summary of Impact Categories covered in Analysis of Historical Analogues

Weather
Event

Impact Categories

Property Utilities Emergency
Services

Forestry Transport Health

Sulby flood √ √ √
Storm
Surge

√ √ √ √

Windstorm √ √ √ √ √

To estimate the future vulnerability of these impact categories we first use the
quantitative data available from Report (b) on the interpretation of the socio-economic
scenarios to calculate how the number of impact receptor units may change. We then
use the qualitative information compiled under the socio-economic scenarios to
indicate how the initial estimates based on the quantitative information may be
adjusted. As far as is possible, we separate the physical impact assessment from the
monetary impact assessment.

For each weather event, monetary values are reported for each impact category and in
aggregate. The reported monetary values are in 2005 prices and are not discounted. In
the following paragraphs we show how this approach works in detail for the Sulby
flood event. The findings of the estimation approach for the Storm Surge and
Windstorm events are also summarised below.



Page 5

2.0 The Sulby flood event, December 2000
Although flood alleviation is already in place for the River Sulby it was decided by the
project steering group that this was a suitable event to look at in the context of climate
change, as flooding is an issue for the Island. Thus, this case study serves two purposes.
First, it demonstrates the impacts that have been mitigated by having taken flood
alleviation action. Second, it serves to demonstrate what a similar event would cost in
the future under the different socio-economic and climate change scenarios.

Property

In order to estimate the total physical impact in future time periods under climate
scenarios we consider the possible effects of socio-economic change on the number of
properties that might be vulnerable to flooding. As Report (c) describes, there are four
scenarios that are considered1: World Markets (WM), National Enterprise (NE), Local
Stewardship (LS) and Global Sustainability (GS) and “storylines” are constructed for the
2020s and 2050s (UKCIP (2001)). For simplicity we report “low” and “high” estimates
only, coinciding with Global Sustainability and World Markets socio-economic
scenarios, respectively.

The socio-economic factors that may be expected to determine exposure of domestic
property to flood risk include:
 population size;
 average household size;
 spatial planning policy relating to new build construction;
 building design specifications and their ability to withstand flood risk;
 household insurance policy related to properties at flood risk, and;
 other flood protection measures adopted e.g. riverine flood defence systems.

These factors are considered in either qualitative or quantitative terms below. Table 3
summarises the estimated impacts of flooding from a Sulby-type event under
alternative socio-economic scenarios. These are driven solely by the quantitative
information given in these scenarios relating to population and household size. Note
that since there is only one non-residential property included in the costing of the
historical flood event we assume that this does not change under alternative socio-
economic scenarios. Clearly, this is a simplifying assumption but it is based on the fact
that with only one receptor it is difficult to make quantitative adjustments on
percentage change bases.

Table 3 shows how the number of properties in Sulby subject to flooding in a repeat
event of that of December 2000 will change from 54 at that date under alternative
socio-economic scenarios. Whilst the climate scenarios extend until 2100, with a third
time slice centred on the 2080s, the socio-economic scenarios are only developed as far
as the second time-slice, centred on the 2050s. Here, we extrapolate on a linear basis
the trends in the socio-economic variables identified between the first and second
time-slices. Clearly, this is a simplifying assumption; further analysis would probe the

1 Note that there are an infinite number of future scenarios; these four scenarios seek to characterise key
differences in determining social values in such a way as to depict a wide range of socio-economic futures
within a small number of clearly delineated scenarios. As a result, we do not make judgements as to the
probability of any one scenario occurring, or not.
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sensitivity of the results to this assumption. It is also worth noting that the further into
the future we project the socio-economic scenarios, the greater is the uncertainty
associated with them.

Table 3. No. of domestic properties flooded in Sulby under alternative socio-economic scenarios, and
% change from 2000

2020s 2050s 2080s
Current No

of
households Low High Low High Low High

Households
UK SES (no.) 54 65 67 70 78 75 91
% change from
2000 - 20 24 30 44 38 68

In Table4 we give an indication as to whether we think the other socio-economic
factors identified above that are relevant to flooding will increase or decrease the total
numbers of flooding cases relative to those presented in Table 3. For example,
planning policy determines the scale of potential flood damage by e.g. regulating
where new buildings are sited. Thus, a world market (high) scenario is one where there
is less regulation and so is projected to lead to more properties being sited in flood -
prone areas. This principle is used in the following three tables.

Table 4. Qualitative indicators of effect of other socio-economic factors on total number of flood-
prone properties under alternative socio-economic scenarios

Socio-economic factor Socio-economic
scenario

Low High
Planning Policy - ve + ve
Building Design - ve - ve
Insurance policy - ve + ve
Flood defence system design - ve + ve
Overall net effect - ve + ve

Note: -ve denotes less vulnerability; +ve denotes more vulnerability; ? denotes signal uncertain

Emergency Services

The vulnerability of emergency expenditures to future climate change impacts will
principally depend on:

 number of households (determined by population size and average household
size);

 central and local government policy relating to public/private sector
responsibilities for flood prevention and impact mitigation;

 technological developments regarding flood warning systems;
 building design specifications and their ability to withstand flood risk;
 household insurance policy related to properties at flood risk, and;
 other flood protection measures adopted

To account for the emergency costs under socio-economic scenarios, a quantitative
adjustment can be made on the basis of the number of households likely to be
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impacted in future time periods. Based on the findings of Report (a), roughly 7% of the
total flood damage costs can be attributed to the cost of emergency services provision.
As for property damages, the remaining factors are accounted for in qualitative terms,
as in Table 5.

Table 5. Qualitative indicators of effect of other socio-economic factors on emergency services
resources devoted to flooding under alternative socio-economic scenarios

Socio-economic factor Socio-economic
scenario

Low High
Government policy - ve +ve
Building Design - ve - ve
Insurance policy + ve –ve
Flood warning system design - ve +ve
Overall net effect - ve ?

Note: -ve denotes less vulnerability; +ve denotes more vulnerability; ? denotes sign uncertain

Health

The extent of mental (and physical) health impacts are likely to be primarily
determined by:

 the number of residential properties, and number of people living in these
properties, that are flooded in a given flood event. The number of properties
impacted will - in turn - be determined by those factors outlined under the
domestic property heading above;

 the existence and effectiveness of post-trauma counselling, and;
 the attitude which people have to the occurrence of flood water invasion of their

property.

In order to calculate estimates of costs for health impacts under the different socio-
economic scenarios considered here, we used the data on number of households
estimated to be affected by flooding since – as reported in Report (a) - the only
available estimates of health costs associated with flooding are on a per household
basis. Health costs are about 11% of the total per household flooding costs. The
number of households estimated under the alternative socio-economic scenarios are
then multiplied by the cost per household to give a quantitative indication of the
health costs of the flooding event under these scenarios. The analysis of qualitative
factors is shown in Table 6.

Table 6. Qualitative indicators of effect of other socio-economic factors on the welfare costs of
flooding under alternative socio-economic scenarios

Socio-economic factor Socio-economic
scenario

Low High
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Post-trauma counselling - ve + ve
Personal attitudes - ve + ve
Overall net effect - ve + ve

Note: -ve denotes less vulnerability; +ve denotes more vulnerability; ? denotes sign uncertain

To aggregate the impacts of a Sulby 2000 type flood under alternative socio-economic
scenarios, we identify the average flood cost per property and multiply this by the
number of properties projected to be flooded under the socio-economic scenarios. The
results are in Table 7. The results are presented for the range of per-household costs
estimated in Table 8 of Report (a), of £55,980 - £66,240. These per household costs
incorporate all property damages, emergency services costs and health costs
associated with households.

Table 7 shows that the aggregate costs differ little between the low and high scenarios
used here. This is partly because these quantitative results are driven by population
and household size data given by the socio-economic scenarios. As documented
above, there are a large number of other socio-economic factors that are likely to be
important in determining the overall costs, but which have been interpreted in
qualitative terms only. We judge, however, that the net impact of these other factors is
likely to be to reduce the cost estimates under the low scenario and increase the cost
estimates under the high scenario, thus exacerbating the existing difference in cost
estimates under the two scenarios.

Table 7. Aggregate costs of Sulby 2000-type floods under alternative UKCIP socio-economic
scenarios (£m)

£ per affected
property Low High Low High Low High

No of
properties 65 67 70 78 75 91

55,980 3.63 3.76 3.91 4.35 4.20 5.09
66,240 4.29 4.45 4.63 5.14 4.97 6.03

2020s 2050s 2080s
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3.0 Windstorm, January 2005

Property

The analysis of property damage from the windstorm takes the same form as that for
the flooding event, above, and so the description of the estimation process is not
repeated here. The socio-economic factors that may be expected to determine
exposure of domestic property to flood risk include:
 population size;
 average household size;
 spatial planning policy relating to new build construction;
 building design specifications and their ability to withstand flood risk;
 household insurance policy related to properties at flood risk, and;
 other flood protection measures adopted e.g. riverine flood defence systems.

The first two – population size and average household size – are quantifiable and allow
the number of household on the island to be estimated. The number of properties
vulnerable to wind damage under the socio-economic scenarios is assumed to change
in line with the number of households, though in this case the number of properties is
larger. There were 680 claims for insurance cover relating to domestic properties, 120
for commercial property, and 50 for vehicular property. These three types of property
damage are discussed in the following paragraphs immediately below.

For domestic property, the number of properties impacted by an equivalent
windstorm event under low and high socio-economic scenarios are calculated and
multiplied by the cost per property of £11,164 – as estimated from Report (a) – and
presented in Table .

Table 8. Cost to domestic properties impacted by windstorms under alternative socio-economic
scenarios

2005
Low High Low High Low High

Households 680 816 845 880 978 950 1132
Total costs (£m) 9.11 9.43 9.83 10.92 10.60 12.64

2020s 2050s 2080s

The vulnerability of business premise property will depend - in addition to the factors
identified in determining household vulnerability - on:

 the types of business premises required, which, in turn, will be determined by
 the structural make-up of the economy, and;
 planning policy related to business zoning.

We do not find any quantitative data in the UKCIP socio-economic scenarios that can
help in identifying the effects of planning policy on business location decisions in the
different scenarios. We therefore assume, faute de mieux, that the number of properties
that are vulnerable to flooding will increase with GDP. We then multiply the number of
properties by the cost per building of £11,164, as calculated from Report (a). The result
of this calculation is presented in Table 9.
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Table 9. Cost of windstorm to business properties under alternative socio-economic scenarios

2005 Low High Low High Low High
No. of business properties 120 259 279 560 739 1210 1957

Total cost (£m) 2.90 3.11 6.25 8.25 13.51 21.85

2020s 2050s 2080s

The total damage costs to vehicle properties are shown in Table10. These are estimated
by multiplying the number of vehicles damages by the cost per vehicle – estimated as
being one-fifth the unit cost to property (i.e. £2,233). The number of vehicles is
assumed to increase with the population under alternative scenarios.

Table 10. Cost of windstorm to vehicle property under alternative socio-economic scenarios

Low High Low High Low High
SES Total cost (£m) 0.123 0.125 0.129 0.133 0.135 0.140

2050s 2080s2020s

As with the flooding case study above, emergency services costs are assumed to vary
under the socio-economic scenarios according to the number of properties, and are
scaled on the basis of a multiplier of 0.107 to property damages, as estimated in Report
(a). These costs are summarised in Table 11.

Table 11. Emergency costs associated with a January 2005-type windstorm under alternative socio-
economic scenarios (£m)

2005
Low High Low High Low High

Total costs (£m) 0.97 1.01 1.05 1.17 1.13 1.35

2020s 2050s 2080s

Utilities

The windstorms of January 2005 had significant impacts on the power sector. Impacts
included black-outs and subsequent welfare costs to the suppliers and consumers.
Total impact costs are estimated to be between £45,000 and £120,000, the range
determined by the welfare value (cost) of the lost load (VOLL) assumed. Under future
socio-economic scenarios, the extent of these black-out related impacts are likely to be
primarily determined by:

 Size of population and number of households
 Technological development of electricity transmission mechanisms
 Ownership and geographical distribution of power generation facilities

We make quantitative estimates of future impact costs on the basis of projected
changes in the first of these – numbers of households. These are shown in

Table12 and are calculated by scaling those damage costs resulting from the January
2005 windstorm by numbers of households impacted under alternative socio-
economic scenarios. Low and high estimates are provided, reflecting the uncertainty in
the welfare value (cost) of the lost load (VOLL).
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Table 12. Costs of blackouts resulting from 2005-type windstorm under socio-economic scenarios
(£m)

Low High Low High Low High
Total - low VOLL 0.06 0.06 0.06 0.07 0.07 0.08
Total - high VOLL 0.15 0.15 0.16 0.18 0.17 0.20

2020s 2050s 2080s

The analysis of qualitative factors is shown in Table 13.

Table 13. Qualitative indicators of effect of other socio-economic factors on the welfare costs of
black-outs resulting from windstorms under alternative socio-economic scenarios

Socio-economic factor Socio-economic
scenario

Low High
Technological development of electricity

transmission mechanisms
- ve - ve

Ownership and geographical distribution
of power generation facilities

- ve + ve

Overall net effect - ve ?
Note: -ve denotes less vulnerability; +ve denotes more vulnerability: ? denotes uncertain sign

Forestry

According to the Forestry, Amenity and Lands Division of DAFF, tree losses in
government owned woodlands amounted to approximately: (a) 325 broad leaves (e.g.
ash, sycamore, elm, etc.) and (b) 22,000 plantation conifers with an estimated timber
volume of 7,200 m3 over an area of 17.0 hectares. Total impacts on government forests
are estimated at £2.9 million, whilst non-government forests are not valued. We do not
have any way of estimating changes in the costs of forestry damage under alternative
socio-economic scenarios. Whilst we have information on changes in real sectoral Gross
Value Added from current levels, presented in Table 1 of Report (c), we do not know
how these changes will be manifested in real terms. Thus, we have to assume in the
first instance that the total impacts to forestry of £2.9 million are constant across socio-
economic scenarios.

Transport

As a result of the January 2005 storm all flights were delayed and ferry sailings
disrupted. In addition transport networks on the island were badly affected. The total
costs were estimated to be £2.6m, of which the bulk (£2.5m) was due to road transport
disruption on the island. We therefore focus on road transport disruption, alone.

The susceptibility of transport to disruption from windstorms depends on:

 the volume of transport using potentially impacted transport routes;
 the location of modal transport infrastructure in relation to the windstorm risk area;
 the design of modal infrastructure;
 the design of future vehicles;
 the existence of alternative transport routes.
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The UKCIP socio-economic scenarios give estimates of the number of passenger
kilometres per annum expected in the mid-2020s by scenario. The annual passenger
kilometres are:

 1990s 690 billion
 2020s World Markets 1200 billion
 2020s National Enterprise 900 billion
 2020s Global Sustainability 900 billion
 2020s Local Stewardship 700 billion

No projections are provided for the 2050s or 2080s. We therefore make two
assumptions: (a) that the rate of increase is linearly extrapolated from the trends
identified for each scenario from the 1990s, and; (b) that there is no further growth
from the levels of the 2020s. Whilst neither assumption may be realistic, they may be
better interpreted as providing upper and lower bounds on the estimates. The resulting
cost estimates are presented in Table 14.

Table 14. Road transport costs attributable to January 2005-type windstorms under alternative
socio-economic scenarios (£m)

Low High Low High Low High
Costs (£m) - linear ext 3.83 5.10 5.74 10.20 8.61 27.20

2020s 2050s 2080s

The qualitative factors affecting transport disruption costs due to windstorms are
shown in Table 15.

Table 15. Qualitative indicators of effect of other socio-economic factors on the welfare costs of
transport disruption resulting from windstorms under alternative socio-economic scenarios

Socio-economic factor Socio-economic
scenario

Low High
Location of modal transport infrastructure - ve + ve

Design of modal infrastructure - ve - ve
Design of future vehicles - ve - ve

Alternative transport routes - ve + ve
Overall net effect - ve ?

Note: -ve denotes less vulnerability; +ve denotes more vulnerability

The total costs of a windstorm event such as the one that impacted on the island in
January 2005 are summarised in two tables below. Table 16 shows the totals adopting
the low estimates for each impact category whilst Table 17 shows the totals adopting
the high estimates for each impact category. The tables show that the ranges of
aggregate costs are not great.
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Table 16. Total costs of a January 2005 windstorm event under alternative socio-economic scenarios
– low estimates

Low High Low High Low High
property residential 8.3 8.5 8.6 9.4 8.8 10.4
property business 2.9 3.1 6.3 8.2 13.5 21.8
property vehicles 0.1 0.1 0.1 0.1 0.1 0.1
emergency services 0.9 0.9 0.9 1.0 0.9 1.1
utilities 0.1 0.1 0.1 0.1 0.1 0.1
forestry 2.9 2.9 2.9 2.9 2.9 2.9
transport 3.8 5.1 3.8 5.1 3.8 5.1

Total 19.0 20.7 22.6 26.8 30.2 41.6

2080s2020s 2050sImpact category

Table 317. Total costs of a January 2005 windstorm event under alternative socio-economic
scenarios – high estimates

Low High Low High Low High
property residential 9.1 9.4 9.8 10.9 10.6 12.6
property business 2.9 3.1 6.3 8.2 13.5 21.8
property vehicles 0.1 0.1 0.1 0.1 0.1 0.1
emergency services 1.0 1.0 1.1 1.2 1.1 1.4
utilities 0.1 0.2 0.2 0.2 0.2 0.2
forestry 2.9 2.9 2.9 2.9 2.9 2.9
transport 3.8 5.1 5.7 10.2 8.6 27.2
Total 20.0 21.8 26.1 33.7 37.1 66.3

Impact category 2020s 2050s 2080s
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4.0 Tidal surge, February 2002

Property

A number of locations around the island suffered damages to property as a
consequence of the tidal surge in February 2002. Report (a) is only able to give actual
numbers of properties flooded in Castletown, with associated costs per property.
However, there is a total welfare cost of £7.5m attributed to property damage, on the
basis of information from the insurance industry. We therefore assume that the residual
damage cost after that in Castletown has been accounted for is also primarily
residential. Thus, whilst the two rows in Table 18 giving total residential property
damages are for Castletown only, the final two rows, titled “Total costs-other” are scaled
under the socio-economic scenarios on the assumption that they too are residential
property damages. These costs are equivalent to an additional 78 domestic properties
flooded. The unit cost per property is £58,333, reflecting £35,000 insured costs and the
remainder being uninsured economic losses.

Table 18. Property damage attributable to 2002-type Tidal Surge under alternative socio-economic
scenarios

Current Low High Low High Low High
Households 50 60 62 65 72 70 83
Total costs - residential (£m) 2.9 3.5 3.6 3.8 4.2 4.1 4.9
Total costs - other (£m) 4.6 5.6 5.7 6.0 6.7 6.5 7.7

2020s 2050s 2080s

As with the two case studies above, emergency services costs are assumed to vary
under the socio-economic scenarios according to the number of properties, and are
scaled on the basis of a multiplier of 0.107 to property damages, as estimated in Report
(a). These costs are summarised in Table 19.

Table 19. Emergency services costs attributable to 2002-type Tidal Surge event under alternative
socio-economic scenarios (£m)

Low High Low High Low High
Total costs (£m) 0.97 1.00 1.04 1.16 1.13 1.34

2050s 2080s2020s

Health

To estimate the health costs associated with the tidal surge flooding, we scale the total
health costs of the event, identified in Report (a) as £321,000, by the changes in
numbers of properties estimated under the alternative socio-economic scenarios.
These estimates are reported in Table 20.
Table 20. Health costs attributable to 2002-type Tidal Surge event under alternative socio-economic

scenarios. (£m)

2002
Low High Low High Low High

Total costs (£m) 0.32 0.39 0.40 0.42 0.46 0.45 0.53

2020s 2050s 2080s
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Transport

Flights and sailings to and from the island were severely disrupted. The weather also
played havoc with local transport, although bus services returned to near normal
quickly. There are no available data to estimate the costs of flight disruption. Total
losses due to the February 2002 storm surge on ferries was estimated at £13,365.

To estimate transport disruption costs under different socio-economic scenarios we
employ the same method adopted when making the equivalent damage category
estimates for windstorms, above. The resulting estimates are in Table21.

Table 21. Transport disruption costs attributable to 2002-type Tidal Surge event under alternative
socio-economic scenarios. (£m)

Low High Low High Low High
Costs (£m) - linear ext 0.02 0.03 0.03 0.05 0.05 0.11
Costs (£m) - constant 0.02 0.03 0.02 0.03 0.02 0.03

2080s2020s 2050s

The total costs of a tidal surge event such as the one that impacted on the island in
February 2002 are summarised in two tables below. Table 22 shows the totals adopting
the low estimates for each impact category whilst Table 23 shows the totals adopting
the high estimates for each impact category. The tables show that – again - the ranges
of aggregate costs are not great.

Table 22. Total costs of a 2002-type Tidal Surge event under alternative socio-economic scenarios –
low estimates

Low High Low High Low High
property 8.3 8.4 8.5 9.4 8.8 10.4
health 0.4 0.4 0.4 0.4 0.4 0.4
emergency services 0.9 0.9 0.9 1.0 0.9 1.1
transport 0.0 0.0 0.0 0.0 0.0 0.0
Total 9.5 9.7 9.8 10.8 10.1 11.9

2080sImpact category 2020s 2050s

Table 23. Total costs of a 2002-type Tidal Surge event under alternative socio-economic scenarios –
high estimates

Low High Low High Low High
property 9.1 9.4 9.8 10.8 10.5 12.6
health 0.4 0.4 0.4 0.5 0.4 0.5
emergency services 1.0 1.0 1.0 1.2 1.1 1.3
transport 0.02 0.03 0.03 0.05 0.05 0.1
Total 10.4 10.8 11.3 12.5 12.2 14.5

Impact category 2020s 2050s 2080s
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5.0 Consideration of weather event costs under
climate change scenarios for the Isle of Man

In the second stage of the impact assessment we would like to estimate how the
frequency (or probability) of a given climate event changes under alternative climate
scenarios. The results from this exercise will allow us to calculate expected monetary
values of these impacts. We understand that the non-climate change annual
probability of occurrence of the Sulby flood event was 0.004, whilst those for the
January 2005 windstorm event and the February 2002 storm surge event were
approximately 0.02. Thus, the annual expected average costs of the three events under
non-climate change scenarios can be estimated by multiplying the total event costs for
each socio-economic scenario by these probabilities, for the Sulby flood event, the
January 2005 windstorm event and the February 2002 storm surge event respectively.

To estimate the annual expected costs of such events under climate scenarios we need
to multiply the probability of a given weather event under alternative climate scenarios
by the total event costs. However, these probabilities are understood to be beyond
current scientific estimation techniques. Indeed, there is uncertainty in the science for
windstorms as to whether frequency will increase under climate change scenarios at all.

Nevertheless, in order to estimate indicative changes in costs we transfer available
evidence on changes in the probabilities of these types of extreme events from UK-
based studies. For the flooding and storm surge events we proceed using the following
steps to obtain climate change induced damage costs:

1. We identify flood risk multipliers generated by climate scenarios for the specific
drivers of flood impacts – precipitation and coastal surges respectively – for the
socio-economic scenarios (that best correspond to the climate scenarios) in
which we are interested. These multipliers are presented for local flooding for
the 2050s and 2080s in Evans et. al. (2004), page 45. For the 2020s-centred time
period we linearly interpolate between the multiplier for 2050s and that for
1990. An example is that the multiplier for the High socio-economic scenario for
2050s is 4 (a multiplier of 1 is used for non-climate change scenarios).

2. We apply these multipliers to the probability of the event occurring in a non-
climate change future. For the coastal storm surge event the probability is
assumed to be 0.02. In our example we now have a climate change scenario
probability of 0.08.

3. We multiply the non-climate change probabilities and climate change
probabilities by the event costs estimated applying the socio-economic
scenarios for future time periods to derive expected annual average damage
costs (AAD). In our example the low cost estimate of the Sulby flooding event in
the 2050s is £4.35 million. Thus, the AAD is £0.09m and £0.35m under the non-
climate change and climate change scenarios respectively.

4. We subtract the gross climate change AAD from the non-climate change AAD
to derive the AAD that can be attributed to climate change alone i.e. net of
socio-economic change. In our example this AAD is £0.26m.

The outputs of this process are presented in Table 24 and Table 25 for the Sulby flood
event and the Storm Surge event, respectively. The results are expressed in AADs
because they equate well to provisions that would need to be made in annual budgets
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for e.g. emergency services. Equivalently, these costs may be used as estimates of costs
that would be avoided by undertaking appropriate adaptation actions. A useful way to
make sense of these results is to consider the extent to which climate change affects
the annual-equivalent damage costs for these events. Thus, looking at the low cost
estimates for the Sulby flooding type event we can see that the “with climate change”
AADs for the high socio-economic scenario in 2020s are over two times greater than
the “no climate change AADs, whilst they rise to almost six times greater in the 2080s.

Table 24. Estimated AADs for climate change and non-climate change scenarios – Sulby flooding type
event (£)

Low High Low High Low High
Non CC (prob) 0.004 0.004 0.004 0.004 0.004 0.004
AAD (Low cost est.) 10000 20000 20000 20000 20000 20000
AAD (High cost est.) 20000 20000 20000 20000 20000 20000

With CC (prob) 0.006 0.01 0.008 0.016 0.0112 0.0228
AAD (Low cost est.) 20000 40000 30000 70000 50000 120000
AAD (High cost est.) 30000 40000 40000 80000 60000 140000

Net CC Impact
AAD (Low cost est.) 10000 20000 10000 50000 30000 100000
AAD (High cost est.) 10000 20000 20000 60000 40000 120000

2020s 2050s 2080s

The same type of comparison of the “with climate change” and “no climate change”
results can be made for the storm surge event. Here the differences are even greater
than for the Sulby flooding-type event. For the same scenarios, in 2020s the “with
climate” result is over three times greater than the “no climate change” result whilst by
the 2080s it is almost 20 times greater. Note that by this time, under the “high” scenario,
the climate change induced costs are projected to be over £1 million per year. Note
that in both cases, the climate change element dominates the socio-economic change
element. The costs of climate change therefore dramatically increase the costs of
weather events, annualised over the time periods considered

Table 25. Estimated AADs for climate change and non-climate change scenarios – 2002 Storm Surge
event (£m)

Low High Low High Low High
Non CC (prob) 0.02 0.02 0.02 0.02 0.02 0.02
AAD (Low cost est.) 0.19 0.19 0.20 0.22 0.20 0.24
AAD (High cost est.) 0.21 0.22 0.23 0.25 0.24 0.29

With CC (prob) 0.02 0.06 0.02 0.1 0.04 0.4
AAD (Low cost est.) 0.19 0.58 0.20 1.08 0.40 4.77
AAD (High cost est.) 0.21 0.65 0.23 1.25 0.49 5.82

Net CC Impact
AAD (Low cost est.) 0 0.39 0 0.86 0.20 4.53
AAD (High cost est.) 0 0.43 0 1.00 0.24 5.53

2050s 2080s2020s

Note that these estimates are calculated as gross impacts with no consideration of
possible adaptation responses that might mitigate these impact costs. Note also that as
this method is applied it only gives climate change costs for specific-intensity events.
To estimate climate change costs for all extreme weather events, the costs for the full
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range of probability-events would have to be estimated.

Use of the cost data from the 2005 Windstorm event in climate change future contexts
presents a difficult challenge primarily because of the high level of uncertainty
attached to projections of wind speed intensities under climate change scenarios.
Indeed, the uncertainty is such that there are no available estimates of the changes in
frequency of extreme windstorms for the Isle of Man or the UK. As a consequence, we
are not able to estimate the annual average damage costs associated with climate
change. Instead, in Table 26, below, we present the AADs for the non-climate change
costs for the three future time periods incorporating socio-economic change. For policy
purposes, it may then be useful to undertake a threshold-type analysis on the AADs
whereby:

i) a given increase in frequency of event is assumed e.g. from 1 in 50 year (as
in Table ) to 1 in 25

ii) AADs are recalculated. (Note that a change from 1 in 50 to 1 in 25 will result
in a doubling of AADs).

iii) Calculate the resulting difference in AADs between those calculated in (ii) to
those in Table 26

iv) Weigh the results of (iii) against the costs of adaptation measures that
would reduce the impact costs to non-climate change levels in order to
inform adaptation policy decisions.

v) Find the value of AAD that would justify the adaptation decision and then
make a decision as to whether to implement the adaptation decision on the
basis of informed judgement regarding climate futures and e.g.
implementation of the precautionary principle.

Table 26 Estimated AADs for non-climate change scenarios – 2005 Windstorm event (£m)

Low High Low High Low High
Total - Low 19.0 20.7 22.6 26.8 30.2 41.6
Total - High 20.0 21.8 26.1 33.7 37.1 66.3

Non CC (prob) 0.02 0.02 0.02 0.02 0.02 0.02
AAD (Low cost est.) 0.38 0.41 0.45 0.54 0.60 0.83
AAD (High cost est.) 0.40 0.44 0.52 0.67 0.74 1.33

2020s 2050s 2080s

It should be noted that using the above procedure does not solve the problem of
not knowing the frequencies of events under climate change scenarios but simply
makes explicit the process and assumptions that may need to be made in this
decision-making context. It should also be noted that it is likely that a very similar
procedure will be adopted in using the results from the flood and storm surge case
studies since – even though the climate change-induced AADs exist – the
uncertainty across the range of scenarios remains high.
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6.0 Final Comments
The previous sections have taken the estimation of climate change costs for the Isle of
Man for three extreme weather events as far as the science will currently allow. Socio-
economic change has been imposed on the costs of these weather events identified
through study of historical analogues. Clearly, the resulting cost estimates are only
indicative and are dependent on the robustness of the many assumptions that have
had to be made. However, it is clear that socio-economic change matters and has to be
considered in making climate cost estimates. The cost of the weather events may be up
to 4 times as much or 50% less than the historical cost estimates, depending on the
time-slice and particular socio-economic scenario being considered. When climate
change, and the related increases in frequencies of the events considered are
accounted for, the Annual Average Damage Costs increase significantly over the time
horizon to 2100. In the two cases – riverine flooding and storm surge damages – where
the AADs can be calculated it is clear that they are two and three times higher than at
present, even in the first time period. This seems to provide additional justification for
the decision already made to invest in improved flood defence systems in Sulby. As the
procedure outlined in the preceding sub-section suggests, it is hoped that the AAD
cost evidence presented above may be used to inform other decisions regarding public
investment in climate change adaptation measures.
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1. Introduction
This technical paper looks at the potential impacts and adaptation options for a
number of key sectors reflecting the diversity of the Isle of Man’s society, economy and
environment.

The process follows the stages set out in the UKCIP Risk, uncertainty and decision
making framework (see figure 1 below). Each sector has been laid out following the risk
framework, allowing stakeholders to review, repeat or update the information
presented at a later date.

Figure 1: UKCIP Risk, uncertainty and decision making framework1

In this technical paper the key social. economic and environmental sectors for the Isle of
Man have been categorised as:

 Transport
 Business and the economy
 Tourism
 Society and culture
 Historic environment
 Health
 Leisure and recreation
 Communications and energy infrastructure
 Water management
 Waste management
 Built environment
 Natural resources and environmental quality
 Marine environment
 Agriculture, fisheries and forestry

1
Willows, R.I. and Connell, R.K. (Eds.). (2003). Climate adaptation: Risk, uncertainty and decision-making. UKCIP Technical

Report. UKCIP, Oxford.
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Stage 1 and 2: Baseline characterisation and decision making criteria

A baseline characterisation has been completed for each sector, reviewing the existing
sector challenges, current and proposed strategies, programmes and action plans from
published sources. This looks at all challenges taken from published sources, not just
those which are driven by climate change or climate variability. Any current issues and
problems are identified together with any receptors, exposure units and sensitivities
(where information is available). The outputs presented here take into account the two
workshops and discussions with stakeholders on the Island.

In these stages the following questions were asked:

 What are the important decisions for the Isle of Man both now and in the
future?

 Is climate already an issue? Is it being taken into account now?

 Will climate change become a factor or more of a factor?

 Who are the key stakeholders?

 Are there any timescales involved?

 What are the criteria for recognising a successful outcome?

 What are the legislative requirements or constraints?

The responses are contained within a characterisation statement and a stages 1 and 2
issues matrix for each sector.

Stage 3: Impact assessment

A review of existing published sources and stakeholder engagement has allowed
possible impacts to be identified. The active involvement of stakeholders has been
particularly important during the process. The impacts have been provided in a series of
impact matrices for each sector for ease of reference. Each impact has been classified
according to information source.

This analysis is contained in a stage 3 impact matrix for each sector.

Stage 4: Identify Options

A number of potential adaptation options were identified ranging from the need to do
something now or to monitor future change. The inputs from the workshops and the
steering group played a major role in this stage, which were combined with existing
published impact assessments in order to provide a wide range of potential responses.

Stage 4 adaptation option matrixes have been included for each sector and have been
arranged following the process developed for UKCIP as part of the UK Adaptation Policy
Framework. This identifies adaptation actions under two broad headings: building
adaptive capacity (BAC) and delivering adaptive action (DAA). A comprehensive
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description of the actions for BAC and DAA can be found in technical paper 12.
Examples of actions for BAC and DAA are:

Building Adaptive Capacity

Examples include:
 Research / data collection and monitoring e.g. use research to better

understand the climate risk
 Changing standards, regulation, policy e.g. strengthen planning guidance on

developments in flood risk areas;
 Awareness raising /working in partnership e.g. increase public awareness about

coping with flooding at home.

Delivering Adaptation Action

Examples include:
 Prevent the effects: structural and technological e.g. strengthen building

foundations to cope with climate change
 Accept impacts and bear loss e.g. accept that some land will flood in winter
 Spread/share impacts e.g. insure business against weather losses
 Avoid negative impact / exploit opportunities e.g. grow new agricultural crops

better suited to new climate

Where possible ‘Low Regret’, ‘No Regret’ and ‘Win-Win’ options were identified. These
are classified as follows:

 No regret options are those that will deliver benefits whatever the extent of
climate change (and even under the absence of manmade climate change.) A
no regret option is determined to be worthwhile now (in that it would yield
immediate economic and environmental benefits which exceed the cost), and
continue to be worthwhile irrespective of the future climate.

 Low regret options are where the implementation costs are low (bearing in mind
the uncertainties with future climate change projections) whilst the benefits
under future climate change may potentially be large. For example, raising
awareness of flood risks and the need to use water wisely are all low regret
options.

 Win- Win options are where the options deliver a benefit for adapting to climate
change and also a benefit for another purpose. For example, improving food
hygiene and preparation standards meets the challenge of increased risks
arising from higher temperatures but also improves overall hotel and catering
standards for the benefit of tourism on the Island.

acclimatise commentary

At the end of each sector a commentary has been provided by acclimatise which
summarises the key risks and opportunities. A discussion as to other important aspects
is also included, together with any significant adaptation options that should be
investigated.
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2. Transport

Characterisation

The Department of Transport is responsible for the provision of infrastructure for travel,
transport and navigation of internal and external traffic for the Island. It covers
highways, harbours, the airport and air services. The Department of Tourism and
Leisure is responsible for the operation and maintenance of the Island’s bus service, the
Isle of Man Steam Railway, the Manx Electric Railway and the Snaefell Mountain Railway.

The main airport is Ronaldsway Airport near Castletown. Seven flight operators enter
the island from UK, Scotland and Ireland. The airport handles over 700,000 passengers a
year, serves 14 destinations, airfreight and mail.

There are approximately 500 miles of roads on the island. There is an island wide
network of scheduled bus services. These link together the main towns and operate
daily throughout the year.

The Steam Railway gives access from Douglas to the south of Island during the summer
months (Easter to October). The Manx Electric Railway runs north to Laxey and Ramsey.
The Snaefell Mountain Railway climbs from Laxey to the Island’s highest peak. These
services are also seasonal, running from Easter to October.

The Steam Packet Company provides passenger and freight operations to and from the
Island. Passenger and car ferries operate to Heysham, and there is a fast service that
runs in the summer months to Liverpool, Dublin and Belfast.

There are three deep-water anchorages in the east, west and south of the Island. There
is a quayside mooring at Douglas for vessels up to 120m. Port St. Mary and Port Erin are
fishing ports with a strong leisure yachting presence. Douglas is the only Manx port
with dedicated passenger handling facilities and with roll -on, roll off vehicle services.
The port provides specialist berths for oil and gas tankers as well as general cargo
vessels, fishing vessels and the occasional survey, customs and naval vessels.
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Stage 1 and 2: Transport

Defining the issue
Transport
Response

Transport is a critical sector due to the Island’s location. Air and sea links are essential for individuals, businesses, movement of goods and materials, energy, tourism
and the economy. The road, rail and bus infrastructure plays a crucial role in maintaining a high standard of living and the Isle of Man’s ‘quality of life’ reputation.

Issues

The Department of Transport business plan includes major improvements and investment for the transport sector. Particular actions include the development of
marina activities and aims to increase travel opportunities. Transport plays a huge role in assisting the economic development (including tourism) of the island by
supporting the required infrastructure facilities.

An integrated transport strategy is currently being determined for the island. Issues highlighted include:

 sourcing and obtaining suitable steam coal for the Isle of Man Steam Railway
 deteriorating infrastructure and an increasing challenge to maintain the Island’s roads (25 % of the Island’s roads have a residual life of <5 years and 90% of

the roads require attention).
 improving air and sea transport, and in particular increasing capacity, with new services and lower fares (the airport forecasts a doubling of aviation

movements)
 flooding of highways together with the risk of storm surge and tidal flooding resulting in significant asset and property damage, disruption and risk to life

Climate related influences include tidal conditions and changes to ports e.g. the introduction of breakwaters affects access for ships.

Future strategy and programmes include a major refurbishment of the Douglas Promenade due for 2009. A proposal to extend the main runway has been
submitted for planning permission. Harbour development plans for Douglas outer harbour and a marina in Port St. Mary are also detailed within the Island’s
strategy. There is a planned programme of rail infrastructure renewal together with the development of a long-term maintenance strategy for highways.

A reliable and efficient transport system is a primary determinant of both quality of life and economic success. The workshops identified the impact of winter
storms and failure of infrastructure as key issues for the Island in a changing climate.

For the purposes of this report the stakeholders at the workshops identified the problem (stage 1 of the UKCIP RUD framework process) as:
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How can the Isle of Man manage, maintain and develop the highways, airport, harbours, rail and bus services in order to provide a safe, reliable and high
quality service to visitors and residents in the face of climate change?

The following needs to be considered when undertaking this analysis:

 Robustness of any developments
 Asset life
 Integration of transport
 Use of transport by business
 Cross sector impacts
 Flooding

For transport as a whole, adaptation to climate change is not the main driver. However if climate risks are not considered then problems and issues may be
exacerbated. This has already been seen in extreme events that have occurred on the island, for example the windstorm event of Jan 2006 and the tidal flooding
event in 2002.

Stakeholders include: transport users, wider public, transport operators (Department of Tourism and Leisure, Department of Transport), businesses, MHKs, Steam
Packet Company, boat owners, airlines

The Government’s current objectives will determine the success criteria for a safe, reliable and quality transport system. Specific objectives are:
 To maintain and develop the Island’s ports to ensure that they are able to meet the needs of the traveling public and air and sea carriers (from Island

Government Business Plan 2005 – 2008)
 To construct and maintain an appropriate highways infrastructure

The Government’s indicators / measurements for these objectives are:
 Satisfaction rates with service levels and landside facilities in air and sea passenger surveys
 Effective lifespan of the Highway Infrastructure

Current activities

Current activities on the Island which address climate variability include:
 An integrated transport group, although it is not clear if their remit extends to considering climate impacts and adaptation
 Terminal extensions at the airport
 Coastal erosion and protection works to protect roads e.g. at Gansey beach
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 All Island Strategic plan addresses transport issues – this covers a range of sectors and includes references to climate change adaptation and mitigation actions.
 Tidal flooding research is going on to provide better warning systems.
 Sand bags are provided when flooding is expected
 The rail infrastructure renewal program has meant that track, ballast and drainage have been improved in respect of the Steam Railway, and work is ongoing in

respect of the Manx Electric Railway and Snaefell Mountain Railway.
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Stage 3: Transport impact matrix

Transport Potential risks and opportunities
Air / Sea Public transport / Infrastructure Private transport

Increasing
summer
temperatures
(H)

 Load factors on aeroplanes (A)
 Runway length (A)
 Increasing risk of fog (A)
 Air strike – if more insects on grass areas –

encourages birds onto runway (A)
 Increased leisure activity – safety concerns for

boat owners and other users e.g. swimmers
(A)

 Increase in ‘water’ tourists and water sports
(A)

 Increase in demand for transport to the Island

 Greater use of rail (A)
 Less use of transport as people opt to walk (A)
 Increasing visitor numbers from tourists may increase

road congestion with limited ability to increase rail
capacity to compensate (S)2

 Track failure (A), impact on rails and points, increased
risk of buckling rails (S) 2

 Modes of transport could shift e.g. more walking and
cycling (S) 3

 Increasing risk of accidents (A)

 Increased use (A)
 Increase in motorcycle use (A)
 Road safety concerns (A)
 Increased pollution from increased road

traffic (leading to increased incidence of
asthma and other respiratory problems
and so devaluing quality of life – one of
the Island’s greatest assets) (S) 2

Increasing
winter
temperatures
(H)

 Increasing use for tourism (A)
 Reduce need for de-icing at the airport (A)
 Maintenance issues for car parking at the

airport – extensive planting is becoming an
issue (O)

 Roads will require less road salt (S)4

 Less risk of fog (A)
 More water based travel (A)

 Extended leaf -fall season (drain blockage, slippery
roads) (A)5

 Safer – reduced frost risk (A)
 Less winter highway maintenance (A)

More extreme
high
temperatures
(H)

 Load factors of airplanes taking off -
increasing temperatures affect weight take off
amounts (A)

 Engineering issues with increased rail activity (A)
 Decrease usage of public transport (A)
 Premature asset failure (A)

 Increase usage as private transport more
comfortable / has air conditioning (A)

 Subsidence to roads increase (S) 2

2 Southwest Scoping study. Metcalf, G., Chambers, F., Charlesworth, A., Forrest, V., Hunt, J., McEwen L., Russell, K., and Schofield, S. (Eds), Warming to the Idea, Technical Report, South West Region Climate
Change Impacts Scoping Study, 2003, Cheltenham, UK
3 London’s Warming: A Climate Change Impacts in London Evaluation Study. London Climate Change Partnership November 2002

4 East Midlands Sustainable Development Round Table. The potential impacts of climate change in the East Midlands. Entec UK limited August 2000

5 UK’s Department of Transport Workshop on Assessing the Impacts of climate change on the road network.

6 Prioritising future construction research and adapting to climate change infrastructure (transport and utilities) By M I Wilson and M H Burtwell PR/IS/13/02 CRISP Commission 01/13 Feb 2002 TRL
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 Premature asset failure (A)  Road surface deformation (A)
 Failure of bridge expansion joints (A)
 Failure of vehicles and components (A)
 Increased driver fatigue (A)
 Decreased ability to perform maintenance activities

(e.g. surface dressing) (A)
 Increase in the maximum service temperature will

increase the incidence of rutting on an asphalt
pavement, whilst a decrease in the minimum service
temperature will increase the likelihood of cracking.6

 Increase in the incidence of fretting of road surfaces,
which in turn will increase maintenance expenditure10

 Increase in cyclists may lead to increase in
accidents, like the warmer, drier summer
of 1995 where it was noted that cycle and
motorcycle accidents had increased
(Thornes 1997) (O). 7

Less extreme
low
temperatures
(H)
(Lower growing
season and
reduced frosts)

 Less de-icing of planes and therefore less
pollution and cost savings (A)

 Less frost damage to roads from winter cold, so
potentially less frequent need for road repairs (S) 2

 Encroachment of vegetation obscuring road signs,
requiring more frequent maintenance and therefore
increased costs (S) 2

 Increased weed growth on rail tracks requiring extra
maintenance (S) 2

 Fewer ice / snow related road traffic
accidents (S)

2

Higher winter
rainfall (H)

 Increased erosion of assets (A)
 Drainage overload / flooding (A / O). Observed

in flooding event at airport.
 Failure of drainage systems? (already

happened in tidal surge event). (O)

 Increase in public transport usage due to decrease in
walking (A)

 Flooding (A)
 Increased erosion of assets (A)
 Increase landslip occurrence (A)
 Drainage overload (A)
 Provide better bus shelters and rail platform canopies

(S) 2

 A small increase in storm rainfall could require the
significant modification of drainage systems to
maintain current service levels.8

 Flood risks to roads (A)
 Increase in usage (A)

Less summer
rainfall (M)

 More dust on runway  More detritus on roads, slippery surfaces (A)
 Less dilution for road run-off (pollution) (A)
 Need for more gully cleaning (A)

7 Thornes J E (1997) “Transport” in Economic Impacts of the Hot Summer and Unusually Warm Year of 1995, University of East Anglia 129-138. Referred to within East Midlands Scoping Study
8 UKWIR. 2004. Climate Change and the Hydraulic Design of Sewerage Systems (Executive Summary). Report 03/CL /10/2. UK Water Industry Research, London
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More intense
downpours (H)

 Flooding (A)
 Disruption to air services (A)

 Flooding (A)
 Increases risk of flooding of railway lines, landslips and

bridge failures (S)

 Increased risk of flooding (R)
 Increase in road traffic accidents (A)
 More surface water overload on roads (S)

2

Sea level rise
and increased
coastal flood
risk (H)

 Runway extension may impact on sea
environment, habitats – effect of sea level rise
and changes to erosion patterns (A)

 Tidal flooding is a major issue – an increase in
storm surge and sea level rise may contribute
to increase tidal flooding. (A)

 Stability of structures (A)

 Flooding (A)
 Failure of coastal defences (A)
 Service disruption

 Inundation and damage to coastal roads
(O).

Possibly more
winter storms
(L)

 Service disruption (A / O)
 Damage to infrastructure and vessels (A / O)

 Damage to infrastructure (A / O)
 More trees falling on to road and rail network, so

higher budget and more operatives required to
maintain and clear network (S) 2

 Damage to overhead wires (A)
 Increased risk from stones/sand thrown ashore

 Service disruption (A / O)
 Increased risk from stones/sand thrown

ashore

Key
A = Accepted wisdom / Anecdotal evidence
O = Observed, the impact has already been seen
S = Information obtained from other scoping studies / source providence unclear
R = Research work has been undertaken that demonstrates this impact

Confidence levels (based on the UKCIP02 scenarios9)

H = High M= Medium L = Low

9 Hulme,M., Jenkins,G.J., Lu,X., Turnpenny,J.R.,Mitchell,T.D., Jones,R.G., Lowe,J., Murphy,J.M.,Hassell,D., Boorman,P., McDonald,R. and Hill,S.(2002) Climate Change Scenarios for the United Kingdom: The
UKCIP02 Scientific Report, Tyndall Centre for Climate Change Research, School of Environmental Sciences, University of East Anglia, Norwich, UK.
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Stage 4: Adaptation options

Adaptation Type Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Higher taxation on ‘gas guzzling’ vehicles. Tax on
CO2 output, more tax on multiple cars per
household

 Implement integrated transport document
 Control surface run-off from land adjacent to

highway
 Speed management

 Minimise car use by relocation of some
government offices and encourage electronic
conferencing

 Relocation of business to other towns
 Consider charging road users for travel on

vulnerable roads

 Put freight on to railways.
Recreate integrated rail system
– providing an alternative to
the road

Research / Data
collection / Monitoring

 Survey the coast. Identify strategic locations that
cold be vulnerable to damage due to age,
conditions etc (no regret)

 Cost benefit analysis of houses in flood plains and
of measures needed to mitigate damage (no
regret)

 Improve flood alerts, storm warnings
 Avoid development on floodplains
 Stability of earthworks
 Effect of temperature on assets
 Gain flood risk data for individual rivers and

understand flood plains
 Early warning system for severe weather?

 Farmers grow crops for bio fuels
 Research into electric cars and other fuels
 Use of railways as commuter transport brings

in other options for moving people in the
event of loss of roads in storm events

 Move coastal roads inland
 Minibus circular routes to help tourism and

holiday makers in scenic areas (as tourism
increases)

 Identify which roads are susceptible to
flooding

 Integrated transport policy –
realistic but not idealistic

 Need to improve public
transport in general

 Resilience of road surface
materials to heat

 Road / tyre design for grip in
varying conditions

Bu
ild

in
g

A
da

p
ti

ve
C

ap
ac

it
y

(B
A

C
)

Educational /
Behavioural change /
Awareness raising /
working in
partnership

 Better public transport, commuter trains from Port
Erin to Douglas. More effective links for main bus
routes.

 Education for children on future environment (Low
regret)

 Greater use of public transport / car sharing
 Dangers to road users of travelling in high

temperatures / storm events

 Less reliance on ‘One person, one car’
syndrome.
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Spread /Share loss  Ensure strategic spares in stock for linkspan and
other critical equipment to minimise disruption

 Adapt roads to provide coastal defence  Insure Infrastructure

Accept impacts and
bear Loss

 Agree roads that can be allowed to be lost or are
too vulnerable to be maintained

 Consider moving Manx electric railway further
inland to avoid risk of coastal erosion

 Close roads at risk
Prevent effects:
structural /
technological

 Improve land / storm drainage to prevent flooding
/ damage to roads

 Ensure EIA on runway extension takes impacts of
climate change into account (no regret)

 Where financially viable enhance river banks to
contain flood water (low regret)

 Improve earthworks design
 Asset vulnerability inspections and mapping
 Strategy to retrofit assets to cope with climate

change
 The use of low maintenance vegetation to act as

buffer zones, whilst not hindering the growth of
other vegetation.

 Provide more suitable vessels better adapted
to cope with expected increased in winter
storms (e.g. larger Seacat)

 New road schemes to have improved
drainage systems e.g. Peel Road

 Upgrading of railways to use for commuters
 Provide better harbour facilities with more

sheltered berths and approaches to take into
account more inclement weather events

 Review previous flood events
and reinforce road / drainage
infrastructure to cope.

 Potential to upgrade railway
link from Ramsey to Port Erin to
modern fast, comfortable and
low floor recess metro system.
And also include freight
capability.

 Stabilise existing earthworks

D
el

iv
er

in
g

A
d

ap
ta

ti
o

n
A

ct
io

n
s

(D
A

A
)

Avoid / exploit
changes in risk

 Encourage use of electric cars and more fuel
efficient ones

 Use TT course as testing ground for solar power
and other non-fossil fuel vehicles (win win)

 Provide better bus shelters and rail platform
canopies (S) 2

 Alter winter maintenance to include climate
change

 Develop flood disaster emergency management
plans

 Aircrafts – instrument landing systems – use
technology so planes can land in cloud.

 Prepare plans and equipment to tackle storm
events more effectively
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acclimatise commentary

Transportation links to the island are already at risk from extreme events (e.g. major
storms and river, coastal and storm surge flooding); climate change will increase the
risk of disruption. Design, maintenance and operational standards will need to take
climate change into account if the Island is to meet its objectives for a safe, reliable and
quality transport system.

The management of, and response to these types of events should be given further
consideration.

There are a number of major transport infrastructure projects planned for the Island (i.e.
marina and harbour improvements, Douglas promenade, the airport and the rail
infrastructure renewal programme) where the design life will extend into the middle /
latter part of this century. It is recommended that the potential climate impacts on the
design, operation and management of these facilities must be taken into account.

Using historic climate data as a basis for design will reduce the resilience of assets to
cope with future climate change, leading to a risk of infrastructure and service failure.
Climate proofing new projects during the design stage through an integrated risk
assessment process may lead to significant cost savings, when compared with the costs
of extreme events and future remedial works. The work undertaken in technical papers
5 and 7 exploring the costs of extreme events illustrates the impact of climate change
on transport infrastructure and services.

Maintenance procedures for existing infrastructure will need to be regular reviewed to
ensure that disruption is minimised, service maintained and the effective use of
resources, including finance, is assessed. For example, an increase in the incidence of
fretting of road surfaces will in turn increase maintenance expenditure.10 Furthermore,
hotter drier weather will increase the risks to break-up of asphalt surfacing. Both of
these raise important issues of safety and maintenance, particularly for motorcyclists,
especially as the TT races play a vital role in the tourism of the Island.

The current transport demand forecasts may be less robust due to the effect of c limate
change. Indirect impacts and adaptation responses taken by other sectors need to be
taken into account e.g. tourism and the built environment.

Examples of potential impacts

 Disruption to transport modes from flooding and other extreme weather
events.

 Maintenance and repair of existing assets need to take into account climate
risks.

 Asset failures under increasing temperatures e.g. road surfaces, expansion
joints, railway track and equipment.

 Impact of storm surge and tidal flooding on coastal roads.
 Increase in cycling and motorcycling accidents in summer.

10 Prioritising future construction research and adapting to climate change infrastructure (transport and utilities) By M I
Wilson and M H Burtwell PR/IS/13/02 CRISP Commission 01/13 Feb 2002 TRL that refers to unpublished project report by
UK’s Transport Research Limited (TRL) on climate change and the Highways Agency. 2001
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Examples of opportunities

 Climate proofing new projects at the design stage may lead to significant longer
term operational and capital cost savings.

 Reduction in de-icing of runways and aeroplanes, with consequential cost
savings and improvements in surface water discharge quality.

Potential adaptation options

 Improve land / storm drainage to prevent flooding / damage to roads
 Strategy to retrofit assets to cope with climate change
 Asset vulnerability inspections and mapping
 New road schemes with improved drainage systems
 Maintenance procedures and standards regularly reviewed to take the changing

climate into account
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3. Business and the economy
This section provides an overview of business activities and the Isle of Man’s economy.
Business issues, impacts and adaptation options are also to be found in some of the
other sectors contained in this report, e.g. Communications and Energy, Tourism, and
Transport etc..

Further consideration of the impacts of climate change on the Isle of Man’s economy is
provided in technical paper 9 (The Isle of Man’s economy in a global context).

Characterisation

The economy is currently experiencing a phase of growth slower than that achieved in
the late 1990’s. The slowing down is consistent with the global trend. The anticipated
economic outlook for 2004 onwards is that of recovery, with growth rates in real terms
increasing from around 5% in 2003/04 to 6.5% in 2006/07. Commensurate with the
slower rate of economic expansion, it is anticipated that the resident population over
the next three years will grow at rates of around 0.6% - 0.7% per annum.

The Manx economy in 2003/4 experienced GDP growth of 9.1%, with real growth being
6.3%. Within a sector breakdown of the national income it demonstrates that:

 The insurance, finance and business services and information and
communication technology sectors are important; contributing 35.6% of
Manx sourced income.

 The economy grew strongly as a whole in 2003/4, with only clothing and
footwear showing negative growth.

 Utilities experienced strong growth of 40.5%.

Baseline data on national income dating back to 1993/4 are available in the Digest of
Economic and Social Statistics. A comparison between 1993/4 and 2003/4 shows that the
contribution of the financial sector has increased over the period slightly, and that
manufacturing has significantly declined. This may be important when evaluating
socio-economic trends in analysis of climate change impact scenarios. It is interesting
to note that the tourist industry’s share of income has fallen over the period.

Employment within the Island is good, with the financial sector being important.
Insurance, banking and other financial institutions make up 17.5% of Manx
employment, which is lower than its share of income. The Island’s changing economic
structure has led to an overall reduction in unemployment beginning in the latter half
of the 1980s and has served to remove most of the seasonal element from the figures.
Current unemployment at some 2.0% of the economically active population is well
below the United Kingdom’s national average. To create further capacity for economic
growth the Government continues to consider measures, which will increase the size
and productivity of the workforce from amongst the existing population.

Although unemployment remains relatively low the trend recently has been upward.
Increasing unemployment has a significant impact by reducing revenue by the loss of
national insurance contributions whilst increasing expenditure by way of
administration and benefit payments. If the trend continues it is likely that additional
resources would need to be found to meet demand.

Manx income per capita relative to the UK average has risen dramatically since 1994/5.
Manx income per capita is now £17,309 compared to a UK national average of £16,391.
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The average house price on the Island has risen from £84,657 in 1995 to £216,542 in
2004. Manx properties are considerably more expensive than houses in the UK as a
whole. To provide a comparison, the average UK house price in 2003 was £155,485. This
will significantly impact on values of property loss due to subsidence and increased
flooding, both of which may result from climate change. The Manx housing stock has
almost doubled since 1961.

Retail is the single biggest employment sector on the Island and contributes
significantly to the high quality of life enjoyed by residents, the tourism and other
business sectors. As well as servicing customer’s needs directly, retailers distribute and
market a wide range of locally produced products from the agriculture and
manufacturing sectors on the Island, reinforcing a total quality approach from raw
material to consumption. A large variety of (particularly local) retailers service the
tourism sector in terms of restaurants, café’s, bars and gift & craft shops. With shopping
becoming a huge leisure activity in modern life, well-run retail businesses also capitalise
on the discretionary expenditure of visitors to the island.

The town centres around the Island are predominantly Manx owned retail businesses.
The main shopping towns are Douglas, Castletown, Port Erin, Peel and Ramsey. The
major retail sector, food, includes the supermarkets: Shoprite, with 7 stores around the
island, Safeway in Douglas and Ramsey, Tesco in Douglas, Marks & Spencer Food in
Douglas, Pickwicks with their Spar offer, the Manx Co-op and numerous locally run
“convenience” stores. This sector also includes butchers, bakers, cafes, pubs, off
licences, newsagents and post offices etc. A wide variety of cafes and restaurants serve
the needs of residents and visitors. These include country inns and tearooms as well as
town centre restaurants and fast food outlets. 11

DIY, home improvements, home furnishing, toy & hobby, household electrical goods
and gardening are well represented. There are numerous hairdressers and beauty
salons, plus opticians, chemists and gyms. In keeping with the relative affluence of the
population, gift shops, antiques shops and jewellers flourish on the Island and at the
other end of the retail spectrum Charity shops benefit from the recycling of clothes and
possessions.

All the top car manufacturers are represented on the island and this is backed up by a
thriving garage and petrol forecourt sector. The Isle of Man, considering the size of its
population, has a diverse cross section of fashion retailers, from budget high street
brands to some of Europe’s top designers, and excellent locally owned fashion stores
with unique designs and high quality service.11

11 Manx business website www.mbc.org.im
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Stage 1 and 2: Business and the economy

Defining the issue
Business
Response

The Isle of Man Government’s Economic Strategy 2004 highlights the potential of the economy to grow in the future, with positive linkages to increase:
 growth in personal disposable incomes and wealth worldwide;
 the emergence of new global markets (particularly Asia);
 ongoing global moves towards economic integration and the removal of capital and currency controls;
 bilateral and multilateral measures to reduce protectionist measures;
 ongoing cross-boundary movement of labour; and
 ongoing technical advances.

The relationship with the EU market is noted as potentially limited by restricted terms of access under Protocol 3 of the UK ’s Act of Accession. There are
also concerns regarding demographic ratios of the working population vis-à-vis those in retirement. It has been suggested that a strategy needs to be
established aimed at encouraging more people to better provide for their retirement, in order that they may enjoy a more comfortable retirement and
that the financial burden on the state as the forthcoming demographic changes take place does not have a negative effect.

The Island’s economy is changing, as the past successes cannot be taken for granted in the future. The world economy is becoming ever more open.
Low-cost economies are competing aggressively for business and jobs. The strength of sterling remains an issue for exporters. The impact of new
technologies is becoming increasingly profound. Economic performance in the major industrialised nations is mixed, trading conditions remain difficult
and the future uncertain.

Diversification, within the context of sustainable economic progress remains the key to future prosperity . Over 20 years ago the government embarked
on an ambitious strategy to establish the Island as an international centre for financial services. The Island is now well established as an international
centre for financial services and over more recent years the government has supported a number of new developments, for example in shipping, film
and media production, e-Business, as a means of diversifying the economy to make it more resilient and to achieve growth in real terms. However due
to this high level dependency on the finance industry it is thought that this also makes the Island vulnerable to change in this sector.

The government is actively pursuing further opportunities for diversification and, in particular, in relation to the space industry, ci vil aviation, e-Gaming,
high-technology manufacturing and service provision based on innovative intellectual property, corporate headquarters and distribution businesses.
The government considers that it is only through a proactive diversification strategy that the Island can continue to achieve sustainable growth in
National Income, improvements in the quality and range of jobs available, and government revenues to the funding of high quality of public services.
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The government has the following objectives with regard to e-business:
 To develop and implement E-business strategies that support economic development across all key sectors.
 To co-ordinate E-business initiatives across Government and between Government and the private sector.
 To raise the profile of the Island as a leading jurisdiction for basing E-business developments.
 To formalise and implement initiatives designed to reduce any digital divide on the Island.
 To develop and implement targeted initiatives aimed at attracting further inward inve stment by e-businesses.

Issues identified in consultation with stakeholders and at the workshops include:
 Financial off shoring services are seen as both a threat and opportunity for the economy
 Energy costs to business will be a significant threat for the future, together with travel costs for personal, business use and goods
 The retention of skilled people, gaining work permits and the provision of tertiary level education.
 The ‘quality of life’ on the Island is high and this is often cited as giv ing the Island a competitive advantage.. However increasing costs, standards

for infrastructure and services affecting the standard of living could impact on this and have knock on effects.

The workshops concluded that the key problem to be explored is:

How can the Isle of Man sustain continued economic growth in the face of climate change?

When considering the problem the following should be taken into consideration:
 Income per capita
 Global markets
 Future socio economic scenarios
 Population structure
 Maintain international competitiveness
 Quality of life on the Island

The Government’s strategic policies for business and the economy of the Isle of Man are not related to climate change or current climate variability.

The economic impacts of climate change on the Isle of Man may also be determined by climate change elsewhere. The impacts will also be affected by
wider changes in society and economies. Local business with a direct relationship to the climate (tourism, agriculture, fisheries etc) will need to consider
the climatic changes on the Isle of Man.

Severe weather has significant impacts for the Isle of Man, for example, flooding of commercial centres in Douglas and transport service disruptions.
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Activities ongoing on the Island

 Energy audits are being undertaken by many businesses
 Business continuity planning – some financial service companies are already looking at this
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Stage 3: Business and the economy impact matrix

(note additional impacts are identified in technical paper 9)

Climate change risks
Business Potential risks and opportunities

Economy Financial Services General
Increasing summer
temperatures (H)

 Tourism impacts (A)
 Opportunity to sell the Island – quality of life
 Increasing risk of fog will have adverse

impacts on air and sea travel (A)

 Cooling buildings – major problem (A)  Productive work time reduced (A)
 Health and safety impacts (A)
 Environmental health risks (A)
 Food preparation risks (A)
 Property damage due to subsidence

and increases in insurance costs (A)
Increasing winter
temperatures (H)

 Promoting the good quality of life on the
Island (opportunity) (A)

 Reduced energy costs in winter

More extreme high
temperatures (H)

 Indirect impacts from outside /external
climate change impacts on the Island (A)

 Property values decrease as increase
in subsidence (A)

Less extreme low
temperatures (H)

 Impact on workspace (A)
 Improved outside working conditions

(A)
Higher winter rainfall (H)  Increased risk of flooding in urban areas (A)

 Disruption to travel (A/0)
Less summer rainfall (M)  Availability of water supplies for

manufacturing e.g. food processing
(A)

More intense downpours
(H)

 Increase in insurance costs (A / O)  Property values decrease as increase
in flooding (A)

 Increase in insurance costs (A / O)
Sea level rise and increased
coastal flood risk (H)

 Risks to property – location of development
(A)

 Major problems for financial services in
Douglas (A)

 Business continuity planning (A)

Possibly more winter
storms (L)

 Property damage (A)
 Travel disruption (A)
 Increasing insurance costs (A)

 Business continuity / disaster
recovery is an opportunity to exploit
(A)

 Communications disruption (A)
 Power outage, disruption of energy

supplies (A)
Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies / source providence
unclear R = Research work has been undertaken that demonstrates this impact Confidence levels (based on the UKCIP02 scenarios9) H = High M= Medium L = Low
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Stage 4: Business and the economy adaptation options

(note additional adaptation options are identified in technical paper 9)

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 Introduce legislation to ensure all
business and infrastructure issues
have climate change as a key issue

 Lifetime costs through planning /
building regulations e.g. drainage
specifications (win win)

 Change building regulations so that
properties can withstand more
extreme conditions

 Building energy conservation (Design and
installation) (No regret)

 Legislation

 Planning / building design
requirements (low regret)

Research / Data collection /
Monitoring

 Improve monitoring of rainfall and
runoff

 Develop heat exchange systems
 Use of tidal variations to generate tidal

power
 Alternative energy sources

B
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Health and safety awareness e.g. sun
block for outside workforce

 Education of energy conservation
 Increase awareness within all sectors

of business
 Energy audits of business

 Cancer awareness training
 Change to working conditions – education
 Working conditions – new clothing /

sunscreen (share loss)

 Change of working hours
(no regret)

 Plant trees to provide
shade (win win)
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Spread /Share loss  Increase tax on property owners who
live in area of risk

 Develop alternative energy sources
 Change in working day / change in building

design

 Other islands are at
greater risk – watch and
learn

Accept impacts and bear Loss  Business continuity requirements –
risk based management (win win)

 Stockpile essential supplies (e.g. oil)

Prevent effects: structural /
technological

 Risk assess existing assets to identify
investment required (win win)

 Diversification of business by utilities
(flexible)

 Undertake flood risk assessments on
all new builds

 All electrical systems should be put at dado
rail levels

 Put cables underground and not overhead

D
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Avoid / exploit changes in
risk

 Link river monitoring to all island
alarm system (link flood defence and
tides to same alarm)

 Sustain island’s growth to afford changes
e.g., creativity in business, tax and
incentives.

 Improve extreme weather reporting –
advanced warning system
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acclimatise commentary

One of the reasons why the Isle of Man has been so successful in attracting inward investment and
foreign / offshore business is through its reputation of having a high quality of life associated with
its landscape, socio-environmental and economic systems. The effects of climate change on the
Island will impact on many of the contributing factors to the quality of life and character of the
Island, which will indirectly affect the economy and business as a whole.

Existing building premises including shops, offices and factories are designed to historic climate
standards. In existing warm spells people already experience uncomfortable conditions in their
place of work. The impact of climate change will exacerbate this impact particularly in hotter,
warmer conditions. Internal temperatures above 25oC will become more frequent, the
temperatures above which performance and business productivity drops and employees
complain about their working conditions.12

Companies with staff working outside will need to consider the health and safety implications of
increasing temperatures and exposure to UV radiation. Food preparation, public health and
hygiene issues will become an increasing issue under higher temperatures during both winter and
summer.

All business should be aware of the increasing risk of disruption to support services, including
transportation. Even if not affected directly – business may suffer through indirect effects to their
supply chains (both on and off the Island).

Businesses will face increasing insurance premiums resulting from disruptions to their business
and damage to their property and assets. Businesses need to adopt a risk management approach
to ensure their processes and operations are resilient to climate threats and to make the most of
opportunities arising.

An interesting feature of the Isle of Man’s economy is its openness – in that the bulk of income
used to fund domestic consumption is generated from exporting goods and services (primarily
financial services). The performance of the island’s economy is therefore strongly linked with
global events and economic conditions in trading partners (particularly in the UK). Further
consideration of the effects of climate change on global economic issues and the consequential
impacts on the Isle of Man is provided in technical paper 9.

The Isle of Man, in comparison with some other offshore financial service centres around the
world, is likely to be at a lower risk from the effects of climate change e.g. the Cayman Islands and
the Bahamas. This may provide the Island with a growing competitive advantage and increasing
attractiveness to international financial services companies. It can be expected that that such
companies when carrying out their due diligence before locating to the Isle of Man, will assess
government strategies and climate risk management measures before relocating or continuing
business on the Island.

Businesses face different risks as a result of climate change, depending on the markets in which
they operate and their geographic location. There are essentially five broad categories of climate-
related risk to which businesses (and investors) are exposed:

12
Hacker, JN, Belcher, SE & Connell, RK (2005). Beating the Heat: keeping UK buildings cool in a warming climate. UKCIP Briefing

Report. UKCIP, Oxford.
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 Regulatory Risk: Policy measures adopted at the international, national and local level
will have direct (financial) implications for businesses and sectors.

 Physical Risk: The physical impacts of climate change (including storms, floods,
droughts and sea level rise) will directly affect some sectors and businesses – especially
those that are heavily dependent on the physical environment, water and weather.
Sectors at particular physical risk include: agriculture, insurance, real estate, tourism,
water, health care, and transport.

 Litigation Risk: Just as the tobacco and asbestos industries faced lawsuits for the
impacts they caused, it is always possible that businesses responsible for significant
amounts of greenhouse gas emissions could be held liable for damages arising from
climate change. Failure to take into account a changing climate will place Companies,
directors and their professional advisors at risk of future legal action.

 Competitiveness Risk: Businesses that fail to proactively take measures to adapt and
mitigate climate-related risks may place themselves at competitive disadvantage
relative to competitors that do so.

 Reputational Risk: Businesses that are viewed negatively may find themselves
damaged in markets where the general public is concerned about climate change.

These potential risk exposures need to be recognised both at Government and at corporate levels
and included within risk assessment procedures.

Examples of potential risks

 Increasing insurance and regulatory costs for business
 Impacts of climate change on regional and worldwide markets for financial services
 Business continuity
 Health and safety implications for workforce
 Disruption to business and supply chains and transportation systems by extreme events

Examples of potential opportunities

 Indirect impacts from outside /external climate change impacts on the Island – Isle of Man
may have a competitive advantage

 Opportunity for the Isle of Man to provide business continuity support facilities for major
financial companies affected by extreme events around the world.

 Changing markets and demands for good and services

Potential adaptation options

 Due diligence and corporate governance procedures to include climate risk assessments
 Stress-testing decisions against alternative climate scenarios
 Planning and design requirements for buildings
 Assess potential costs over a longer time horizon
 Awareness raising within the business community
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4. Tourism
Characterisation

The Island's tourist market has moved away from the traditional main family holiday market
and is now focused on short breaks and "niche" sectors including special interests and
events e.g. the TT races, heritage, conferences, culture, other leisure activities or general
enjoyment of the countryside. .

Tourism contributed over £110m to the Isle of Man economy in 2004. Tourism marketing
efforts emphasise the landscape value and the environment of the Isle of Man. Adverse
climate change impacts on these sectors will have a significant knock on effect on the
industry. Over 3000 jobs are supported by tourism or tourist related industries.

An important issue to consider is that the financial services sector also relies heavily on
many support services whose primary function was to support tourism, e.g. shopping,
accommodation, restaurants, transport etc.

The Department of Tourism and Leisure is responsible for marketing activities both on and
off the Island. The Department owns a substantial property portfolio and plant
infrastructure including the Villa Marina and Gaiety Theatre Complex, the National Sports
Centre, the Wildlife Park and bus and rail networks, vehicles and buildings. Recent
developments that have been completed include refurbishment of the airport (£11m) –
under the stewardship of the Department of Tourism - and the National Sports Centre at
Douglas (£20m) and the refurbishment of the Villa Marina (£15m). Extensive investment
has taken place in new facilities, accommodation, retail shopping developments and other
aspects of the basic tourist infrastructure.

Some companies have diversified e.g. the Laxey Towing company operates a tourist boat in
summer in addition to its marine support activities, providing an all year round business.
Another example is the company Protours who provide coaching holidays as well as
running school buses.

Various tour operators provide holidays direct to the Isle of Man. These are mainly
orientated at the short break market.



Isle of Man Climate Change Scoping Study 26

Stage 1 and 2: Tourism

Defining the issue
Tourism
Response

Tourism plays a critical role in supporting the other sectors of the economy on the Island and also makes a significant contribution to the Island’s economy.

The aim of the Department of Tourism and Leisure is to support the industry in order to grow the contribution tourism makes to the economy. The main
objectives are to increase tourism throughout the year and develop the conference market. The aim is to attract a ‘wealthier’ tourist trade and as a result
increase spending per visitor. A key area that was identified for improvement is the quality of existing accommodation and the provision of what are
known as ‘comfort factors’. A new Tourism Bill is currently being developed to be brought forward during the next parliamentary session.

Competition from destinations outside the Island was seen as an issue and linked to this was the requirement that accessibility on and off the Island
needed to be improved. This included adding more entry routes, minimising waiting times and ensuring that the cost of travel is reasonable.

The Douglas Promenade area is the most important area for tourist accommodation. Many buildings are already susceptible to flooding from storm surge.
The tourist industry is affected generally by business disruption during such events. Issues identified in the Department’s tourism strategy include:
 The Douglas Promenade redevelopment
 The redevelopment of the Summerland site, although there are no firm plans for the future of the site as yet.
 Identification of future maintenance needs and costs for older buildings to try and understand whole life costs.
 The TT centenary celebrations in 2007.

Repeat visits are an important source of income and contribute significantly to the number of visitors to the Island. Cost of travel to and from the Island
was identified as being a significant factor in attracting visitors to the Island, together with the need for large hotels and a diverse tourism industry. The
stakeholder workshops considered that climate was not an existing major issue for tourism.

The current strategy is to attract high-income spenders, but this needs to be supported by the right product development and marketing, excellent
accommodation, transport and services. Standards of service and quality within the tourism, retail and leisure are seen as important contributors to the
success of this strategy. There is recognition of the need for the government support in investment and industry training schemes – such as the Manx
Welcome Program, for those working in the hospitality industry.

Although climate change is not an existing main issue, the workshops identified areas where climate is already an issue, e.g. accommodation susceptible
to flooding in Douglas. The stakeholders considered that climate will become more of an issue with potential beneficial impacts on demand, although
these may be countered by issues of accommodation standards, environmental quality etc..
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The stakeholders at the workshop decided that the issue for consideration should be:

How can we provide the required infrastructure both now and in the future to support the growth of tourism in the face of climate change?

When considering the problem the following should be taken into consideration:
 Future development
 Maintenance of existing infrastructure
 Potential opportunities

Stakeholders include: hotel and guest houses etc. , the Department of Tourism and Leisure, business, private sector developers, general public, visitors to
the Island, development and planning stakeholders, trade and industry representatives, NGOs, DTI, Film Industry, Chamber of Commerce, hospitality
industry and tourism associations, retail sector, transport services, leisure facilities, and museums

Government objectives
 Stimulate sustainable tourism to optimise long-term benefits for the Island
 Make a significant contribution to the Island whilst projecting a positive national identity

Government Indicators / measures for these objectives could include:
 Visitor satisfaction surveys e.g. repeat bookings.
 Visitor spend
 Bed space information – occupancy levels
 Equivalent advertising value (EAV) of UK press articles
 Awareness and perception of the Island as a visitor destination
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Stage 3: Tourism impact matrix

Climate change impacts
Tourism Potential risks and opportunities

Related services (e.g. restaurants,
accommodation)

Tourist activities (e.g. nature tourism, marine,
eco-tourism, golf etc)

General

Increasing
summer
temperatures (H)

 Improved transport needed to
support tourism (A)

 Extended season opportunity
(A)

 Existing accommodation
cannot cope with increased
extremes and becomes
uncomfortable (A)

 Increased heat in visitor
facilities (A)

 Toxic algal blooms are already
monitored and shellfish
poisoning as could become an
issue for tourist eating shellfish.
The main scallop fisheries can
get closed due to algal blooms
(A / O)

 Expansion of café culture and
outdoor dining (A)

 Increasing risk of food
poisoning due to inadequate
food preparation and storage
procedures (S)

 More marine activity opportunities (A)
 Outdoor and water based activities increase

(A / S)
 Stressful for mammals (A) e.g. Curraghs Park
 Drying of moor land – change of vegetation

(A)
 Effects on coastal water quality – increase in

algal blooms / jellyfish numbers and beach
management may have negative effect on
tourism (A / S)

 Algal blooms may effect water colour so
having negative impact on water based
activities (S)

 Island becomes less attractive / beautiful. (A)
 Greater demand on water resources from TT races

as more tourists. (A)
 Increase burden on health service from tourists – of

sunburn and exposure to heat. (A)
 Increased fire risk in upland areas (O / R) 13

 Implications for emergency services (A)
 Air quality concerns and impact on respiratory

illnesses (A)
 Increase in intensity and frequency of extreme

events elsewhere e.g. heat waves, may increase the
demand for UK based tourism (S – South west)

 Increasing energy costs to keep buildings and
accommodation cool (A)

 Increasing energy costs to maintain temperatures in
food preparation and storage areas (A)

Increasing winter
temperatures (H)

 Lower energy costs for facilities
as a result of lower heating
demands

 Impact on fisheries (A)
 Increased demand for short breaks in winter

(S)
 Need for all year round tourist and leisure

facilities – no / reduced close season (S)

More extreme  Different menus (A)  Changes in our landscape may affect eco-

13 Climate change and the visitor’s economy. Challenges and opportunities for England’s Northwest. (2000). Sustainability Northwest (Manchester) and UKCIP (Oxford). McEvoy, D; Handley,
J; Cavan, J; Aylen, J and Lindley, S.
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high
temperatures
(H)

 Increase in food poisoning as
higher temperatures result in
higher levels of bacteria (S)

tourism and other outdoor activities (A)
 Drought effects on gardens / tourist

attractions (S)
 Recreational fishing may suffer in dry

summers (S)
Less extreme low
temperatures (H)

 Increase in tourism – potential
to exploit opportunity (A)

 A longer, more reliable summer season and
warmer winter, thus extending the tourism
season (S)

Higher winter
rainfall (H)

 Infrastructure damage due to
intense precipitation events –
increased risk of flooding (0)

 Wetter winters may be unattractive to visitors
countering warmer temperatures (A)

 Hotels on Douglas promenade already have
damp basements / cellars and are prone to
flooding (A)

 Cultural sites such as Rushen Abbey and
Castletown could become more vulnerable to
flooding (A)

 Impact of erosion of footpaths (A)

Less summer
rainfall (M)

 Potential decrease in water
resources available (A)

 Decrease in water quality (A)

 Increasing risk of fires in upland areas (O)

More intense
downpours (H)

 Infrastructure damage due to
intense precipitation events –
increased risk of flooding (0)

 Saturation of grounds e.g. sports facilities
resulting in increased drainage impacts
management costs and reduced usage (S)

Sea level rise and
increased coastal
flood risk (H)

 Infrastructure damage due to
increased risk of flooding (0)

 Impact on transport services

 Impact on marinas (A)  Loss of amenities e.g. beaches (A)
 Loss of beach – Port Erin (A)
 Loss of Douglas Promenade (A)
 Loss of heritage sites especially Castle Mona Hotel

(A)
 Sea level rise and flooding threatening coastal and

riverside facilities (S)
Possibly more
winter storms (L)

 Service disruption (A)
 Sea travel difficult – boats need

to be adapted (A)

 Impact on cruising boats and activity holidays
(A)

General  Basking sharks generate tourism, however will
they be there under climate change (A)

 Tourism – sea fishing is popular – how will this
change (A)

 Opportunity for diversification – new markets and
job creation (S)
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 Opportunities for increased prestige and
marketing based upon specialist tourism e.g.
green tourism (S)

Key
A = Accepted wisdom / Anecdotal evidence
O = Observed, the impact has already been seen
S = Information obtained from other scoping studies: source = providence unclear
R = Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High
M= Medium
L = Low
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Stage 4: Tourism adaptation options

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing
standards
regulation /
policy
institutional

 Ensure that climate change impacts are
considered in refurbishment of
accommodation

 Review building regulations
 Review land-use planning policies to

encourage farm diversification and
development of holiday
accommodation (win-win)

 Provide incentives for more environmental friendly take away
food packaging (low regret)

 Monitor and review food hygiene, preparation and storage
procedures – introduce new standards

Research / Data
collection /
Monitoring

 Monitor changes to identify and
promote new opportunities

 Landscape assessment to identify at
risk areas and tourist ‘carrying capacity’
(No Regret)

 Review impacts on tourist
accommodation (win-win)

 Research on impact of climate change on golf course
maintenance (win win)

 Market research on future opportunities for tourism, e.g.
marinas, eco-tourism, short-breaks, culture, conferences (no
regret)
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Educational /
Behavioural
change /
Awareness
raising / working
in partnership

 Education regarding moor land fires
and the potential impacts

 Review tourist industry staff training
schemes

 Identify best practice examples and raise profile of Island (win
win)

 Continued
professional
development – could
consider climate
change as part of CPD
for tourism and
related industries
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Spread /Share
loss

 Design in cooling mechanisms for
buildings in new build.

 Unreliable ferry service in variable weather (low regret)

Accept impacts
and bear Loss

 Introduce air conditioning in hotels and guest houses – accept
energy costs and potential emissions impacts (flexible)

 Loss of amenity in some areas will be irreversible e.g. specific
beach locations and specific buildings. Maintain for as long as
possible.

Prevent effects:
structural /
technological

 Introduce measures to provide further
protection of landscape i.e. footpath
erosion and fire risk

 Ensure IoM airport runway extension –
takes into account future climate
impacts (low regret)

 Plan for effective water supplies under drier summer conditions
(win win)

 Design engineering solutions to address risk of transport links
being disrupted by flash floods / erosion

 Allow for sea level rise in harbour development (low regret)
 Encourage improvements to buildings to cope with excessive

heat in summer and / or wet weather in winter
 Develop TT road surface and facilities to withstand extreme

temperatures, precipitation etc.. (win-win)
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Avoid / exploit
changes in risk

 Encourage diversification of agriculture
industry to provide more
accommodation (low regret)

 Focus marketing on positive impacts arising from climate
change (win-win)

 Exploit higher summer temps and opportunities for increase in
demand for tourism (win win)

 Opportunities for specialist holidays with outdoor activities
Make best use of landscape ecological change to maintain
recreational use of the landscape. Adapt locations and activities
(win win)

 Motor sports may need to refocus for weather infrastructure
reasons

 Develop / expand facilities for water based recreation (win-win)
 Specialised holidays by changing land use and diversifying into

habitats for key species. (win win)
 Provide fiscal incentives to tourist industry to improve

accommodation (win-win)



Isle of Man Climate Change Scoping Study 33

acclimatise commentary

The risk of flooding in Douglas and its potential impact on tourism is already an issue for
the Isle of Man. The risks and the financial costs will increase under the climate change
scenarios. (In technical paper 7 an analysis of the potential costs of an extreme event has
been undertaken which will provide further guidance on this issue). Increasing summer
temperatures and more extreme high temperatures will have implications for the cooling
of buildings (accommodation, leisure and tourist attractions, restaurants etc.) Designing in
climate resilience now will ensure that the infrastructure is robust for the future.

The tourist sector is reliant upon supporting services and infrastructure on the Island,
which also need to be resilient to climate change. If climate impacts are not considered
then the levels of services to tourists and visitors may decline. Increasing temperatures for
example will have impacts for food hygiene, food preparation and storage; maintaining
high standards in these areas is vital if the Island is to meet its strategy of developing a
tourism industry based on high-income visitors.

Baseline data indicates that the tourist sector is currently less reliant on good weather as
most visits to the Island are event or activity driven. Increases in temperatures throughout
the year together with a warmer and prolonged summer season may provide additional
opportunities to develop tourist related events and activities. However there may be
disadvantages associated with increased visitor numbers, e.g. impact on transport
infrastructure and other supporting services.

Tourism is intrinsically linked with the natural resources and landscape character of the
Island. Changes in these areas will have impacts upon the industry. Increases in tourism
will also in increase the stress upon these areas. A recent study undertaken in the north-
west of England14 highlighted the consequential risks for the environment, e.g. footpath
erosion, heath and moorland fires, associated with a changing climate and increasing
visitor numbers.

The study also noted:

“Until recently, the common belief that the warmer, drier summers brought about
by climate change would stimulate a boom in visitor numbers, has not been
questioned. However, the relationship between climate and visitor demand is
complicated, and the economic opportunities may not be this straightforward.
Although based on limited data, the research findings suggest that recreational
behaviour in the Northwest appears to be fairly resilient to the weather – this
resonates with other recent research findings internationally. Climate influence on
visitor behaviour is more likely to be overshadowed by socio-economic trends,
particularly how we choose to spend our leisure time in the future.”

14 McEvoy, D., Handley, J. F., Cavan, G., Aylen, J., Lindley, S., McMorrow, J. and Glynn, S. (2006). Climate C hange and the
VisitorEconomy: the challenges and opportunities for England’s Northwest,Sustainability Northwest (Manchester) and UKCIP
(Oxford).
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Examples of risk

 Visitor facilities and accommodation may need to be upgraded to provide expected
levels of service under higher temperatures.

 Increased risk of upland fires
 Increase in the risk of food poisoning arising from the impact of higher ambient air

temperatures on food hygiene, preparation and storage.
 Impact of storm surge on main accommodation areas in Douglas.

Examples of opportunities

 Expansion of café culture and outdoor dining
 A longer, more reliable summer and warmer winter extending the tourist season
 New markets in specialist activity/event holidays based on water sports/leisure and

eco-tourism

Potential adaptation options

 Fiscal incentives to encourage improvements to buildings to cope with excessive
heat in summer and / or wet weather in winter

 Monitor and review food hygiene, preparation and storage procedures – introduce
new standards

 Landscape assessment to identify at risk areas and tourist ‘carrying capacity’
 Review land-use planning policies to encourage farm diversification and

development of holiday accommodation
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5. Society and culture
Characterisation

The resident population is currently approximately 76,000 with 31,500 households.
Douglas accounts for over a third of the resident population and over 32% of households.
Recent government policies aimed at attracting people of working age to the Island has
had an effect on correcting an imbalance in the demographic age profile, reflecting the
large percentage of retired people in the resident population.

The age structure currently is:
 children (0-15): 19%
 working age (16 –64 – Males; 16 –59 –females): 61.7%
 retirement Age (65+ Males; 60+ females): 19.3%

The immediate priority for the government is the development of a strategy for children
and young persons, which delivers co-ordinated action across relevant and public sector
agencies.

Events celebrating the Manx culture such as Yn Chruinnaght (inter celtic festival), Cooish
and Shennaghys Jiu are supported and promoted across the Island. One of the most
important events is Tynwald Day. These events not only serve to promote and protect the
Island’s unique culture and heritage but also play a role for the tourism industry.

The Island has achieved a reputation for educational excellence and strives to maintain this
reputation. The Government, through the Department of Education, is responsible for the
provision of school age education on the Island, and plays an important role in the
provision of tertiary education. There are strong links with the UK in education issues
including, curricula, public examinations, the use of external inspectors, and teacher
training.

Fifteen non-Tynwald members make up the Board of Education, which is elected every five
years. The main purpose of the Board as a collective body is to advise and submit
recommendations to the Department of Education on matters of educational policy and
the needs of the statutory system of public education on the Island.

Education infrastructure covers:

 Primary Schools: 35 schools; ~6,600 pupils
 Secondary Schools: 5 schools; ~5,600 pupils
 Isle of Man College: 735 full-time students, 4,633 part time vocational and 2,932

part time recreational and leisure.
 Other: 18 play clubs, 24 youth clubs, 28 special projects.
 2 Outdoor Education centres, other centres (music, in-service training, career

centre)
 Noble Hall Library and Mobile Library
 International Business School
 1,200 students supported at university’s in the UK and in other countries
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Stage 1 and 2: Society and culture

Defining the issue
Society and culture
Response

Education is the building block for the future of the Island and continued economic progress. A key strategy for the island is to continue to improve the
lives, health and welfare of all young people and children. Protecting and developing the Island’s national identity and cultural heritage underpins many
of the Government’s strategies. Achieving international recognition and acceptance of the Island’s unique constitutional, cultural, commercial and social
identity is a key policy.

The main objectives are to raise the standards of schools even further and support school improvement. A key part of this is also to respond to changes
taking place outside the Island that will affect Island residents. Information, communication and technology (ICT) is an important part of education
provision and there is a need to continue to develop high levels of access to and use of ICT. Consideration is being given to the construction of a new
secondary school to meet increasing student numbers. Upgrades and improvements of existing schools are also being considered.

The stakeholder workshop defined the key issue as:

How can we provide the required educational skills and environment so that the Island can survive, prosper and achieve economic growth in the
face of climate change? How can we preserve the quality of life on the Island in the face of climate change?

When considering this issue the following should be taken into consideration:
 IT infrastructure
 Education buildings
 Awareness raising
 Future business requirements
 Protection and development of Island’s national identity
 Encouragement to stay on the Island – maintaining the high quality of life
 The impact on different ages
 Communications
 Social support systems – the role of the voluntary sector

Although climate change is not the main driver for the current issues confronting society and culture on the Isle of Man. the services and infrastructure
that supports this sector can and will be affected.

Maintaining the high living standards and the Island’s reputation for its quality of life are essential. These are seen as providing the Island with a
competitive advantage in attracting investment, new businesses, and skilled employees, and in the development of the tourism industry.
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Stage 3: Society and culture impacts matrix

Climate change risks
Society and Culture Potential risks and opportunities

Quality of Life Supporting Services
Increasing summer temperatures (H)  Lifestyles and health may benefit from a move to a more outdoors

culture throughout the year, providing that the potential adverse
health impacts from increased exposure to sunlight and air
pollution are limited (A)

 Increased temperatures in urban / public areas (A)
 Café culture could be developed (A)
 More outdoor activities undertaken (A) leading to a healthier

population

 Buildings become uncomfortable to work in,
schools in particular are not designed to cope
with higher temperatures (A)

 Employee efficiency levels decrease in hot
temperatures (O)

 School playgrounds do not have sufficient shade
cover (A)

Increasing winter temperatures (H)
More extreme high temperatures (H)  Impact on vulnerable sections of society: the elderly, young

children, those with respiratory illnesses (O)
 Overload voluntary sectors – ability to cope (O)

Less extreme low temperatures (H)
Higher winter rainfall (H)
Less summer rainfall (M)
More intense downpours (H)  Increased flooding can be stressful in particular to children. Such

behavioural and emotional impacts are likely to affect children’s
educational performance 15 (S)

Sea level rise and increased coastal
flood risk (H)

 Physical disruption to life during and following an extreme event
 Impact on reputation of Isle of Man – extensive (potentially

adverse) media coverage of an extreme event

 Disruption to social and cultural systems
 Overload voluntary sectors – ability to cope

Possibly more winter storms (L)  Physical disruption to life during and following an extreme event
 Impact on reputation of Isle of Man – extensive (potentially

adverse) media coverage of an extreme event

 Disruption to social and cultural systems
 Overload voluntary sectors – ability to cope

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear
R = Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High M= Medium L = Low

15 Shackley et al (2001) Changing by Degrees: The potential impacts of climate change in the east midlands
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Stage 4: Society and culture adaptation options

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 All new builds need to be climate
proofed

 Define building standards for
comfortable indoor environments

Research / Data collection /
Monitoring

 Research on how to deal with flooding
stress and supporting services that
might be required

 Identification of vulnerable groups in
society and action plans developed for
extreme events

 Develop a policy on ‘sustainable’
schools – test policies against climate
scenarios

 Identify buildings at risk – unable to
provide comfortable indoor
environments

 Undertake research into and then
monitor Isle of Man quality of life
indicators

 Examine potential correlation
between ‘climate change’ and
‘quality of life’ indicators
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Climate change can be an interesting
and informative topic for the
curriculum. It covers a range of topics
and can be approached quantitatively
and qualitatively

 Awareness raising of heat stress
Spread /Share loss  Provide shade in school playgrounds /

trees on streets and provide more
shade in public areas.

 Develop and implement action plans
for dealing with vulnerable groups in
society in the event of extreme events

Accept impacts and bear Loss
Prevent effects: structural /
technological

 Ensure IT equipment is protected from
heat and floods

Retrofit existing buildings to withstand
extreme high temperatures and warmer
summers
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Avoid / exploit changes in
risk

 Change in scheduling of the school day, -
starting earlier and earlier finish

 Introduce more flexible working hours in
summer months
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acclimatise commentary

There is a strong national identity on the Island and this should be considered an important
aspect when considering climate impacts. The determination and pride in the Manx
national identity has created a natural resilience, which may prove to be of wider benefit in
meeting the challenges of climate change. Small island states are often acknowledged as
being particularly exposed to the potential impacts of climate change, a point noted by the
Intergovernmental Panel on Climate Change (IPPC):

‘small island states clearly are a vulnerable group of countries and hence are significantly
at risk from climate change’16

The Isle of Man’s unique political, social and economic position with regard to the UK and
the EU has led to the development of a culture of ‘adaptive capacity’ and self-reliance. This
culture, supported by a strong national identity and natural resilience, will help the Island
adapt and manage the climate risks and opportunities.

Social changes play a significant role in how much impact climate change will have on the
Isle of Man, as already demonstrated in technical report 6 which looks at the impact of
future socio-economic scenarios.

Education plays a vital role in securing the future of the Island. Raising awareness within
children is a major adaptive action. The Isle of Man should carefully examine opportunities
for building adaptive capacity through education.

Further research on the affect of a changing climate on social services and support
organisations (particularly the voluntary sector), social structures, and on the culture of the
Isle of Man is desirable.

Examples of risk

 Impacts on vulnerable sections of society: the elderly, young children, and those with
respiratory illnesses

 Impact on reputation of Isle of Man – extensive (potentially adverse) media coverage of
extreme events

 Voluntary social service and support organisations ability to cope in extreme events

Examples of opportunities

 Lifestyles and health may benefit from a move to a more outdoors culture throughout
the year, providing that the potential adverse health impacts from increased exposure
to sunlight and air pollution are managed

 The Island’s response to the challenge of climate change may reinforce ‘national
identity’

16 IPPC Intergovernmental Panel on Climate Change reports http://www.ipcc.ch/
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Potential adaptation options

 Identification of vulnerable groups in society and action plans developed for extreme
events

 Engaging children through the education curricula. Climate change can be an
interesting and informative topic for covering a range of topics and can be approached
quantitatively and qualitatively.

 Examine potential correlation between ‘climate change’ and ‘quality of life’ indicators
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6. Historic environment
Characterisation

The Isle of Man is set in the Irish Sea, midway between England, Scotland, Northern Ireland
and Wales. It is also known also as "Mann" and has the oldest continuous parliament in the
world called Tynwald.

Manx National Heritage is the national heritage organisation for the Isle of Man, recognised
as a unique organisation in Europe for the range and quality of its service to the
community. Manx National Heritage (MNH) has a role in providing to the people resident in
the Island, its visitors, and particularly the young, accurate information and knowledge
about the history, culture and development of the Island. The promotion of the Island’s
history draws together the National Museum Service with 13 major interpretation sites, an
increasing National Trust landholding, the National Art Gallery and National Archives and
Library. The development of these links plays an increasingly important part in helping to
develop the Island’s international identity and image.

A new heritage centre, the House of Mannan, was opened at Peel in 1997, to present the
Island's Viking, Celtic and maritime history. It enhances "The Story of Mann" – which is
marketed throughout the UK and abroad by the Department of Tourism and Leisure in
conjunction with Manx National Heritage.

A number of historic sites have been developed to support the growing interest in the
Island’s historic culture, including the Manx Museum, Peel Castle, Castle Rushen, the old
Grammar School, the Nautical Museum, Rushen Abbey, Cregneash Folk Village, Grove
House and gardens, the Great Laxey Wheel and mines trail and the old House of Keys.

The development of these services has been made possible by the strong support of the
Manx Government and the Friends of Manx National Heritage. There are also academic
studies, which can be undertaken within the Centre for Manx Studies, in partnership with
the University of Liverpool and the Department of Education.

Important international heritage links are being developed, for example, with Norway and
other “Viking Heritage” regions and the development of the new Agreement for Cultural
Co-operation with the UK Museums.
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Stage 1 and 2: Historic environment

Defining the issue
Historic environment
Response
Manx National Heritage exists independently by Statute on behalf of the Manx community to preserve, protect, promote and communicate the unique
qualities of the Manx natural and cultural heritage.

Three key objectives of the Manx National Heritage are:

 community involvement in Manx heritage to a level which guarantees the permanent retention of these unique assets for the benefit of present and
future generations, thereby providing for the continuing security of the Manx identity.

 a platform for national pride and concern for the Island’s heritage which is actively promoted to the Island’s educational community at all levels in a
positive and enriching way.

 a focus for marketing the Island in a prestigious and attractive way by presenting an image of one of the most concentrated and best cared for historic
landscapes in Europe.

The need to ensure the cultural and historic basis of Manx identity remains a prime objective of Manx National Heritage, together with the development of
opportunities to promote the international prestige and image of the Island.

The 2002 storm surge highlighted current vulnerability of heritage (built and non-built) especially in low-lying areas.

The ‘save all’ approach to the historic environment needs to be re-evaluated. It is not realistic to conserve anything forever or everything for any time at all.
Value and significance must also be part of future planning of the historic environment faced by a changing and worse ning climate.
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Stage 3: Historic environment impacts matrix

Climate change risks
Historic
Environment

Potential risks and opportunities

Materials Site Location
Increasing summer
temperatures (H)

 Longer sunlight hours can increase the photochemical
degradation of polymers used in both modern construction
and the restoration of ancient buildings17 (R)

 Building decay accelerated as a rise in temperature could lead
to an increased rate of chemical attack on certain structures
and fabrics (R)

 The drying out of historic fabric is far more complex than
modern buildings. Much of it cannot and must not be replaced
after water damage.18 (R)

Increasing winter
temperatures (H)

 Insect damage and vegetation growth may increase. A warmer climate
may introduce new pests into the country or stimulate the movement
of current problem species. Being aware of such potential problems
would mean that preventative measures suitable for heritage
structures and materials could be introduced before pests become
established within them 18 (R)

More extreme high
temperatures (H)

 Drier compacted soils are likely to increase the risk from subsidence;
therefore vulnerable sites will require stability assessments and
protective measures 18 (R)

Less extreme low
temperatures (H)
Higher winter
rainfall (H)

 Alteration in seasonal and annual rainfall will change the length
of time during which surfaces are wet, affecting surface
leaching and the moisture balance that influences material
decay processes.17 (R)

 In most materials, a rise in relative humidity causes an increase
in deterioration, due to prolonged wetness time, higher
deposition rates of pollutants and more favourable conditions
for microbiological activities (R)

 Increased rainfall rates could cause serious site drainage issues from
rising water tables, and higher levels of moisture and damp could
increase biological attack or other forms of decay such as salt
mobilisation 18 (R)

17 http://noahsark.isac.cnr.it/ Global Climate change impact on Built heritage and cultural landscapes.

18 UKCIP report: Building knowledge for a changing climate. The impacts of climate change on the built environment www.ukcip.org.uk
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Less summer
rainfall (M)
More intense
downpours (H)

 Increased winter rainfall and storminess, particularly in exposed
areas, is resulting in water-saturated building fabrics.17 (R)

 If changes in water table chemistry result from a fall in water table
height, or from seawater incursion, certain areas may see a change in
the pattern of damage from rising damp.19 (R)

Sea level rise and
increased coastal
flood risk (H)
Possibly more
winter storms (L)

 An increase in wind velocity may affect materials deterioration
in several ways. Increased eddies and flows around historic
buildings can increase the deposition rates of both gaseous
and particulate pollutants, as well as strengthening the effect
of driving rain. A very serious effect may be an increased
transport of sea salt inland, which can substantially enlarge the
areas along sea coasts affected by marine aerosols.17 (R)

 Potential changes in local wind regimes could cause increased
structural damage and abrasion from airborne particles, together with
moisture penetration problems from wind driven rain.18 (R)

 Many processes affecting the conservation of archaeological and
historic sites do not occur at regular intervals, but are concentrated in
episodic outbursts related to the presence of extreme events, such as
severe storms, carrying both water and dust. As examples, frequent
repetition of floods and windstorms accompanied with landslides and
fires have affected large and rich cultural heritage areas, e.g. in Italy,
Turkey, Bohemia. The frequency of flooding will increase in many
areas of Europe.17 (R)

General  Elevated ultra-violet radiation levels and light intensity could
result in increased deterioration of fabrics and materials.18 (R)

 Although legislation has greatly reduced concentrations of
'traditional' air pollutants in cities, the changing climate may
enhance the effects of some of them. In particular, changes in
wetting and drying cycles on building surfaces may alter the
deposition of acidic gases onto the surface

 Increasing atmospheric concentrations of carbon dioxide and
other trace gases alter air chemistry and influence chemical
reactions.17 (R)

 An increase in sun radiation may accelerate the deterioration of
organic materials, such as paint coatings, and materials used
for consolidation of stone materials17 (R)

 Controlling pollution from increased agricultural run-off may also
become a more serious issue for some buried sites.18 (R)

 Plant physiology and distribution changes were also a cause for
concern. ‘Changes in vegetation cover will greatly affect the survival of
buried sediments and artefacts and ecofacts. Deep root penetration is
very damaging to structures and sediment boundaries.’ There may
also be a problem of dewatering by transpiration, and loss of
vegetation cover through drought could also exacerbate erosion. 19 (R)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R
= Research work has been undertaken that demonstrates this impact
Confidence levels based on the UKCIP02 scenarios9 H = High M= Medium L = Low

19 Climate change and the historic environment. UCL . May Cassar. www.ucl.ac.uk/sustainableheritage/climatechange/climatechangeandthehistoricenvironment.pdf UCL center for
sustainable heritage. Dec 2005.
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Stage 4: Historic environment adaptation options

Adaptation Type Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

Research / Data collection /
Monitoring

 Need to consider the susceptibility of different materials to
the likely future climate. In terms of characteristics such as
thermal capacity and moisture transfer, materials such as
earth, stone or wood have widely varying responses to
changing local conditions. Both external and internal
finishes, such as painted finishes, may be affected in
different ways. For structures built using traditional or
unconventional construction techniques, we need to
better understand these methods and how they can be
refined for the future.18

 Record what’s there before it goes - so have record for the
future and prioritise protection measures

 Identify sites at risk from subsidence and vulnerable sites
will require stability risk assessments and suitable
protective measures

 Identify sites at risk from flooding and increasing winter
water table levels / rising damp

B
ui

ld
in

g
A

da
pt

iv
e

C
ap

ac
it

y
(B

A
C

)

Educational / Behavioural change
/ Awareness raising / working in
partnership
Spread /Share loss
Accept impacts and bear Loss  Leave buildings as too costly too preserve
Prevent effects: structural /
technological
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Avoid / exploit changes in risk  Put in structural methods to prevent inundation from
floods / storms

 Move assets
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acclimatise commentary

Recent extreme events have highlighted the existing vulnerability of the Island’s historic
assets to the weather. Under climate change this vulnerability may be increased and
further exacerbated by seasonal changes.

The impacts of climate change may question the ‘save all’ approach to the historic
environment to be reviewed, as it may not be realistic to conserve all features for posterity,
particularly those on coastal sites. Value and significance must also be assessed when
reviewing the impacts of climate change to ensure that resources are used effectively.

Existing baseline data for each site should be reviewed to identify potential climate
sensitivities and impact thresholds. A programme of historic site routine monitoring would
allow deterioration rates to be tracked and provide further information on climate impacts.

There is a great deal of information regarding the impacts of climate change on the historic
environment, although there is little supporting information on adaptation options.
Further research and assessment of suitable options for individual sites or buildings is
required. Although generic ‘options’ guidance will be beneficial, it is important that risk
assessments are undertaken at a site specific level to identify the most appropriate
adaptation action.

Examples of risk

 Building decay accelerated as a rise in temperature may lead to an increased rate of
chemical attack on certain structures and fabrics

 Increased winter rainfall and storminess, particularly in exposed areas, resulting in
water-saturated building fabrics

 Drier compacted soils are likely to increase the risk from subsidence; vulnerable
sites will require stability assessments and protective measures

 Increase in damage from increasing visitor numbers

Examples of opportunities

 Increase in visitor interest in the Isle of Man’s history and culture providing
additional revenue

 Drier summers and changes in crop patterns may expose previously unknown
archaeological sites

Potential adaptation options

 Need to consider the susceptibility of different materials to the likely future climate
 Identify sites at risk from subsidence - vulnerable sites will require stability risk

assessments and suitable protective measures
 Identify sites at risk from flooding.
 Assess potential adaptation options.
 Review baseline data for historic sites and review against climate change impacts to

identify knowledge gaps.
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7. Health
Characterisation

The Isle of Man enjoys a comprehensive National Health Service with better standards than
the UK. Healthcare takes a high priority in the Government’s expenditure plans, reflected
in the quality of the excellent services offered. The hospitals are well equipped and there
are resident consultants in most specialities. Under a reciprocal arrangement with UK
covering health and social benefits, new residents to the Island are entitled to the full range
of health care services as soon as they take up residence.

The health services division general policy is to promote the establishment of
comprehensive programmes of health promotion, treatment and care. These programmes
are designed to secure improvement in the physical and mental health of the people of the
Island, and the prevention, diagnosis and treatment of illness.

The social services division provides specialist advice, guidance, assistance and services to
persons who are unable to sustain a reasonable quality of life.
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Stage 1 and 2: Health

Defining the issue
Health
Response

Health and welfare are critical to the well being of the population. Health and Social Security delivers a national health service, social care programmes
and the social security benefit system. The health department sees the key challenges are access to services, recruitment and retention of staff, the new
GP, dental and pharmacy contracts, together with the health and well being of the population. Social security’s key challenges include the provision of a
modern benefits programme, promotion of benefits available, ensure IT is used to its best effect, incentives to work are continued, retirement income
planning strategy is devised and unemployment is kept at low levels.

A new IT strategy is to be implemented to provide the required performance management information. The development of health infrastructure is
defined to include upgrades and development of existing and new buildings.

On the Island, almost half the number of deaths is caused by diseases of the circulatory system (as in the UK and elsewhere). This category includes both
Coronary Heart Disease and Cerebrovascular Disease. The next leading cause of death is cancer, accounting for around a quarter of all deaths in the
Island (Information based on year 2000 in the Health Strategy 2003).

The key issue to be addressed is:

How can we deliver comprehensive programmes of health promotion, treatment and care to secure improvement in the physical and mental
health of the people of the Island in the face of climate change?

When considering the problem the following should be taken into consideration:
 Air quality
 Increased sun exposure
 Infrastructure
 Effects on different population
 Damp houses and health
 Stress

It thought that there is already an issue with sun exposure as the incidence of skin cancer is higher than average when compared to similar regions in
the UK. Hence this indicates that the problem to a certain degree may already involve managing present day climate. Data has not been able to be
established for the influence of other present day climate variables.

The main driver is not climate change but as indicated above climate may already be a part of the problem and could potential become a larger factor
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in the future. Increased temperatures could pose considerable risks as temperatures effect vulnerable populations. Increased temperatures can lead to
higher mortality rates, increased air pollution problems and increased sun exposure.
Indirect effects may have to be dealt with such as stress from flooding events.

Key stakeholders are social services, the health service, Department of Health, GPs, Dentists, Doctors, Pharmacies and the general public.

The key objectives are:
 To maintain and, where necessary, improve the physical and mental health of the people of the Island through prevention and treatment of illness,

disease and disability.
 To provide a comprehensive and readily available range of acute health services.
 To achieve greater awareness of the benefits of a healthy lifestyle.
 To provide a comprehensive programme of benefits, which is effective in, meeting genuine need, encourages independence and provides

incentives to work.

The indicators / measures for these are:

 Monitor hospital waiting lists and take action as appropriate to achieve performance targets in relation to ‘waiting times’
 Average number of deaths per year of persons under 75 as a % of total deaths.
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Stage 3: Health impacts matrix

Climate change
Health Potential risks and opportunities

Increasing
summer
temperatures (H)

 Risk of increased exposure to sun radiation (S)2

 Increased risk of skin cancer (S)
 Increased risk of heat exhaustion and dehydration (S)
 Risk of heat stress in participants in summer sports (S)
 Increased risk of food poisoning, including shellfish

poisoning (A / S)
 High temperatures have significant adverse effects

on mortality and morbidity. In the UK, heat-related
deaths begin to occur when mean daily temperature
rises above the minimum mortality band of 15.6-
18.6 C̊.20 (R)

 Food poisoning is associated with warm weather.
The predicted increase in UK temperatures is likely to
be accompanied by an increase in cases of food
poisoning.20 (R)

 Increased need to emergency services on
beaches to provide medical help for sun
affiliation and water rescues (A)

 Risk of heat stroke (S)
 Increased risk of air pollution (A)
 Increase risks of asthma attacks (A)
 Possible increase in workplace accidents

and heatstroke (A)
 Reduction in the season for the RSV virus

which has been ending about 2 to 3
weeks earlier for each degree rise in
regional annual air temperatures, but
rising temperatures have not affected
the onset of the season. 21 (R)

 Increase in road accidents (R)

 Need for more environmental
health officers and laboratories
to monitor abattoirs m food
supplies etc for potential food
risks (S)

 Tendency towards eating
healthier foods in warmer
weather (S)

 Fresh healthy and locally
produced food available for a
longer period (S)

 More opportunities for outdoor
activities, with associated health
benefits (S)

 Increasing visits to GP due to
increase length of asthma season
/ increasing pollen in the air

 Increase in hay fever as there
may be an earlier start date for
tree pollen and a more severe
grass pollen problem22 (O)

Increasing winter
temperatures (H)

 Increased pests and vermin surviving the winters (A /
S)

 Reduced winter die off of bacteria and viruses (S)

 Less risk of accidental injury by slipping
on ice (S)

 The timing of spring budding has
advanced in recent decades and hence

 Increased pollen production and
increased plan reproductive
effort under elevated CO2
conditions 23 (R)

20 Health effects of climate change in the UK. Department of Health April 2001

21 Donaldson,G.C. 2006. Climate change and the end of the respiratory syncytial virus season. Clinical Infectious Diseases 42:677-679

22 Article from independent online May13th 06. ‘Why global warming is to blame for Britain's hay fever epidemic’
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the allergenic pollen season for spring
flowering plants has also begun earlier23

(R)
More extreme
high
temperatures (H)

 Heat waves, unhealthy air masses, high heat indices
(a function of temperature and humidity), plus lack of
nighttime relief all affect respiratory and cardiac
conditions and mortality.23 (R)

Less extreme low
temperatures (H)

 Less ill health due to living in what are currently cold,
damp conditions (S)

 Less carbon monoxide poisoning due to a reduction
in space heating requirements (S)

 Fewer deaths due to hypothermia (S)

Higher winter
rainfall (H)

 Increased incidence of mould growth and associated
health risks (asthma, allergies etc), particularly in
poorly heated / ventilated housing (S)

 Health risks associated with sewage
systems overloads (S)

Less summer
rainfall (M)

 Risk of deterioration of water quality and supply (S)

More intense
downpours (H)

 Risk of long term psychological impacts on victims of
flood events (S)

 Risk to life and health through property
flooding (S)

Sea level rise and
increased coastal
flood risk (H)

 Danger of being swept to sea by unexpected high
tides and sea swells (S)

Possibly more
winter storms (L)

 Risk of personal injury due to falling or wind
propelled objects, or damage to infrastructure,
electric cables etc (S)

 Limited risk of direct injury due to weather
conditions (S)

 Personal injury from flying debris and
falling trees is likely to increase20 (R)

 An increase in traffic accidents is also
probable.20 (R)

Other  Climate change will alter the timing, production and
distribution of airborne pollen allergens. (R)

 Increased exposure to water-related pathogens in
other countries during travel from the UK.20 (R)

 Indirect effects due to increased exposure to water
used in air conditioning e.g. Legionella pneumophila20

(R)
 Decreased quality of drinking water (A)
 Exposure to ultraviolet radiation (principally UV-B

radiation) has a number of effects on health

 Floods foster fungal growth in houses (A)
 Floods foster other disease such as

Outbreaks of leptospirosis — transmitted
through contact with animal urine or
tissue or water contaminated by infected
animals — were associated with the
floods in 2002 when rodents fled their
flooded burrows and moved closer to
human dwellings (Mezentsev et al.
2003).23 (R / O)

 A UK study found a consistent pattern of

 It is possible that indigenous
malaria may be re-established in
the UK by 2050. It is, however,
unlikely to pose a major problem
to health in the UK. Changes in
the global distribution of malaria
are likely and thus an increase in
malaria caused by P. falciparum is
probable in travellers returning
to the UK from certain countries
that are presently malaria-free.

23 Climate change futures report Health, ecological and economic dimensions. The centre for health and global environment Harvard Medical Centre. Swiss Re and UNDP. Nov 2005.
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including sunburn, skin cancer, immune suppression
and damage to the eye.20 (R)

 Increase in numbers of cataracts (A)
 It has been pointed out that in addition to having a

number of well-established harmful effects there
may also be some health benefits from exposure to
sunlight. One of the clearest beneficial effects is the
production of vitamin D3 from precursors in the skin
on exposure to UV-B radiation deficiencies of which
can increase the risks of rickets in childhood and of
osteomalacia and fractures in adults, particularly the
elderly20 (R)

increased psychological problems
among flood victims in the five years
following a flood (Green et al. 1985)23 (R /
O)

This particularly dangerous form
of malaria is unlikely to become
established in the UK in part due
to conditions being unsuitable
for the breeding and survival of
the particular species of
mosquito that acts as the
vector.20 (R)

 Human contact with ticks is likely
to increase as a result of
changing land use for
agricultural and recreational
purposes. There may be an
increase or decrease in the
proportion of ticks infected with
the Borrelia genotypes which
cause Lyme disease. Predictions
of a significant increase in tick-
borne diseases, such as Lyme
disease are not well founded (A)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High M= Medium L = Low
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Stage 4: Health adaptation options

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 Review building regulations for roofs
and other vulnerable structures for
windstorms, with adequate planning
many injuries and deaths might be
prevented.

 Ensure standards of environmental
health are kept at high level

 Ensure drinking water quality
standards are met

Bu
ild

in
g

A
d

ap
tiv

e
Ca

pa
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ty
(B

A
C)

Research / Data collection /
Monitoring

 Inventories of pollution sources
 Monitoring of key pollutants and

relevant weather variables.
 Monitoring of food poisoning

incidents
 Monitoring o f pollen levels and

communication to public of high
levels and asthma levels

 Hygiene of water monitored for
increase in vermin and suitable
controls undertaken

 Identification of damp houses and
programme of work to reduce risks

 Surveillance of diseases and outbreaks
 Monitor of changing patterns of illnesses

and disease to enable appropriate
response

 Collation and understanding of how
climate change will influence changing
population and knock on effect on future
provision and management e.g. more
elderly living to a longer age but more
susceptible to heat so greater
requirements for geriatric provision or
greater need for ophthalmologists as
increase in cataracts etc.
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Awareness raising of impacts of sun
exposure and the dangers
surrounding it.

 Targeted communications campaigns
to at risk groups

 Education of food providers and
preparers of increasing risk and
standards required

Spread /Share loss
Accept impacts and bear Loss
Prevent effects: structural /
technological

 Implement building standards
mechanisms to cool buildings

D
el

iv
er

in
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A
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(D
A

A
)

Avoid / exploit changes in
risk

 Pollution warning services
 Heat wave management plan

developed
 Emergency services to ensure

sufficient capacity and training to deal
with more sea / water based accidents
and traffic accidents

 Need for more environmental health
officers and laboratories to monitor
abattoirs m food supplies etc for
potential food risks

 Changed work times especially for those
working outdoors

 To reduce air pollution from
traffic – put in place traffic
restrictions, improved public
transport. Incentives to
promote car sharing
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acclimatise commentary

Changing patterns in disease and illness will occur under climate change and need to be
considered in long term planning. The impacts will not be felt uniformly across age or
socio-economic groups. The more vulnerable in society are likely to be most exposed to
the potential impacts. Understanding how the combination of climate change impacts on
disease and health combined with the demographic and socio-economic will need to be
considered in greater detail, and reviewed as our understanding of climate change
improves.

The complexity of the interaction between these factors prevents means that there will be
winners and losers, for example a warmer winter clearly has benefits in reducing the health
risks for vulnerable groups who, for example the elderly, can face difficulties associated
with the cold in winter months. By contrast during the summer, respiratory illnesses such
as asthma may become an increasing problem for all age groups.

Health and social service organisations will need to monitor the impact of climate change
on health and disease profiles. Adaptation responses may not necessarily take the form of
direct medical treatment. Most of the work undertaken elsewhere on health impacts has
focused on changes in illness and disease, vectors and vulnerable populations. Further
work is required on the impacts on health care and treatment, training, building design and
facilities. Additional work is also required to understand the impacts on health support
services, particularly those provided by the voluntary sector.

Food preparation, hygiene and storage together with other public health issues such as
contamination of shellfish through algal blooms, vermin control, drinking water quality and
waste management are important issues. A warming drier summer and a warmer winter
with fewer frosts creates ideal conditions for a variety of new and increasing public health
impacts. Existing standards should be regularly reviewed to ensure that standards
appropriate to the changing risks are set. Continuous and improved training in all areas
where public health and hygiene is at risk, with a particular emphasis on the food chain and
the tourism industry will be a major adaptation action.

Examples of risk

 Increased incidence of mould growth and associated health risks (asthma, allergies etc),
particularly in poorly heated / ventilated housing

 Increased risk of skin cancer, heat exhaustion and dehydration
 Exposure of vulnerable groups
 Health problems associated with food preparation, hygiene and storage in higher

temperatures
 Vermin population explosions

Examples of opportunities

 Tendency towards eating healthier foods in warmer weather
 Fresh healthy and locally produced food available for a longer period
 More opportunities for outdoor activities, with associated health benefits
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 Reduction in fuel poverty risks for the elderly

Potential adaptation options

 Heat warning systems for the elderly during ‘heatwaves’
 Awareness raising of impacts of sun exposure and the need for preventative measures,

for example, Australia’s ‘slip, slap, slop’ campaign
 Monitoring of disease and illness against changes in climate variables,, for example,

temperature, humidity, and precipitation
 Assess hospital buildings and other health care facilities (existing and proposed) –

design for the future not the present.
 Stress-test existing public health regulatory standards – do they provide the protection

required under a warmer climate



Isle of Man Climate Change Scoping Study 57

8. Leisure and recreation
Characterisation

The Island is a long-established tourist resort and offers a wide range of facilities, which
includes a theatre, cinemas, health clubs, a casino, nightclubs and top-class restaurants.
The Isle of Man has a low population density with largely undeveloped moor land
landscape and rugged coastline, which is very popular with devotees of outdoor sports.
The choice of outdoor sport is considerable, including such activities as golf, sea and river
fishing, sailing, windsurfing, hang gliding, mountain biking, diving and rambling.
International car rallying, cycling and motorbike races, including the famous T.T. Races and
various annual events are held on the Island. There are eight golf courses, which attract a
large number of visitors to the island.

The annual End-to-End mountain bike race is gaining in popularity and in 2005 attracted
approximately 400 riders from across the UK, along with TV coverage from Sky Sports
channel. The Island is also famed for its bird life and there are many keen bird watchers
among its visitors.

The population is small and sparsely distributed and there are not a great number of
recreation facilities but the relatively new National Sports Centre in Douglas offers a wide
range of sports and leisure pursuits.

An unprecedented upsurge in the growth of the retail sector, with new shopping precincts,
superstores and shopping malls, has led to a transformation of the Island’s shopping
facilities in recent years. Heritage forms an important part of Island life in the form of
museums, castles, and a rich spectrum of other ancient monuments spanning 10,000 years
of Manx history.

Other than organised recreational activities there are opportunities for islanders to enjoy
the many parks and green spaces that are a feature of the towns on the Island. As the
population increases there will be pressure on land created by the need for new buildings
and these ‘casual leisure’ spaces may be targeted for development.
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Stage 1 and 2: Leisure and recreation

Defining the issue
Leisure and Recreation
Response

Leisure and recreation play an important role in providing good quality of life and health on the Island. It is also intrinsically linked to the tourism sector as
many visitors to the Island come due to the leisure and recreation activities.

Key strategies are the Sports and Recreation Strategy, the General Leisure Strategy and National Arts Development Strategy. Some existing issues
currently include:

 Use of greenways by motor vehicles and motorbikes is increasing, as is use of the same tracks by walkers, cyclists and horse riders. To resolve the
potential conflicts that arise there may need to be an access management strategy/legislation.

 Erosion of footpaths and cycle paths due to heavy rainfall is an existing problem
 Bird populations on the island may be affected by climatic change during breeding and nesting seasons although this does not appear to be an

issue at present
 Facilities for elderly may need to be increased as the population becomes more long-lived
 Pressures on green spaces are likely to increase
 Warmer sea temperatures may lead to greater diversity of water sports.

The problem has been identified as:

How can we reach and engage the population to improve the quality of life on the Island as well as providing essential support to the tourism
sector in the face of climate change?

When considering the problem the following should be taken into consideration:
 Quality of life
 Existing erosion of footpaths and bridleways
 Pressure on Green spaces
 Facilities for all the population
 Increase in leisure / recreation users
 Land use planning
 Tourism

The problem does not directly involve managing present day climate but climate plays a large role within this sector. Adapting to cl imate change will need
to be considered to provide sustainable decisions for the future. The main driver is not climate but it is a factor in the problem. There are already examples
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of climate influencing decisions and management e.g. footpath erosion. The End-to-End course had to be changed this year due to the erosion of part of
the course by heavy rainfall. Similarly the closure of footpaths has been necessitated by the same occurrence at a number of points on the Island.

Main stakeholders include recreation and leisure users, government departments, mountain bikers / race organisers / Motorcyclists, operators of existing
leisure facilities, the ramblers association and other groups, bird groups, farmers and other land users

The official recorder for the British Trust for Ornithology on the island indicated that most of the birds seen on the island are well within their usual
geographical range and would not be significantly affected by climate change in terms of average temperature increase unless the changes were large. He
did, however, note that the populations of seed-eating birds had declined and speculated that wetter-than-normal spring nesting periods could be
harmful to populations. Most species, especially those that are water-based are thriving. Also see Natural resources and environmental quality sector.

Government objective:
 To provide and promote opportunities and access for residents and visitors to participate in quality leisure, recreation, sports and the arts

Government Targets / Measured by :
 Number of patrons using leisure facilities
 % of children aged between 8 and 14 involved in extra curricular physical activity in the pilot region
 % of bus fleet accessible by disabled or less agile users
 Independent quality scheme assessment score – leisure services under QUEST®
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Stage 3: Leisure and recreation impacts matrix

Climate change risks
Leisure and Recreation Potential risks and opportunities

Users Equipment / Assets
Increasing summer
temperatures (H)

 Difficult conditions for some endurance athletes regarding
sunstroke, dehydration, etc. (A)

 Some sports e.g. Tennis and Bowls may relish improved summer
weather (A)

 Potentially greater participation in outdoor sport because laying
conditions would be more amenable. (A)

 Increased temperatures could have an impact on tarmac sports
surfaces, e.g. tennis & netball courts, etc (A)

 Increase in heath fires (A)

Increasing winter
temperatures (H)

 Opportunity for all year round use or increased use of outdoor
facilities (A)

More extreme high
temperatures (H)

 Impact on animal welfare (A)  Reduction in heating requirements for indoor pool and other
buildings

Less extreme low
temperatures (H)

 Less disruption to events

Higher winter rainfall
(H)

 Potential increase in sporting injuries resulting from wetter
surfaces (A)

 Grass pitches, wickets, bowling greens, golf courses etc. may need
additional drainage systems installing (A)

 Flooding could impact on the marine environment – less fish in
rivers for anglers? (A)

Less summer rainfall
(M)

 Potential increase in sporting injuries resulting from harder
surfaces (A)

 Impact on water based sports in summer months – increasing
risk of pollution, low flow rivers affecting angling (A)

 Grass pitches, wickets, bowling greens, golf courses etc. may need
watering systems installing (A)

 Pitch maintenance would be difficult e.g. re-seeding football and
rugby pitches, bowling greens and grass wickets, etc. especially
with hose pipe bans (A)

 Additional pitches, wickets, greens may be required so that those
in poor condition could be “put to grass” for periods to recover.
This would require a major capital input by Government. (A)

More intense
downpours (H)

 Winter sports games, e.g. football and rugby may be “called-off”
on so many occasions that their season impinges on summer
sports, e.g. cricket (A)

 Sports pitches presently situated in the valleys and low areas,
could be “washed” away (A)

 Mountain trails for cycling and motorcycling could be eroded. (A)
Sea level rise and
increased coastal flood
risk (H)

 Increasing sea levels may ultimately have an impact on marinas
(A)

 Erosion could affect coastal land used by sports, e.g. golf courses
(A)

Possibly more winter
storms (L)

 Severe and increased thunder storms could be dangerous for
athletes competing outdoors, e.g. golfers (A)

 Severe weather preventing sportsmen and women travelling to

 Damage to club houses, facilities, etc. due to severe weather (A)
 Effects on water based sports such as rowing and sailing, with

clubhouse flooding from storms and rising sea levels.
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events on and off-Island (A) Displacement of these sports in some areas could cause more
pressure on environmentally sensitive areas.24 (A / R)

General  Timetabling of outdoor sports will be affected to avoid extremes
of temperature and weather. Playing seasons for individual sports
may change. (A)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High M= Medium L = Low

24 Sports England Response to the Stern review on the economics of climate change anticipated impact on sports facilities December 2005



Isle of Man Climate Change Scoping Study 62

Stage 4: Leisure and recreation adaptation options

Adaptation Type Urgent: Opportunities to take
advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Access management strategy to
take into account conflicting
usage of green lanes, footpaths
and other rights of way etc.

 Manage protected and
designated areas. Integrated
land use and management
strategies developed

 Fire risk preparation – agree access routes for fire
engineers, supplying first defences (e.g. fire
beaters) (no regret)

Research / Data
collection / Monitoring

 Monitoring damage caused by
erosion
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Educational /
Behavioural change /
Awareness raising /
working in partnership

 Education of public to fire
threat and management

 Awareness raising of impacts of
erosion and how to reduce the
effects

 Awareness / signage of tides
and other dangerous bathing
areas
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Spread /Share loss  Sub-soil drainage systems for
both natural and artificial
pitches will be adapted to store
rainwater for re-use.24

 Management plans in place for
managing fires

 Fire beaters to be put in place of
risk

 Lifeguards on beach

Accept impacts and
bear Loss

 Alternative grasses may be used that are more
resistant to drought than those that are
commonly used today24

 There is likely to be a move
towards more all weather
surfaces such as porous
macadam or synthetic turf
pitches, or cheaper alternatives.
The shift towards all weather
surfaces will significantly
increase the capital and
maintenance costs of a
proportion of sports pitches.24
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Prevent effects:
structural /
technological

 It is anticipated that innovative, alternative-
building structures may need to be developed
for outdoor sports, to provide some protection
from the elements. For example, many
professional football clubs and local tennis clubs
have already constructed low cost covered, but
unheated, facilities that allow uninterrupted
training and coaching throughout the year.24

 Re-use water for outdoor watering e.g golf
courses, use of rainwater harvesting.
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Avoid / exploit changes
in risk

 There may be a need to protect
players, particularly children,
from exposure to UV radiation,
which will limit the time spent
in the sun, and the
programming of matches. This
may lead to more sport being
played under cover, either in
traditional sports centres or in
alternative sports structures 24

 Close areas of environment that
are areas of high erosion

 Close areas of environment that
are high risk fire areas

 More outdoor pools that would encourage
greater participation in swimming and reduce
the significant running costs of indoor pools.24

 More clay courts for tennis, as they would
become more viable.24

 Change in maintenance regimes e.g. cutting
grass more frequently



Isle of Man Climate Change Scoping Study 65

acclimatise commentary

Overall climate change impacts will be positive to the Island for leisure and recreation,
although there are clearly risks for which appropriate adaptation options will need to be
developed.

Warmer summers will increase the demand for water based leisure activities and new and
improved facilities. The Island may well find an increasing demand for new and improved
marinas. An increase in water leisure based activities also increases the risk of incidents
with a consequential impact on the rescue and emergency services.

Freshwater fishing will be affected by changes in run-off and river flows and in water
quality and temperature. The combination of these factors will have an impact on fish
stocks and species. Sea fishing will be similarly affected by changes in sea temperature, pH
and salinity.

Grounds maintenance and the design of outdoor sports pitches will need to take into
account the climatic changes on plant growth and the increase in leisure and recreational
activities.

The increasing attraction of summer outdoor sports will increase the risk of sunstroke and
heat exposure, especially in children. Sports related injuries may also increase arising from
the increased participation in recreational activities. There will be a need for greater
education and awareness campaigns on such issues.

Any increase in walking will in turn increase the Island’s footpath erosion problems. Recent
research in the Lake District14 has demonstrated that climate change in combination with
visitor behaviour (i.e. increased numbers) will exacerbate the problem of erosion. Along
with trampling, intense rainfall, combined with drought are critical factors in erosion rates.
The research report comments ‘footpaths are particularly vulnerable when trampling and
rainfall alternate and, with walkers becoming better equipped and more prepared to go
out in bad weather, this is more likely to occur.’

Adverse impacts arising from increasing leisure activity as a consequence of climate
change can also result in an increased risk of moorland and forest fires. Research within
the Peak District National Park has demonstrated that increases in, 'moorland wildfires in
the Peak District National Park pose a significant and potentially costly environmental
threat’. On the Isle of Man we can expect to see the warmer drier summers creating ideal
conditions for moorland and forest fires. Footpath and access management plans will need
to take into account these increased risks. Fires in remote areas away from roads and water
supplies place severe stress on the emergency services.

Examples of risks

 Grass pitches, bowling greens, golf courses etc. may need additional drainage
systems to cope with increased intensity and short duration storms

 Conversely these facilities may also have increased demand for irrigation during the
warmer summer months

 Increased erosion on mountain trails for cycling and motorcycling, and on
footpaths
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 Increased exposure to the sun and an increase in sports-related injuries

Examples of opportunities

 Potentially greater participation in outdoor sport and leisure activities
 An extended ‘season’ for outdoor activities, and use of facilities with increases in

revenues
 Reduction in heating requirements for indoor swimming pools and other leisure

and recreational buildings
 Development of new facilities to meet increase in demand, creating wider

economic benefits

Potential adaptation options

 Heat and sun exposure awareness raising campaigns
 Change to drought tolerant and harder wearing grass-seed mixes
 Sub-soil drainage systems for both natural and artificial pitches adapted to store

rainwater for re-use
 Rain water harvesting and storage to irrigate sports pitches and golf courses
 Restrictions on access to vulnerable areas at risk from fire during heatwaves
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9. Communications and energy
Characterisation

Communications

The range of options available for consumers on the Isle of Man continues to grow as the
technologies develop. Manx Telecom is making substantial investment in infrastructure,
whilst at the same time keeping under review its tariffs across the full range of services.
Benchmarked against comparable jurisdictions, the Island must remain at the forefront of
telecommunications developments. New electronic communications service providers too
will be offering innovative services over both fixed and wireless infrastructure, with wider
choice becoming available both to businesses and in the home.

The Isle of Man is served by both Microwave Radio and Fibre Optic Submarine Cable links
to the UK. The cable has five fibre optic cables capable of carrying some 23,000
simultaneous telephone calls. A Satellite Earth Station also offers digital or analogue links
to international destinations including Europe and the USA. Manx Telecom has established
local call dial-up access to the Internet, which is available to anyone with a personal
computer. Manx Telecom Limited is an Isle of Man registered company and a wholly owned
subsidiary of British Telecom. Since Manx Telecom was created in 1987 there has been a
rapid development of the Island’s communications services.

Manx Radio is becoming the established public service broadcaster for the Island. New
stations are bringing choice to Island listeners.

The Isle of Man Post runs the postal services on the Island. Their principle activities are the
provision of a universal postal service, operation of a network of post offices and the
profitable operation of selling postage stamps to collectors.

Energy

The Manx Electricity Authority (MEA) is a Statutory Board of Tynwald reporting to the Isle of
Man Government through the Department of Trade and Industry. The Authority is charged
by the Electricity Act 1996 with providing a safe, secure and economic supply of electricity
to the Island.

Over the past few decades, substantial economic growth has been observed as an increase
in on-Island demand for electricity. In 1991 the system load was 56 megawatts, whilst the
forcase at that time was that by 2014 the load would increase to 82 Megawatts, in fact this
load was reach by 2002.

Following a significant investment and asset procurement the Island is now linked to the
UK national grid by a sub-sea interconnector. The interconnector began operations in
November 2000 and is capable of carrying import or export power flows at 45MW for
continuous use. A high pressure natural gas transmission pipeline is laid between the
Scottish/Ireland sub-sea interconnector and Pulrose Power Station. This pipeline is
controlled via pressure reduction equipment at Glen Mooar and then at Pulrose, providing
natural gas to the power station and the Douglas network of Manx Gas Limited.
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The Combined Cycle gas Turbin Power Station, commissioned in 2004 brought significant
upgrades to Pulrose power station infrastructure, and an additional 87MW asset and can be
operated on both natural gas and diesel fuel.

Location type
year
commissioned

prime
mover
energy max.output

MEA

Pulrose CCGT 2004 gas/oil 87 MW

Peel Diesel 1996 oil 38.4 MW

Pulrose Diesel 1988 oil 48 MW

Ramsey Diesel 1982 oil 4MW

Sulby Hydro 1981 water 1 MW

Other

UK
Interconnector
cable

National
Grid 2000 UK mix

45 MW (upper
emergency
limit of
60MW/60mins)

Richmond Hill
(EfW) Waste 2003 waste 6 MW

The maximum output for each generator is dependant on certain factors, for example: the
plant maintenance cycle, fuel type and ambient air temperatures.

The electricity transmission system comprises:

 the 90kV sub sea interconnector link between Blackpool and Douglas, and
 33kV circuits which interconnect the three on-Island power stations and act as bulk

feeders to the various load centres.

The distribution network operating at 11kV and LV is designed to take power from the
transmission system and distribute it locally to the MEA customers in that area.

The MEA supplies 43,850 customers by a distribution network of some 900km in total of
33kV, 11kV and 3.3kV and 2167km of LV and service connections.

There are eight transmission primary substations located at Ramsey, Laxey, St Johns,
Ballagawne, Lord Street, Pulrose Power Station, Douglas North and Castletown. On the
distribution network there are 967 11kV substations, additional substations are installed as
the load increases.
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The MEA has examined the potential for the development of a wind farm on-Island in the
region of 10MW, but environmental appraisal highlighted significant impact on bird
populations. The Department of Trade and Industry has commissioned further
investigation into the economic potential for renewable energy for the Island, this work is
scheduled for completion during 2006.

The Department of Local Government and the Environment’s energy from waste facility
operated by SITA, takes almost all of the island’s waste and generates about 6% of the
island’s electricity needs. This can’t be improved upon without importing waste, which
would be self-defeating.

Manx Gas is a multi-faceted gas utility company, working exclusively for the Isle of Man and
making gas available Island-wide. It operates a one-stop ‘shop’ for all gas needs, from
supplying and maintaining the gas, through to planning and installations, servicing
support, plus the sale of new appliances. A round-the-clock safety and emergency service is
provided.

Gases of widely differing constituents for many purposes are designed, manufactured,
supplied and supported. These gases are used for domestic and commercial heating and
cooking, leisure, and to serve the needs of industry, farming and the health services.
Recently, Autogas was introduced, running motor vehicles at substantially less than the
cost of petrol or diesel. Agencies cover oxygen, acetylene, nitrogen, carbon dioxide, food
preservation materials and balloon gas.

A number of commercial oil operators provide fuel to the MEA, aircraft and petrol stations
on Island. Strategic stocks of fuel are presently kept at Douglas and Peel.

There is a predicted population growth of up to 50% in the next 50 years, which will create
a large growth in demand for energy. Based on this and projecting that growth forward it
is certain that there will be the need for additional capacity, requiring the construction of
additional electricity generating and transmission infrastructure and liquid fuel (petrol and
diesel) storage facilities.
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Stage 1 and 2: Communications and energy

Defining the issue
Communications and Energy
Response

Energy efficiency is a key issue as it has been suggested that t he most significant way of reducing the climate change impact would be from the
upgrading the housing and public building stock, which is largely old, draughty and un-insulated. The building stock is old and energy-inefficient.

There is a projected increase in demand for the future consumption . There are no local developed energy resources - the Island has to import all of its
energy needs (with the exception of that derived from waste incineration.)

The safe, secure and economic supply of energy to the people of the Isle of Man is the continuing objective, covering the immediate, short, medium and
long terms. All activity on the Island is based on the assumption that power will always be there whenever it is needed. For this to remain the case the
MEA must plan well into the long-term. The Isle of Man Government intends to evaluate the impact of the introduction of natural gas and also carry out
investigations into possible developments for future energy provision.

Key concerns regarding electricity includes the risk to security of supply from insufficient generating capacity, as a result of continuing increases in
demand, with the possibility of even higher increases in demand from e-commerce activities. The reliance on a single fuel supply is also considered a risk
and the prospect of an increasing differential in electricity price between the Island and UK, because the only fuel was oil.

With regards to the Telecommunications and Radio Services the key issues are to encourage continued fixed telecommunications infrastructure upgrade,
encourage increased mast sharing by broadcasters and increasing competition. One key activity that is being undertaken is transferring cables from poles
to underground ducts.

The key concerns for the Postal Services include the threat from technological substitution such as e-mail and changing social needs and obligations.

Therefore the issue has been defined as:
How can we provide a continuing safe, secure and economic supply of energy to meet the needs of the population and businesses in the face of
climate change? How can we provide the required communication infrastructure and services to meet the needs of the population and business
in the face of climate change?

When considering the problem the following should be taken into consideration:
 Population
 Energy usage
 Security of supply
 Alternative energy
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 World energy costs
 Asset life
 Fluctuation in temperature has impacts for demand, efficiency, system capacity and financial implications
 Logistics of securing raw materials and supplies – impact of bad weather
 Security of supply problems with bad weather
 Seasonal variation in demand for energy
 Demand for communications (tele and broadcast) increases in extreme weather
 Impact of weather on broadcast signal strength

The problem requires adapting to future climate change. Climate change is not the main driver but will become a factor in the problem.

Key stakeholders include Manx Electricity, Manx Gas, Alternative energy suppliers, Government, Population, Businesses

Increased storm intensity and frequency could lead to enhanced erosion which would have implications for installed assets e.g. bulk storage fuel tanks.
This has been recognised and protection measures were designed taking into account the 50-year projections of climate change within MEA’s recent
infrastructure investment. Even so there may need to be provision made for additional rock armour to prevent interruption of supply. There could be
potential impacts on energy infrastructure assets due to increased wind speeds, rainfall and sea levels. Maintenance and operations could also be
affected.

Climate change could become more of an issue for this sector. In particular the impact on berthing, loading and storage facilities for oil and gas has been
identified.
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Stage 3: Communications and energy impacts matrix

Climate change risks
Communications
and Energy

Potential risks and opportunities

Gas Electricity Communications (telecom, postal, radio)
Increasing summer
temperatures (H)

 Out site workers and emergency services –
issues pertaining to health and safety (A)

 Decrease in demand – increase in costs (A)
 Reduction in sales (A)
 Subsidence effects could damage

underground cabling, pipe networks etc.
(S)

 Alfresco lifestyle affecting demand (A)
 Change in demand and change in plant

maintenance cycles (A)
 Increased demand for electricity through

air-conditioning (A)
 Subsidence effects could damage

underground cabling, pipe networks etc.
(S)

 Capabilities of equipment to transport
electricity generally reduce with increased
temperature. May need to invest in
network improvements (S)

 Ambient air temperatures effecting
generator efficiency

 Protection for outdoor workforce (A)
 More summer visitors – more business

(A)
 Increase taxation to pay for adaptation

(A)
 Increase in summer sickness (A)

Increasing winter
temperatures (H)

 Security of supply (A)
 Increase in fuel costs (A)
 Reduced plant efficiency (A)
 Underground movement of services (A)

 Energy cost fluctuations (A)
 Increase in demand (A)
 Theoretical decrease in cost (A)

More extreme high
temperatures (H)

 Less demand (A)
 Equipment failure (A)

 Increase demand (A)  Additional air-conditioning increasing
need for network services (A)

Less extreme low
temperatures (H)
Higher winter
rainfall (H)

 Transmission infrastructure failure (A)
 Transmission and power station flooding

(A)
 Plant flooding (A)
 Insufficient drainage pipe capacity (A)

 Peak demand during events (A)

Less summer
rainfall (M)

 Damage to pipelines (A)  Interruptions to water supply and
increasing cost of supply (A)

 Damage to underground cables (A)
More intense
downpours (H)

 Transmission and infrastructure failure (A)  Peak demand during events (A)

Sea level rise and  Interruption of gas supplies (A)  Loss of strategic fuel storage capacity (A)
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increased coastal
flood risk (H)

 Flooding of storage compounds (A)  Impact on LPG and fuel oil supplies (A)

Possibly more
winter storms (L)

 Supply disruption (A)  Power loss from damage to overhead
cables (A)

 Damage to masts, towers and equipment
(S)

 Interruption of oil supplies (A)
 Loss of supply (A)
 Continuity of supply (A)

 Loss of communications – especially
broadcast (A)

 No standby systems (A)
 Security of service (A)
 Damage to overhead cables affecting

supplies for communications (A)
 Increase in demand (A)
 Reliability of supply (A)
 Getting staff / logistics available in

extreme events (A)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High M= Medium L = Low



Isle of Man Climate Change Scoping Study 74

Stage 4: Communications and energy adaptation options

Adaptation Type Urgent: Opportunities to take advantage of
now / decisions needed now / cost effective
now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation /
policy institutional

 Immediate legislation to ensure all
business and infrastructure issues have
climate change as a key issue

 Lifetime costs through planning /
building regs e.g. drainage specifications
(win Win)

 Change building regs so that properties
can withstand more extreme conditions

 Building energy conservation (Design
and installation) (no Regret)

 Legislation – the Climate act

 Planning / building design
requirements (low regret)

Research / Data collection
/ Monitoring

 Improve monitoring of rainfall and runoff  Develop heat exchange systems
 Use of tidal variations to generate tidal

power
 Alternative energy sources

Bu
ild

in
g

Ad
ap

ti
ve

C
ap

ac
it

y
(B

A
C)

Educational / Behavioural
change / Awareness
raising / working in
partnership

 Issue sun cream to staff
 Education of energy conservation
 Increase awareness within all sectors of

business
 Energy audits of business

 Cancer awareness training
 Change to working conditions –

education
 Working conditions – new clothing /

sunscreen (share loss)

 Change of working hours (no
regret)

 Plant trees to provide shade
(win win)
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Spread /Share loss  Increase tax on property owners who live
in area of risk

 Develop alternative energy sources  Other islands are at greater risk
– watch and learn

Accept impacts and bear
Loss

 Business continuity requirements (win
win)

 Stockpile essential supplies (e.g. oil)

Prevent effects: structural
/ technological

 Risk assess existing assets to identify
investment required (win win)

 Build houses on stilts
 Diversification of business by utilities

(flexible)
 Undertake flood risk assessments on all

new builds

 All electrical systems should be put at
dado rail levels

 Put cables underground and not
overhead

 Flood proof buildings to ensure telecoms
are not damaged

D
el

iv
er

in
g

A
da

pt
at

io
n

A
ct

io
ns

(D
A

A
)

Avoid / exploit changes in
risk

 Link river monitoring to all island alarm
system (link flood defence and tides to
same alarm)

 Sustain island’s growth to afford changes
e.g., creativity in business, tax and
incentives.

 Use solar power as reduction in cloud
cover

 Improve extreme weather reporting –
advanced warning system
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acclimatise commentary

The energy and communications sectors both have large fixed assets that will be affected
by climate change during their design life. Climate change will also have impacts upon
demands (average and peak) and on security of services and supply. Asset maintenance
and operating procedures will be affected by extreme events and by the changes in
demand. The potential impacts and risk assessments will need to be reviewed at regular
intervals as our understanding of climate change improves. All new infrastructure projects
should be designed on the basis of the future climate rather than historic climate data.

Energy

Stakeholders considered that the top priority is security of supply, as the Island is reliant on
off-island sources of primary energy e.g. gas, oil, coal, petrol and diesel. Energy prices are
rising and consideration should be given to the possibility of fluctuations in supply from
the UK. Climate change impacts have the potential to increase the potential exposure of
the Isle of Man to security of supply risks. The Island may be more susceptible to changes
in increased competition for available energy caused by extreme events and changing
patterns in peak and average energy demands elsewhere. The Isle of Man may be left
exposed by the prioritisation of energy supplies by UK and Republic of Ireland suppliers
under these circumstances

Energy is likely to become more expensive in the longer term, as prices continue to rise.
Prices may also rise for fossil fuel based energy sources as financial measures are taken by
governments to reduce their use. Although there is clearly a significant potential impact
on the Island, it also presents an opportunity for the Isle of Man to consider alternative
energy sources.

Business continuity plans should address responses to issues such as disruption to supply
caused by extreme events and longer term changes in demand profile, for example peak
seasonal demands shifting from winter to summer.

There is an excellent opportunity to explore the development of renewal energy sources
on the Island. This could provide a ‘win win’ situation not only providing adaptation to
climate change but also allowing the Island to be more resilient to the economic impact of
energy costs and contributing to the global reduction of greenhouse gas emissions.
Greater self-sustainability in renewable energy sources will also assist with the
development of a robust and resilient economy. The Island has an opportunity to ‘choose
its path’ and plan for the future making greater use of renewable energy.

Future design standards, operating rules and maintenance procedures should be reviewed
and stress-tested against the climate impacts.

Increasing energy efficiency has a number of potential benefits and is an important
adaptation option which also has the benefit of reducing emissions. Reducing overall
demand by increasing efficiency of appliances and buildings is an important action that
improves the resilience of the Island.

Telecommunications
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The risk of interruptions to telecommunications and radio infrastructure from extreme
events is already a significant problem. The risk is likely to increase under climate change.
Climate proofing of assets, maintenance regimes and design standards needs to be
undertaken. The work undertaken in this study and reported in technical paper 5 has
identified the significant costs associated with extreme events and the reliance by
emergency services, residents and businesses on a resilient communications network.

Future design standards, operating rules and maintenance procedures should be reviewed
and stress-tested against the climate impacts.

Business continuity plans should address responses to disruptions to communications
caused by extreme events.

Examples of risks

 Ground movements may affect underground cabling, pipe work, overhead and
underground networks etc.

 Increasing pressure on security of supply
 Disruption of energy supplies and communications during extreme events
 Change in demand profile and related changes in plant maintenance cycles
 Flooding of installed assets

Examples of opportunities

 Development of a renewable energy generation capability on the Island reducing
the exposure to external security of supply issues

 Improving energy efficiency

Potential adaptation options

 Flood proof buildings to ensure assets are not damaged and services remain
uninterrupted during flooding episodes

 Business continuity requirements identified, documented and periodically
reviewed

 Stress- testing design, operational and maintenance procedures
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10. Water management
Characterisation

Drinking water is presently provided to the Island via 10 upland impounding reservoirs, 23
service reservoirs and 5 water treatment works. Over 1200km of water mains distribute this
drinking water for consumption by residents, industry and agriculture.

The commissioning of a new water treatment works at Sulby will allow the abandonment
of 3 older treatment works. The new works, constructed at a cost of around £15m, went
online in late 2005, and will supply clean drinking water to the north of the Island, including
the towns of Ramsey and Peel.

Construction of a second new water treatment works at Douglas commenced in late 2005,
as part of the Crystal Project. The predicted cost of this work is £26m, and it is programmed
to be commissioned in 2008. The two remaining older treatment works will then be
abandoned. Together, the two new works, with a combined capacity of 59 Ml/day, will
supply the whole of the Island. They have been designed to service a population projected
to 2021, taking into account the findings of the reports “Climate Change and the Demand for
Water”, (P Herrington, 1996) and “Analysing and Forecasting Peak Demands on the Public
Water Supply, (P Herrington, 1998). Aside from the increased capacity, the new water
treatment works will significantly improve water quality. (Note that the climate scenarios
used in these studies have been superseded by more recent climate modelling. The
scenarios developed for the Isle of Man in this scoping study provide the most up-to-date
information available. Future design and operational management decisions should use
these earlier reports with extreme caution).

The Water Authority has a large amount of data covering rainfall and reservoir storage
levels and volumes, as well as water production and distribution flows, pressures, water
quality, etc. Some of the smaller impounding reservoirs are drawn down during high
demand and drought periods. Operational management decisions are taken to fully utilise
these resources for as long as possible.

In 1979 Tynwald subsidised the building of a reservoir at Sulby which was far larger than
the Authority considered at the time that it needed or could finance for the remaining
years of the 20th Century, on the basis that the surplus water thus made available would be
used for hydro power generation. About 20% of the gross storage volume of the reservoir
is dedicated to hydro generation, leaving a substantial surplus of raw water yield available
to meet future increases in demand. The present surplus of raw water reliable yield over
demand is illustrated on the graph below, see figure 2. This indicates the increase in
reliable yield available to the Water Authority net of the reservoir storage volume
dedicated to hydro power generation following the completion of Sulby Reservoir, and the
loss in the available resource which will result from abandonment of the sources feeding
the smaller treatment works which will be decommissioned following commissioning of
the two new works. The drought yield available from the reservoir has been assessed based
on 80% of the gross reservoir storage volume, which is available for water supply now
without affecting the continued use of winter runoff into the reservoir for hydro
generation. The remaining 20% of the gross storage is used as operating storage for hydro
power generation. This storage volume will provide additional water supply yield to meet
future increases in water demand when needed. It was always planned that hydro
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generation would eventually cease once the whole reservoir volume was needed for water
supply.

Current yield estimates for the reservoirs which will supply the two new water treatment
works are based on a daily water resources simulation model which allows for the
maintenance of at least 30 days emergency storage at the projected demand level at each
individual reservoir, in addition to any “dead” storage at each reservoir. However, the
reservoir yield estimates do not presently allow for the reduction in summer and autumn
runoff into the reservoirs that is predicted to result from climate change.

The graph (figure 2) shows that the actual average daily volume of water put into supply
has been reduced by around 5 Ml/d since the drought year of 1995, despite the significant
amount of new development and the population growth which has taken place in the Isle
of Man during the period. Recent water main rehabilitation works coupled with a pro-
active leakage control programme have reduced leakage from 15 l/prop/day to around 6.5
l/prop/day. This is much more successful than the 10 l/prop/day that the new water
treatment works were designed for, so actual demand is lower than predicted demand.

Figure 2 Raw water available and future projections of demand.

In the longer term, the graph above shows that based on current demand projections, the
available surplus of resources over demand would have largely disappeared by the early
2020’s, and that by that time the additional storage volume available at Sulby Reservoir
which is currently dedicated to hydro power generation (about 20% of the total reservoir
storage capacity), would be needed to meet demand.
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All upland reservoirs, the largest of which is the Sulby reservoir, are supplied by surface
water runoff. Historically, there has been no streamflow gauging on the Island, and
reservoir yields were assessed using generic methods.

More recently rainfall runoff models have been developed based on a surrogate gauged UK
catchment. There is now budgetary provision for constructing stream gauging stations and
establishing better rain gauge coverage in the higher parts of the catchments, in order to
gain robust data on the hydrology of the water sources. The first stream gauging stations
are scheduled for construction during 2006/07.

Much of the raw water captured by the impounding reservoirs flows over peaty ground,
which causes discolouration of the water. During some autumn periods particularly after
dry summers when the ground has dried out, this discolouration can become more
marked. Little, if any, of the land that forms the catchments is used for crops. This means
that the risks of contamination of water with agricultural chemicals are relatively low.

Historically, all sewage on the Island was discharged to watercourses and the sea, with only
rudimentary treatment or screening. The IRIS Project was conceived in the early 1990s to
address this problem. So far, it has seen the construction of the Meary Veg sewage
treatment works, to which around 67% of the Island’s sewerage has been connected. With
continued funding, it is envisaged that all of the Island’s sewage will be treated at Meary
Veg by 2015. However, until this time, there will continue to exist a number of small
sewage treatment works that are sub-standard and that discharge poor quality effluent to
watercourses.

Meary Veg has a current treatment capacity of 75,000 population equivalent (p.e.), but has
the potential to be expanded to 150,000p.e. As the Island had a residential population of
76,000 at the time of the 2001 census, it can be seen that some expansion will be required
before the whole Island can be served by the sewage treatment works.

The Island’s sewerage system is owned and maintained by the Department of Transport,
although 7 local authorities operate the sewers within their own areas through agency
agreements. Much of the Island’s sewerage infrastructure dates back to Victorian times,
particularly in the coastal towns. Sewers are predominantly combined, although some
separation has taken place as part of the IRIS project. It is believed that many of the urban
sewers are operating at near capacity. As part of the IRIS work, combined sewer overflows
(CSOs) are being abandoned in favour of storage solutions.

The IRIS project has been designed using hydraulic modelling tools. There are some
smaller hydraulic models of the larger towns on the Island, and some drainage area studies
have been carried out. However, the age and standard of these studies and models is not
known.

The Department of Transport also maintains the Island’s rivers. There are annual budgets
devoted to both planned and reactive maintenance. The Department of Transport has an
objective to prepare a strategic plan of the Island’s main rivers indicating where flooding is
likely to occur. A surge model of the Irish Sea is being commissioned, which will be used in
conjunction with existing tidal data to create a statistical model to predict marine flooding.
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There is an existing hydraulic model of the Sulby River, which was built following a
significant flooding event in the late 1980s that affected a number of properties. A £1.25m
flood alleviation project is proposed to reduce the chance of future flooding in this area.

There are currently no official plans indicating areas of predicted fluvial flooding. However,
a study has been commissioned to undertake a strategic overview of all rivers on the Island,
with a view to identifying potential areas of out-of-bank flooding.
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Stage 1 and 2: Water management

Defining the issue
Water Management
Response
Water supply and sewage treatment are essential services to provide good health to the population and protection of the environ ment.

A key programme for the Island is the Crystal Project (potable water), which includes the provision for Douglas water treatment works (2008), a raw
water pipeline from West Baldwin Reservoir and treated water mains to Cronk ny Mona reservoir.

It has been indicated that the sewer network is at capacity at the present time, which may become an issue in the future. The key issues raised were:
 the need to be able to provide for increase in demand for potable water in warmer summers
 the impact of increasing winter rainfall and storms on drainage systems
 storm overflows on foul sewerage systems operating more frequently
 foul flooding of property.

How can we provide the population of the Island with a wholesome, reliable and economic supply of potable water in the face of climate
change?

How can we provide the necessary treatment, distribution and sewage collection infrastructure to meet the islands needs in the face of climate
change?

When considering the problem the following should be taken into consideration:
 Population growth
 Age of existing assets
 Asset maintenance and operation
 Future development
 Sewer network

Climate is a key factor in any water and wastewater design at present and should continue to be taken into account. Climate change impacts need to be
understood so that climate risks can be incorporated. Climate is an existing factor in the problem currently and will become more so in the future.

Key stakeholders include the Manx Water Authority, the Department of Transport, Department of Local Government and the Environment, Manx River
Trust and other NGOs, riparian owners, agricultural interests, water abstractors, recreational and leisure groups, conservation groups etc..

Existing data that is collected includes daily rainfall records, which are available for 84 years. Flood mapping research is being undertaken currently.
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The IRIS scheme is also underway which aim is to provide environmental benefits by better treatment. Drainage area plans already show the capacity of
the existing sewer systems and where additional loads can be accommodated. Within this surface water separation schemes are now mandatory in new
developments.

Sulby flood alleviation scheme is also underway.

There are water meters for commercial properties but very few in domestic properties.

Government Objectives are:
 To ensure effective and environmentally sound treatment and disposal of foul and surface water
 To ensure the public utilities provide services that meet the Island’s needs

Government Measurements:
 Water quality index score
 Percentage of the Island’s sewage which is treated prior to discharge to sea
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Stage 3: Water management impacts matrix

Climate change risks
Water Potential Risks and Opportunities

Water Supply Sewerage and Urban Drainage Land Drainage / Coastal Defence
Increasing summer
temperatures (H)

 Resource availability (A)
 Changes in demand for water
 Supply versus compensation flows – impact on

ecology and habitats (A)
 Extraction from the south – issue of moving water

and possible saline intrusion (A)
 Increased demand for water in summer, domestic,

agricultural, commercial and industrial use (A / S)
 Public health and hygiene issues associated with

reduced water supply and increased costs (S)
 Greater risks of algal blooms / stratification of

reservoirs (A)
 Calf of Man has existing water availability problems

– there are isolated affected places – not
widespread (A / O)

 Anaerobic sewage on beaches for
longer periods (A)

 Reduced groundwater (A)
 Ground shrinkage (A)
 Increased erosion on soft cliffs (A)

Increasing winter
temperatures (H)

 Shorter recharge season (A)
 Fewer frozen pipes (A)
 Effect on water resources as temperatures increase

and seasonal runoff pattern changes (A)
 Increase in biological treatment – opportunity (A)

 Improved sewage treatment (A)
 Less winter gritting done so less grit /

salt arriving in sewage works so
decrease in wear and tear on assets (A)

 Less risk of snow (A)
 Maintenance regimes may

require modification in order to
meet required standards of
service (S)

More extreme high
temperatures (H)

 Increase in demand (A)

Less extreme low
temperatures (H)
Higher winter rainfall
(H)

 Quicker recharge (A)
 Reservoir storage (A)
 Water storage becomes a problem (S)
 Oil tank structures (A)
 Business continuity resilience – keep reservoirs high

versus risk of flooding

 Sewer overflows operate more
frequently (A)

 Washout of treatment works (A)
 Surcharging of sewers (A)
 Increased flooding risk and flash flood

in urban areas, with consequence
sewer overflow (R) 25

 Flooding (A)
 Excessive runoff from land (S)

south west
 Proactive strategies e.g. reuse of

rainwater or wastewater may be
required (S)

 Erosion (A)

25 The Foresight Future Flooding Report www.foresight.gov.uk
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 Hydro plant run all year – opportunity (A)  High rates of flow can also scour the
invert of a culvert, particularly those
that do not have a protective
pavement.26 (R)

 Cliff collapse (A)
 Increased water table (A)

Less summer rainfall
(M)

 Reduced yield (A)
 Demand increases (A)
 Competition with wildlife for resource (A)
 Water quality reduced (A / S)

 Impact on wildlife (A)
 Less flooding in summer (A)
 Less dilution (A)
 Increasing salinity (A)

 Reduction in ground water
shrinkage (A)

 Increase in erosion (A)

More intense
downpours (H)

 Polluted run-off (A)
 Changing flows impact on sediment transport and

could increase structural damage (S)

 Sewer overflows (A)
 Lack of storage (A)

 River and coastal flooding (A)
 More erosion (A)

Sea level rise and
increased coastal
flood risk (H)

 Retaining more water (A)
 Surcharging (A)
 Sewer flooding (A)
 Storm water / combined sewer system

and surcharging – has impact on
flooding, water quality, coastal and
local watercourses (A)

 Flooding (A)
 Potential pollution from sewage

(A)
 ‘Dirty’ water irrigation (A)
 Increase in wave energy (A)
 Potential for greater damage (A)
 Maintenance of flood defences

(A)
 More destructive wave action (A)

Possibly more winter
storms (L)

 Sewer flooding (A)  River flooding (A)
 Storm Damage (A)

General  Changes in demand for water (A)
 Insurance premium prices effected (floods)

 Modification of in sewer processes
such as from acid corrosion and gas
could be impacted on - which would
necessitate changes in downstream
treatment and regulation.27

 A warmer climate may impact on
vegetation growth and type which
may bring both positive and negative
effects for drainage systems27

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

26 Prioritising future construction research and adapting to climate change: infrastructure (transport and utilities) by M I Wilson and M H Burtwell (TRL Limited) Project report CRISP
commission

27 Building knowledge for a changing climate. The impacts of climate change on the built environment. EPSRC and UKCIP
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Stage 4: Water management adaptation options

Adaptation
Type

Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Set up environment agency to regulate
 Compensation water regulations
 Planning control on development in flood plains

and areas susceptible to coastal areas
 Control / limit of substances into water courses e.g.

agricultural products

 Catchment management for island’s rivers (low
regret)

 Sustainable urban drainage systems (low
regret)

 Promote agri – environment schemes (low
regret)

 Legal requirements for
water meters.

 Controlled retreat of
coastline

Research /
Data
collection /
Monitoring

 Flood defence lessons from UK and other similar
issues / islands

 Improve monitoring of rainfall and runoff
 Review capacity of sewerage and drainage

infrastructure

 Identify potential flood plains – areas of risk and
assets at risk

 Risk of geosmin and algae
pollution of impounding
reservoir. Additional
treatment costs involved.

Bu
ild

in
g

A
d

ap
tiv

e
Ca

pa
ci

ty
(B

A
C)

Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Shelf life is decreasing and supply chain demands
are increasing.

 Encourage support of local produce (no regret)
 Metering to reduce water consumption
 Water conservation by user education (win win)
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Spread
/Share loss

 Surface water separation schemes (win win)
 Increasing capacity of the sewerage systems (no

regret)
 Increased refuse collections – to reduce health risk

as temperature rises
 Maintenance of existing drainage systems (Low

regret)
 Greater demand on recreational use of higher

ground / reservoir. Increased costs of mitigating
pollution risks

 Ensure that adequate resources and systems are
available for responses to climate related
emergency events e.g. flooding;

 Reduction in leakage
 Water metering
 Promotion of water efficient appliances
 Rainwater harvesting promoted
 Water saving measures implemented (win win)

 More reservoirs for storage (no regret)
 Development of innovative water resources

options

Accept
impacts and
bear Loss

 Identify all houses in flood plains – buy and
demolish

 Water butts for garden use (win win)

 Pulrose power station - risk of flooding. 1953
flood removed bridge

 Desalination plant
 Water restrictions on non essential use in times

of water shortage
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Prevent
effects:
structural /
technological

 Flood defences, structural recommendations on all
new developments to reflect flood alleviation risks

 Better drainage systems, particularly along
highways and railways.

 The use of low maintenance vegetation to act as
buffer zones, whilst not hindering the growth of
other vegetation

 Increase infiltration into land, design of urban areas.
 Promotion of flood proofing on buildings at

increased risk from flooding;
 use/re-creation of natural eco-system buffers
 Use of sustainable urban drainage systems (SUDS)

 Increase in storage capacity
 Design limits for drainage systems will require

reappraisal

 On landslips
 Use of green/open spaces

for temporary water
storage to alleviate
flooding.
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Avoid /
exploit
changes in
risk

 Avoidance of developments in at risk areas or
making sure that adequate protection is in place

 Increase use of sewage in agricultural irrigation
 Management of water resources and low flow

rivers to manage reduced water quality
 Potential for greater use of greywater and

rainwater harvesting

 Look at insurance
premiums by reviewing
pricing policy, restriction on
buildings

 Management of abstraction
licences for water supply
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acclimatise commentary

There will be a significant climate change impact on the water environment. The direct
effects will be felt on water resources, the treatment and supply of drinking water,
sewerage and sewage treatment and drainage. There will also be significant indirect
effects on all those other sectors where the water environment is an integral element, for
example, agriculture, tourism, the built environment, business, and the ecology of the Isle
of Man.

Baseline data collection is extremely important. It is recognised that there are knowledge
gaps (for example, accurate catchment models and watercourse flow monitoring) and
steps are being taken to address some of the issues. A regular periodic review of the
impacts of climate change on the water environment and on the demands for water from
competing sectors is required, together with a programme of stress-testing assets. Design
standards, operational procedures and maintenance regimes will have to change in
response to the anticipated and actual changes in the climate.

Water resources

Climate change will affect the reliable yield and quality from reservoir and stream intake
sources. The Water Authority acknowledges that the reservoir yield estimates do not
presently allow for the reduction in summer and autumn runoff into the reservoirs which is
predicted to result from climate change.

There will be increasing competition for the water resources, for example to maintain
minimum flows in watercourses and from agriculture for irrigation.

The work undertaken in this study on the hydrological impacts of climate change (see
technical paper 10) emphasises the need for routine flow monitoring in watercourses to
build a better understanding of each of the catchments. Gauging stations will provide
baseline data required to assess in detail the hydrological impacts of climate change from
both a resource and flood management perspective. This will allow more robust and
resilient adaptation options to be assessed.

Water treatment and supply

The impact of climate change was considered during the design stage of the two new
treatment works. Although the best available information was used at that time they have
been designed to service a population projected to 2021, taking into account the findings
of reports published in 1996 and 1998. These reports reflected the state of understanding
of climate change from the early 1990s. It should be noted that there have been significant
advances in our understanding of the climate change in the last 15 years. It is
recommended that the designs should be stress tested against the climate scenarios
presented in this report, and against the more recent guidance provided by the
Environment Agency in England and Wales and the UKCIP CCDew report.

Raw water quality will be affected by climate change resulting for example from changes in
water temperature, the breakdown of moorland soils leading to increased tannin levels
causing discolouration and nutrient discharges from agricultural land. Water quality will
also be affected in all watercourses by the impact of storm run-off during low-flow
conditions. The potential increase in use of fertilisers if land at higher altitude is brought
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into agricultural may need to be controlled. The treatment processes at the water
treatment works will need to be able to cope with a changing and perhaps more variable
raw water quality over their asset life.

Hotter summers and warmer winters will create additional problems for the maintenance
of water quality in supply and distribution systems. Monitoring procedures and
operational practices will have to be regularly reviewed to ensure that drinking water
quality at the tap does not deteriorate.

The demand for drinking water will be affected by the direct and indirect climate change
impacts identified in this report. There will be increasing competition for water between
agriculture, leisure, business and the environment. Extended dry and warmer periods
during the summer may become an increasing problem. Demand management, water
conservation, water efficient appliances, leakage control and drought contingency plans all
have a role to play as adaptation measures. Additional measures such as water harvesting,
use of grey water and water efficient designs for new buildings can be effective as a
demand management option.

Sewerage and sewage treatment

A change in rainfall patterns (short duration, high intensity storms) will place pressure on
sewerage systems, leading to increases in storm and foul flooding in urban areas, and
pollution of watercourses. Sewer and pumping station design standards will need to be
reviewed to take into account the change in rainfall patterns and storm return periods.

.There will be an increasing risk of pollution in low flow rivers during summer months from
storm overflows and surface water drainage systems. Storm overflows will operate more
frequently. Drier summers will encourage the build up of silt, fats and other material, and
intrusion of tree roots, leading to an increased risk of blockages and both surface and foul
flooding. Vermin control in sewerage systems during the summer and over an extended
period with warmer winters will become an increasing problem. Higher temperatures
combined with drier periods in the summer will increase the risk of septicity in sewerage
systems leading to significant odour problems.

The operation and management of sewage treatment processes may be affected by the
change in rainfall patterns and by increases in both water and ambient air temperature.
Odour and fly nuisance may increase and require remedial treatment measures.

Discharge conditions for the discharge of treated effluent, surface water drainage, storm
overflows, and trade effluents will need to reflect the impacts of climate change on the
receiving watercourse. Tighter consent standards may require additional or new treatment
measures to be introduced.

Drainage and flood management

All the climate change scenarios predict an increasing risk of flooding both from rivers and
watercourses. Baseline data needs to be collected to add to the understanding of the
current risks, to enable flood maps and event return curves to be created. Following on
from this comprehensive modelling on flow characteristics and runoff of the watercourses
across the island needs to be undertaken. This is also an important issue for strategic and
emergency planning, land-use planning, the design, location and maintenance of property
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assets and infrastructure. The costings work (see technical papers 5 and 7) has
demonstrated the significant costs associated with extreme events and the importance of
climate proofing.

Coastal areas are under an increasing risk from flooding. There is a need to review defence
systems to ensure they are fit to withstand the impacts of climate change on sea level rise,
storm surge, wave height and tidal patterns. These impacts will also change existing
erosion and deposition patterns along the coastline leading to new and increasing erosion
risks and flooding. It is also important that development proposals take into account the
increasing risk of coastal flooding and factor this into their design. The proposed scheme
for the redevelopment of the Douglas Promenade should for example be designed to take
into account a range of climate scenarios.

The changes in precipitation and storm events will also affect the extent of flood plains and
the frequency of their inundation. Land-use planning has an important role to play in
assessing the risks for new development, ensuring the sustainability of future development
and that the risks to existing property do not increase.

A comprehensive drainage and flood management strategy is required to understand the
existing risks and the impacts of climate change. Sustainable urban drainage systems have
an important role to play. However whilst they can significantly reduce the risk of flooding
in new developments, they are less effective (and may be entirely inappropriate) for
existing urban areas.

Examples of risk

 Increased risk of algal blooms and stratification in reservoirs
 Increased river and coastal flooding risks, and flash floods in urban areas
 Increased frequency in operation of storm overflows leading to watercourse

pollution
 Drinking water bacterial failures arising from increases in water temperature
 Water treatment processes unable to cope with changes in raw water quality
 Increased competition for limited raw and treated water resources

Examples of opportunities

 Increased ambient air and water temperatures may improve sewage treatment
biological processes

 Potential for reuse of rainwater / rainwater harvesting
 Adopting a cross-sectoral approach to both flood management and water

resources

Potential adaptation options

 Stress testing of water and sewerage assets, to assess their resilience to climate
change

 Encourage water conservation and demand
 Incorporate climate change into all designs for flood defences – design for the

future and not on historic data.
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 Review sewerage design standards and encourage the use of SUDS for new
development proposals

 Use open spaces, parks, recreational areas for temporary water storage to alleviate
flooding.

 Baseline data collection on catchments, flows, flood plains and event return
periods.
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11.0 Waste management

Characterisation

Waste management on the Isle of Man has been radically transformed by the construction
of a waste-to-energy plant, comprising two incinerators, a 60,000 tonnes per annum (tpa)
primary incinerator and a 5,000 tpa secondary incinerator for special wastes. The plant
accepts nearly all of the Island’s waste.

The Island’s first waste management plan was published in November 2000. It is due for
review and a consultation document has been issued, which identifies five key issues facing
the Island in terms of waste management. The further implementation of the Island’s Waste
Management Strategy is also seen as a key challenge because, whilst considerable progress
has been made in recent years, there is still a requirement for two new Civic Amenity Sites;
“green” and problematic waste facilities; and long-term landfill for residual wastes.

The government remains committed to the “user pays” principle and to securing a better
understanding by the community of the true cost of dealing with the various types of
waste. In 2004/05 the cost was in the region of £10.7m or £143 per person per annum.

Charges for waste disposal provide both an incentive to encourage greater waste
minimisation and recycling and a means to recover at least a proportion of the unavoidable
costs of disposing of waste. Around 50,000 tonnes of waste are being incinerated at
present and over 30,000 tonnes land filled per annum though this latter figure is reducing
steadily.
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Stage 1 and 2: Waste management

Defining the issue
Waste Management
Response

The waste strategy is currently being reviewed and there are various issues that have been raised in relation to waste management. The cost of waste
disposal and the charging structure together with responsibilities for waste was identified as needing to be addressed. Disposal methods such as
recycling, incineration and landfill have to be examined to identify the sustainable options. Discussions indicated that cost benefit analysis should be
used in decisions and that attitudes towards waste management needed to change.

Waste management is a contentious subject on the Island but one that needs to be addressed and a solution found. The decision has already has been
made to follow the incineration route but this needs to be supported by other waste reduction initiatives and other waste disposal options e.g.
composting. Other key concerns included the Island’s waste capacity for the future and the impact o f waste disposal options on the landscape and the
risk of pollution from existing and old sites.

Other sectors which impact on waste included tourism in the peak season that creates waste management capacity problems and agricultural practices
which impact on the environment.

The problem has been identified as:

How can we dispose of the Island’s waste in a safe and efficient way in the face of climate change?

When considering the problem the following should be taken into consideration:
 Cost of waste disposal
 Recycling
 Education and communication

The problem does not involve present day climate but it may involve adapting to climate change. Although he main driver is not climate change it was
considered that climate change would become more of an issue, as higher temperatures will create problems for collection rates and separation of
waste.

Stakeholders include Zero Waste Mann, DLGE, waste processing operations, the general public, business, consumers.

Climate change may have an impact on the movement of ground water so this may affect any existing or proposed landfills. The waste from energy plant
and any future development need to be assessed for climate risks.
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Stage 3: Waste management impact matrix

Climate change risks
Waste Potential risks and opportunities

Waste management Contaminated land
Increasing
summer
temperatures (H)

 Smell (A)
 Increasing costs (A)
 Health (A)
 Vermin (A)
 Higher rates of decay in waste (A)
 Increased health risks to workers from increased sunshine and exposure to UV

radiation and increased pathogen and vermin activity29 (A)
 Increased site disagreeability from odour, vermin, dust and litter29 (A)
 Increase the rate of waste decomposition within waste reception and storage

bunkers, leading to higher levels of odour, dust, insect infestation and
bioaerosols29 (A)

 Give rise to situations where this is a greater risks of diseases being transmitted
where putridly waste is handled29 (A)

 Impact on the selection of waste collection containers if adverse impacts are to be
avoided (A)

 Need for recycling of washing water (A)
 Decay of green waste to be utilised (A)
 Increased volume of cans and bottles (A)

 Increase in the mobility of contaminants in
the ground caused by the changes in soil
behaviour due to drying out and/or
changing groundwater levels. 28 (R)

 Increasing ground temperatures could lead
to soil desiccation and upward capillary
suction of polluted water, exposing the
contaminant at the ground surface.28 (R)

 The mobility/volatility of certain organic
compounds could be increased, causing
extended pollutant movement in the
ground.28 (R)

Increasing winter
temperatures (H)

 Vermin (A)
 Increase in green waste – extended growing season (A)
 Change in types and distribution to vermin and pests29 (A)
 Increase in composting rates 29 (A)

More extreme
high
temperatures
(H)

 Smell (A)
 Collection disruption (A)
 Increase costs (A)

Less extreme low
temperatures (H)

 Influencing the types and amount of flora and fauna on and around facilities and
the choice of ecological communities used to restore landfill sites29 (A)

28 Impact on climate change on pollutant linkage. Project brief. http://www.subrim.org.uk/contact/workpackages/wpi/wpi.htm
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Higher winter
rainfall (H)

 Increased run off causes pollution events (A)
 Increased disruption to supporting infrastructure e.g. road from increased flooding

from surface water, groundwater and drainage systems. This could also affect
some on site facilities e.g. weighbridges and gas and leachate collection systems29

 Increased leachate production in the winter months29 (A)
 Impact on the combustion process if waste is of higher moisture content than

anticipated. This may result in variations to chemical and reagent usage in the flue
gas treatment systems29 (A)

 Costs of remediation (A)
 Leaching increases (A)
 Restoration and use of landfill (A)
 Future design (A)
 Higher intensity rainfall would almost

certainly increase rates of erosion and may
also increase the spread of ground
contaminants 28 (R)

 Impact of changing rainfall patterns on
contaminated land – increase risk of
pollution

Less summer
rainfall (M)

 Reduce water availability for site management e.g. dust suppression29 (A)  Increasing risk of contamination of drinking
water (A)

More intense
downpours (H)

 Increased disruption to transport infrastructure due to flooding and hence delivery
of waste29 (A)

Sea level rise and
increased coastal
flood risk (H)

 Inundation and /or erosion of low lying coastal facilities29 (A)  Risk of contamination from oil spillage (A)
 Impact of sea level rise on oil storage

facilities and contaminated land (A)
Possibly more
winter storms (L)

 Backwash of sewers (A)
 Disruption of collection (A)
 Litter and paper blowing around (A)
 Structural impacts on tall buildings / structures e.g. incinerator (A)
 Increased damage to site buildings from storm (A)

General  Changes in site hydrology and temperatures which in turn could affect waste
management processes e.g. landfill degradation rates, leachate production and
composition29 (A)

 Increased risk of subsidence and slope instability from drying out of soils followed
by rapid wetting due to heavy rainfall30 (R)

 Reduce dispersal of stack emissions (A)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

29 Potential impacts of climate change on waste management. Jonathan Bebb, Jim Kersey. Entec UK. Environment Agency 2003

30 Jones D.K.C. 1993. Slope stability in a warmer Britiain. Geographical Journal, 159, 184 -195. Quoted within Climate Change Impacts on Waste Management. Environment Agency 2003.
J.Bodden and J. Kersey.
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Stage 4: Waste adaptation options

Adaptation Type Urgent: Opportunities to take advantage of now
/ decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Single Island authority for waste management
with uniform standards.

 Increased segregation of waste at source.

Research / Data
collection /
Monitoring

 Carry out a high level risk assessment to
identify those sites and processes that could
be most affected by climate change and
formulate appropriate action plans to address
the potential impacts29

 Identification of
contaminated land; pathway
and receptors
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Educational /
Behavioural change /
Awareness raising /
working in
partnership

 Education needed on waste separation and
segregation (no regret)

 Continue to build a shared understanding of
the potential impacts of climate change on
waste management policy and practices

 Education on incineration and recycling

 Changing waste profile e.g. more green
waste and increased rate of frequency of
collection

Spread /Share loss  Increased refuse collections – to reduce health
risk as temperature rises

 Greater demand on recreational use of higher
ground / reservoir. Increased costs of
mitigating pollution risks

 More frequent rates of collection

Accept impacts and
bear Loss

 Waste management
operations to be performed
under cover

 Old landfill sites –pollution, leachate,
erosion

Prevent effects:
structural /
technological

 Greater use of odour and
bio-aerosol control
measures

 Design waste collection
containers to keep waste dryD
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Avoid / exploit
changes in risk
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acclimatise commentary

There has been comparatively little research undertaken to date on the impact of climate
change on waste management. The impacts and adaptation options that have been
identified are mainly based on anecdotal evidence.

The Island has many challenges surrounding waste management as it examines the most
appropriate sustainable strategy for the management, treatment and collection of waste.
The waste management strategy for the Island is currently being reviewed and it should be
stress-tested with the climate change scenarios. Climate change needs to be integrated
into this decision making process as it may influence the options for the future.

The impact on climate change on other sectors, for example tourism, will have knock-on
impacts for waste management. Sustainable cross sector solutions will need to be
considered. The potential public health issues arising from a warmer climate for pest and
vermin control, odour management and disease with regard to waste management should
be carefully assessed. Adaptation options may need to be considered involving increasing
the rates of collection or different refuse storage options.

Examples of risk

 Increased rate of waste decomposition within waste reception and storage facilities
leading to higher levels of odour, vermin and insect infestations.

 Impact on the combustion process if waste is of higher moisture content than
anticipated. This may result in variations to chemical and reagent usage in flue gas
treatment systems29

 Higher intensity rainfall would almost certainly increase rates of erosion and may
also increase the spread of ground contaminants on landfill sites.

Potential adaptation options

 Increased refuse collections – to reduce health risks as temperatures increase.
 Design waste collection containers to keep waste dry.
 Education needed on waste separation and segregation.
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12. Built environment
Characterisation

At the time of the 2001 census, there were around 31,500 houses on the Island. Based on
the predicted growth rate of the population, and the reduction in average household size,
the Department of local government and the environment (DLGE) has established a policy
to make provision for 5,400 additional dwellings in the period 2001–2016.

The Island has been subjected to a sustained period of economic growth that has resulted
in a steady inward flow of people moving to new jobs and requiring housing. The Island’s
house building programme has not been large enough over recent years to supply
sufficient properties to meet the increased demand, caused partly by changes in social
trends, such as decreasing household sizes.

Historic buildings are seen as an asset to the Island, and to the quality of life enjoyed by its
inhabitants. A list of Conservation Areas and Registered Buildings has been drawn up,
which identifies areas and buildings of particular architectural, social or historical interest.
Environmental policies have been written to offer protection against any development that
would detrimentally affect the specific character of Registered Buildings. Climate impacts
on historic buildings are discussed in the historic environment section.

Protecting and improving the quality of the natural and built environment of the Island
makes it important that there should be effective systems of Strategic Planning and
Development Control, coupled with appropriate conservation measures.

The introduction of the remaining parts of the Town & Country Planning Act 1999, and
work towards putting in place four new Area Plans for the Island, with extensive public
consultation on each one, will ensure that the Island has a comprehensive Development
Plan in place by 2010. The current Development Plan comprises the Isle of Man Planning
Scheme (Development Plan) Order 1982 and 13 Local Plans covering individual towns and
villages. Though securing full Area Plans’ coverage for the Island could take well over a
decade (with current resources), work on the Plan for the South will begin in 2005/06
during which the timetable will be put in place for bringing forward draft Plans for the
West, North and East of the Island.

Four regeneration areas have been identified in the Island Spatial Strategy. These areas are
located in Douglas, Peel, Ramsey and Jurby. Developments will be spread throughout the
Island in line with this Strategy, and will be sited within, or form sustainable extensions to,
existing towns and villages.

The mismatch of housing supply and demand, coupled with low interest rates, has
overheated the housing market and resulted in a rapid rise in house prices. The average
price of a home is now £200,000, which is twice the cost of what might be affordable for a
typical first time-buyer on an annual income of £20,000 to £30,000. These factors have
created a backlog of demand for single units and for affordable housing from the
indigenous population and some new arrivals. There is also a growing demand for
specialist retirement housing.
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The Government has earmarked funding to increase the supply of housing but there are
difficulties in securing sufficient zoned land to meet housing targets. The programme for
bringing forward the Area Plans and the proposal in the draft All-Island Strategic Plan to
ensure new planning permissions provide 25% affordable housing should help in the
medium to longer term.
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Stage 1 and 2: Built environment

Defining the issue
Built Environment
Response

In the discussions on the built environment a number of cross-sectoral issues were identified.

The Island’s Strategic Plan is currently under modification - within this there is a provision for 5,400 new houses between 2001 and 2016.

The key issues that were highlighted included:
 Storm water management of roads
 Harbours, sufficient breakwater, quayside height, storm surge height
 Traffic congestion and road pollution, need to upgrade train to metro but still able to take trains
 Quality of housing, dampness, housing conditions, flood proofing
 Alternative energy
 Coastal protection of built environment.
 Access to minerals at coastal sites, rising sea level
 Energy efficiency of new buildings and old stock
 Location of new development

The problem has been identified as :

How can we provide affordable and robust development in the face of climate change?

When considering the problem the following should be taken into consideration:
 Development control process
 Future development
 Climate resilient buildings
 Flooding

Climate is already a factor - dampness is a problem in existing properties.

Building regulations follow what is happening in the UK (usually a minimum of 2 years behind).

Concerns that drainage capacity in urban areas is already limited. The Department of Transport has an objective to prepare plans of the Island’s main
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rivers indicating where flooding is likely to occur.

In certain areas climate is already effecting decisions as overhead wires are being put underground. T he driver for this was damage from storms.

Stakeholders include developers, owners of existing at-risk properties, all Government Departments.

Activities ongoing on the Island

 Separation of storm drainage required on new buildings
 Review of building regulations.
 Planning more friendly on solar and wind energy applications
 River and coastal monitoring / understanding projects.
 Attitudes towards insurance cover by insurance companies in areas at risk from flooding .
 Subsidence is also a problem in some places
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Stage 3: Built environment impact matrix

Climate change impacts
Built
Environment

Potential Risks and Opportunities

Design / Construction Maintenance of existing property Land use planning
Increasing summer
temperatures (H)

 Road coating products- tarmac melts (A)
 Increase cost of new build and upgrade of existing (A)
 Better insulation (A)
 Overheating in existing and new buildings (S)
 Increased requirement for specialist expertise in technical

aspects such as cooling, ventilation, passive solar design (S)
 Increased solar gain for passive water heating, photovoltaic

etc (S)
 Prospect of new internal finishes (e.g. ceramic floor tiles in

place of fitted carpets) (S)
 Possible increase in demand for canopy type structures

externally (S)

 Increased maintenance of road surfaces (A)
 Building fabric exposed to thermal stress (S)
 Drying of substrate, leading to increased

subsidence (S)

 Urban design changes – impacts on
street scene and landscape

 Building design changes challenge
traditional IoM characterisation.

Increasing winter
temperatures (H)

 Increase drain sizes for developments and roads (A)
 Less need for insulation (A)
 Less requirement for space heating (S)
 Less days lost through frost on construction sites (S)

 Lawns and other amenity planting likely to
require more maintenance (S)

 Potential for reduction in winter maintenance
costs 31

More extreme high
temperatures (H)

 Increase in building cooling costs (A)
 Design build to include comfort cooling (A)

Less extreme low
temperatures (H)
Higher winter
rainfall (H)

 Water course design and upgrades (A)
 Road drains need to be larger (A)
 New developments need storm water management (A)
 Some worsening of construction site conditions e.g.

concrete, mortar etc (S)
 More robust designs required for rainwater disposal

systems above and below ground (S)
 Higher specifications required for new drainage systems

(especially urban) (S)
 Opportunity for introducing SUDs in new developments (S)
 Rising costs of construction due to delays32

 Increased need for maintenance of drainage
ditches (A)

 Risk of flooding to property (A), both from
fluvial, coastal and sewerage which may lead
to structural collapse

 Change to design criteria for road beds (A)

 Covered shopping areas (A)
 No building in flood plains (A)

31 Prioritising future construction research and adapting to climate change: infrastructure (transport and utilties) by M I Wilson and M H Burtwell (TRL Limited) Project report CRISP
commission

32 Adapting to climate change: A checklist for developments. Guidance on designing development in a changing climate. Southeast Climate Change Partnership, SDRT for East of England
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 Increasing dampness leading to mould
 Health problems associated with dampness
 Increased risk of landslips
 Increased incidence of road accidents31

Less summer
rainfall (M)

 Water supply problems during construction and during
building's use (S)

 Water use management (A)

More intense
downpours (H)

 Drains and contamination health risk (A)
 Increase drain size for roads due to increased rainfall (A)

 Risk of flooding (A)
 Extension of separation of storm/foul (A)

drainage into separate systems to cope with
increased flows (A)

Sea level rise and
increased coastal
flood risk (H)

 Restrictions on location of proposed developments (S)
 Requirements for flood defences to protect existing

buildings (S)

 Increased risk of flooding (A) (S)
 Low lying and harbour side properties at risk

(A)

 Avoid low lying coastal locations
(A)

 Political influence (A)
 Harbour and quays (A)

Possibly more
winter storms (L)

 Need for more storm resistant designs (A)
 Wave attenuation features offshore from harbours (A)
 Structures and roofs vulnerable to damage in exposed

locations (S)
 Buildings and infrastructure under construction vulnerable

to extreme events, especially in exposed locations (S)
 Higher wind speeds will increase the loading on signs and

gantries, thus the structural detail of the panels and fixings
might have to be reviewed in the light of climate change
(R) 31

 Manton Road Douglas open instead of closing
when snow (A)

 Risk of damage to existing structures (A)
 Larger harbour walls and armouring (A)
 Walls and windows, especially cavity filled

walls vulnerable to driving rain penetration,
especially in exposed locations (S)

 Increasing weathering of building facades (A)

General / Indirect
effects?

 Litigation risks for consultants and contractors, associated
with both designs and existing buildings (S)

 Increasing insurance premiums to non-climate
proofed buildings

32

 Climate change will affect the durability of
materials (A)

 If tree planting changes due to
need to provide more shades etc
then it may affect building
foundations e.g. species with too
high a water demand will cause
subsidence (S)

Key
A = Accepted wisdom / Anecdotal evidence O = Observed, the impact has already been seen S = Information obtained from other scoping studies: source = providence unclear R =
Research work has been undertaken that demonstrates this impact

Confidence levels based on the UKCIP02 scenarios9

H = High M= Medium L = Low

and London Climate Change Partnership November 2005
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Stage 4: Built environment adaptation options

Adaptation
Type

Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Introduce new design standards for drainage for new
development

 Energy efficiency of new buildings – need to insulate for
winter but keep cooler in summer

 Flood proofing of housing.
 Do not allow house building in likely flood areas / coastal

erosion
 Revise plans sooner to prevent building on flood plains
 Review Island Strategic Plan to take into account the effect

of climate change (No Regret)
 Regulation and inspection must take place in building trade

to ensure energy efficient methods used
 Creation of an ‘environment agency’ to ensure new

legislation is carried out properly with proper inspectors
methods and if necessary prosecution

 Redirect resources from planning / visual impact to planning
design / building control

 Good maintenance and workmanship assists in reducing
rain and damp conditions.

 Offer grants to improve energy
efficiency in existing old houses

B
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Research /
Data
collection /
Monitoring

 Restrict location of new development
 Understand situation of dampness, housing conditions and

whether they need ‘flood proofing’
 Identify those roads that are most prone to flood damage

(historical data) and produce action plan (no Regret)
 Need more information on rivers and flows
 Keep existing places of research open and running to

monitor on going changes in the environment (no regret)
 Understand life cycle aspects of building materials, design

and demolition, use and location.



Isle of Man Climate Change Scoping Study 106

Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education and behavioural changes is thought most
important by group

 Audit business, households and ministry to reduce energy
use

 Campaigns now to educate people in how their lifestyles
contribute to decreasing climate change (low cost)

 Educate children, adults and make information on risky
areas widely available
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Spread /Share
loss

 More recycling of building materials
 Weir and reservoir to better manage water flow and retain

more water for better management of supply.
 Coastal protection of built environment
 Higher insulation levels to protect buildings from increased

temperatures and reduce energy use in winter
 Increase stability of telegraph poles, pylons and other

structures prone to wind loading31

 Strengthening of roofs and claddings on existing buildings31

 Ensure major items of infrastructure are
protected against storm / flooding
damage.

 Use of more durable materials such as
more corrosion resistant metals31

Accept
impacts and
bear Loss

 Stop development in
coastal erosion zones

 Let nature take it course
in coastal zones

D
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Prevent
effects:
structural /
technological

 New harbour / coastal structures to take account of sea level
rise and increased storms

 Change drainage design standards to allow for future
demand (Low regret)

 Storm water separation from foul sewerage system
 Reduce building densities
 Changing building height, spacing and street orientation to

increase shade and reduce isolation receipt
 Passive designs of buildings to be implemented e.g. shading

from the sun. Making provision for controllable ventilation
during the day and high levels of ventilation at night
(without compromising building security). Using heavier
weight building materials combined with night ventilation,
to enable heat to be absorbed and released into the
building fabric; improving insulation and air circulation (e.g.
cutting down on draughts) which enables undesirable heat
flows to be controlled.33

 Improve maintenance of infrastructure
to deal with climate change e.g. improve
capacity of rivers / drainage systems by
cleaning

 In commercial buildings have greater
emphasise on design for ‘cooling’
systems

 To adapt to floods raise floor levels, safe
access requirements, land raising, flood
warning systems, flood proofing, flood
defences, provide compensatory flood
storage. SUDS and pumping. Options
vary on development / area etc.34

 Raising the level of marina and harbour
installations

33
JN, Belcher, SE & Connell, RK (2005). Beating the Heat: keeping UK buildings cool in a warming climate. UKCIP Briefing Report. UKCIP, Oxf ord.

34 A toolkit for delivering water management climate change adaptation through the planning system prepared for the environment agency and SEERA by Land Use Consultants. South East
England Regional assembly, Environment Agency and ESPACE March 2005
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Avoid / exploit
changes in
risk

 Build in climate change now into design for structures e.g.
harbours, sufficient breakwater, quayside height, storm
surge height

 Enhance natural ventilation through variation of building
height and density

 Achieve effective solar shading using trees and vegetation
 Use of high albedo (reflective) building materials
 Incorporation of large areas of vegetation and water

features within urban landscape to encourage cooling
airflows

 Provision within developments of spaces for outdoor
activities e.g. shared areas for BBQs and entertainment

 Use the ground floor space for flood compatible uses e.g. car
parking or raise the ground floor above the likely flood
level32

 Increase use of wind power for generating electricity

 More outdoor swimming pools
 Solar and wind power maybe viable
 Changes for agricultural crop rotation

and farming methods

 Use Sulby reservoirs
pumped storage for
instant power availability
for peak loads and
emergency electric
supply
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acclimatise commentary

The built environment is one of the most susceptible sectors to the impacts of climate
change. The buildings, assets and infrastructure, their design and layout, their function and
form were all based on a traditionally stable climate. Adaptability in both form and
function to a changing climate and to changes in the needs of society is an important issue
for the Isle of Man.

Increasing temperatures will affect the maintenance, operations and usability of buildings.
Temperature increases will mean that buildings may become too hot, limiting their
usefulness and function. The introduction of air conditioning will increase energy usage,
adding to emissions. Passive cooling mechanisms need to be investigated for both
existing and new buildings.

Climate is already a factor in existing building design with dampness a major problem in
older properties. Under the climate change scenarios in warmer wetter winters this
problem may increase. Adaptation options will have to be considered to reduce this
impact and the associated health problems.

Some parts of the Island would be particularly sensitive to a rise in sea levels, e.g. Ramsey
and Douglas. This may require existing buildings to be protected or relocated. It will also
influence the location of future developments.

The hydrological impacts (see technical paper 10) will affect the extent of flood plains and
the frequency and intensity of flooding. Flood mapping for land use planning should be
based on return period events using the climate change scenarios, rather than events
drawn from historic climate data.

Changes in precipitation will have an impact on urban drainage systems. Baseline data
collection is required to understand the current situation so forward looking projections
can take climate change into account.

The economic impact of floods both coastal and riverine should be considered in
development and any defences that are required. As demonstrated by the future costing
work of extreme events flooding can be very costly and a balance needs to be struck
between the siting of development and the economic implications of flooding. Insurance
coverage has already been identified as an issue and will play an increasing role in
determining the economic viability of development.

Examples of risk

 Overheating in existing and new buildings
 Increased requirement for specialist expertise in technical aspects such as cooling,

ventilation, passive solar design
 More robust designs required for rainwater disposal systems above and below ground
 Increasing dampness leading to mould
 Increased risk of coastal and river flooding and sewer flooding
 Increased risk of subsidence
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Examples of opportunities

 Increased solar gain for passive water heating, photovoltaic etc
 Less days lost through frost on construction sites

Potential adaptation options

 Strengthening of roofs and claddings on existing buildings
 Use the ground floor space for flood compatible uses e.g. car parking or raise the

ground floor above the likely flood level
 Restrict location of new development
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13. Natural resources and environmental quality
Characterisation

Air The government’s monitoring stations demonstrate that the air quality on the Isle of
Man is generally good but that there are regularly levels of Ozone and PM10 particulates in
excess of the objective concentrations. Both of these effects are the result of oxidation of
nitrogen and sulphur oxides. The control of concentrations on the Island is probably
outside the control of the Manx population. In common with the rest of the world there is
increased car ownership on the Island and this, coupled with increased population might
conceivably lead to localised pollution due to exhaust fumes.

Water There is pollution of watercourses stemming from Victorian mining activities, which
has a significant impact on aquatic biological resources and fisheries. There are no plans to
remediate this source of pollution, as it is too diffuse and costly to deal with. A significant
increase in the concentration of aluminium was recorded in association with the
construction of Sulby reservoir but this has been addressed by the construction of lime
dosing plants. There is little particulate pollution load in local watercourses.

There is some diffuse agricultural pollution from slurry and also some point-source from
storm overflows and sewage discharges. These are being dealt with through agricultural
management plans and the Government’s IRIS (integrated sewage system) programme.
Monitoring carried out since 1995 has shown compliance with the Government’s targets
that 98% of the rivers on the Island should achieve fair and above quality measured by
biological and chemical monitoring.

There exists the potential for saline infiltration at the coastal fringe due to sea level rise,
which would impact on the marginal ecological communities.

No groundwater pollution problems were reported specifically and any such pollution
would pose no threat to supplies as all potable water is drawn from upland reservoirs.
There are no significant aquifers on the island due to the geology, which comprises mainly
shales, mudstones, silts and igneous rocks.

Nuclear The Isle of Man is located in the middle of the Irish Sea, some 55km from the
Sellafield Nuclear Fuel Reprocessing Plant. Seafood landed on the Island contains low
levels of radionuclides associated with effluent discharges from Sellafield to the Irish Sea.
There has been a decline in levels recorded since 1998. The UK government response to
climate change, diminishing oil reserves and energy security will dictate whether nuclear
power generation is scaled back up.

Minerals The natural resources of the Island are predominantly related to its landscape
character. There is considerable lead and zinc mineralisation on the island but what was
commercially exploitable has been worked out. There are no hydrocarbon resources
associated with the island and therefore all coal, oil and gas must be imported.

There are a number of small quarries on the island. Various rock types worked out of these
quarries have been used for building purposes. It is not known how many years of reserves



Isle of Man Climate Change Scoping Study 112

are left to be worked. Other bulk building materials such as cement, plasterboard etc. have
to be imported.

Geology The Island is composed of an ancient solid rock core that forms the range of hills
that stretches obliquely across the island, rising to Snaefell at 621m and, where it meets the
coastline, forms steep cliffs. The lowlands are in filled with glacial tills, which erode to form
terraces and there are many steep-sided valleys with woodland glens towards the sea. The
low-lying northern plain has a variety of soft, late glacial deposits, from gravels to sands
and clays, which at the coastline form soft cliffs with quite rapid erosion over much of the
length and only a little accretion. Although the soils are generally acid there is much
diversity and a good range of semi-natural habitats occur across the island. The fertile
agricultural soils are found around the coastal plains flanking the hills and in the northern
plain, where the largest area of higher-grade class soils are found.

Landscape The landscape and wildlife character of the island is closely linked to habitat
and climate. Particularly precious habitats include:

o Brooghs and wet flushes
o Curraghs, which are important roosts for hen harriers: the island supports the

largest breeding colony in Western Europe
o The Ayres on the northern tip of the island are internationally important heathland

dominated by lichens
o Heather and gorse-rich land seaward of Marine Drive is the home of the Grey Moth
o Rich coastal waters that attract divers and researchers, whale watchers etc. are very

temperature-sensitive

Biodiversity The Curraghs are now very important for wildlife, forming a mosaic of willow
and bog myrtle scrub, sphagnum bog, open water and flower-rich hayfields. They are
internationally important for a communal winter roost of Hen Harriers. Another important
habitats is the maritime heath, with heathers and gorse which are important to nature
conservation in the British Isles as a whole, since it is the home of the Grey Moth. Other
areas include heathland and sheep-grazed grassland. There are bracken-covered steep
‘brooghs’ (slopes) and wet flushes which are home to unusual plants such as the parasitic
Sundew, and heath-loving insects such as Tiger Beetles and Dark-green Fritillary
butterflies.35

The Ayres are internationally important for its wildlife, particularly the extremely rare lichen
dominated heath. The Ayres stretches from Blue Point in the west to the Point of Ayre in
the east. Manx National Heritage owns a small but representative part, including marram
grass-covered dune and ‘gaelic’ heath, the latter characterised by its mix of heather and
low-growing western gorse. Orchids and Burnet Rose are specialities, and the dunes are
home to many species of burrowing beetles and solitary wasps and bees.

There are seventeen mountain and coastal National Glens spread around the Island,
preserved and maintained in a semi-natural state by the Forestry, Amenity and Lands
Division.

The attractiveness and amenity value of the countryside and its wildlife are widely
recognised as a major contributor to the quality of life enjoyed by the Manx public and to
attracting visitors to the Island.

35 Manx National Heritage Website http://www.gov.im/MNH/
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Conservation of the environment and wildlife habitats continues to grow in importance as
does pressure on land use from development. The Government is developing a
Countryside Stewardship Scheme to reward the farming community for their good
stewardship of the Island’s most valued resource – the land.

The official recorder for the British Trust for Ornithology on the island indicated that most
of the birds seen on the island are well within their usual geographical range and would
not be significantly affected by climate change in terms of average temperature increase
unless the changes were large. He did, however, note that the populations of seed-eating
birds had declined and speculated that wetter-than-normal spring nesting periods could
be harmful to populations. Most species, especially those that are water-based are thriving.

The Monarch report 36 has undertaken detailed research into modeling natural resources
responses to climate change. Certain species and habitats outcomes where identified as
being relevant for the Island within the report. Modiolus modiolus is a mussel, which has a
semi-infaunal growth habit and forms partial or true reefs around several areas of the
British and Irish coasts. It has been detailed within the Monarch report as being present in
Isle of Man. It is a boreal species, which reaches its southerly limit within Britain and Ireland
and thus its distribution pattern here may be sensitive to warming. It is possibly susceptible
to summer warming but other threats include scallop dredging and other fishing.

Within the Monarch report the Montane heath habitat which is found on the Island has
been identified as being the most sensitive to climate change. The dwarf Willow (salix
herbacea) that is found on Snaefell is considered to be a ‘loser’ within the report. As
temperature increases habitats found at higher altitudes will become ‘squeezed’ as there
they cannot move up higher.

The Upland Hay Meadow habitat within the Monarch report shows that species
composition is likely to shift but other studies show that this depends on the responses by
agriculture to climate change.

The Peat Bog Habitat shows that some elements of this habitat are sensitive and within the
south and east of Britain and Ireland there may be some loss of suitable climate space. This
may be applicable to the Isle of Man and will need to be assessed. It does indicate that bog
myrtle (Myrica gale) and sphagnum moss (Sphagnum papillosum), which are found on the
Island, should be ‘winners’. Other habitats, which have been assessed by the report that
could provide useful information for the Island, are the Coastal Dune Slacks and coastal
estuaries habitats.

36
Harrison, P.A., Berry, P.M. and Dawson, T.P. (Eds.) (2001). Climate Change and Nature Conservation in Britain and Ireland:

Modelling natural resource responses to climate change (the MONARCH project). UKCIP Technical Report, Oxford.
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Stage 1 and 2: Natural resources and environmental quality

Defining the issue
Natural Resources and land environment
Response
Environmental quality covers all aspects of the environment including air, water, land and sea. Nuclear pollution was considered a threat to the Island’s
environment. The environment is considered a huge asset to the Island.

One of the issues that the Island faces is whether there are sufficient mineral reserves for future building proposals. The government is completing an
investigation into the proposals for and implications of offshore mineral extraction and further offshore hydrocarbon exploration. Also a consultation
exercise is being undertaken with the relevant public and private sector organisations to identify current mineral reserves and likely future demand
levels recognising the need for the sustainability of those reserves.

Other issues include air quality as targets are regularly exceeded for particulates and ozone. Water quality in rivers has also been indicated as a concern
as the quality is unsatisfactory in some rivers. The ISIS programme of upgrades to the sewerage s ystem is well advanced and this will lead to
improvements in water quality.

One key decision to be taken will be whether to preserve the existing environment or let it change under climate change.

When considering the problem issues that should be taken into account are:
 Failure to take a long-term perspective
 Lack of baseline data restricts ability to measure progress
 Limited expertise on the Island
 Monitoring programmes for toxic algal blooms and shellfish contamination..

The main issue has been defined as:

How can we protect the natural environment to enhance the well-being and economy of the population of the Isle of Man in the face of climate
change?

When considering the problem the following should be taken into consideration:
 Health impacts
 The natural environment
 Outside influences on the Island
 Water quality
 Agriculture
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 Fisheries
 Minerals / land management

Stakeholders include all Government Departments, agriculture, forestry and fisheries groups, the Water Authority, land owners, UK government, marine
interests, conservation groups, environmental groups.

Current activities on the Island
 Data is already being collected on SST, salinity and nutrient data.
 Change in bee behaviour has been observed
 Sustainability working group is currently developing a ‘sustainability toolkit’ for all government policies and projects.
 Housing pressures are mainly for affordable housing. Some pressure on the countryside, but most of the building is in town and village

extensions.
 Rural housing has affordability issues e.g. for farm workers.
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Stage 3: Natural resources and environmental quality

Climate change impacts
Potential Risks and Opportunities

Biodiversity Landscape
Increasing summer
temperatures (H)

• Change of species indeterminate (A)
• An increase in insects is good food for bats and fish (A)
• Changing water quality / quantity may effect river habitat and biodiversity (S)
• Rare species could be favoured by warmer temperatures (S)
• Increasing temperatures are expected to accelerate loss of organic matter in

soils, releasing nitrogen, which may increase plant growth or, if leached from
the soil, increase pollution of watercourses.37

• Provision of more food e.g.insects and therefore enhance biodiversity (A)

 More fires because of higher temperatures and less
rainfall (A)

• Upland sources from peat covered catchments are
likely to contain enhanced levels of dissolved organic
carbon, particularly when re-wetting follows drought
periods, producing risks of trihalomethane formation
on disinfection with chlorine38

Increasing winter
temperatures (H)

• Less winter die-off of sensitive species (A)
• Bats more active in winter (A)
• More intense downpours and droughts (A)
• Freshwater biota could be threatened by higher water temperatures and

altered river flows (A)
• Species suited to a harsher winter climate will be affected (S)
• Amphibians may benefit from warmer wetter winter conditions43

• Hibernating species may be detrimentally affected by warmer winters that
disrupt hibernation patterns43

• Increased risk of mass mortalities of commercial species at extreme of
geographical range (A)

• Sulphur oxidised in catchments which is then pushed
into rivers and so not seeing benefits of SO2 emissions
reductions (A)

• Loose materials put on agricultural lands are washed
off fields e.g. muck spreading, fertiliser, seed stock (A)

More extreme high
temperatures (H)

 Mortality of animals/plants at extreme of geographical range (A)
• Increased temperature stress on cold water fish species43

 Increased risk of heather fires in upland areas (R) 13

 Changing tree types in Glens (A)
 Distributed bogs and sparsely vegetated peat surfaces

are likely to suffer increased erosion due to increased
rainfall intensity and cracking in summer drought43

Less extreme low  Insect pests are a negative but widely observed consequence of biodiversity  Increased erosion of footpaths / bridleways as no snow

37 Bisgrove, R. and Hadley, P. (2002) Gardening in the Global Greenhouse: The Impacts of Climate Changeon Gardens in the UK . Technical Report. UKCIP, Oxford.

38 Health effects of climate change in the UK. Department of Health UK.
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temperatures (H) change (A)
 Survival of migratory species that currently arrive, breed and die-off e.g.

butterflies (A)
 Pest die-off reduced in winter (A)

cover protection (R ) 13

Higher winter
rainfall (H)

 Wetter-than-normal spring nesting periods could be harmful to bird
populations

 Increase in pollutant/nutrient run-off to sea (A)
 Soil loss from un-vegetated land (A)
 Increased winter rainfall may raise water tables enough to kill roots, thereby

reducing effective rooting depth and making trees more vulnerable to summer
drought 39

 Soil erosion (A)
 More housing required for animals in the winter –

aesthetic impact
 Flooding affecting erosion on hill land sending terminal

moraine into rivers (A)
 Land drainage/erosion/flooding (A)
 Increased erosion of footpaths / bridleways as heavy

precipitation events cause greater erosion rates (R / O) 13

 An impact on seasonal wetlands – perhaps new wet
areas. There will be an increase in erosion, mainly in
west and northern river valleys (A)

 Increase in number of landslips on northern hills, which
is already being seen as they are on sands and gravels.
Need to consider land drainage (A)

 Higher winter water tables may mean impact on
soakaways and septic tanks not working. Already
observing higher water tables and impact on septic
tanks – as they are not draining away so pools on
surface of ground. Note this could be a public health
risk. Options could be to improve treatment and
pumping systems (A)

Less summer
rainfall (M)

 Drying out of wetlands in summer (A)
 Lower summer river flows providing less dilution for existing discharges – river

quality problems (A)
 Adverse affect on marine life (A)

 Decrease in summer soil moisture40

 Increased incidence of forest fires

More intense
downpours (H)

 More frequent sewer overflows causing river quality problems (A)
 Effect of extreme weather events such as floods: increased risk of pathogens

breaching the water treatment and sanitation safeguards

 Damage to plant species (A)
 More flooding of farmland (A)

Sea level rise and
increased coastal

 Tidal limits to extend inland, preventing natural flow and dispersion of existing
discharges

 Coastal defences to be increased, 0.5m of sea level rise
will jeopardise the IRIS installation on Douglas Prom and

39 http://www.forestresearch.gov.uk/fr/INFD-5ZYJ62 Forest Research Website Impact of climate Change.

40 National Farmers Union Climate change and Agriculture Nov 2005
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flood risk (H)  Loss of breeding and winter feeding grounds for waders is expected due to sea
level rise43

all the new apartment dwellings (A)
 Increased coastal erosion affecting coastal roads (A)
 Erosion of coastline - loss of land (A)
 Increase in salt marsh environment (rare in the IoM) (A)
 Loss of beaches and reduced inter-tidal area, hard

defences might prevent their ‘migration’ (A)
 Salt water intrusion and inundation could affect habitats

and land (A)
Possibly more
winter storms (L)

 Increased damage/destruction to/of harbour walls (A)
• Sea water flooding of existing urban areas (A)

General  Decreased quality of drinking water (A)
 Enforcement is a major issue / monitoring. There is only one planning

enforcement officer (A)
 Loss of upland species (S)41

 Increased pest species (S)
 Enhanced plant growth (S)
 Changes in species’ competitiveness (S)
 Changes in insect and bird breeding patterns (S)
 Loss of fish spawning sites (S)
 Potential loss of species from region (S)
 Opportunities for range expansion of habitats and species (S)
 Potential for species extinction
 Causing shifts in the reproductive cycles and growing seasons of certain

species42

 Increased photosynthesis and reduced water use by plants; effects at
ecosystems level are unclear.43

 Conditions may favour ruderal 'weedy' species at the expense of stress
tolerators43

 Changes in predator / prey relationships43

 Changes in population growth rates and increased numbers of generations43

 Change in the timing of salmon spawning in response to altered river flow

 Adaptation in response to climate change could have
implications for natural resources. E.g. people moving
away from flood prone/ coastal areas could end up
building in other (natural) areas – who will stop them?
(A)

• Changing vulnerability / desirability of different
locations and impacts on natural resources. (A)

41 Changing by degrees: The impact of a changing climate on the Northwest of England.

42 Gitay, Sarez, Dokken and Watson 2002. Climate change and biodiversity IPPC Technical Paper V

43
J.E. Hossell, B. Briggs and I.R. Hepburn Climate Change and Nature ConservationA review of the impact of climate change on UK species and habitat conservation policy

44 Bisgrove, R. and Hadley, P. (2002) Gardening in the Global Greenhouse: The Impacts of Climate Change on Gardens in the UK. Technical Report. UKCIP, Oxford.
45 Robert A. Robinson1, Jennifer A. Learmonth2, Anthony M. Hutson3,Colin D. Macleod, Tim H. Sparks, David I. Leech1,Graham J. Pierce , Mark M. Rehfisch1 & Humphrey Q.P. Crick. BTO
research report 414 Climate change and migratory species Jan 06
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conditions43

 Climate change will alter the probability of invasive and alien species
establishing, which may have important effects on local biodiversity.45

 The impacts of climate change on plants in gardens will be less than on those
in the natural environment because of the attention they receive in
cultivation.44

 Experiments show that doubling carbon dioxide levels can increase plant
growth by as much as 50 per cent, although this varies depending on plant
species, temperature, water supply and mineral nutrient availability.44

 The wintering areas of bird populations are changing as a result of climate-
driven changes in migratory behaviour. In response to warmer temperatures,
many waders, such as the Ringed Plover, are now wintering on the east of
Britain (closer to their breeding grounds) rather than the west coast. (O / R)45
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Stage 4: Natural resources and environmental quality adaptation options

Adaptation
Type

Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a
‘watching
brief’

Bu
ild

in
g
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ty

(B
A

C)

Prevents effects:
Changing
standards
regulation /
policy
institutional

 Legal requirement to report fires / extinguish them
 Put best practice guidelines in place for erosion management
 Eco tax
 DAFF, DLGE, Island Agenda 21 have role to play in developing All

Island Strategic plan (win win)
 All Island Strategic plan needs to take account of climate risks e.g.

floods and changes to agriculture (win win)
 Biodiversity is strongly influenced by land use and so policy

responses should be developed in terms of integrated land use
management

 Manage protected and designated areas. Integrated land use and
management strategies developed

 Fully integrate habitat conservation and creation with other types
of land use through agri-environment and forestry schemes and
cross compliance measures. At all scheme reviews, assess whether
these measures are delivering at a level that keeps up with the
pace of climate change.

 Environmental laws
 Plan for habitat change in site protection

(flexible)
 Fire risk preparation – agree access routes

for fire engineers, supplying first defences
(e.g. fire beaters) (no regret)
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Research / Data
collection /
Monitoring

 Monitoring damage caused by erosion
 Species and habitat monitoring - set up central biodiversity centre

(no regret)
 Maintain and monitor terrestrial, fresh water and marine

environmental data (no regret). This also forms part of wider
network e.g. UK and Ireland. Irish sea co-ordination will be lost with
other studies e.g. EU projects (as IoM are not eligible for these
alone).

 Government needs to take the lead and get better involved in
other for a e.g. BIC

 Initiate (continue?) coordinated monitoring programs of
environmental factors under single control with dedicated budget

 Effects of increased water table on lowland environments
 Bird monitoring (just started) No regret
 Need to monitor river flow rates; phytophthora, groundwater

levels, species taking over. E.g. Bracken encroaching upwards on
moorland. The frost keeps it off the top of the hills at present but
this may change. (No regret)

 Need all island monitoring system and central collection point,
which is computer based. Co-ordination of agencies and volunteer
agencies to agree on central system (no regret)

 As a small island with limited resources need to prioritise on
monitoring e.g. indicator species for each habitat.

 Understand socio-economic impacts on agriculture
 Monitor the impacts of climate change on both common and rare

plants including phenology, distribution and status.46

 Research on forest / tree pests / diseases
so can adapt tree species choice. (win
win)

46 Under Pressure. Climate Change and the UK’s wild plants. By Plantlife. http://www.plantlife.org.uk/uk/plantlife -saving-species-publications.html
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Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education of public to fire threat and management.
 Educate about erosion management
 Voters need to know what government is investing in e.g.

adaptation to climate change and how they can support it.
 Need to educate MHKs on climate change, use Manx Radio and

explain relevance to the island. Need to lengthen their outlook
horizon

 Food mile labelling required so people know where food comes
from and can buy in an informed way

 Need to engage treasury and explain economic implications of
climate change and get them to consider environmental and social
issues and not just cost.

 Undertake cost benefit analysis on major capital projects and take
account of climate change. Design climate change in early to save
£. Maybe use lifetime costing to account for full costs.

 Making information on climate change readily available to farmers
and the industry47

 Revision of policies to encourage diversification of income47

 Introducing policies to aid adaptation to climate change on
livestock farms47

 Demonstration farms for new crops and techniques47

 Better water resources planning; and information on ‘best practice’
techniques for soil conservation in a shortened cultivation
window47

 Promotion and undertaking of good soil management

 Extend business planning process
 Promote all projects and expenditure – at

point of development (e.g. on a new
coastal defence ‘built as part of climate
change response’)

 Provide incentives for saving water e.g.
reductions on rates for households with
water saving devices in toilets

 Food miles labelling
 Assess impact of climate change on

employment sectors and adapt tertiary
education to meet expected skills in long
term

 Include in all
departments
business
planning
process (low
regret)

47 The Timescale Of Potential Farm Level Responses And Adaptations To Climate Change In England And Wales Taken from Project Summaries Report 1987-2002. Defra
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Spread /Share
loss

 Management plans in place for managing fires
 Fire beaters to be put in place of risk
 If insurance is required, encourage the financial sector to examine

if there is a good business opportunity for IoM insurers
 Increase resilience by reducing other stresses
 Agri-environment schemes for biodiversity

 Different mechanisms of water storage
for reduced summer availability

 Drought resistant crops? Introduce
different crops

Accept impacts
and bear Loss

 Joined up thinking across government and treasury (low regret)
 Create an environment agency / climate change department with a

budget (low regret)
 Manage retreat encourage new habitats and increase biodiversity

(Win win)
 Increase in sea temperatures are associated with algal blooms
 Do not sanction additional hard defences in non urban areas –

likely to adversely affect natural resources.

 Natural and facilitated migration
 Ecological change / biodiversity (win win)

 Footpath
repair /
erosion
damage
correction

 Increase in
variability of
river flow,
less diversity
inverts less
fish and the
associated
knock on
effect on
ecosystem
(no regret)

D
el

iv
er

in
g

A
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pt
at
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n

A
ct

io
ns

(D
AA

)

Prevent effects:
structural /
technological

 Fire plans – these are already been done
 Agricultural land use adaptation (win win)

 Improve riverbank management to
provide some counteraction to climate
change impacts on habitat quality and
availability
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Avoid / exploit
changes in risk

 Close areas of environment that are high risk fire areas / areas of
high erosion

 Incorporate opportunities to facilitated colonization in agri-
environment schemes, flood defence schemes and coastal
planning.

 Raise profile of issue and implication to land managers to allow
evolution of management (win win)

 Exploit opportunities stemming from climate change e.g. grow
exotic fora – not oaks

 Upgrade existing surface water drainage systems and rivers to deal
with significant rainfall events and flash floods

 Reducing run off, through use of contoured hedgerows and other
buffer vegetation strips

 Managed coastal retreat
 Habitat management
 Develop and fund landscape scale management schemes that

establish networks of suitable habitats (such as ponds, hedgerows
and small woods) for migrating species as well as providing
suitable receptor sites for incoming seeds and spores.

 Conserve genetic variation at local sites and increase species and
habitat resilience through increasing the size, number and
interconnectivity of sites.

 Facilitated colonisation48

 Adapt forestry to suit new migrating birds
 Flooding

48 Potential UK adaptation strategies for climate change May 2000 , produced by ERM for the department of the environment, transport and the regions
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acclimatise commentary

The natural environment will be significantly affected by climate change. A lot of research
has already been undertaken on this sector. Habitats and natural resources are sensitive to
climate and the Island is already beginning to experience change.

Climate change needs to be built into land management plans. There will be difficult
decisions ahead not least with regard to the conservation of ‘at risk’ areas already under
stress.

The environment is a significant asset to the Isle of Man and climate is one of the key
determinants of species distribution and habitats. As the climate changes, the distribution
patterns of species and the composition of habitats will change. As the Monarch report
states, ‘if we are to understand the likely changes and so assess the vulnerability of
different species, as well as their ability to adapt, we need to understand how current
patterns of distribution are related to our climate.’36 This is a key action within building
adaptive capacity for the Isle of Man as there is a need to gather more baseline data so
progress can be measured and benchmarked.

As shown in the Monarch report there will be a shift in species – some species will thrive
and ‘win’ from the changing in climate, but others – in particular montane species – will
have their ‘climate space’ reduced and will be threatened by climate changes.

Other pressures on the environment will increase through climate change. Increased visitor
numbers may mean there is more footpath erosion, greater fire risk or even increased
development as population grows. (This is discussed in the leisure and recreation section).
A sustainable approach that is forward looking needs to be incorporated into biodiversity
plans.

Examples of risk

 Increased temperature stress on cold water fish species
 Climate change will alter the probability of invasive and alien species establishing,

which may have important effects on local biodiversity
 Drying out of wetlands in summer (A)
 Lower summer river flows providing less dilution for existing discharges – river

quality problems (A)

Examples of opportunities

 Provision of more food e.g.insects and therefore enhance biodiversity
 Amphibians may benefit from warmer wetter winter conditions
 Opportunities for range expansion of habitats and species

Potential adaptation options

 Managed retreat, encourage new habitats and increase biodiversity
 Manage protected and designated areas. Integrated land use and management

strategies developed
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 As a small island with limited resources need to prioritise on monitoring e.g.
indicator species for each habitat.
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14. Marine environment
Technical reports 3 and 4 outlines evidence for changes in the marine climate, including
change in the North Atlantic Oscillation (NAO), storminess, mean sea level and wave and
storm surges. Although some records and data sets are short and inconsistent, there is
little doubt that the marine environment is responding to a warming of the atmosphere.

The North Atlantic Oscillation is considered to be one of the most influential indicators of
climate variability in the northeast Atlantic region49 . A recognised feature of the NAO in
recent times is its propensity to a more positive phase over the past 30 years, which results
in warmer and wetter conditions in northern Europe, associated with stronger than
average westerly airflow. With regard to storminess, there is evidence for an increase in
storm intensity in the North Atlantic region during the 1980s and 1990s, and a higher
frequency of severe gales after 1990 which can also be attributed to the positive phase of
the NAO50 .

The waters surrounding Ireland and the UK are 7o to 8oC warmer than the average global
sea surface temperature at the same latitude principally due to the influence of the warm
North Atlantic Drift which is the main ocean current affecting the region49. Scottish and
Irish sea surface temperatures (SST) have increased since the 1970s, with Scottish
temperatures increasing by ~1oC with warming most apparent in winter51. Sea surface
temperatures from Port Erin have also increased, by 0.7oC since the early 1900s, with a
greater rate of increase since 1989.

Other important factors which show evidence of change in the Isle of Man marine climate
include wave heights and sea level rise. Waves are the driving force behind every coastal
process52 . Wave heights are determined by the distance of uninterrupted open water over
which a wave forming wind can travel, called the fetch. Wave heights in the North East
Atlantic have been increasing since the 1960s according to Bouws et al. (1996)53. Significant
wave heights are derived from the mean of a series of wave height measurements taken
over a particular time period and are indicative of average wave height conditions54 . As the
Isle of Man is sheltered in the Irish Sea, away from the Atlantic Ocean, significant wave
heights are lower, ranging from 0.5 to 1.5 metres (compared to 2.5 to 4 metres in the
Atlantic). It is the north west coast of Ireland and Scotland, which are likely to experience
the greatest impact of increases in wave height as they are exposed to the full influence of
the North Atlantic Ocean. Although considered extreme, wave heights in excess of 24m
have been recorded in the Atlantic in the past52.

49 Boelens, R., Minchin, D and O’Sullivan (2005) Implications for Ireland’s marine environment and resources. Marine Foresight
Series, No. 2. Marine Institute, Ireland.

50 Jones, P.D., Horton, E.B., Folland, C.K., Hulme, M., Parker, D.E. and Basnett, T.A. (1999) “The use of indices to identify changes
in climatic extremes” in Karl, T.R., Nicholls, N. and Ghazi, A. (eds) Weather and climate extremes: Changes in variations and a
perspective from the insurance industry, Kluwer Academic Publications. The Netherlands.

51 Scottish Environment Statistics Online, 2005 Scottish Environment Statistics Online (SESO) (2005) Commentary for coastal
sea temperature differences at Millport, Peterhead and Fair Isle: 1953 – 2003.
http://www.scotland.gov.uk/stats/envonline/select.asp?id=22&cat=1&des=Climate+Change+and+the+Ozone+Layer&Loc
=Internal&chart=

52 Pethick, J. (1984) An Introduction to Coastal Geomorphology. Edward Arnold, London.

53 Bouws, E., Jannink, D., Komen, G.J., (1996) The Increasing Wave Height in the north Atlantic Ocean, Bulletin of the American
Meteorological Society, 77, 10, 2275-2277.

54 Fealy, R. (2001) The impacts of climate change on sea level and the Irish coast. In, Climate Change: Scenarios and impacts for
Ireland. ERTDI Report Series No. 15. Environment Protection Agency, Ireland, 189-222.
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During the last century, sea level has risen globally by 1-2mm/year, with a rise in sea level in
the Atlantic region of 0.3-0.7 mm/year. Relative sea level rise (the net rise discounting
isostatic change) around Ireland and the UK averaged ~1mm/year although significant
variation within the records occur55. Global sea level is affected by a number of factors such
as the thermal expansion of the oceans, the contribution made by small glaciers and the
influence of changes occurring in the large ice masses of Greenland and Antarctica54.
Coastal flooding is often mistaken for rising sea levels. However, such events are more
often the result of storm surges associated with high tides and on-shore winds. It is clear
that the impacts of storm surges will increase as sea level rises49.

Marine life

The coastline of the Isle of Man is rich in marine life. The Irish Sea contains important
populations of sea birds, fish and cetaceans including the bottlenose dolphin, grey seals
and basking sharks. Commercial fish stocks such as cod, whiting and sole are now over
exploited and considered to be outside safe biological limits56. The distribution of marine
species is determined by many factors and at many different scales. Large scale
environmental variations e.g. changes in water characteristics, including temperature and
primary productivity, can determine broad distribution patterns of species and habitats
and localised conditions can allow and prevent the development of specific assemblages
and species. Key physical parameters determining the distribution of marine species
include: wave exposure, tidal stream currents, water temperature, salinity and water
quality. Biological factors can also modify community consumption and determine the
distribution of species such as source of nourishment, predation pressure, competition for
space and food and absence of pathogens. Each of these factors combines and interacts
with one another to produce a range of conditions suitable for colonisation by different
marine species57.

The Isle of Man lies fully within the boreal biogeographic province, which results in species
association of cold-water origin and limits the migration of warm water species, of
Lusitanian origin, into the area58 . The Irish Sea is generally much cooler than the open
Atlantic coasts and supports a more Boreal suite of species (Figure 5).

55 Woodworth, P. (1999) A review of the trends observed in British Isles mean sea level data measured by tide gauges.
Geophysical Journal International, 136. 651-670.
56 Irish Sea Pilot (2002) A trial of regional sea management for nature conservation. Joint Nature Conservation Committee
Issue no.1.

57 Emblow, C., Minchin, D., Mayes, E. and Wilson, J. (2001) Climate change and the marine environment. In, Climate Change:
Scenarios and impacts for Ireland. ERTDI Report Series No. 15. Environment Protection Agency, Ireland, 141-188.
58 Jones, L.A., Coyle, M.D., Gilliland, P.M., Larwood, J.G. and Murray, A.R. (2004) Irish Sea Marine Natural Area Profile: A
contribution to regional planning and management of the seas around England. Peterborough: English Nature
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Figure 5: Marine biogeographic regions. Redrawn from Hiscock (1996) Source: Emblow et al.,
2001.57

Intertidal and sub-tidal species

Evidence suggests that species range extension in response to climatic warming is
occurring quicker in marine systems (intertidal species, fish, plankton) than terrestrial
systems. MarClim has identified shifts in the geographical limits of species and potential
biological mechanisms causing the observed responses of species to climate change. The
abundance and distribution of many sea shore species have been altered as a response to
increased warming.

Range extensions have occurred at the northern limits of many typically southern warm
water species including Osilinus lineatus (Toothed topshell), Gibbula umbilicalis (Flat
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topshell), Chthamalus montagui (Montagu’s stellate barnacle), Chthamalus stellatus (Poli’s
stellate barnacle) and Balanus perforatus (acorn barnacle) since the mid 1980s in Wales,
Northern Ireland and Scotland, including greater penetration around the north of Scotland
into the colder North Sea59. The southern species of barnacles are now more abundant
further north. In 2004 Chthamalus stellatus (the Poli’s Stellate barnacle) was recorded for
the first time on the Isle of Man, 100km from the next nearest known population in North
Wales59. Modelling this species distribution in the future, taking into account modelled sea
surface temperatures, wave fetch and future climate change scenarios, an expansion of it’s
range into the entire north Sea by the 2080s is predicted.

Other barnacles, such as the Semibalanus balanoides (Acorn barnacle), a boreal species
adapted for cool environments and commonly found on rocky shores, has been found to
have it’s reproduction inhibited by temperatures greater than 10oC. It is therefore likely to
exhibit some sensitivity to temperature change and its distribution may also change due to
increased temperatures57. The barnacle Balanus crenatus (also an Acorn barnacle), in studies
in areas of higher water temperature was replaced by a sub-tropical barnacle (Balanus
amphritite). However, after the water cooled, Belanus crenatus returned60 . Increases in sea
temperatures could see this occur in the Isle of Man. Kelp (Laminaria) species have been
identified as being sensitive to changes in temperature, in particular short term changes,
but they can adapt to slow, gradual increases in temperature.

MarClim have found less evidence of a reduction in the ranges of northern species,
although some species have not been found on shores where they have previously been
recorded. The Tectura tessulata (Tortoiseshell limpet), whose previous southern limit was at
Dublin and Anglesey has now been lost from the south of the Isle of Man since the 1980s59.

Hiscock et al. (2004)61 suggest that there will not be a wholesale movement northwards of
southern species or retreat northwards of northern species with increasing sea surface
temperatures because many additional factors will influence the responses of different
organisms. Such factors include the hydrodynamic characteristics of water masses, the
reproductive mode of species, the presence of geographical barriers and the longevity of
already established species. It is further complicated by the presence of competing species
and the presence of prey or predator species. Where species affected by climate change are
dominant or key structural or functional species in biotopes, there may be a change in the
extent and distribution of those biotopes.

Changes in sea level are likely to have a minimal impact on fishing and sea weed industries.
Impacts will most likely be restricted to activities utilising intertidal areas such as shellfish
and sea weed harvesting57.

59 Mieszkowska, N., Leaper, R., Moore, P., Kendall, M.A., Burrows, M.T., Lear, D., Poloczanska, E., Hiscock, K., Moschella, P.S.,
Thompson, R.C., Herbert, R.J., Laffoley, D., Baxter, J., Southward, A.J., Hawkins, S.J. (2005) Marine Biodiversity and Climate
Change (MarClim) Assessing and predicting the influence of climatic change using intertidal rocky shore biota. Marine
Biological Association Occasional Publications, No. 20.

60 Naylor, 1965; in Emblow, C., Minchin, D., Mayes, E. and Wilson, J. (2001) Climate change and the marine environment. In,
Climate Change: Scenarios and impacts for Ireland. ERTDI Report Series No. 15. Environment Protection Agency, Ireland, 141-
188.
61Hiscock, K., Southward, A., Tittley, I. and Hawkins, S. (2004) Effects of changing temperature on benthic marine life in Britain

and Ireland. Aquatic Conservation: Marine and Freshwater Ecosystems. Vol 14 (4), p333 -362.
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Fish species and fisheries

Marine species including plankton and fish show rapid responses to alterations in climate.
As the climate warms, a general pole-ward shift in species range is expected as species
respond to the alteration of suitable ‘climate space’ they can inhabit 62. As species have
different metabolisms, and different physiological processes and behaviours, they are likely
to respond to warming temperatures at different rates. This will also affect adult growth
and survival, reproductive output, phenology and recruitment success59.

According to Emblow et al., (2001)57 northern species such as cod, which prefer
temperatures between 4 and 7oC; herring, which have an optimum temperature for
spawning between 8 and 9oC; and haddock, which has a southern limit down to the south
of Ireland, may all be limited in their southern distribution by increased water temperature.
Similarly, southern species such as hake, may have their range extended northwards. Bass
(Dicentrarchus labrus) spawn in inshore waters on the south-west and south-east coasts of
Ireland. While they are found further north, their numbers are limited. However, increases
in sea temperatures may see bass as more frequent visitors to the Irish Sea. Kennedy and
Fitzmaurice (1972) found that growth and year class strength of bass was positively
correlated with higher sea temperatures (in, Emblow et al., 2001)57.

There are also detrimental impacts from changing sea surface temperatures. The
occurrence of eagle ray (Myliobatis aquila) and gilt-head sea bream (Sparus aurate) are both
considered to have potentially harmful implications for shellfish culture and benthic
marine biodiversity. One record of eagle ray occurs from Co. Antrim in Northern Ireland
(Vickers, 1959; in, Emblow et al., 2001) and may become more common in Irish Sea waters
as it prefers calm conditions in warm months.

Marine mammals

The impacts of climate change are also considered to have a serious threat on cetaceans at
both the local and global level. Smaller increases in temperature may have local impacts on
the primary productivity of the Irish Sea and thus a local impact on potential food for
cetaceans. A shift in plankton distribution and abundance will have implications for seals,
dolphins and sharks in the area surrounding the Isle of Man. If there was an increase in
severity or frequency of storms, diseased, old or weak cetaceans may be unable to survive
more stormy conditions.

There is evidence that predator species are also following the north-ward shift in cold water
species. MacLeod et al. (2005) examined cetacean strandings, sightings and abundance in
north-west Scotland. They found a range extension of common dolphins (Delphinus
delphis), which is a warm water species, and also a decrease in range of white beaked
dolphins (Lagenorhynchus albirostris) (in, Simmonds and Isaac, 2005)63. Thus, there is direct
evidence that warm water cetacean species are also making the pole-ward shift.

62 Graham and Grimm, 1990; Fields et al, 1993; Southward et al., 1995; Parmesan, 1996; Sagarin et al., 1999; in, Mieszkowska, N.,
Leaper, R., Moore, P., Kendall, M.A., Burrows, M.T., Lear, D., Poloczanska, E., Hiscock, K., Moschella, P.S., Thompson, R.C., Herbert,
R.J., Laffoley, D., Baxter, J., Southward, A.J., Hawkins, S.J. (2005) Marine Biodiversity and Climate Change (MarClim) Assessing
and predicting the influence of climatic change using intertidal rocky shore biota. Marine Biological Association Occasional
Publications, No. 20.
63 Simmonds, M.P. and Isaac, S. (2005) Climate change and marine apex predators: some warning signals. The Whale and
Dolphin Conservation Society, UK.
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Plankton

Plankton plays an important role in the development of marine and ecological systems.
Phytoplankton is responsible for nearly all the primary production in the sea and any
significant changes in plankton development could potentially have significant impacts
further up the food chain. They have limited mobility and are thus reliant on water
movement to determine their distribution and also the optimum environmental conditions
for development. As such, sea temperature plays an important role in the timing and
development of phytoplankton communities and also in the development of other marine
communities further up the food chain57.

Sea birds

Climate change is likely to impact on seabird populations. Increased storminess, rises in sea
level and warmer temperatures as a consequence of greenhouse warming are likely to
have a direct impact on seabird populations. Higher sea levels may limit the breeding
habitat of some birds, especially those in low lying estuaries and shoreline nesting species
such as terns. The predicted increase in storm frequency and severity may impede fishing
activities for birds and limit their availability of food. Many of the sea birds that prey on fish
and plankton are likely to have their food supply reduced or relocated if the above effects
on plankton and fish occur. Winter storms can cause large-scale ‘wrecks’ of seabirds while
summer storms can wash whole colonies from cliffs64 . Other factors can impact on sea bird
populations such as fisheries management and botulism induced mortality for example
due to herring gulls feeding at tipheads57. However, the mobile nature of birds means that
they have the ability to move to warmer or less stormy regions.

64 Mitchell, P.I., Newton, S.F., Ratcliffe, N. and Dunn, T.E. (2004) Seabird populations of Britain and Ireland. T & A.D. Poyser,
London.
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Stage 3: Marine environment

Climate change risks

Marine
Environment

Potential Risks and Opportunities

Coasts Marine life
Increasing
average
temperatures (H)

 Under the medium-high emission scenario all areas show an
increase in temperature of coastal sea water, with temperatures
around the Isle of Man warming by between 1.5-2oC by the
2080s. For the low emissions scenario, warming ranges from
0.5-1oC, while for the high emissions scenario the warming is
between 2o and 2.5oC65 . Temperature increases in this range
will affect both the diversity and abundance of marine life
around the coast.

 Changes could occur in the timing and level of primary
production, in feeding patterns, in the growth and behaviour of
individual species and also in community structure and
stability49 .

 Where change is slow, occurring over decades, it would be expected
that most biological communities would adapt49.

 Shifts in the geographical limits of species
 The abundance and distribution of many sea shore species have been

altered as a response to increased warming
 Range extensions have occurred at the northern limits of many

typically southern warm water species
 The southern species of barnacles are now more abundant further

north. In 2004 Chthamalus stellatus (the Poli’s Stellate barnacle) was
recorded for the first time on the Isle of Man, 100km from the next
nearest known population in North Wales59

 Other barnacles, such as the Semibalanus balanoides (Acorn barnacle),
a boreal species adapted for cool environments and commonly found
on rocky shores, has been found to have it’s reproduction inhibited by
temperatures greater than 10oC. It is therefore likely to exhibit some
sensitivity to temperature change and its distribution may also change
due to increased temperatures 57

 Kelp (Laminaria) species have been identified as being sensitive to
changes in temperature, in particular short term changes, but they can
adapt to slow, gradual increases in temperature.

 Loss of species from the Island e.g. Tectura tessulata (Tortoiseshell
limpet),

 a general pole-ward shift in fish species range is expected as species
respond to the alteration of suitable ‘climate space’ they can inhabit

 Increasing warning will affect adult growth and survival, reproductive
output, phenology and recruitment success59 .

 Cod, herring and haddock may all be limited in their southern
distribution by increased water temperature

65 Hulme, M., Jenkins, G.J., Lu, X., Turnpenny, J.R., Mitchell, T.D., Jones, R.G., Lowe, J., Murphy. J.M., Hasse ll, D., Boorman, P., McDonald, R., Hill, S. (2002) Climate Change Scenarios for the
United Kingdom: The UKCIP02 Scientific Report. Tyndall Centre, School of Environmental Sciences, University of East Anglia, Norwich, UK, 118pp.
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 Southern species such as hake, may have their range extended
northwards

 Kennedy and Fitzmaurice (1972) found that growth and year class
strength of bass was positively correlated with higher sea
temperatures57

 The occurrence of eagle ray (Myliobatis aquila) and gilt-head sea
bream ( Sparus aurate) are both considered to have potentially harmful
implications for shellfish culture and benthic marine biodiversity and
may become more common in Irish Sea waters as it prefers calm
conditions in warm months

 There is direct evidence that warm water cetacean species are also
making the pole-ward shift.

More extreme
high
temperatures (H)
Less extreme low
temperatures (H)
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Sea level rise and
increased coastal
flood risk (H)

 Accounting for isostatic adjustments, a sea level rise of
between 8 and 54cm is projected for the 2080s based on IPCC
medium-high emissions scenarios. If this rise was to occur
coastal habitats would be particularly susceptible.

 Parts of the coast would experience greater levels of erosion
 More frequent breaching of coastal defences
 In low-lying areas, for example along the north and east coasts,

increased flooding
 Gradual loss of habitats and amenities.
 Low lying coastal areas, such as estuaries and coastal lagoons,

are likely to be most vulnerable and significantly affected by
sea level rise.

 Coastal lagoons that have a specific salinity regime maintained
by a coastal barrier may be particularly vulnerable to small sea
level rises57

 Estuarine systems, saltmarshes, mudflats and shingle beaches
are some of the coastal habitats which may be subject to
‘coastal squeeze’, where they are encroached by urban areas
and rising sea level at the same time.

 Higher sea levels may limit the breeding habitat of some birds,
especially those in low lying estuaries and shoreline nesting species
such as terns

 Winter storms can cause large-scale ‘wrecks’ of seabirds while summer
storms can wash whole colonies from cliffs64.

Possibly more
winter storms (L)

 However, with rising sea levels and the possibility of increased
frequency and/or intensity of storm surges, saltmarsh, sand
dune and shingle ridge habitats are expected to be increasingly
vulnerable to erosion66

 If there was an increase in severity or frequency of storms, diseased,
old or weak cetaceans may be unable to survive more stormy
conditions.

 The predicted increase in storm frequency and severity may impede
fishing activities for birds and limit their availability of food. Many of
the sea birds that prey on fish and plankton are likely to have their
food supply reduced or relocated if plankton and fish are affected by
climate change.

66 Harrison, P.A., Berry, P.M. and Dawson, T.E. (eds) (2001). Climate change and nature conservation in Britain and Ireland, modelling natural resource responses to climate change. UKCIP
Technical Report, Oxford, UK.
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General / Indirect
effects

 No change in distribution as Hiscock et al. (2004)61 suggests that there
will not be a wholesale movement northwards of southern species or
retreat northwards of northern species with increasing sea surface
temperatures because many additional factors will influence the
responses of different organisms.

 A shift in plankton distribution and abundance will have implications
for seals, dolphins and sharks in the area surrounding the Isle of Man.

 Plankton plays an important role in the development of marine and
ecological systems. Phytoplankton is responsible for nearly all the
primary production in the sea and any significant changes in plankton
development could potentially have significant impacts further up the
food chain
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acclimatise commentary

The Isle of Man, like the rest of Europe, has become warmer in recent decades. The 1990s
have been recorded as the warmest decade of the 20th century. There is also evidence of
warmer autumns, significant increases in night-time minimum temperatures, reductions in
the number of frost days and increasing rainfall in the east (Douglas) in spring and
decreasing rainfall in the south (Ronaldsway) in summer. There are also clear signs that the
marine areas around the United Kingdom and Ireland are changing in response to the
warming of the atmosphere. Higher sea temperatures (across the whole of the Northern
Hemisphere), associated with increased wind strength and wave heights all contribute to
changes in our coastal ecosystems.

Many of the impacts on the Isle of Man’s marine environment and biodiversity will be most
apparent in coastal areas. Significant changes in response to increased sea temperatures,
more intense storms and wind strength and rising sea level are likely. There is evidence of a
disruption in the marine food chain, from plankton to fish to sea birds and mammals. An
area not previously mentioned, although possibly increasing in importance, is that of
increased acidity in the sea. The effects and impacts are not yet fully understood, but
research has found that carbon dioxide is also raising acidity levels in the oceans. As
expected this will impact upon marine organisms, especially the shells of coral and shellfish
such as crabs and oysters. This would also have major implications all through the food
chain. Changes in marine species will occur, although the extent to which this occurs is
difficult to predict. The expansion of new species into the coastal area will probably be at
the expense of other species, either through reduction of prey, increased competition or
exploitation. New fish species will be able to colonise areas where fish sensitive to
temperature change are displaced. However, the detailed knowledge of how or when this
may occur is still not possible.

For impacts on the marine environment, continued close cooperation with the UK and
Ireland, as well as other European studies will expand our knowledge of what is happening
in the coastal regions of the Isle of Man and the Irish Sea. There are large gaps in
knowledge of species and habitats, so it is difficult to assess what the impacts of climate
change will be upon them. Ideally long-term data sets are needed, but in the case where a
few exist, they need to be maintained and added to.

There is a need to put a greater emphasis on protecting the marine environment from the
changes predicted in sea level and storm surges. Monitoring of habitat change and ‘coastal
squeeze’ are important so that adaptation and mitigation measures can be implemented.
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15. Agriculture, fisheries and forestry
Characterisation

The agricultural industry in the Isle of Man has traditionally been based on mixed farming, a
reflection of the natural advantage of the Island’s ability to grow grass and other fodder
crops and a relatively restricted ability to sustain viable arable farming. Soils are not
particularly good and the climate is mild but damp, although there are significant
variations, with the northern plain tending to be drier. Agriculture has in general been
broad-based mixed farming, but in response to commercial pressures, a greater degree of
specialisation has developed over the years. Agricultural practices tend to be non-
intensive.

The agricultural sector is important in its role its plays in the Island’s economy, the social
fabric and cultural life of the island, and to the maintenance and conservation of the
natural environment and landscape which is particularly valued by the whole community.
There are three main areas of agricultural endeavour in the Isle of Man - fatstock, dairy and
cereals. The farming practices of all three are inter-linked and the well-being of the three is
dependent on the on-going success of the companion sectors.

The Isle of Man is a significant food producer, which exports almost 70% of its production.
The ability to trade with the EU is crucial to the survival of the Manx farming industry in its
current structure. Though not actually part of the EU, the Island’s trading relationship with
the EU is substantially defined by Protocol 3, which permits the Island to trade agricultural
products freely with the EU, but in exchange requires the Island to broadly match the EU
trading regime. This brings the current changing world agricultural policy to bear directly
on the Island’s agricultural trading regime.

The recent decision by the EU to renew the red meat derogation for a final five years, leads
to the biggest pressure to change that the industry has encountered for generations.
Whilst the government will continue to challenge the decision, the likelihood of
successfully reversing the decision is low, and all policy will progress on the basis of the loss
of derogation from 2011.

The attractiveness and amenity value of the countryside and its wildlife are widely
recognised as a major contributor to the quality of life for the Manx public and to attracting
visitors to the Island and as such contributes to the approximately £125m generated each
year from tourism. Conservation of the environment and wildlife habitats continues to
grow in importance, as does pressure on land use from development, and, conversely,
abandonment of active management of land. The Department of agricultural, fisheries and
forestry is therefore working towards the development of a Countryside Stewardship
Scheme to reward the farming community for their good stewardship of the Island’s most
valued resource – the land. It is envisaged that this may be accompanied by an Agri -
environment Scheme to enable more targeted changes in farm husbandry. 67

There is some diffuse agricultural pollution from slurry and some due to sewage
discharges. Both of these are being dealt with through agricultural management plans and
IRIS (integrated sewage system). In spite of these various sources of pollution, monitoring

67 Isle of Man government Agricultural services division business plan 2006-2007
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carried out since 1995 has shown compliance with Government set targets that 98% of the
rivers on the Island should achieve fair and above quality measured by biological and
chemical monitoring.

The Forestry, Amenity and Lands Division manage 19,000 acres (7,700 Ha) of hill lands.
These are located in two main blocks, the northern hills surround Snaefell (2,036 feet) and
extend as far south as Greeba Mountain which overlooks the Central Valley, and the
southern block which runs through Glen Rushen to South Barrule and the coastal hills of
Cronk-ny-Arrey Laa and Surby. The Department manages over fifty plantations ranging
from those of just a few acres to those that cover several hundred acres. The uplands are
managed for hill-sheep grazing, to encourage the small population of red grouse and to
conserve the valuable wildlife habitats and outstanding natural beauty, which they
provide.

Low stocking levels encouraged through Hill Sheep Subsidy help ensure that overgrazing
does not occur. The natural process of regeneration of heathland plants is achieved
through appropriate mechanical cutting or bush-hogging and also by heath burning which
is undertaken through the winter months and which is controlled by the Heath Burning Act
2003.

The Isle of Man allows easy and fast access to all fishing venues enabling any angler
wishing to do so the opportunity to catch a wide variety of species. The many piers in the
Island offer easy access to lots of very good and varied fishing. Boat fishing in the Isle of
Man is mainly concentrated around the rocky south coasts with the main charter boats port
being Port. St. Mary which gives easy access to some of the most productive inshore reef
fishing in the UK with Pollack to 18lbs being the species which most anglers target
although Cod, Ling, Conger, Coalfish, Mackeral, Tope, Wrasse, and Bullhuss are also sought
by anglers.

A licence is not required if fishing off a breakwater or beach or boat with a rod and line.
However there are certain regulations and requirements for other types of fishing, e.g.
fishing for crabs or lobsters using 5 pots or less then you need a licence. There are other
requirements such as if a fish that is less than the minimum size is caught it must be
returned to the water.

For commercial fishing registered fishing vessels must have the appropriate UK commercial
licence. In addition a relevant Isle of Man licence is needed if fishing within 12 miles of the
Isle of Man. Licences depend upon the type of fishery and the size of the boat.

Salmon and sea trout are both native to the island and Manx rivers hold surprisingly good
stocks of migratory fish. Given enough water, there should be sea trout in the major
streams by June, with salmon arriving later in the year, usually by late September. The main
streams frequented by migratory fish are the Sulby River in the northern half of the island
and the Neb, which flows into the sea at Peel on the West coast. However sea trout can be
found in some of the larger pools in the smaller streams.

The Department of Agriculture Fisheries and Forestry operates a fish hatchery at Ballaglass
near Cornaa. All the rainbow trout and brown trout released in the Reservoirs are reared at
this site. On average approximately 30,000 fish are introduced to the reservoirs over the
angling season.



Isle of Man Climate Change Scoping Study 140

Stage 1 and 2: Agriculture, fisheries and forestry

Defining the issue
Natural Resources and Environmental Quality
Response

The environment is considered a huge asset to the Island.

There are two challenges to be faced within agriculture, which are to obtain an extension of the European Union derogation that controls the importation
of Beef and Sheep meat and a further derogation on the import of milk and cream. Negotiations with the Un ited Kingdom Authorities have resulted in
their full support in respect of this endeavour. Further meetings have been held with European Union Commission officials. The Government remains
committed to raising the understanding of the unique trading and co nstitutional position of the Island and the resulting impact on the Island’s
agricultural and fishing industries. The Government is also committed to meeting these challenges with the intention of maintaining the Island’s rural
communities as well as its self-sufficiency in staple food products.

The government is currently in the process of re -negotiating the Fisheries Management Agreement it has with the United Kingdom in order to extend the
Island’s autonomy to frame legislation to the whole of the territorial sea. At present, the Island only has such autonomy out to the three-mile limit. It is the
government’s intention to negotiate a change to the Agreement, which would give autonomy out to 12 miles. This brings with it the challenge of getting
United Kingdom Ministerial approval to go out to consultation with the adjacent jurisdictions.

Other issues which have been identified are:
 Failure to take a long-term perspective
 Lack of baseline data restricts ability to measure progress
 Fire management
 There is already monitoring for toxic algal blooms and shellfish poisoning but it could become an issue for tourists eating shellfish.
 The main scallop fisheries can close to algal blooms.

The main issue has been defined as:

How can we provide agriculture, fisheries and forestry services in the face of climate change?

When considering the problem the following should be taken into consideration:
 Health impacts
 The natural environment
 Outside influences on the Island
 Water quality
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 Socio-economic impacts – changing brought about by changing economic conditions will probably outweigh the effects a changing climate
may have.

The problem does not involve managing present day climate directly but will need to consider adapting to future climate change.

Stakeholders include all Government Departments, agriculture, forestry and fisheries interests, Manx Water Authority, land owners, UK government,
marine interests..

Current activities on the Island
 Data is already being collected on SST, salinity and nutrient data. There are some very long records and some go back 100 years.
 Review of the agricultural strategy and change in derogations is currently being undertaken
 Housing pressures are mainly for affordable housing. Some pressure on the countryside /agricultural land. Most of the building is in town and

village extensions. Rural housing has affordability issues e.g. for farm workers.
 Industry communication on issues is provided by newsletters, technical seminars, farm text and press releases
 National advisory programme
 Adaptation of Islands agricultural support schemes to reflect changes in agricultural trading environment and to reduce administration is being

developed by introducing a Country side stewardship scheme
 Full farm mapping underway
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Stage 3: Agricultural, fisheries and forestry impact matrix

Climate change impacts
Potential Risks and Opportunities

Agricultural Fisheries Forestry
Increasing summer
temperatures (H)

 Change of species indeterminate (A)
 New pests, an increase in insects leading to an increase in

disease risk (A)
 Lack of water for crops (grass, fodder, or cash) therefore

affecting farming throughout the Island (A)
 Increasing temperatures are expected to accelerate loss

of organic matter in soils, releasing nitrogen, which may
increase plant growth or, if leached from the soil, increase
pollution of watercourses.68

 More fires because of higher temperatures and less
rainfall (A)

 Salmon mating earlier and smaller – greater
potential for thermal shock when go to
seawater (A)

 An increase in insects is good food for fish
(A)

 Changing water quality / quantity may
effect river habitat and biodiversity (S)

 Scallop fishing (increase in sea
temperatures are associated with algal
blooms)

• New pests, an increase in
insects leading to an
increase in disease risk (A)

• Increasing risk of forest fires
(A)

Increasing winter
temperatures (H)

 Disease control on crops more difficult (A)
 Affects livestock e.g. pneumonia – increasing need for

ventilation in farm buildings (A)
 Loose materials put on agricultural lands are washed off

fields e.g. muck spreading, fertiliser, seed stock (A)
 Grass growing season will commence earlier
 Less winter chill in fruit69 inadequate winter chilling

interferes with the normal processes of bud formation,
flowering and yield.

 Reduced vernalisation (cold winter weather required for
flowering)76

 Leave animals in fields for longer / housing period
decreased76

• Freshwater fish could be threatened by
higher water temperatures and altered
river flows (A)

• Fish spawning earlier (A)
• Change in fish species both within rivers

and sea (A)

More extreme high  Mortality of animals/plants at extreme of geographical  Increased temperature stress on cold water  Increased incidence of

68 Bisgrove, R. and Hadley, P. (2002) Gardening in the Global Greenhouse: The Impacts of Climate Changeon Gardens in the UK . Technical Report. UKCIP, Oxford.
69 Defra Desk top study on Winter chill in fruits. Dr CJ Atkinson, Dr RJ Sunley and Professor HG Jones, Dr R Brennan, Dr P Darby
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temperatures (H) range (A)
 Different crops e.g. vineyards (A)
 Change in crops and time of harvest (A)
 Impact on amount of forage available in times of drought

(R) 70

 Damage crops (e.g. wheat, salad crops) at extreme
temperatures (R)76

 Heat benefits some crops (onions, legumes, carrots and
sweet corn) (R)76

 Increased heat stress in livestock (R)76

 Lack of grazing in drought events76

fish species43 summer drought would
make trees more vulnerable
to attack by weak
pathogens39 (R)

 Changing tree types in Glens
(A)

Less extreme low
temperatures (H)

 Extension of growing season (O)
 Ability to grow crops that are suited to a warmer climate

(A)
 Pest die-off reduced in winter (A)

 Pest die-off reduced in
winter (A)

Higher winter
rainfall (H)

 Heavy rainfall damaging crops (A)
 Soil erosion (A)
 Increase in pollutant/nutrient run-off to sea (A)
 Soil loss from un-vegetated land (A)
 Difficulty with harvesting (O)71

 Reduced yield and / or output (O)71

 Increased crop drying costs (O)71

 Increased feed and bedding costs (O)71

 Reduced lamb production (O)71

 Indirect effects included damage to soil structure, and
increased soil erosion, phosphorus losses, nitrate
leaching, nitrous oxide (N2O) emissions and pesticide
mobility (O)

 Winter waterlogging limiting
access for forestry73

 Increasing tree falling due to
waterlogging and then dry
out of soils (A)

70 The Timescale Of Potential Farm Level Responses And Adaptations To Climate Change In England And Wales Taken from Project Summaries Report 1987-2002. Defra

71 The Wet Autumn of 2000: Implications for Agriculture. Defra. Taken from Project Summaries Report 1987-2002. Defra.

72 http://www.forestresearch.gov.uk/fr/INFD-5ZYJ62 Forest Research Website Impact of climate Change.

73 Forest Research Annual Report and Accounts 2002- 2003 Climate Change and British woodland, what does the future hold. Mark Broadmeadow, Duncan Ray, Louise Sing and Liz Poulsom
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Less summer
rainfall (M)

 Drought affecting farming practices, types of crop grown
and livestock reared (A)

 Drop in some crop yields76

 Increased irrigation needs and change in methods (e.g.
potatoes)76

 Decrease in summer soil moisture76

 Increased pollution due to low flow rivers
affecting fishing (A)

 Lower summer river flows providing less
dilution for existing discharges – river
quality problems (A)

 Adverse affect on marine life (A)

• Increased incidence of
forest fires

More intense
downpours (H)

• Damage to plant species (A)
• More flooding of farmland (A)

• Effect of extreme weather events such as
floods: increased risk of pathogens
breaching the water treatment and
sanitation safeguards

 Damage to plant species (A)

Sea level rise and
increased coastal
flood risk (H)

• Salt water intrusion and inundation could affect
agricultural land (A)

Possibly more
winter storms (L)

 More reliance on local food products and strategic
supplies (A)

 Crop damage / total crop loss (e.g. lodging of wheat, un-
harvestable fields from extreme events76

 Increased housing needed for livestock71

 Increase in drainage systems76

 Increase in wet weather related animal health problems /
pest and disease problems75

 Increased winter rainfall may raise water tables enough to
kill roots, thereby reducing effective rooting depth and
making trees more vulnerable to summer drought 72
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General  Enhanced plant growth (S)
 Changes in species’ competitiveness (S)
 Increased photosynthesis and reduced water use by

plants; effects at ecosystems level are unclear.74

 Interspecific interactions may alter, particularly favouring
ruderal 'weedy' species at the expense of stress
tolerators43

 Shifting demand for consumer’s tastes / different produce
(A)

 Change in crop quality75

 Increase in carbon dioxide levels could potential
stimulate photosynthesis and yields e.g. potatoes, wheat
and forage 76

 Increase in cost and range of insurance for agriculture76

 Increasing diversification76

 New skills training / differing agricultural workload76

 Change in agricultural markets, demand and
competition76

 Climate change will alter the probability of invasive and
alien species establishing, which may have important
effects on local biodiversity.45

 Experiments show that doubling carbon dioxide levels
can increase plant growth by as much as 50 per cent,
although this varies depending on plant species,
temperature, water supply and mineral nutrient
availability.77

 Loss of fish spawning sites (S)
 Change in the timing of salmon spawning

in response to altered river flow
conditions43

 Reduction in timber quality73

 Other direct impacts of rising
CO2 levels include an
increase in leaf area, a
possible reduction in timber
density and quality
(generally ascribed to faster
growth rates), a reduced risk
of damage from insect
herbivores as a result of a
decline in the nutritional
quality of foliage, a tendency
towards an increased
allocation of resources to the
roots relative to the above-
ground tissues and the
development of nutrient
deficiencies or imbalances,
again as a result of more
rapid growth.78

74
J.E. Hossell, B. Briggs and I.R. Hepburn Climate Change and Nature ConservationA review of the impact of climate change on UK species and habitat conservation policy

75 The Royal society. Food crops in a changing climate April 2005 www.royalsoc.ac.uk
76 National Farmers Union Climate change and Agriculture Nov 2005

77 Bisgrove, R. and Hadley, P. (2002) Gardening in the Global Greenhouse: The Impacts of Climate Change on Gardens in the UK. Technical Report. UKCIP, Oxford.
78 The potential effects of climate change for trees and woodland in the South West. A report prepared for the South West Conservancy of the Forestry Commission, funded by the
Sustainable Forestry Group of the Forestry Commission. Mark Broadmeadow May 2004
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Stage 4: Agriculture, fisheries and forestry adaptation options

Adaptation
Type

Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Legal requirement to report fires / extinguish them
 Put best practice guidelines in place for erosion

management
 All Island Strategic plan needs to take account of climate

risks e.g. floods and changes to agriculture (win win)
 Manage protected and designated areas. Integrated land

use and management strategies developed
 Fully integrate habitat conservation and creation with other

types of land use through agri-environment and forestry
schemes and cross compliance measures. At all scheme
reviews, assess whether these measures are delivering at a
level that keeps up with the pace of climate change.

 Plan for habitat change in site protection
(flexible)

 Fire risk preparation – agree access routes
for fire engineers, supplying first defences
(e.g. fire beaters) (no regret)

 Changes in species fished e.g. threatened
species protected, more available species
promoted

 Marketing campaign backup change in
fish caught

Bu
ild

in
g

A
da

pt
iv

e
Ca

pa
ci

ty
(B

A
C)

Research /
Data
collection /
Monitoring

 Monitoring damage caused by erosion
 Maintain and monitor terrestrial, fresh water and marine

environmental data (no regret). This also forms part of
wider network e.g. UK and Ireland. Irish sea co-ordination
will be lost with other studies e.g. EU projects (as IoM are
not eligible for these alone).

 Need to monitor river flow rates; phytophthora,
groundwater levels, species taking over. E.g. Bracken
encroaching upwards on moorland. The frost keeps it off
the top of the hills at present but this may change. (No
regret)

 Investigate changes in crops and different types of trees for
forestry under different climate conditions.

 Understand socio-economic impacts on agriculture

 Research on forest / tree pests / diseases
so can adapt tree species choice. (win
win)

 Investigate change in pesticides used as
changing pests /diseases
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Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education of public to fire threat and management.
 Educate about erosion management
 Food mile labelling required so people know where food

comes from and can buy in an informed way
 Making information on climate change readily available to

farmers and the industry79

 Revision of policies to encourage diversification of income47

 Introducing policies to aid adaptation to climate change on
livestock farms47

 Demonstration farms for new crops and techniques47

 Better water resources planning; and information on ‘best
practice’ techniques for soil conservation in a shortened
cultivation window47

 Promotion and undertaking of good soil management

 Food miles labelling

79 The Timescale Of Potential Farm Level Responses And Adaptations To Climate Change In England And Wales Taken from Project Summaries Report 1987-2002. Defra
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Spread
/Share loss

 Management plans in place for managing fires
 Fire beaters to be put in place of risk
 If insurance is required, encourage the financial sector to

examine if there is a good business opportunity for IoM
insurers

 Increase resilience by reducing other stresses
 Agri-environment schemes for biodiversity
 Encourage diversification of agricultural industry –

encourage people in the countryside / use of land

 Different mechanisms of water storage for
reduced summer availability

 Drought resistant crops? Introduce
different crops

Accept
impacts and
bear Loss

 Joined up thinking across government and treasury (low
regret)

 Create an environment agency / climate change
department with a budget (low regret)

 Scallop fishing (increase in sea temperatures are associated
with algal blooms) – need to ensure food safety monitoring
in place

 Adopt forest management
systems to accommodate
storms (No regret)

 Increase in variability of
river flow, less diversity
inverts less fish and the
associated knock on effect
on ecosystem (no regret)

D
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Prevent
effects:
structural /
technological

 Fire plans – these are already been done
 Agricultural land use adaptation (win win)

 Agricultural buildings to be adapted
 Agricultural related infrastructure may

need to evolve to match changes in land
use. (No regret / win win)

 Enclosed bathing areas on the coasta that
affords protection from jellyfish / safety
areas
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Avoid /
exploit
changes in
risk

 Close areas of environment that are high risk fire areas /
areas of high erosion

 Incorporate opportunities to facilitated colonization in agri-
environment schemes, flood defence schemes and coastal
planning.

 Raise profile of issue and implication to land managers to
allow evolution of management (win win)

 Exploit opportunities stemming from climate change e.g.
grow exotic fora – not oaks

 Agriculture land adaptation – have to adapt by Jan 2011
due to introduction of free ‘derogation’ markets (can’t limit
imports anymore) and see if subsidy regime can help
promote change e.g. stewardship

 Reducing run off, through use of contoured hedgerows and
other buffer vegetation strips

 Managed coastal retreat
 Conserve genetic variation at local sites and increase

species and habitat resilience through increasing the size,
number and interconnectivity of sites.

 Adapt forestry to suit new migrating birds
 New product market development to

reflect changes (win win)

 Agriculture: new crops will
need new infrastructure
processing plants – and a
new market. Can’t talk
about adapting agriculture
without adapting the
associated infrastructure.
(Win win)
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acclimatise commentary

The natural environment will be significantly affected by climate change. A lot of research
has already been undertaken on this sector and in particular on agriculture. Habitats and
natural resources are sensitive to climate and hence impacts have already been seen within
this sector.

The Regis study looked at two regions, East Anglia and the Northwest in the UK to show
what the future may look like under climate scenarios. The study concluded that climate
change may have a noticeable impact at a regional level in the UK, but there is still
uncertainty about the scale and nature of the impacts. Socio-economic developments are
likely to have a major influence on the scale of these impacts.80 This was particularly true
when looking at agriculture. There is a similar situation on the Island, as climate will have an
impact on agriculture, but other external influences will have a greater role to play.

This was also demonstrated in recent research81, which showed that the vulnerability of
both farmers and species is dependent on the climate scenario under consideration.
Agriculture is particularly sensitive to scenarios of socio-economic change and these lead
to different patterns of intensification, extensification and abandonment. ‘Natural’ species
are more sensitive to climate change scenarios. In both cases, adaptation options and
potential were strongly influenced by different socio-economic futures and policy
intervention. The analysis shows how adaptation in the agricultural sector can influence
the adaptation potential of natural species, highlighting the importance of cross-sectoral
assessments and policy development.

Agriculture on the Island faces significant challenges in the future and there is an excellent
occasion to incorporate climate change into policy development and to make the most of
opportunities that may present themselves. Although agriculture may be able to quickly
adapt by changing crops the supporting services and infrastructure may not be able to
adapt as quickly. Water availability may become a problem in summer, particularly when
there are competing needs between other sectors. Winter storage options may be a
suitable solution to provide summer irrigation requirements.

The fisheries may be affected more so as changes in climate directly link to fish habitats.
Warming sea temperatures may change the species of fish in the area. Reduced water and
changing water quality in rivers may become a greater issue as species change. Controls
may have to be implemented to protect habitats and species.

Forestry has already been affected by climate change extreme events with potential
significant costs to this sector. (See technical report 5 on costs of extreme events). These
extreme events are likely to increase in the future and forest management will be required
to ensure damage is limited. A changing climate may ‘squeeze’ the pressure on the land
for forests as changing climate may suit alternative species to grow or competition may
occur from other sectors such as agriculture, tourism and pressures to release land for
development.

80
Regional Climate Change Impact and Response Studies in East Anglia and North West England (RegIS) MAFF Project No.

CC0337 May 2001 Soil Survey and Land Research Centre
81 Berry, P.M., Rounsevell, M.D.A., Harrison, P.A. and Audsley, E., 2006. Assessing the vulnerability of agricultural land use and
species to climate
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Other pressures on the environment will increase through climate change. Increased visitor
numbers may mean there is more footpath erosion, greater fire risk or even increased
development as population grows. (This is discussed in the leisure and recreation section).
A sustainable approach that is forward looking needs to be incorporated into biodiversity
plans.

Examples of risk

 Lack of water for crops (grass, fodder, or cash) therefore affecting farming
throughout the Island

 New pests, an increase in insects leading to an increase in disease risk
 Increased temperature stress on cold water fish species
 Increased housing needed for livestock
 Climate change will alter the probability of invasive and alien species establishing

Potential adaptation options

 Agricultural related infrastructure may need to evolve to match changes in land use
 Integrated land use and management strategies developed
 Better water resources planning; and information on ‘best practice’ techniques for

soil conservation in a shortened cultivation window
 New crops will need new infrastructure processing plants – and possibly a new

market.
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Introduction

The economy in the Isle of Man has seen unprecedented growth for nearly the last
quarter of a century. Over the ten years to 2002-03 gross domestic product more
than doubled in real terms. As a result of this growth, per capita GDP in the Isle of
Man now surpasses that in the UK and the average for the EU as a whole. While
growth has been witnessed across all sectors, the financial services sector (the
largest sector in the economy) has led the way. Indeed, between 1996 and 2001 the
sector grew by about 80%, and in 2000-01 ‘finance’ accounted for 41% of national
income. The main activities of the sector include: life assurance, deposit-taking, asset
protection and management, packaged investments and corporate management.
Banking generates around 25% of the island’s GDP; the rest of the financial services
sector contributing another 15 to 20%. Markets for these services are world-wide,
reflecting the open nature of the island’s economy. It is likely that the future of the
island’s economy will largely be determined by the further development in the
financial services and related sectors.

In the context of this study an interesting feature of the Isle of Man’s economy is its
openness1 – in that the bulk of income used to fund domestic consumption is
generated from exporting goods and services (primarily financial services). The
performance of the island’s economy is therefore strongly linked with global events
and economic conditions in trading partners (particularly in the UK). Of course, these
events, which include climate change, are out of Isle of Man’s control.

This section examines in a qualitative fashion the impact that climate change
globally could have on the financial services sector in the Isle of Man, given the
importance of this sector to the island’s economy. This focus is also justified since
the second biggest sector – utilities – is much less obviously likely to be influenced
by international climate change impacts. The third biggest – tourism – may well be
affected by climate change though patterns are hard to discern in a meaningful way.

Identifying climate change risks

Businesses face different risks as a result of climate change, depending on the
markets in which they operate and their geographic location. There are essentially
five broad categories of climate-related risk to which businesses (and investors) are
exposed:

 Regulatory Risk: Policy measures adopted at the international, national
and local level to mitigate greenhouse gas emissions will have direct
(financial) implications for businesses and sectors with relatively high
emission levels. The specific design of the policy measures will determine
which sectors will be affected, as well as the severity of the compliance
costs. The following sectors, because of their high levels of greenhouse
gas emissions, are most likely to be exposed to significant regulatory risk:
power generators, manufacturing (iron and steel, other metals,
chemicals), oil and gas, and transport.

 Physical Risk: The physical impacts of climate change (including storms,
floods, droughts and sea level rise) will directly affect some sectors and
businesses – especially those that are heavily dependent on the physical
environment, water and weather. Sectors at particular physical risk

1 No statistics are available that permit a detailed assessment of imports and exports for the Isle of Man.
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include: agriculture, insurance, real estate, tourism, water, health care, and
transport.

 Litigation Risk: Just as the tobacco and asbestos industries faced lawsuits
for the impacts they caused, it is always possible that businesses
responsible for significant amounts of greenhouse gas emissions could be
held liable for damages arising from climate change.

 Competitiveness Risk: Businesses that fail to proactively take measures
to mitigate climate-related risks may place themselves at competitive
disadvantage relative to competitors that do so.

 Reputational Risk: Businesses that are viewed negatively by customers -
either because of their (political) position on climate change policy or
level of greenhouse gas emissions - may find themselves being boycotted
in markets where the general public is concerned about climate change.

As many governments have already taken regulatory action to mitigate greenhouse
gas emissions, regulatory risk is the most immediate and certain concern for
businesses and investors. Competitiveness and reputational risks are likely to be
immediate to medium-term concerns, as consumers become increasingly aware of
the likely impacts of climate change and more and more governments develop
regulatory regimes to which businesses must adapt. While the physical risks of
climate variability can be seen at the moment, the risk of physical impacts are more
likely to be realised in the long-term, as the negative effects of climate change
become more widespread.

Given that this study is concerned with the physical impacts and associated costs of
climate change, this section focuses solely on the ‘physical risks’ presented by
climate change.

Physical climate risks

The most recent global consensus on the risks of climate change is presented in the
2001 IPCC Third Assessment Report (or “TAR” for short). In the TAR the IPCC warned
that climate change could reach “dangerous” levels by the end of the century, giving
rise to a range of impacts, both positive and negative, which the IPCC summarised
along five reasons for concern. Figure 1 presents the qualitative findings of the IPCC
Working Group II related to these reasons of concern: unique and threatened
species, global aggregate impacts, extreme weather events, distribution of impacts,
and large-scale singular events.

In general, for increases in the global average temperature of between 0 and +2oC
(relative to 1990), there are mixed risks or impacts across the reasons for concern;
some show little risk or positive impacts, while others show negative impacts. For
example, even at small temperature increases, some species and ecosystems could
experience significant and irreversible damage. In contrast, small temperature
increases could lead to aggregate positive impacts in market-sectors (e.g.
agricultural) in some countries (primarily developed countries). While this may result
in a positive net monetary impact, the majority of people globally will be negatively
affected, even for small changes in average temperature. At higher temperature
changes, however, the potential for negative impacts increases in all reasons for
concern. Table 1 recasts Figure 1 in terms of potential macro-economic impacts.



Page 6

While the next IPCC Assessment Report is not due until 2007, in light of recent
research, it looks very likely that these risks will be revised upward.

Figure 1: Climate change risks by reason of concern

Source: IPCC, Working Group II, Technical Summary, Third Assessment Report, 2001.
Notes: I = Risks to unique and threatened species; II = Risks from extreme climate events; III =
Distribution of impacts; IV = Global aggregate impacts; and V = Risks from large-scale future
discontinuities.

Table 1: Broad projected macro-economic impacts of climate change

Country Type Temperature Change Macro-economic Effect
Sub -sector Potential Threats Potential Opportunities

Developing Any change Net losses (damages)
Sub -sector Potential Threats Potential Opportunities

Up to +2 degrees Celsius Net gain

From +2 to +3degrees Celsius Mixed

Developed

Over +3 degrees Celsius Net losses (damages)
Sub -sector Potential Threats Potential Opportunities

Source: Based on IPCC, Synthesis Report, Third Assessment Report, 2001.

Notes: The temperature change intervals are relative to 1990, and are only indicative of when impacts
might occur – they do not define absolute thresholds or capture all aspects of climate change impacts.
While there is “high confidence” in the general relationship between temperature and impacts (i.e. the
higher the temperature the greater the adverse impacts), confidence is “low” regarding temperature
thresholds at which impacts would occur.

The financial services sector

The IPCC defines the financial services sector to include “private and public
institutions that offer insurance, disaster preparedness and recovery, banking and asset
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management services” (Vellinga et al, 2001). This sector, because it provides a
mechanism for spreading the cost of weather-related events throughout the global
economy, offers a barometer of the impacts of climate change on other sectors
(including governments). The discussion to follow is divided between the
“insurance” industry and the “finance” industry, although both industries exhibit
significant interactions.

Insurance industry

"Insurers could face a double whammy or a one-two punch from climate change. In
addition to driving up claims, it can affect the value of the stocks and bonds in insurers'
investment portfolios …" D. L. Nappier, Connecticut State Treasurer.

The U.N. Environment Programme Financial Initiative (UNEP FI) define the insurance
industry as comprising businesses that are involved in any combination of insurance
- divided between Property/Casualty (P&C), Life, Health and other specialty services),
reinsurance, incident management, asset management and assorted other financial
service businesses.

Worldwide, the industry collected over $2.9 trillion in premium revenues in 2004
(equivalent to about 8% of global GDP). With 38% and 34% of total global premiums,
North America and Western Europe, respectively, represent the largest global
markets. With Japan accounting for 16% of global premiums, only 12% of premium
revenues were raised from emerging markets. The distribution of premiums paid in
2004 among emerging markets is shown in Figure 2. The penetration of insurance in
emerging markets is increasing rapidly, as deregulation and market liberalisation in
Asia and Eastern Europe picks up pace. Indeed, insurance premiums in these
markets are growing significantly faster than GDP according to recent analysis by
Swiss Re. At current rates of growth, emerging markets will account for about half of
global premium revenues by the 2050s.

The mix of “life” to “non-life” (P&C) insurance lines varies considerably between
markets, with a global average ratio of 57-43 (see Annex A). Growth rates in life
insurance tend to be greater than those in P&C insurance.

Figure 2: Global Insurance Market in 2004 – Premiums Paid, All Business
Lines ($ billion)
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Matured Markets,
$2,626,542

Emerging Markets,
$314,129

South and East Asia,
$194,462

Latin America,
$41,871

Middle East, $12,426

Africa, $30,968

Central and Eastern
Europe, $34,402

Source: Derived from Sigma Database, Swiss Re.

Present day loss experience

In total, between 1970 and 2004 “significant” weather-related catastrophes - as
defined by Swiss Re2 - resulted in about $345 billion in economic damages.
Significant weather-related catastrophes actually cause less damage globally than
the aggregate impact of relatively smaller events; the ratio is about 40:60 (Mills et al,
2005). While these smaller events may not pose problems for large reinsurers, they
can have significant adverse impacts on smaller, local and regional insurers. Total
economic damages from all weather-related hazards globally, over the period 1970
through 2004 inclusive, are thus closer to $865 billion.

In the context of this study, it is the trend that is of interest. From 1970 through 2004
both economic and insured losses (as well as the incidence of weather-related
events) have increased rapidly (see Figure 3). Every year since 1990 has seen at least
20 significant weather-related catastrophes globally. Yet in the 20 years prior to
1990, only three years experienced more than 20 such events. Insured losses
averaged about $16 billion per year between 1990 and the end of 2004, but only $3
billion per year in the 20 years preceding 1990. The trends observed in Figure 3 are
driven by a number of factors, including natural climate variability, population
growth, and rising concentrations of increasingly valuable assets in areas prone to
storm and flood risk. Moreover, there are regional differences in the balance of these
two causes (Vellinga et al, 2001).

Figure 3: The Trend in the Global Inflation-adjusted Costs of Significant
Weather-related Catastrophes ($ billion, 2004 prices)

2 For example, for the 2004 reporting year, Swiss Re, Sigma only records events with insured losses
greater than $37.5 million, total losses greater than $74.9 million or 20 or more fatalities.
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The extent to which insurers are exposed to weather-related risks varies according
to continent and hazard. About 30%, on average, of economic damages in mature
markets are insured, whereas, only about 5% of economic damages, on average, are
insured in emerging markets (Vellinga et al, 2001). Storms receive a greater level of
coverage than floods – approximately 45% of damages from storms over the period
1985-1999 were insured versus only 5% of flood damages. Losses from some events,
such as droughts and heatwaves, receive little or no insurance cover (Best’s Review,
2003).

Where insurance cover is negligible or absent governments may step in to cover
specific risks – e.g. governments insure drought or agricultural risks in Canada, the
U.S. and France.

Projected loss experience

Trends to date in extreme weather-related events are consistent with what might be
expected as climate variability and climate change intensifies. For example, sea
surface temperatures in the North Atlantic have been rising over the last century,
increasing moisture evaporation and atmospheric humidity, and providing more
energy to fuel tropical storms. Over the same period the incidence of “intense”
hurricanes has been observed to increase (see, for example, Emanuel, 2005 and
Webster et al, 2005), and is projected to increase over the next century as a result of
climate change (see, for example, Webster et al, 2005 and Knutson and Tuleya,
2004). Projections made by IPCC Working Group I for selected extreme weather-
related events are shown in
Table 2.

Table 2: Projected Changes in Extreme Weather Events by the End of the
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Century

Anticipated Change in Extreme Weather Event by 2100 Likelihood

Higher maximum temperatures and more hot days Very likely, over nearly all land areas

Increased summer continental drying and associated risk of drought Likely, over most mid-latitude continental interiors

More intense precipitation events Very likely, over many areas

Increase in tropical cyclone peak wind intensities Likely, over some areas

Increased intensity of extra-tropical cyclones Little agreement between current models

Source: IPCC, Synthesis Report, Third Assessment Report, 2001.
Notes: Likelihood refers to judgemental estimates of confidence used by IPCC TAR, Working Group I:
very likely (90-99% change) and likely (66-90% chance)

As the intensity, and in some cases frequency and geographical distribution, of
these extreme weather events increases with projected climate change, economic
damages and insured losses will also increase, other things being equal. For
example, in a recent study for the ABI, a simulation was undertaken in which the
maximum surface wind speeds in North Atlantic hurricanes and North Western
Pacific typhoons was increased by 6%, in accordance with projections made by
Knutson and Tuleya (2004). The striking results are shown in

Table 3.

Implications for insurers and reinsurers

Weather-related losses are material for insurers in the following ways: through their
core underwriting business, through the weather-sensitivity of their investments,
and indirectly via wider economic impacts that influence consumer demand for
goods and service, including insurance (Mills et al, 2005).
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Table 3: Increment (relative to current climate) in insured losses from 6%
increase in maximum surface wind speeds by the 2080s

Climate Stress-test Hurricanes
Affecting U.S.

Typhoons
Affecting Japan

($ 2004 Billion) ($ 2004 Billion)

Annual Average Losses +3.9 +1.6

Insured losses with a 1% chance of being exceeded +40.8 +10.1

Insured losses with a 0.4% chance of being
exceeded

+61.8 +14.0

Source: ABI, Financial Risks of Climate Change, Technical Annex, July 2005.
Notes: The 6% increase in maximum surface wind speeds relates to a 2.2 times increase in the level of
CO2 concentrations observed in 2000, which will occur around 2080.

While most lines of insurance are vulnerable to climate risks (for example, property
damage or loss from flooding, business interruption from power outages caused by
wind damage to distribution networks, or liability from contamination of water
supplies from flood-related run-off), recent experience indicates that the property
line, including business interruption, is most vulnerable3. It is worth noting that life
insurers are not free from the risks of climate change, since they are also major
holders of real estate and mortgage lenders, which (increasingly) exposes them to
weather-related property risks.

Even ignoring the worrying projections identified above, experience over the last
two decades has shown that weather-related events can place considerable
financial stress on insurers. For example, after Hurricane Andrew hit Florida in 1992
year-on-year net underwriting losses for US P&C insurers nearly doubled, and the
insurance industry recorded its first operating loss in a decade. Eleven insurance
companies also became insolvent and 39 insurers attempted to cancel, or refused to
renew close to 850,000 homeowner policies in the state. The state’s largest home
insurer, State Farm Fire and Casualty, had to be rescued by its parent company, as
did Allstate, the second largest insurer in the state. Reinsurers also reduced their
exposure by raising retentions and coinsurance amounts, and by reducing coverage.
Worryingly, despite Andrew being the most costly tropical storm on record (at least
until figures for Katrina are finalised), the projected increment in losses for extreme
Atlantic hurricanes given in

Table 3 are 2 to 3 times higher.

3 The section on financial services within the IPCC Second Assessment Report (SAR) concluded that
“within financial services the property insurance industry is most likely to be directly affected by climate
change, since it is already vulnerable to variability in extreme weather events” (Dlugolecki et al, 1996). This
conclusion did not change in the TAR.
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Aside from the issue of solvency, extreme weather-related events clearly have
marked effects on insurer and reinsurer profitability. In comparing insured losses
from natural catastrophes with premium income over the 15 year period to 2000, for
example, Vellinga et al observed that the ratio of global P&C premium revenue to
natural catastrophe losses decreased from about 350:1 to 120:1 – equivalent to
nearly a three-fold increase in “exposure”. Measurable short-term depreciation of
insurer earnings and stock prices has also been attributed to significant natural
catastrophes in 1999 and 2000 (Lonkevich, 2000). This, in turn, can impair an
insurer’s ability to attract new capital, which it needs in order to rebuild following
significant unexpected losses.

The state of financial markets generally, can influence the amount of capital
available to insurers to meet claims, as evidenced from the fact that between 1995
and 2000 over ¾ of the improvement in US insurance industry surpluses resulted
from capital gains (GAO, 2000). Moreover, natural catastrophes can adversely impact
national economic activity in affected countries, reducing annual GDP and impairing
growth. Between 1985 and 1999 industrialised countries lost about 2% of GDP as a
result of natural catastrophes, whereas developing countries (emerging markets)
lost close to 13% (UNISDR, 2003). Natural catastrophes can also trigger increased
interest rate charges on loans, as risks are perceived by lenders to increase (Benson
and Clay, 2002), and disrupt global supply chains, as was witnessed in the wake of
the Kobe earthquake. In cases where the return period of the weather-related event
is close to, or less than, the recovery period, an economy can even experience a
continuous downward spiral. Reduction in economic activity, in turn, can affect the
performance of financial markets, and thus indirectly, insurer surpluses.

Remember, the above discussion is framed in the context of current climatic
conditions, let alone in a future world in which the intensity and incidence of
extreme weather-related events is increased by climate change.

As mentioned above, the presence of insurers in emerging markets is expanding
rapidly. This presents a special challenge for insurers. First, these markets are
considerably more vulnerable to climate change risks than industrialised countries,
given their (current) lack of disaster-proof infrastructure and high dependence on
natural resource sectors, such as agriculture, for income. More generally, with
continual global expansion of the insurance industry, the distribution of risk will
extend well beyond the physical footprint of a given loss event or given country. The
costs of weather-related catastrophes that are already partly transferred to
industrialised countries will be increasingly transferred in the future, because (a)
many primary insurers in emerging markets are, partially or wholly, foreign-owned4

and (b) local insurers will likely cede some exposures to reinsurers, who are almost
entirely based in developed countries.

Reinsurance is itself an important part of this process of global risk spreading.
Reinsurance is inherently global in nature, since a given reinsurer will assume risks
from thousands of insurers worldwide. Moreover, relative to 1995, reinsurance
premiums are predicted to nearly double by 2010 – from $106 billion to $194 billion
– with the greatest growth in emerging markets (Murphy, 2001).

4 As of 2000, the penetration of offshore insurance in many emerging markets exceeded 50%. The Latin
American countries of Argentina, Chile and Mexico had the highest levels of penetration by foreign
insurers. In Asia, the greatest penetration is seen in Malaysia, the Philippines, Indonesia and Singapore.
In Central and Eastern Europe, Hungary and Poland have the highest levels of foreign ownership (Swiss
Re, 2000). Foreign insurers tend to have a greater market share of “life” as opposed to “non-life”
insurance.
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Based on observations from the recent past, Figure 4 presents possible responses by
insurers to the projected impacts of climate change on weather-related events, as
well as the consequences for customers. Buyers of insurance can be expected to pay
higher premiums and face larger deductibles, with lower limits on losses payable.
Also, governments will be compelled to absorb an increasing share of the exposures
(while paying for disaster recovery and preparedness). The risks and opportunities
that climate change presents the insurance sector is summarised in Table 4.
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Figure 4: Examples of extreme weather-related events and their impact on the insurance industry

Impact on Insurance Sector Impact on Insurance CustomerProjected Changes in
Extreme Weather
Events During 21st

Century

Likelihoo
d of

Change

Representative Example of
Projected Impact

Peril or
Hazard

Property Transport Business
Interruption

Crop Health Life Public Pricing Exclusions Availability

Increased hospitalisations over broad demographic
range; incidence of death and serious illness in older
age groups and urban poor

Heatwave + + + 

Increased heat stress in livestock and wildlife Heatwave + + 

Increased risk in damage to selected crops Heatwave + +   

Increased soil subsidence Subsidence + + +   

Decreased ice in northern maritime shipping lanes Float ice - + 

Increased road accidents (slower reaction time) Conditions + + 

Higher maximum
temperatures; more hot days
and heat waves over nearly all
land areas

Very likely

Increased electricity cooling demand and reduced
energy supply reliability

Power outage + + 

Decreased cold -related human morbidity and
mortality

Coldwave - - - 

Decreased risk of damage to selected crops and
increased risk to others

Heatwave - - 

Extended range, reproduction and activity of some
pests and disease vectors

Infestation + + + + + + 

Increased avalanche risk Avalanche + +  

Increased permafrost melt Subsidence + + +   

Higher (increasing) minimum
temperatures; fewer cold days,
frost days and cold waves
over nearly all land areas

Very likely

Increased incidence of lightning Lightning + + + + + 

Increased flood, landslide and mudslide damage Various + + + +   

Increased soil erosion Rain + + + +  

Increased flood run-off could increase recharge of
aquifers

Flood - + 

More intense precipitation
events over many areas

Very likely

Increased road accidents (driving conditions) Conditions + + 
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Impact on Insurance Sector Impact on Insurance CustomerProjected Changes in
Extreme Weather
Events During 21st

Century

Likelihoo
d of

Change

Representative Example of
Projected Impact

Peril or
Hazard

Property Transport Business
Interruption

Crop Health Life Public Pricing Exclusions Availability

Decrease crop yields Drought + +   

Increased damage to building foundations Subsidence + 

Decreased water resource quantity and quality Drought + + + + 

Increased summer drying over
most mid-latitude continental
interiors and associated risk of
drought

Likely

Increased risk of wildfire Wildfire + + + + + + +   

Increased risk of property damage, business
interruption and loss of life

Wind +   

Increased coastal erosion and damage to coastal
buildings and infrastructure

Tidal surge + +   

Increased tropical cyclone
peak wind intensities, mean
and peak precipitation
intensities

Likely

Increased damage to coastal ecosystems Tidal surge + + + +   

Decreased rangeland and agricultural productivity in
drought and flood prone areas

Drought + +   Increased droughts and floods
associated with El Nino events
in many different regions

Likely

Decreased hydro-power potential in drought prone
areas

Drought + + + 

Increased risk to human life and health Storm + + + 

Increased property and infrastructure losses Storm + + + + +   

Increased intensity of mid-
latitude storms

Little
agreement at
time of IPCC

TAR

Increased damage to coastal ecosystems Storm + + + + 

Source: Adapted from Vellinga et al (2001) and Mills et al (2005)
Notes: Likelihood refers to judgemental estimates of confidence used by IPCC TAR, Working Group I: very likely (90-99% change) and likely (66-90% chance). Regarding mid-latitude storms,
recent research has shown increased likelihood (e.g. ABI, 2005). All the representative projected impacts have a ‘high confidence’ of occurring as defined by IPCC TAR, Working Group II:
high confidence refers to probabilities between 67 and 95%. Of course, representative impacts could be lessened if adaptation measures are taken. “+” denotes increased losses, whereas “-”
denotes reduced losses.
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Table 4: Threats and opportunities for the insurance industry resulting from
climate change

Sub-sector Potential Threats Potential Opportunities
Sub-sector Potential Threats Potential Opportunities

 New and existing markets become
unviable as climate change increases
regional exposure

 Asset management risks; loss of long-
term value in securities affected by
adaptation / mitigation regulations
and measures

 Use of pre-existing insurance tools (e.g.
Errors and Omissions insurance to protect
against mistakes in forward selling of
climate-influenced contracts; Business
Interruption insurance to be better prepared
than competitors)

General

 Compounding risk across entire
portfolio of converging activities
(asset management, insurance,
reinsurance)

 Technology insurance and / or contingent
capital solutions to guard against non-
performance of clean energy technologies
due to engineering failure

Sub-sector Potential Threats Potential Opportunities

 Physical damage to insured property
from extreme / more frequent weather
events unbalancing insurer’s assets
and liabilities

 Increase in demand for underwriting
services as weather risk increases

 Liquidity problems due to same

 Regulatory change, for example
relating to design standards

 Increases in population and
infrastructure densities multiply size
of maximum potential losses from
extreme weather events

Property and
Casualty

 Insufficient capital

 Insurance of GHG offset and clean energy
projects and related financial services, e.g.
professional indemnity for carbon credit
guarantors and certifiers

Sub-sector P otential Threats Potential Opportunities

Life and Health  Increased risks to human health
(thermal stress, vector-borne disease,
natural disasters)

 Increase in global demand for Life and
Health insurance as human health risk
increases

Sub-sector Potential Threats Potential Opportunities

 Business interruption risks becoming
unpredictable and more financially
relevant

 Collaboration with others in pooling
capital to expedite Kyoto mechanisms

 Disruptions to construction and
transportations sectors

 Micro-insurance

 Increased losses in agro-insurance  Weather derivatives

 CAT bonds

Other

 Political / regulatory risks surrounding
mitigation

 Consulting and advisory services
Sub-sector Potential Threats Potential Opportunities

Source: Innovest (2002a, Table 1, p. 16).

Finance Industry

The finance industry includes, inter alia, asset managers, investment banks, deposit &
consumer banks, institutional investors, pension funds, and project finance and
venture capital businesses.

Much of the above discussion on the physical risks of climate and their repercussions
for the insurance sector are also relevant to the wider financial industry because of the
linkages between insurance and capital markets, and banks / asset managers and
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capital markets (see Figure 5, which illustrates these linkages). Despite this, the IPCC
TAR could find no clear evidence on how the banking sector will be affected by the
impacts of climate change – only conjecture, some of which is outlined below.

In the private sector the financial industry functions as both an investor and lender.
Banks provide loans to finance projects, which themselves are insured by insurers.
Furthermore, most private and corporate loans are secured by assets, such as property.
Thus, the financial performance of a bank’s investments is vulnerable to the same
physical risks to which insurers are exposed.

Broadly speaking, economic appraisal of an investment (whether undertaken by a bank
or asset manager) takes into account three factors: expected revenue, expected costs
and associated risks. Climate change can impact on all three factors – e.g. reducing
expected yields and revenue from investments in agricultural systems, increasing
maintenance costs of road or rail networks affected by flood run-off, or increasing the
uncertainty of both costs and benefits. However, climate change is generally perceived
to be more important in terms of its impact on investment risk (Vellinga et al, 2001).

To date, however, there is virtually no quantitative evidence relating to the impact of
climate change on investments, although some studies have recently been initiated by
bi-lateral and multi-lateral donors (including the World Bank and the Asian
Development Bank) to investigate the economic impact of climate change on their
development assistance portfolios. The impetus behind the research is a selection of
case studies undertaken by the OECD and the World Bank that show expenditures,
primarily in sectors prone to weather-risks, are not delivering the anticipate
development benefits. In some cases, with hindsight, “products” would have been
designed differently if the climate risks had been better understood ex ante (see, for
example, World Bank, 2004 and the OECD Development and Climate Project at
www.oecd.org).

As a result of securing loans on assets, Grabbe (1998) suggests that if a region becomes
more exposed (as a result of climate change) to weather-related events, such as floods
or windstorms, the prices for property could fall. This in turn may result in a loss of
confidence in the local economy and may trigger a “credit crunch”. An indirect
consequence of this is that other types of business involved in the management of
private assets and the granting of private loans that are not secured by property, will
also be adversely affected (Thompson, 1996).

Overall, there are divergent views on how the finance industry (and in particular banks)
will be impacted by the physical risks of climate change. One view is that due to the
nature of the industry - large, diversified banking institutions - means that any exposure
through lending will be minimal, since no substantial portion of any loan will be kept
for a long period. Alternatively, should (corporate and individual) customers’
operations or financial circumstances change as a result of climate change (e.g.
through the withdrawal of insurance), then the performance of banks and fund
managers could be adversely affected indirectly.

There is increasing recognition however, that the biggest risk to banks is credit risk –
relating to climate change mitigation policies. Policies to reduce greenhouse gas
emissions (e.g. the EU Emissions Trading Scheme) give rise to new liabilities and
therefore business risks. These policies influence the credit quality of regulated (high
emitting) borrowers and therefore the risks to banks. However, regulatory risk also
generates economic opportunities, such as investment in renewable energy
technologies, energy efficiency projects, emissions trading and weather markets, and
climate change related micro-finance.
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Indeed, the IPCC TAR concluded that “the banking industry is more likely to see climate
change and the possible response as an opportunity than as a threat” (Vellinga et al,
2001). Table 5 summarises the main threats and opportunities that climate change
presents the financial industry. It is evident from the table that many of the
opportunities arise from measures to manage regulatory risk.

Figure 5: Linkages between Insurers and Banks via Capital Markets

Pensions Capital markets

Mortgage company

Mortgage broker Mortgage indemnity
insurer

Property owner

Property insurer

Reinsurer

Capital markets

Reinsurer

Capital markets
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Table 5: Threats and Opportunities for the Finance Industry Resulting from
Climate Change

Sub-sector Potential Threats Potential Opportunities
Sub-sector Potential Threats Potential Opportunities

 Macroeconomic downturn hurts
business volume

 Uneven and unpredictable impacts on
global markets

 Development of new markets and demand
for new products related to greenhouse gas
emissions reductions and / or adaptation to
climate change creates new momentum for
economic expansion

 Greater pressure on public purse for
disaster relief and infrastructure
rebuilding

General

 Compounding risk across entire
portfolio of converging activities
(asset management, insurance,
reinsurance)

 Public/private partnerships in green
municipal funds, etc.

Sub-sector Potential Threats Potential Opportunities

 Property damage risks to project
finance and real estate finance

 Financing clean energy technology
development

 Cancelling of real estate insurance
exposes property lender

 Financing of infrastructure development
arising from adaptation

 Unanticipated GHG emissions
mitigation costs at project level

 Enhanced project returns from sale of
credits

 Impaired value of GHG-intensive
capital stock

 Lending by commercial banks to
customers for energy efficiency-related
projects

 Physical damage to corporate assets

Corporate &
Retail Banking,
and Project
Finance

 Regulatory and political risks

 New markets in, e.g. political & regulatory
risk transfer

Sub-sector Potential Threats Potential Opportunities

Private Equity  Reduction in competitiveness of
GHG-intensive business

 Growing demand for low carbon
technologies and related goods and
services

Sub-sector Potential Threats Potential Opportunities

 Macroeconomic disruptions impairs
long-term asset appreciation

 Out-performance from investing in climate
leaders and best-in-sector securities

 Hidden carbon liabilities affect market
value of securities

 Hedge funds investing in GHG credits

Asset
Management

Real estate holdings impaired by
weather events, increased energy costs

 Innovative climate-related theme funds,
e.g. new energy

Sub-sector Potential Threats Potential Opportunities

 Compounded carbon risks for
diversified fund managers, e.g. hedge
funds

 Hedging services for uninsurable GHG
credit and energy price risks

 GHG credit brokerage and trading

 Consulting & advisory services

Other

 Potential deterioration in project
economics and investment viability
due to national financial policy
responses to climate change

 Microfinance opportunities in developing
countries

Sub-sector Potential Threats Potential Opportunities

Source: Innovest (2002a, Table 2, p. 19).
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Recommendations

Climate change globally presents both risks and opportunities for the financial services
sector in the Isle of Man (the largest on the island) – examples of which are provided in
Figure 6.

In the context of the physical risks posed by climate change, the island’s economy is
potentially exposed to negative impacts via the financial services sector, given that
insurance companies are on the front line when it comes to those impacts of climate
change that manifest through weather-related extremes. The severity of the risks will
depend on many factors, but key among them are the countries in which investments
are made / insurance sold, and the specific risks that are insured. Obviously, P&C
insurers are exposed to weather-related risks, which are predicted to intensify with
climate change. But life insurers are also at risk: first, they invest in assets at risk to
extreme weather, and second, continued expansion into emerging markets has tended
to focus on this business line and historically populations in these markets are
significantly more prone to mortality from extreme from extreme weather events.

The financial industry (banking and asset management) is also at risk to the physical
impacts of climate change, through its linkages with capital markets (and thus the
insurance industry) and also directly through the vulnerability of its investments, which
may under perform or in extreme cases be completely destroyed. However, banks and
asset managers do not generally view climate change as a material threat to their
economic viability (although this viewpoint may change as more research is conducted
into the vulnerability of investments), and in fact look at the possible responses to
climate change more as an opportunity – particularly in the context of managing
regulatory risk via carbon market products.

To minimise the risk that global climate change impacts present the financial services
sector in the Isle of Man, the sector needs to adapt its internal processes, policies and
products and services, as well as raise its general awareness of such risks. Suggested
responses are listed below:

 The finance sector as a whole in the Isle of Man could encourage overseas
business interests to provide them (or other investors) with appropriate
information on climate risks. Investment related documents (e.g. company
profiles and stock market prospectuses) should address climate change risks.

 Insurers on the island covering risks in foreign countries should structure
their cover agreements to encourage customers to better manage climate
risks. They could also look to develop and enhance the appeal of alternative
risk transfer products, such as CAT bonds and weather derivatives.

 Insurers should look to control their exposure to weather-related
catastrophes, that are projected to increase in intensity and / or frequency as
a result of climate change.

 Insurers should seek to quantify and “price” the financial threat of climate
change in markets in which they operate, and use this information to set
premiums, and disseminate this knowledge to customers. To this end
insurers should keep abreast of developments in the latest climate and
natural hazard science, and think beyond the traditional 1-3 year risk
assessment time horizon.
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 Insurers should look to work closer with appropriate authorities in their
markets, in order to promote and strengthen local risk management
(adaptation) and remediation capabilities.

 Insurers should look to participate in adaptation workshops with countries in
emerging market, and explore new products / approaches to extend
insurance and reinsurance coverage in emerging markets (where the
impacts of climate change will be most severe).

 Banks (lenders) should look to “price” climate risks into loan conditions,
which will protect their own interest, as well as provide incentives to
borrowers to adopt adequate mitigation measures.

 Asset managers (investors) should develop rigorous analytical methods to
quantify the impact of climate risks (and opportunities) on equity prices,
corporate performance, and relative risks in individual corporations and
across their portfolios.

 Asset managers should engage with firms they invest in to better
understand how climate change will impact their business and what
measures they are taking to minimise risks, or take advantage of
opportunities.

 Actuaries should look to develop standards that consider all aspects of
climate risks, and develop risk-based pricing that recognises projected
climatic events, as opposed to being grounded solely in historic events.

Figure 6: Potential Impacts of Climate Change on Segments of the Financial
Services Sector
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Segments of the Financial Services Industry Potential Impacts Due to Climate Change

Providers of Capital

Individual Corporation Foreign investment

 Disruption to global economy

 Reduced confidence

Advisors

Consultant Analyst Credit rating

 Impacts on equity value and debt quality

 Implications for investor recourse

Investors

Fund manager Investment bank Project finance

 Impaired investment performance

 New markets in clean technology

 Implications for fiduciary duty

Lenders

Corp. banking Mortgages Commercial loans

 Reduced corporate creditworthiness

 Damage to property and physical assets

 New markets in clean technology

Insurers

Reinsurer Underwriter Broker

 Credit and liquidity problems

 Increased demand for risk transfer products

 Opportunities in carbon markets

Dealers

Individual Commodity trader Broker

 Growth of risk management requirements

 Growth of carbon credit trading

Users of Capital

Individual Corporation Government

 Increased cost of mitigation requirements

 Losses due to weather extremes

 Public – private partnerships

Regulators

Listing / disclosure Accounting Banking

 Demand for greater risk disclosure

 Need for accounting guidance

 Loss of investor confidence

Source: Innovest (2002b, Figure 1, p. 9)
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Annex A: Global life and non-life insurance market

Table 6: Global Life Insurance Market in 2004, by Continent

Premiums Change
Inflation-
adjusted

Share of
World Market

2004

Premiums
1

as % of
GDP 2004

Premiums
1

per capita
2004

(USD Mn) (%) (%) (%) (USD)

America 519,829 - 2.2 31.1 3.8 607
North America 503,759 - 2.2 30.1 4.3 1,566
Latin America and Caribbean 16,070 - 0.4 1.0 0.9 30
Europe 584,705 - 2.0 35.0 4.6 727
Western Europe 573,712 - 2.3 34.3 5.0 1,230
Central/Eastern Europe 10,994 17.5 0.7 1.0 33
Asia 522,340 2.7 31.2 5.7 140
Japan 381,335 0.2 22.8 8.6 3,003
South and East Asia 137,207 10.2 8.2 3.5 41
Middle East/Central Asia 3,797 - 3.0 0.2 0.5 13
Africa 22,184 - 14.8 1.3 2.9 26
Oceania 23,456 - 8.4 1.4 4.0 751
World

2
1,672,514 - 0.8 100.0 4.6 267

Industrialised countries
3

1,482,262 - 1.7 88.6 5.2 1,569

Emerging markets4 190,251 6.6 11.4 2.3 36

Source: Swiss Re, Economic Research & Consulting, sigma.
Notes:
1

Excluding cross-border risks
2

Penetration (premiums as % of GDP) and density (premiums per capita) including cross-border business
3 North America, Western Europe, Japan, Oceania
4 Latin America, Central and Eastern Europe, South and East Asia, Middle East and Central Asia, Africa



Table 7: Global Non-life Insurance Market in 2004, by Continent

Premiums Change
Inflation-
adjusted

Share of
World Market

2004

Premiums1 as
% of GDP

2004

Premiums1

per capita
2004

(USD Mn) (%) (%) (%) (USD)

America 636,683 7.0 50.2 4.7 743
North America 610,882 7.2 48.2 5.2 1,899
Latin America and Caribbean 25,801 2.6 2.0 1.5 48
Europe 437,452 5.7 34.5 3.4 525
Western Europe 414,044 5.0 32.7 3.5 855
Central/Eastern Europe 23,408 18.8 1.9 2.1 70
Asia 163,413 2.3 12.9 1.8 43
Japan 97,530 - 1.5 7.7 2.2 768
South and East Asia 57,255 8.8 4.5 1.4 17
Middle East/Central Asia 8,629 3.7 0.7 1.1 30
Africa 8,784 6.8 0.7 1.2 10
Oceania 21,824 6.3 1.7 3.7 699

World2 1,268,157 6.0 100.0 3.5 203

Industrialised countries3 1,144,280 5.7 90.2 4.0 1,195

Emerging markets4 123,877 8.5 9.8 1.5 23

Source: Swiss Re, Economic Research & Consulting, sigma.
Notes:
1 Excluding cross-border risks
2 Penetration (premiums as % of GDP) and density (premiums per capita) including cross-border business
3 North America, Western Europe, Japan, Oceania
4 Latin America, Central and Eastern Europe, South and East Asia, Middle East and Central Asia, Africa
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Climate Change and Water Resources on the
Isle of Man

1.0 Introduction
In comparison with much of Europe the Isle of Man is relatively well endowed in terms of
water resources. The vast majority of water supply on the island comes from surface water
resources with a complex system of dams and reservoirs currently in operation. In terms of
groundwater, the limited permeability of the underlying geology of the island results in a
distinct lack of subsurface water resources in comparison to Ireland and Britain. While
much of the island is underlain by porous glacial drift, the impermeable nature of many
rock groups and sub-soils such as the Manx group and deposits of diamicton mean that
there are few available deep groundwater resources. Although there are substantial
deposits of Carboniferous Limestone on the island it is not sufficiently well bedded to allow
the development of karstic aquifers. Therefore the island relies heavily on surface water
resources to meet water demand. In terms of water supply the island can be divided into
five water supply zones. These include the Balladawne zone in the southwest, serving
urban areas such as Port Erin and Port St. Mary, the Glen Maye zone in the west serving
areas such as Glen Maye and Peel, the Sulby supply zone serving the majority of the
population in the north and west of the island, the Ballure supply zone in the east and the
Glencrutchery supply zone in the east and southeast, servicing major urban areas such as
Douglas. In total the Water Authority operates ten upland impounding reservoirs ranging
in capacity from under 1 million gallons to over 1,000 million gallons (IOM Water Authority,
2005).

While current water resources are capable of meeting present demand, surface water
resources are likely to be significantly affected by climate change (IPCC, 2001). Therefore,
given the reliance on surface water on the island there is a requirement to assess the
impacts of climate change on water resources for the Isle of Man. This research will provide
a first pass assessment of the impacts of climate change on water resources in the Isle of
Man. The main aims of the research include:

 To assess the annual and seasonal changes in effective runoff for the Isle of Man.
 To determine the spatial distribution of change in order to highlight the areas most

at risk from water shortages and flooding.
 To assess the impact of climate change on water supply and resource management,

with particular emphasis on water quality and flood management.

1.1 Climate Change and the Hydrological Cycle

The global hydrological cycle describes the movement of water between the earth and
atmosphere in different states. In its most simple form it accounts for the processes of
evaporation, precipitation and the runoff of any surplus water over the land surface. On a
smaller scale it is possible to view the catchment hydrological cycle as a more in-depth
model, involving the processes of interception, storage, runoff and streamflow.
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On every scale, changes in global climate are likely to have significant impacts on
hydrology and water resources, with increased energy resulting in an intensified
hydrological cycle. Given the importance of precipitation and evaporation as driving forces,
any changes in these primary processes may have considerable knock on effects for the
rest of the hydrological cycle, such as changes in effective runoff and the variability of
streamflow, with consequences for water supply and the magnitude and frequency of
extreme events.

In terms of large-scale projected changes to the inputs of the hydrological cycle, GCMs
simulate an increase in annual precipitation in high and mid-latitudes and most equatorial
regions but a general decrease in the subtropics (IPCC, 2001). The largest percentage
precipitation changes over land are found in high latitudes, some equatorial regions, and
south-east Asia, although there are large differences between climate models (IPCC, 2001).
Changes in evaporation are largely dependent on the amount of water present and the
availably energy. Increasing temperature, and the corresponding increase in the water
holding capacity of air, generally results in an increase in potential evaporation. (IPCC,
2001). Although changes in the processes of precipitation and evaporation can be
estimated at a global scale, both are characterised by large geographical variation. For
example, precipitation can vary hugely depending on elevation and aspect, while
evaporation is largely dependent on solar radiation, wind speed, land cover and soil
moisture deficits.

It is not just the surface components of the hydrological cycle that show likely changes as a
consequence of global warming, sub-surface hydrological processes are also likely to be
altered. Gregory et al. (1997) demonstrated with the HadCM2 climate model that a rise in
greenhouse gas (GHG) concentrations is associated with reduced soil moisture in Northern
Hemisphere mid-latitude summers. Soil water resources are fundamentally important for
the sustainability of certain agricultural practices as well as in the timing of important
hydrological events such as groundwater recharge and the generation of runoff. The local
effects of climate change on soil moisture, however, will vary not only with the degree of
climate change but also with soil characteristics (IPCC, 2001). In terms of groundwater
resources, increased winter rainfall—as projected under most scenarios for mid-latitudes—
is likely to result in increased groundwater recharge. However, higher evaporation may
mean that soil deficits persist for longer and commence earlier, offsetting an increase in
total effective rainfall (IPCC, 2001).

1.2 Previous Work in Ireland and Britain

Although little work has been conducted in assessing the impacts of climate change on
effective runoff and water resources specifically for the Isle of Man, a number of studies
have been reported for Britain and Ireland. Arnell (1992, 1996), Arnell and Reynard (1993)
and Pilling and Jones (1999) have considered the impacts of climate change on runoff over
the entire area of Britain. Each of these studies involved running a rainfall-runoff model for
grid cells rather than for individual catchments in order to highlight the spatial distribution
of impacts. Although the grid squares employed do not represent actual catchments, such
studies allow changing patterns of annual and seasonal runoff to be considered and
provide a valuable starting point for further research. For example, Pilling and Jones (1999)
employed a physical process-based hydrological model to simulate effective runoff for 10
km x 10 km grids covering the UK under current baseline and future climate scenarios. The
climate change scenarios were constructed from the Hadley Centre’s high-resolution
equilibrium GCM for 2050 and transient GCM for 2065, with the simulated changes in
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precipitation and potential evapotranspiration applied to the baseline climatology. The
authors found that changes in effective runoff for winter and summer show an increase in
seasonality under both scenarios, with winter runoff seen to increase most in the north of
Britain while summer runoff was shown to experience major reductions over much of
England and Wales Therefore an accentuated imbalance in effective runoff between north
west and south east was suggested (Pilling and Jones, 1999).

A similar approach was conducted in Ireland by Sweeney et al (2003). In this work the land
area of Ireland was also represented by 10 km x 10 km grid squares with each grid being
adopted as the basic hydrological unit. Output from HadCM3 was downscaled for 560
precipitation stations and 70 temperature stations. Polynomial regression was then used to
redistribute the downscaled values for each grid cell. The particular run concerned
(HadCM3GGa1) was based on historical increases in greenhouse gases from 1860 to 1990
and then partly on the emission scenario IS95a. This involved a 1% per annum rise in
radiative forcing and is characterised as a middle of the road scenario. Three sets of
hydrological simulations were carried out, comprising a baseline 1961-90 and two future
scenarios, 2041-2070 and 2061-2090. Results suggested that under both future scenarios
widespread reductions in annual runoff were likely, especially in the east of the country.
Increases in winter runoff were suggested for large parts of the west of the island while all
areas experienced substantial decreases in summer runoff (Sweeney et al, 2003).

1.3 Research Outline

The primary aim of this research is to assess the impacts of climate change on effective
runoff for the entire land surface of the Isle of Man. A grid-based approach akin to that used
by Sweeney et al (2003) for Ireland and Pilling and Jones (1999) for Britain is utilised. The
employment of such a methodology was driven by two major factors. Firstly, reliable and
naturalised streamflow data for individual catchments within the Isle of Man are sparse
with only three streamflow observations a year being made for some catchments. This is
not sufficient for calibrating and validating a rainfall-runoff model. Secondly, the potential
to simulate the entire land area of the island using a grid-based approach offers the ability
to identify spatial variations in effective runoff.

There are also disadvantages to adapting a grid-based approach. While it may provide a
finer spatial representation of land surface properties than a catchment based approach,
the accurate representation of groundwater, lake and reservoir storage presents problems.
Streamflow records are required to derive some of the parameters relating to these and are
obviously not available for grid squares (Charlton and Moore, 2003). It is therefore
necessary to simplify the representation of some of the storage terms in the rainfall-runoff
model. However, despite this, Charlton and Moore (2003) have shown that it is possible to
gain some insight as to likely spatial and temporal changes in storage as a result of climate
change.

When simulating the impact of climate change on water resources previous work has
shown that characteristics such as soil type, porosity, bedrock and aquifer potential all
influence the response of the hydrological system to climate change (Murphy et al, 2005).
In order to take account of this 31 5 km x 5 km (25 km2) grids were used to represent the
land surface of the Isle of Man so as more detail could be incorporated into land surface
parameterisation. These grids are shown in figure 1.1 below. In order to simulate effective
runoff monthly data for precipitation and evapotranspiration were used to run a physical,
process-based rainfall-runoff model for each hydrological grid. Squares were assigned
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individual values for each of the hydrological parameters on the basis of information
derived from digital map sources. Given the lack of reliable streamflow data in the Isle of
Man, baseline simulations were validated for surrogate catchments in Ireland that show a
similarity to the hydrological characteristics in the Isle of Man. In order to calculate future
simulations of runoff, the rainfall-runoff model was forced with pattern scaled output from
the HadRM3 model as described in technical paper 4 on Future Climate Change Scenarios.
Hydrological simulations were carried out for three future time horizons, the 2020s (2011-
2040), the 2050s (2041-2070) and the 2080s (2071-2100) under the A1F1, A2, B1 and B2
scenarios. While simulations were carried out for each only the A2 scenario is reported. The
remainder of the runs are used to provide maximum and minimum ranges of likely change.
Changes in future runoff are assessed through comparison with the 1961-1990 control
period.

Figure 1.1 Location of grid squares used for simulating the percent change in effective runoff relative to
the land surface of the Isle of Man
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2.0 The Hydrological Model
The rainfall-runoff model employed is HYSIM (Manley, 1993). This is a conceptual rainfall-
runoff model, which uses rainfall and potential evaporation data to simulate hydrology,
using parameters that define the river basin and channels in a realistic way. Although
spatially lumped and hydrologically conceptual in nature, the majority of model
parameters can be measured from physical reality. The model is built around two sub-
routines; the first of these simulates land surface hydrological properties while the second
simulates hydraulics. The complete flow diagram of the structure of the model is given in
Figure 1.2. In relation to the hydrology, seven natural stores are represented. These include
snow storage, interception storage, the upper soil horizon, the lower soil horizon,
transitional groundwater, groundwater and minor channel storage.

To gain an insight into the functioning of the model it is beneficial to take a more in-depth
look at how these stores function and interact. Given the small amount of snowfall
recorded in the Isle of Man this store is not utilised. Interception storage represents the
storage of moisture by the vegetation canopy. Evaporation accounts for losses from this
store. Any moisture in excess of storage, determined by vegetation type, is passed on to
the upper soil horizon. The upper soil horizon represents the moisture held in the upper (A)
horizon or topsoil and has a finite storage capacity equal to the depth of the A horizon
multiplied by its porosity. A limit on the rate at which moisture can enter the upper soil
store is applied based on its potential infiltration rate. Losses are met by evaporation,
interflow and percolation to the lower soil horizon. Evaporation is controlled by the forces
of capillary suction, while interflow is a function of the effective horizontal permeability of
the soil layer. The lower soil horizon represents moisture below the upper horizon but still
within the rooting depth of vegetation. Again evaporation and interflow account for losses
from this store as well as percolation to groundwater. The transitional groundwater store is
an infinite linear reservoir, which serves to represent the first stage of groundwater storage.
This store has greatest importance in catchments with permeable geologies with losses
being controlled by a discharge coefficient. Groundwater is also represented as an infinite
linear reservoir, assumed to have a constant discharge coefficient. The final conceptual
store represented by HYSIM is minor channel storage. This component represents the
routing of flows in minor streams and ditches. A full list of model parameters is provided in
Appendix 1.1.
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Figure 1.2 HYSIM model flow diagram

2.1 HYSIM Parameterisation

HYSIM has been designed to enable quantitative values for each of the model parameters
with many being derived from analysis of soil type. Within the Isle of Man, soil properties
are closely related to glacial deposits and bedrock geology. Figure 1.3 shows the
distribution of glacial drift throughout the island. Within the northern lowlands deposits of
sand, gravel and mud are predominant, while much of the remainder of the island,
including the central uplands are covered with deposits of sand, gravel and diamicton. The
latter is a poorly sorted boulder clay with a low porosity. Fluvial deposits and peat are also
common in many of the valleys.

Figure 1.4 provides a geological summary of the island. The predominant rock types within
the island include quartz in the northern lowlands with the majority of the remainder of the
island occupied by the Manx Group. The Manx Group is comprised of poorly bedded
sandstones and mudstones and along with quartz both can be characterised as relatively
impermeable. As a consequence, soils in the Isle of Man vary from loamy sands to peaty
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loams with many of the different textural classes in-between. There are thirty-two different
soil sub-categories associated with five soil categories. The five are, soils associated with
slates, flagstones and shales, soils associated with limestone, soils associated with Peel
sandstone and Neb gravels, soils associated with glacial deposits and soils associated with
peat deposits.

In order to obtain soils data for each grid square covering the land surface of the island,
individual grids were used to extract information on glacial drift and bedrock geology.
Once information was obtained it was used to estimate a soil texture for each grid. Manley
(1993) provides parameter values related to each soil texture, with these being used as the
parameter values for each grid square.

In relation to land-use parameters HYSIM requires information on interception storage, the
rooting depth of vegetation and the impermeable proportion of each grid square. Land
use within the island can be broadly classified into seven major categories. These include
urban areas, arable land, pasture, forests (including shrub lands and natural vegetation),
peat bogs, inland water bodies and areas with little or no vegetation. In order to derive
values for the land-use parameters within HYSIM the CORINE land use database was used
to assess the coverage of different land use types within each grid. Depending on the
proportion of each land use type within each grid cell, default values relating to different
land-use types were derived from Manley (1993).

Figure 1.3 Drift Geology of the Isle of Man
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Figure 1.4 Geological Summary of the Isle of Man

In terms of groundwater the grid based approach used in this study presented some
problems for the representation of groundwater. These were anticipated but since this
research aims at providing a first pass study on changes in effective runoff for the entire
land area it was necessary to make some simplifying assumptions. HYSIM would normally
be applied to a catchment or a number of sub-catchments with the groundwater
parameters derived from analysis of observed records of streamflow. During a dry period,
river flows are usually dominated by groundwater, and the recession of flow in the river
over time is affected by aquifer characteristics. A recession coefficient determined by
hydrograph analysis integrates these aquifer characteristics. For the grid-based approach
adapted in this study it was not practical to do this. Charlton and Moore (2003) carried out
a sensitivity analysis on HYSIM parameters in order to determine the sensitivity of the
model to changes in the groundwater recession coefficient. This showed that the value
assigned to the recession coefficient was significantly less critical over relatively long
periods of thirty years or more. Murphy et al (2005) applied HYSIM to a suite of catchments
in Ireland and found that the groundwater recession coefficient could also be related to the
water holing capacity of the underlying bedrock. Therefore a simpler approach was
adopted by assigning each square with a groundwater reservoir and using the underlying
geology to estimate the groundwater recession coefficients. Other groundwater
parameters within HYSIM include the proportion of the catchment with no groundwater
and the ratio of contributing catchment area to surface catchment area. These were also
defined based on the water holding capacity of the underlying geology. For example, grid
squares underlain by the Manx group were assumed to have a relatively low recession
coefficient, especially were overlain by diamicton.
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2.2 Validation

The process of validation is carried out to assess model performance by comparing
observed and predicted flows for the same time period. Because grid squares do not
represent actual catchments it can be difficult to compare simulated runoff from individual
cells with observed runoff records (Pilling and Jones, 1999). Indeed in previous work of a
similar nature (Arnell, 1992; Arnell and Reynard, 1993) no validation of model simulations
with observed data is performed. The problem of validation is further compounded for the
Isle of Man as only very limited observed records are available. However, despite this some
method of validating the simulated runoff is clearly desirable.

In order to validate the simulations made by HYSIM and overcome the lack of naturalised
and reliable observed data, surrogate catchments within Ireland were adopted. Previous
work done by ICARUS (Irish Climate Analysis and Research UnitS) has used HYSIM to
simulate effective runoff from grid squares covering the entire land area of Ireland
(Charlton and Moore, 2003). Furthermore, the same methodology has been applied in
deriving parameter values for each grid square. Therefore it was deemed that investigating
the results obtained for hydrologically diverse catchments in Ireland would provide an
adequate test of the robustness of the model and the parameterisation technique.

In this way HYSIM simulations were validated by comparing observed runoff for selected
catchment areas with the runoff predicted for the corresponding grid squares. In total four
catchments were selected for validation purposes. These are given in Table 1.1. Catchment
sizes range from 646 km2 to 2173 km2, therefore providing a wide range of scales on which
test the model.

River and Location of gauging station Catchment Area (km2)

Feale at Listowel 646
Suir at Clonmel 2173
Slaney at Scarawalsh 1036
Brosna at Ferbane 1207

Table 1.1 Irish catchments selected for validation

Mean monthly-observed flows for the 1961-1990 period were converted to annual
effective runoff in mm by calculating the mean annual total volume of flow and dividing
this volume over the catchment area to give a depth of flow. This process was repeated to
provide seasonal runoff totals for summer (June, July and August) and winter (December,
January and February). Grid squares that fell wholly or partially within each catchment
were selected and the percentage contribution made by individual squares was used as a
weighting factor in the calculation of simulated effective runoff for the catchment. Table
1.2 shows the annual observed and predicted effective runoff for each of the selected
catchments under 1961-1990 conditions.
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Effective Runoff Feale Suir Slaney Brosna

Simulated (mm) 1058.93 617.27 566.55 475.88

Observed (mm) 1070.69 697.00 565.63 441.82

% error -1.10 -11.44 0.16 7.71

Table 1.2 Validation results for selected Irish catchments

From Table 1.2 it can be seen that the Feale, Slaney and Brosna all fall within +/- 10% of the
observed values, with the percentage error for the Suir being just over 10%. These results
are very reassuring for a number of reasons:

 The Feale and the Suir both drain upland catchments with the model producing
acceptable simulations for both.

 The Slaney drains a generally low lying agriculturally rich, well drained catchment in
the south east, again percentage error values are encouraging.

 The Brosna is another low-lying catchment with much natural vegetation and peat
bogs and once again the model produces successful simulations.

Taking these results into consideration and given the hydrological diversity of the
catchments employed for validation, a certain degree of confidence can be held in the
parameterisation procedure and the hydrological simulations made for future climate
change in the Isle of Man.

2.3 Simulated Changes in Effective Runoff and Water Resources

Changes in effective runoff were calculated for three future time periods on both an annual
and seasonal basis with changes calculated from the 1961-1990 baseline period. For the
hydrological simulations seasons are defined as winter (DJF), spring (MAM), summer (JJA)
and autumn (SON). Simulations were derived for each of the scenarios considered.
However, for ease of presentation only the simulations conducted using the A2 scenario
will be given in the maps below. The remainder of the simulations are employed as
maximum and minimum ranges in each of the graphs.

2.3.1 Annual Changes in Effective Runoff

Figure 1.5 shows the percent change in annual effective runoff for the Isle of Man. By the
2020s there is little change likely for the entire island with increases in the order of +1% to
+2% shown for the central upland region. The remainder of the island shows no change by
this time period. By the 2050s the same spatial variability of change is evident with both
the north and the south of the island responding in a somewhat similar fashion. Reductions
of –2% in annual runoff are evident for the northern lowlands and southern areas, with
decreases becoming more pronounced as we move further from the central uplands. The
uplands themselves show no change in comparison to the 1961-1990 baseline by the
2050s.

By the 2080s reductions in effective runoff are simulated for the entire land surface.
Greatest reductions are again likely in the low-lying north of the island with reductions
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ranging in the order of –4% to –5%. Similar reductions are likely for parts of the south
around Port St. Mary and Castletown. For much of the central uplands decreases of
approximately -1% in annual runoff are likely, however, this reduction is more pronounced
around the urbanised area of Douglas.

Figure 1.6 shows the average national percent change in annual effective runoff for each
time period considered. National averages were calculated by averaging the response of
each of the 31 grid squares. The 2020s is the only period to show a percentage increase,
with increases of approximately 0.5% likely under the A2 scenario. When the remainder of
the scenarios are taken into account further increases are shown with a maximum increase
of +1.75% likely by the 2020s.

On a national scale, the 2050s show a reduction in effective runoff of approximately –1%
under the A2 scenario with changes ranging from -0.5% to –1.75% under all the scenarios.
Further reductions are likely by the 2080s with the A2 run suggesting reductions of –2.5%
with simulated maximum and minimum ranges of -2.4% to –4.5%. Although the suggested
changes in annual effective runoff do not appear to be large, it is important to remember
that annual changes tend to hide seasonal variations and therefore the remainder of the
report will contend with seasonal changes.

Figure 1.5 Simulated percent changes in annual effective runoff for each future time period
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Figure 1.6 Percent change in annual average runoff for each time period

2.4 Seasonal Changes in Effective Runoff

2.4.1 Winter

Figure 1.7 shows the percent change in winter runoff for the three time horizons
considered. By the 2020s an increase is simulated for over 77% of grid squares. These
increases range from +1% to +13%. Greatest increases are suggested for the urbanised
Laxey area. In the central uplands increases in the order of +4% to +5% are simulated while
no change is likely for the northern lowlands by this time. The majority of grid squares in
the south show marginal increases of +1 to +2%.

By the 2050s greater increases in effective runoff are likely with over half of the modelled
grid cells suggesting an increase of +8% to +9%. The spatial variability of change between
the uplands, north and south remains apparent with the majority of these cells located in
the central uplands. On average, the grid cells located in the north show an increase of
around +5%, while grids to the south suggest increases in the order of +7%. Greatest
increases are again evident for the urban areas on the east coast with increases of up to
+18% likely for the grid cells around Douglas and Laxey.
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Figure 1.7 Simulated percent change in winter effective runoff for each future time period

Increases in effective runoff are likely to continue into the 2080s with all grids squares
showing increases of over +13%. Again the central uplands suggest the greatest increases
with changes of +16% to +18% simulated in comparison to the 1961-1990 period. As with
the other time periods for winter the smallest changes are evident for the northern
lowlands with increases of approximately +13% likely by the 2080s. By this time there is less
of a variation in change between the central uplands and the south with increases ranging
from +15% in the upland areas to +14% in southern areas around Castletown and Port St.
Mary.

2.4.2 Spring

Figure 1.8 shows the percent changes in spring effective runoff for each time period. By the
2020s both increases and decrease are simulated. When the entire island is considered just
over half of the cells show an increase or no change from the baseline period, with the
remainder suggesting decreases in spring runoff by the 2020s.
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Figure 1.8 Simulated percent change in spring effective runoff for each future time period

Again there is a distinct spatial variation in changes with decreases simulated for the lower
lying areas in the north and south of the island. To the north decreases are greatest with
reduction of between –5% and –8% simulated for all grid cells in this region. To the south
decreases are not as pronounced with simulations returning decreases of –3% to –4%.
Within the central uplands increases are evident for the majority of grid squares. However,
some variation within this region also emerges with the eastern coast from Kirk St. Michael
to south of Peel showing 0 change to slight increases of 1%. Increases in the order of +5%
to +8% are likely for the remaining portion of the upland region extending west.

By the 2050s less drying is evident during spring months with reductions not as
pronounced as the 2020s, while increases in runoff are slightly greater. In the north
reductions are still evident for all of the grid cells however in comparison with the 2020s
reductions range from -1% to –5%. Reductions are also less in the south with some cells
showing no change or only slight increases. In the central area marginal increases in
comparison with the 2020s are evident, especially around the western coast from Douglas
to Laxey. It is interesting to note that increases in runoff tend to follow an east to west
gradient in the central uplands and south of the island, while such variation is not evident
in the north. This feature may be related to topography with greater increases in the west
associated orographic enhancement of precipitation receipts.
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By the 2080s no grid shows a reduction in effective runoff. While in the 2020s and 2050s
the low-lying north of the island showed decreases, by the 2080s grids in this region show
no change or slight increases of up to +2% in comparison to the baseline. For the central
uplands further increases are evident with simulations ranging from +9% to +16%.
Increases in the south of the island are considerably less with increases ranging from +3%
to +4%. The east to west gradient is also evident during the 2080s.

2.4.3 Summer

The main feature of change for the summer months (Figure 1.9) is the simulated reduction
in effective runoff over the entire island. 22% of grid cells show a reduction in effective
runoff of more than –50% by the 2020s. The majority of these squares are located in the
low-lying northern plain. Such reductions would impact significantly on water resources in
areas such as Ramsey and Sulby. Substantial reductions are also suggested for the south,
with reductions in the order of –20% to –37%. The smallest reductions are evident for the
central highlands, although these remain substantial with decreases of between –18% and
–24% simulated. Whereas in winter and spring the smallest increases were suggested for
the north of the island and the largest increases simulated for the upland areas, during the
summer the largest decreases are evident for the low-lying regions while decrease in runoff
are not as pronounced for the uplands.

Figure 1.9 Simulated percent change in summer effective runoff for each future time period
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By the 2050s further drying is evident with almost half of the simulated grid cells
suggesting reductions of more than –50%. In all regions greater reductions are evident
than in the 2020s. For the low-lying north decreases range from –50% to –68%, while in the
south decreases in the order of –40% to –60% are likely. Further reductions are also evident
for the central upland region with reductions ranging from –27% to –44%. The smallest
reductions are evident in urban areas where losses from evaporation are not as high as in
rural locations.

By the 2080s all grid cells suggest reductions in effective runoff of over –50% for the
summer months. Interestingly, variations in reductions are largely driven by elevation and
changes in land-use, with the uplands tending towards more natural vegetation and
forested areas. Reductions in runoff for the agricultural lowlands of the north and south are
very significant with reductions in the north of between –70% and –76%, while results in
the south range from –65% to –77%. Such decreases could have serious implications for
water supply in major urban areas such as Ramsey and Sulby in the north and Port Erin,
Port St. Mary and Castletown in the south. Shortages could be further exacerbated given
the fact that the Isle of Man relies heavily on surface water in order to meet demand. In
relation to the central uplands large reductions in effective runoff are also likely with
simulations ranging from –50% to –70%. Reductions of this magnitude would seriously
alter the amount of water entering upland reservoirs, again providing obstacles for
efficient resource management. Even within the upland region the relationship between
topography and reductions in effective runoff are evident with the greatest reductions
suggested for lower coastal areas in the east of this region.

2.4.4 Autumn

Figure 1.10 shows the percent change in effective runoff for the autumn months. In
comparison to other seasons there is much less spatial variation in changes of runoff by the
2020s. The vast majority of grid cells show reductions with changes of between 0%
and –8% suggested. By the 2050s the spatial distribution of change emerges once again
with the greatest reductions in effective runoff suggested for the lowlands of the north
with grid cells showing reductions ranging from –10% to –20%. Both the central highlands
and the south of the island show a similar response by the 2050s with reductions in the
order of –5% to –10% for both regions.

For the autumn months the most significant changes are evident for the 2080s with
approximately 55% of all grids showing a reduction in runoff of –20%. Once again change
can be divided into three general regions. As with the summer results the greatest
decreases in autumn by the 2080s are suggested for the north of the island with reductions
ranging from –30% to –40%.
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Figure 1.10 Simulated percent change in autumn effective runoff for each future time period

Substantial reductions are also evident for the south although not as pronounced, with
reductions of approximately –15% to –25%. The central uplands show the smallest
reductions in autumn by the 2080s with decreases in the region of –12% to –20%. Given
that the autumn is an important time of the year in hydrological terms, reductions in
effective runoff to the extent simulated could have consequences for the recharge of soil
and groundwater storage.

2.5 National Changes in Seasonal Runoff

Figure 1.11 shows the simulated changes in effective runoff on a national level by
averaging all of the 31 grid cells. Simulations obtained for the A2 scenario are shown as
columns while the ranges obtained for simulations using the remaining scenarios are also
provided. On a national level the most significant impact by the 2020s is the reduction in
summer runoff by approximately –35% under the A2 scenario. Little change is suggested
for the other seasons by this time period and there is little difference in terms of the
scenarios used.

By the 2050s winter runoff is seen to increase by approximately +8% under the A2 scenario
with a range of +7% to +10% likely when all scenarios are run. Slight increases are evident
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for spring. The most significant change by the 2050s is again the reduction in summer
runoff with a national reduction of –50% suggested under the A2 run. By this time period
there is also a substantial range in summer simulations depending on scenario, with
simulated reductions ranging from –45% to –60%. Reductions in the order of –10% are also
likely for the island as a whole by the 2050s.

By far the greatest changes in seasonal runoff on a national scale are evident for the 2080s.
Winter runoff is seen to increase by +15% under the A2 scenario, with this figure ranging
from +10% to +20% when all model runs are considered. For the spring only slight
increases of approximately +5% are likely. Reductions in summer runoff are further
pronounced by the 2080s with a national reduction of –65% suggested under the A2 run
with minimum and maximum simulations producing decreases of –50% to –75%. Finally,
for the autumn reductions of –20% are likely under the A2 scenario with decreases of
between –10% and –30% suggested when all scenarios are run.
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Figure 1.11 Range of likely changes in seasonal runoff under each emissions scenario considered.
Columns represent the A2 scenario, while the bars represent maximum and minimum percent changes
simulated by the A1F1, B1 and B2 scenarios
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While the above results are based on the average changes of grid cells for the entire island,
Table 1.3 shows the range of seasonal changes simulated under the A2 scenario. Maximum
and minimum percent changes for the entire island are given for each season for the 2020s,
2050s and 2080s.

2020s 2050s 2080s
From To From To From To

Winter
0.3 13 5.6 18.7 13 26.8

Spring -8.3 8.4 -5 11.8 -0.4 16.7
Summer -8.2 -54 -27.6 -68.9 -51.8 -77.4
Autumn -8.9 9.9 -18.8 6.1 -0.3 -29.5

Table 1.3 Range of simulated percent change in seasonal runoff for grid cells for the entire island
for each future time period
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3.0 Implications of Climate Change for Future Water
Supply and Water Resource Management

By far the most significant results in terms of water supply are the reductions likely in
summer and autumn effective runoff. Such reductions could be particularly problematic
given the reliance on surface water resources for water provision in the Isle of Man.
Reductions of the magnitude suggested for the summer months, especially for the 2050s
and 2080s could result in prolonged drought conditions and low water levels in many of
the island’s reservoirs. Furthermore, evaporation losses are likely to increase during the
summer and autumn months and will also have a significant effect on reservoir yields.
Unfortunately there is limited potential in developing groundwater resources due to the
limited number of aquifers and consideration might be given to utilising the increases in
runoff during the winter and spring by storing water until required. Attention should also
be paid to demand management. The low-lying areas of the north and south of the island
are the predominantly agricultural regions and it is here that the greatest reductions in
effective runoff are simulated. Therefore, there could be emerging demands on water
resources with the likelihood that irrigation may be required to sustain the cultivation of
some crops in the summer and autumn. Furthermore, current demand from all sectors is
likely to increase under a warmer climate. Despite the limitations of groundwater resources
in the island a number of options exist to supplement water resources during times when
demand is greater than available resources. These include the raising of dams to provide
additional raw water storage, the construction of new reservoirs so as to increase the
proportion of the central uplands that are used for supplying water and desalinisation.

Given the importance of surface water resources a closer analysis of the response of
important catchments would provide and valuable insight into future challenges facing
water resources management. In doing this, the impacts of climate change on effective
runoff were assessed for two strategically important catchments; the River Douglas
catchment, including the River Glass which supply much of the water in the Glencrutchery
supply zone and the Sulby River to the north. A Digital Elevation Model (DEM) for the island
was used to extract outlines for both catchments. These outlines were then overlain on the
simulated runoff grids and the values of interest were extracted and averaged for each
catchment. The percent change for each catchment is provided in Figure 1.12, while the
location of the catchments is given in Figure 1.13.

Once again, columns are representative of the A2 scenario, while ranges are indicative of all
scenario runs. For the Douglas catchment the most significant changes in effective runoff
are likely for the summer by the 2020s with reductions of approximately –25%. By the
2050s increases in winter and spring are likely with reductions of up to –40% under the A2
scenario. Decreases of approximately –15% are also likely for the autumn months. By the
2080s reductions in summer reach just over –60% with reductions in autumn approaching -
20%. Increases in effective runoff for winter and spring are also substantial with increases of
approximately +20% and +10% respectively.
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Figure 1.12 Simulated percent change in effective runoff for both the Douglas and Sulby catchments for
each future time period
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For the Sulby catchment reductions in summer runoff are greater given its more northerly
position with reductions of –35% likely by the 2020s throughout the catchment. Little
change is evident for the remaining seasons by this time period. By the 2050s slight
increases are likely for the winter months, again these increases are not as large as the in
the River Douglas catchment. Reductions in summer runoff by the 2050s extend to
approximately –50% under the A2 scenario and substantial reductions of approximately –
15% are likely for the autumn. By the 2080s reductions in winter, spring and summer are
comparable in magnitude to those reported for the River Douglas. However, more severe
reductions are likely during the autumn with simulations indicating decreases in the order
of –30% under the A2 scenario, with a maximum reduction of –40% when all model runs
are considered. While reductions in runoff are severe for each catchment during the
summer and autumn, it is important to realise that reductions are least for the upland areas
used for water supply. Nevertheless reductions in these areas remain substantial.

1.13 Location of selected catchments. The River Sulby catchment is located to the north, while the River
Douglas catchment is located to the south.

3.1 Water Quality

Water quality is an essential component in the planning and operation of water
management systems. The simulated reductions in effective runoff indicate that a number
of water quality issues may arise as a result of climate change. Taking into account the scale
of reductions indicated it is not unreasonable to assume that the frequency and duration of
low flows will increase. This would mean that less water would be available to dilute
organic effluent. While Biological Oxygen Demand (BOD) is greatly reduced by the sewage
treatment process, a certain amount of flow is required to receive effluent. Therefore, if
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flows fall below a minimum level there may be consequences for fisheries and freshwater
ecosystems. Further research is required in this area.

3.2 Flood management

Although it is not possible to comment on changes in flood magnitude and frequency, the
increase in winter runoff suggested for many parts of the island are likely to have
significant implications. River flooding is affected by meteorological, topographical,
geological and other factors. In the Isle of Man increases in runoff for the central uplands
are particularly important, as streamflow response tends to be flashy due to steep slopes,
thin soils and little attenuation effects. Furthermore, modelling of the River Sulby
undertaken by Bullen Consultants (2002) indicates that current flow characteristics within
the catchment are affected significantly by upstream and downstream boundary
conditions (i.e. the level of water in the Sulby Reservoir and the tide level at Ramsey). As
these conditions are likely to be affected as a result of climate change the frequency and
occurrence of flooding is likely to increase. Increased erosion is also likely to accompany
increases in the magnitude and frequency of extreme events. Further research is also
required in this area.
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4.0 Conclusions
This is the first time that GCM predictions have been employed to model effective runoff
for the Isle of Man under future climate scenarios and while there are a large number of
conclusions that can be taken from the above research the main characteristics of change
are provided below.

 On an annual basis the reductions in effective runoff are likely for low-lying areas in
the north and south of the island, while increases are suggested for the central
uplands. Greatest reductions in annual effective runoff are simulated for the 2050s
and 2080s.

 Winter runoff is seen to increase for all parts of the island, especially by the 2080s
with national increases in the order of +15% simulated under the A2 scenario. The
greatest increases are expected to occur in the central uplands.

 All parts of the island will experience substantial decreases in summer and autumn
runoff. Greatest reductions are expected in the north of the island and it is likely
that the frequency and duration of low flows will increase in all areas. Reductions in
runoff of the extent suggested could prove problematic for a country that relies so
heavily on surface water resources.

 The magnitude and frequency of individual flood events are likely to increase.
Rising sea levels may also exacerbate flooding impacts. Seasonal flooding is likely
to occur over larger areas and persist for longer periods of time.

 Long-term deficits in soil moisture are likely to develop due to reductions in
autumn runoff. Furthermore, groundwater levels and the amount of water
entering many of the islands reservoirs are likely to be significantly reduced with
decreases becoming more pronounced over time. Increases in evaporation are
also likely to impact on water levels in storage reservoirs.

In terms of the impacts of climate change on hydrology and water resources there are a
number of areas which future research need to be addressed. Changes in the frequency
and magnitude of flood events needs to be approached on a catchment basis.
Furthermore, the impacts of climate change on water quality can be specific to individual
rivers and thus impacts need to be refined for ‘at risk’ catchments. In order to adequately
meet these needs there is a requirement for reliable streamflow observations in
strategically important catchments, which is presently unavailable. In terms of future water
supply, the ability of individual reservoirs to deal with both increases and decreases in
runoff also needs to be assessed, with impacts requiring refinement for individual
catchments and water supply zones.

4.1 Caveats

Caution needs to be exercised when interpreting these results due to a number of
simplifying assumptions that had to be made. Firstly modelling was conducted using
monthly data to simulate effective runoff; therefore only indications of likely changes in
streamflow variation and extreme events can be given. Given the lack of data for model
validation in the Isle of Man it was necessary to assess the robustness and validity of both
model output and methodology on surrogate catchments in Ireland. The results of model
validation carried out were acceptable and it was assumed that the model performs
comparatively well for the Isle of Man. This assumption is given strength as the above
results are largely in line with previous work conducted in both Britain and Ireland.
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In all climate impact assessments it is necessary to assume that land use will remain the
same in a changed climate. Changes in land use can affect processes such as the amount of
water intercepted by vegetation and evaporated as well as soil storage and structure.
Furthermore it is assumed that soil types and textures will remain the same over the period
of investigation. As mentioned in Chapter 3 there is a cascade of uncertainty in climate
impact assessment. Impact models are also subject to uncertainty, especially in areas such
as model structure and the equifinality of parameter sets (Wilby, 2005; Beven and Freer,
2001). Given the first pass nature of this assessment no account of impact model
uncertainty is made.
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Appendix

Soil Parameters

Parameter Description Estimation method [typical range]

Pore Size Distribution Index (PSDI) Controls soil response to capillary suction & Soil hydrology Class [0.09 to 0.25]
moisture/effective permeability' relationships

Bubbling pressure Represents capillary suction when soil is dewatered Soil hydrology class [80 to 630mm]

Porosity Relative volume of pores in soil to total bulk volume Soil hydrology class [0.4to0.55mm]
of soil

Permeability at horizon boundary The rate at which moisture moves between the two Soil hydrology class [5to>200mm/h]
soil horizons

Permeability at base of lower horizon The rate at which moisture leaves the soil layers Soil hydrology class [0 to >100mm/h]

Proportion of moisture storage in upper Proportion of the total available soil moisture Standard value [0.3]
Horizon stored in the upper

Interflow runoff from upper horizon at Direct/lateral runoff from upper soil horizon Standard value
saturation

Interflow runoff from the lower horizon Direct runoff from the lower horizon Standard value
at saturation

Saturated permeability at the top of Controls rate at which water enters the top of Soil hydrology class and land use
Upper horizon the upper soil horizon [up to 1000mm/h for cultivated

land]
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Vegetation and land use parameters

Parameters Description Estimation method [typical range]

Interception storage The proportion of precipitation which is lost to runoff Between 2.0 mm (grassland/urban areas)
by interception by different types of vegetation and 10 mm (woodlands)

Interception correction factor Weighted factor for ET from interception storage. 1.1 for grassland to 1.5 for woodland

Impermeable proportion Proportion of each square which can be defined as being 0.02 for rural areas and up to 0.2 for urban
impermeable such as rocks, roads, urban areas, etc

Soil rooting depth (mm) Rooting depth of vegetation Normally 1000mm but can be up to 5000mm

for woodland

Riparian proportion In swampy riparian areas ET occurs at Potential rate Typical value is 0.02

even if the catchment is 'dry'

Groundwater parameters

Parameters Description Estimation method [typical range]

Discharge coefficient Controls the rate of water leaving groundwater storage Standard' value used [0.8]

Proportion of catchment without Estimated from geology
contributing groundwater

Ratio of contributing groundwater Applied as groundwater and surface water Estimated from geology
catchment to surface catchment catchments may not be contiguous
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Introduction

This technical report combines the reports prepared following the two stakeholder
workshops held in the Isle of Man in December 2005 and March 2006. The documents
record the verbatim comments made by the workshop attendees.

The results from a questionnaire exploring views on developing a formal ‘climate
change stakeholder partnership’ are also included. The questionnaire was distributed
to participants at the March 2006 workshop.
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Workshop 1 December 2005

Final workshop report

Context

As part of an ongoing climate change project commissioned by the Department of
Local Government and the Environment, acclimatise organised a workshop to bring
together key stakeholders in the Isle of Man. The workshop was held on Thursday the
15th December 2005 at the Manx Museum, Douglas.

The objectives of the workshop were to:
 Raise awareness of climate change
 Develop an understanding of potential climate impacts
 Identify and agree next steps for addressing climate change
 Begin the process of developing a climate change partnership for the Isle of

Man

The agenda for the workshop is included together with a list of participants.

Workshop format

The focus of the workshop was to bring together various stakeholders representing a
cross section of key organisations and interests for the Isle of Man.

The day began with a series of short presentations to set the scene by describing some
of the research that is currently being undertaken by acclimatise. The remainder of the
day was spent discussing the questions posed and sharing information and ideas.

Two workshop sessions were organised during the day, with the participants divided
into four groups. A facilitator was provided for each group.

The groups considered eight sectors – chosen to represent the interests of the
participants. The sectors considered were:

 Business
 Transport
 Water
 Natural resources
 Infrastructure
 Built environment
 Tourism
 Waste

In the first part of each workshop the groups were asked to look at their sector and
identify the key issues, policies and decisions that the Island faces. The participants
were asked to focus at the strategic level.

Facilitators were provided with sector overviews to prompt discussion. These
overviews were drafted using information assembled for the sector characterisations,
which will appear in the final project report.
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In the second part of the workshop the participants were asked to identify the key
climate risks for their chosen sectors. They were also asked to identify as a group the
three most significant risks for the IoM.

A full transcript of the information recorded on flipcharts during this workshop is
included.

Significant risks identified by the participants

The most significant risks for each of the sectors were:

 Business
o Disruption to energy supplies and communications from storm events
o Impact of sea level rise and storm surge on the location of business

property
o Impact on the perception of quality of life on the IoM

 Transport
o Impact of winter storms on sea transport, disruption of services, damage

to infrastructure and vessels
o Failure of coastal defences, flooding of roads and disruption to public

transport
o Impact of winter storms on infrastructure, disruption to public transport

 Water
o Increase in demand for potable water in warmer summers
o Impact of increase winter rainfall and storms on drainage systems
o Storm overflows on foul sewerage systems operating more frequently,

foul flooding of property

 Natural resources
o Failure to take a long-term perspective in legislation
o Lack of baseline data restricts ability to measure progress
o Limited expertise on the Island

 Infrastructure
o Impact of winter storms on energy and communications, supply

disruption
o Impact on peak energy demands and changes in seasonal demand

profiles
o Effect on ground conditions and damage to services

 Built environment
o The group did not reach a conclusion

 Tourism
o Impact on natural environment
o Disruption of essential services
o Impact of storms on travel

 Waste
o Waste collection and management in higher temperatures, control of

vermin and odour control
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o Impact of changing rainfall patterns on contaminated land – increase
risk of pollution

o Impact of sea level rise on oil storage facilities and contaminated land
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Agenda

Department of Local Government and Environment

December 15th Thursday
Manx Museum

Climate change impacts on the Isle of Man
Agenda

Objectives

 Raise awareness of climate change

 Understanding of potential climate impacts in your organisation / area of interest

 Identify and agree some next steps for addressing climate change.

 Develop an Island partnership on climate change.

Schedule

Time Activity Speaker

0945 Drinks available

1000 Introduction and welcome Martin Hall

1005 United Kingdom Climate Impact Programme (UKCIP) Jacqui Harman

1015 The Isle of Man Climate Change Scoping Project John Firth

1035 The Climate Science Rowan Fealy

1055 Questions ALL

1100 BREAK

1115 Risk Uncertainty and Decision Making John Firth

1135 Introduction to Workshops John Firth

1145

1235

Workshop session 1 Sector Issues and Impacts

Report Back

ALL

1245 LUNCH

1330

1420

Workshop session 2 - Sector Issues and Impacts

Report Back

ALL

1430 Costing of recent extreme events Tim Taylor

1500 BREAK

1515 What next?

Actions for Progress

Questions

John Firth

1530 Summary and closing remarks Martin Hall /
John Firth

1545 FINISH
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Workshop participants

Organisation First Name Surname
Zero Waste Mann Muriel Garland

Department of Trade and Industry Chris Corlett
Department of Tourism and Leisure Jackie Corkhill
Manx Radio Anthony Pugh
Ramsey Town Commissioners Peter Whiteway
MLC Claire Christian

Dept of Transport, Harbours Ken Horsley
Isle of Man Meteorological Office Alan Hiscott

Isle of Man airport Phil Pain
Peel Town Commissioners Peter Leadley
Heritage Homes / Dandara Holdings Ciaran Downey
Treasury Mr Simmim
Manx Telecom Dave Comish
Fire Service Brian Draper
Manx Bird Atlas Chris Sharpe
Manx electricity Karen Lesley
Friends of the Earth Cary Costain
Agenda 21 Alice Quayle
Manx Yachting Association Ron Spencer
Department of Transport Peter Winstantley
Royal Institution of Naval Architects Peter Mylchreest
Institute of Marine Engineering, Science and
Technology Jack Brown
Port Erin Marine Laboratory Andy Brand
Isle of Man Post Malcolm Macpherson
Agenda 21, Society for the Preservation of the
Manx Countryside and Environment, Friends of
the Earth Charles Flynn
DoEHLE Jorg Vanselow
DoLGE Phil Styles
IoM Trades Council Elizabeth Cueley
Estates Services Mike Harrington
Department of Transport Malcolm Cowin
Manx Cancer Help Association David Gawne
Office of Fair Trading Ken Kinrade
Manx Cancer Help Stephen Cropper
Manx Gas Gary Cregeen
Manx Gas Nigel Cross
Manx Bat Group D J Blackwell
Manx Bat Group Mrs G A F Blackwell
Lloyds TSB Tony Wild
Department of Trade and Industry Martin Caley
Financial Management Sally Roberts
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Dept of Trade and Industry David Morter
Dept of Trade and Industry Vicki Webster
Isle of Man Chamber of Commerce Barbara O'Hanlon
Water Authority Richard Young

Dept of Agriculture, Fisheries and Forestry Richard Selman
Manx National Farmers Union Ian S Sleight
Friends of the Glen Gordon Elston
Friends of the Glen Brian Ballard

Richard Hartnoll
DoLGE Martin Hall
UKCIP Jacqui Harman
Acclimatise Amy Hutchins
Acclimatise John Firth
University Of Ireland Rowan Fealy
Metroeconomica Tim Taylor
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Workshop transcript
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Defining the issue
Topic Built environment
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

Is climate already an issue?
Is it being taken into
account now? Please give
examples

Do you believe climate
change will become a
factor or more of a factor?

 Storm water management of roads – new developments require storm water management – need to introduce new design standards
 Harbours, sufficient breakwater, quayside height, storm surge height – take climate change into account for new structures – difficult to do this for existing

structures and very expensive
 Traffic congestion, road pollution, need to upgrade train to metro but still able to take trains – has been considered in the past
 Quality of housing, dampness, housing conditions, flood proofing, alternative energy – Climate already damp, may get worse in winter. Same or similar

climate to Scotland. Implications for building design, Building regulations follow what is happening in the UK, but delayed by 2 years. Dampness is in a problem
in existing and old stock, not new stock. Modifications people are making also exacerbates problem.

 Protection of heritage (built and non-built) especially in low lying areas – 2002 storm surge highlighted current vulnerability. We have not considered the
future risk.

 Weirs and reservoirs to control flow and retain water to better manage supply . Need bigger storage for same consumption. – Quantity in storage is not the
problem, getting it to where it is required is. Management and distribution is a problem. Problem is being addressed but not sure if climate change has been
included.

 Combined schemes with utilities and government departments, working closer together. – Is improving – trying to make it happen. Works best on major
schemes rather than small schemes.

 Overhead wires going underground. – Already happening. The driver was damage from storm. Access issues are being resolved.
 Coastal protection of built environment. – Now includes climate change but cannot protect entire coast line.
 Use Sulby Reservoir for hydropower, with wind power to generate electricity for pumping.
 Access to minerals at coastal sites, rising sea level. – Climate change not identified as an issue, no current impact
 Recycling– Need more recycling of building materials
 Use of renewable energy to reduce reliance on non-renewables
 Energy efficiency of new buildings – Driver is to insulate for winter, but get to hot in summer so use energy to cool them. Ventilation is more of a problem.
 Energy inefficiency of old stock
 Change of building type on farms (e.g. more hot houses) as farming changes
 More outdoor swimming pools
 Location of new development
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Climate change risks
Topic Built environment
Climate change Potential risks

Design Maintenance of existing property Land use planning
Increasing summer
temperatures

Road coating products- tarmac melts
Increase cost of new build and upgrade of existing
Better insulation

Increased maintenance of road surfaces Better long term Island planning on how many? Living
and working locations and services to support same

Increasing winter
temperatures

Increase drain sizes for developments and roads
Less need for insulation

More extreme high
temperatures

Increase in building cooling costs
Design build to include comfort cooling

Less extreme low
temperatures
Higher winter rainfall Water course direction/upgraded

Road drains need to be larger
Increased need for maintenance of drainage
ditches
Risk of flooding to property
Change to design criteria for road beds

Covered shopping areas
No building in flood plains

Less summer rainfall Farming outputs decrease
Water use management

More intense downpours Drains and contamination health risk
Increase drain size for roads due to increased rainfall

Risk of flooding
Extension of separation of storm/foul drainage into
separate systems to cope with increased flows

Sea level rise and increased
coastal flood risk

Increased risk of flooding
Low lying and harbour side properties at risk

Avoid low lying coastal locations
Political influence
Harbour and quays

Possibly more winter
storms

Need for more storm resistant designs
Wave attenuation features offshore from harbours

Keep Manton Road Douglas open instead of closing
when snow
Risk of damage to existing structures
Larger harbour walls and armouring
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Defining the issue
Topic Water
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

Is climate already an issue?
Is it being taken into
account now? Please give
examples

Do you believe climate
change will become a
factor or more of a factor?

Who are the key
stakeholders?

Results not recorded
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Climate change risks
Topic Water
Climate change Potential risks

Water Supply Sewerage and Urban
Drainage

Land Drainage Coastal Defence

Increasing summer
temperatures

Increase in demand
Resource availability

Anaerobic sewage on beaches for
longer periods

Reduced groundwater
Ground shrinkage
Increased erosion on soft cliffs

Increasing winter
temperatures

Shorter recharge season
Fewer frozen pipes

Improved sewage treatment Less risk of snow

More extreme high
temperatures

Increase in demand

Less extreme low
temperatures
Higher winter rainfall Quicker recharge

Reservoir storage
Oil tank structures

Sewer overflows operate more
frequently
Washout of treatment works
Surcharging of sewers

Flooding Erosion
Cliff collapse
Increased water table

Less summer rainfall Reduced yield
Demand increases
Competition with wildlife for
resource

Impact on wildlife
Less flooding
Less dilution
Increasing salinity

Reduction in ground water shrinkage
Increase in erosion

More intense downpours Polluted run-off Sewer overflows
Lack of storage

Flooding
More erosion

More erosion

Sea level rise and increased
coastal flood risk

Retaining more water
Surcharging
Sewer flooding

Flooding
Potential pollution from sewage
‘Dirty’ water irrigation

Increase in wave energy
Potential for greater damage
Maintenance of flood defences
More destructive wave action

Possibly more winter
storms

Sewer flooding Coastal erosion
River flooding

Storm damage
Erosion
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Defining the issue
Topic Waste
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

 Culture regarding waste management
 Lack of cost benefit analysis in decisions
 Economies of scale
 Changing needs, attitudes and seasonal variation in waste production
 Export of waste
 Diversification of the IoM economy
 Costs to business of waste and waste management
 Incineration capacity v future recycling
 Landfills, impact on landscape, risk of pollution form existing and old sites
 Cost of compliance with new legislation
 Need for education on recycling v incineration
 Growth in government sections
 Waste minimisation, packaging, ‘scoop and save’ initiatives, need for legislation
 Shelf life of food
 Green waste
 Use of recycled materials
 Population growth
 Tourism impacts in peak season creating waste management capacity problems
 Agricultural practices, impact on baseline environment

Comment from the group: Climate change will radically alter our environment. Key will be to ensure local expertise/data exists to target niches within the ever-
changing picture. Adaptability.

Is climate already an issue?
Is it being taken into
account now? Please give
examples

 A little
 People need to be more aware of the issue

Do you believe climate
change will become a
factor or more of a factor?

 Higher temperatures will create a problem for collection rates
 Separation of waste

Who are the key
stakeholders?

Business, inhabitants, consumers, DLGE, waste companies, Steam Packet company, MEA,
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Climate change risks
Topic Waste
Climate change Potential risks

Waste management Contaminated land Recycling
Increasing summer
temperatures

Smell
Frequency of collection
Increasing costs
Health
Vermin

Need for washing water
Decay of green waste
Increased volume of cans and bottles

Increasing winter
temperatures

Vermin
Increase in green waste – extended growing season

More extreme high
temperatures

Vermin
Smell
Collection disruption
Increase costs

Less extreme low
temperatures

Collection disruption

Higher winter rainfall Costs of remediation
Leaching increases
Restoration and use of landfill
Future design

Less summer rainfall Increasing risk of contamination of drinking water

More intense downpours
Sea level rise and increased
coastal flood risk

Risk of contamination from oil spillage

Possibly more winter
storms

Backwash of sewers
Litter and paper blowing around

Disruption of collection
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Defining the issue
Topic Transport
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

Is climate already an issue?
Is it being taken into
account now? Please give
examples

Do you believe climate
change will become a
factor or more of a factor?

Who are the key
stakeholders?

Results not recorded
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Climate change risks
Topic Transport
Climate change Potential risks

Air Public transport Sea Private transport
Increasing summer
temperatures

Load factors on aeroplanes
Runway length
Increased loads
Increasing risk of fog

Comfort
Greater use of rail
Track failure
Walking

Increased leisure activity – safety
concerns for boat owners and other
users e.g. swimmers
Increase in ‘water’ tourists
Water sports
Infrastructure concerns – expansion?

Increased use
Increase in motorcycle use
Road safety

Increasing winter
temperatures

Tourism
Reduce need for de-icing

No change Less risk of fog
More water based travel

Safer – reduced frost risk
Less winter highway maintenance

More extreme high
temperatures

Load factors Engineering issues with increased rail
activity
‘cold’ road clearance

As for previous two sections
Access

Less extreme low
temperatures
Higher winter rainfall Little effect Increase due to decrease in walking

Flooding
Less summer rainfall Flooding

More intense downpours Flooding Flooding Access Flooding

Sea level rise and increased
coastal flood risk

Flooding
Failure of coastal defences
Service disruption

Stability of structures
Links span

Possibly more winter
storms

Service disruption Damage to infrastructure Service disruption
Damage to infrastructure and vessels

Service disruption
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Defining the issue
Topic Natural resources
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

Is climate already an issue?
Is it being taken into
account now? Please give
examples

Do you believe climate
change will become a
factor or more of a factor?

 Protection of countryside from development
 Impacts on biodiversity – Already part of modified strategic plan and EIA (but maybe not enough). Zoning is an issue as it is done on a 10year cycle.
 Cumulative effect of loss of small areas of biodiversity and habitats – Impact being considered in the river environment. Fragmentation from pressure on

environment. We already have limited biodiversity
 Negative economic aspects (agriculture and fisheries) - Agricultural abstraction a marginal issues now, but possibly very big in the future
 Positive economic aspects (agriculture and tourism) – May loose cold water fish and gain warm, already happening.
 Nature reserve design – Particularly coastal and high altitude, wetlands etc.. No action on design decisions yet, but already starting to see impacts. Coastal

erosion a major issue, need more long term data sets
 How does the Manx community develop – limited space, decisions needed on populations size, where and how to develop etc.. – linked to potential

negative impacts with more people waiting to come over, impacts on housing design etc.. Already seeing this due to social change
 Fire management (wildfires, managed burn, higher risk with climate change) – No climate change impacts yet. Major fire recently – risk will increase. Don’t

have external resources to draw on like mainland UK
 Energy use for cooling in summer and heating in winter – implications for natural resources arising from use of biofuels and building windfarms
 Windfarms have an ecological cost in bird strike. Also planning issues e.g. Victorian groups possibly against due to impact on heritage
 Everything needs to be sustainable and forward looking
 How we react to climate change will have a big impact on the environment – need to remember this when making decisions – We are seeing examples of

events that may become more frequent
 Need to support local farmers and producers
 How will trees species change – how will people react to this – we need to plan for the longer term
 Marine environment – effect of increasing sea temperature on sea life and fishing – the fishing community will be affected – Algal blooms already affect

scallop fishing. We are already seeing changes. Getting warmer water species. Need to maintain research base – should not let this go to Liverpool

The workshop group identified a number of issues under a Governance heading:
 Need to get a long term perspective in legislation
 Need to transfer sustainability into action. This is starting to happen in DGLE, but needs to happen in other Government departments
 Joined up government required
 Need to measure and benchmark to identify progress. We need more baseline data so we can measure, benchmark progress – there is a problem in

getting the suitable people to do this
 We can adopt methodologies in use in the UK but this is not always appropriate – the IoM is different
 We need to increase our rain gauge monitoring
 How much weight do we give to the natural environment when making decisions, particularly when we don’t have all the relevant information
 Tax incentives (and other forms of incentives) to do the right thing
 Balance between decisions made on financial grounds vs whole costs (e.g. environment, sustainability etc – these require more weight)
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Climate change risks
Topic Natural resources
Climate change Potential risks

Biodiversity Landscape Agriculture, fisheries and forestry
Increasing summer
temperatures

Change of species indeterminate More fires because of higher temperatures and less
rainfall

Lack of water for crops (grass, fodder, or cash)
therefore affecting farming throughout the Island

Increasing winter
temperatures

Less winter die-off of sensitive species
Bats more active in winter

Disease control on crops more difficult
Affects livestock e.g. pneumonia – increasing need for
ventilation in farm buildings

More extreme high
temperatures

Mortality of animals/plants at extreme of
geographical range

Increased risk of heather fires in upland areas
Changing tree types in Glens

Increased risk of mass mortalities of commercial
species at extreme of geographical range
Different crops e.g. vineyards
Change in crops and time of harvest

Less extreme low
temperatures

Insect pests are a negative but widely observed
consequence of biodiversity change
Survival of migratory species that currently arrive,
breed and die-off e.g. butterflies

Pest die-off reduced in winter

Higher winter rainfall Soil erosion
Flooding affecting erosion on hill land sending
terminal moraine into rivers
Land drainage/erosion/flooding

Increase in pollutant/nutrient run-off to sea
Soil loss from un-vegetated land

Less summer rainfall Drying out of wetlands in summer
Lower summer river flows providing less dilution for
existing discharges – river quality problems

Drought affecting farming practices, types of crop
grown and livestock reared
Adverse affect on marine life

More intense downpours More frequent sewer overflows causing river quality
problems

Damage to plant species
More flooding of farmland

Sea level rise and increased
coastal flood risk

Increase in salt marsh environment (rare in the IoM)
Tidal limits to extend inland, preventing natural flow
and dispersion of existing discharges

Coastal defences to be increased
0.5m of sea level rise will jeopardise the IRIS
installation on Douglas Prom and all the new
apartment dwellings
Increased coastal erosion affecting coastal roads
Erosion of coastline - loss of land

Possibly more winter
storms

Increased damage/destruction to/of harbour walls
Sea water flooding of existing urban areas

More reliance on local food products and strategic
supplies
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Defining the issue
Topic Tourism
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

 Competition with the landscape and natural resources
 Peak tourist season – TT
 Visitors v tourists
 Repeat bookings
 More effort required on product development
 Cost of travel to and from the IoM
 Demand for large hotels
 Need for a diverse tourism industry
 Climate not a prime driver for tourism
 Marketing
 Strategy to attract high income spenders
 Standards of service
 Training, government sponsored and industry investment
 Heritage

Is climate already an issue?
Is it being taken into
account now? Please give
examples

 Yes, but broader issues will affect demand
 Water quality impacts
 Diversity of wildlife, geology
 Debate over marina developments and water based leisure

Do you believe climate
change will become a
factor or more of a factor?

 Yes, mild weather will increase demand
 Need to consider the refurbishment of accommodation
 Water supply constraints

Who are the key
stakeholders?



Page 23

Climate change risks
Topic Tourism
Climate change Potential risks

Accommodation Nature and marine tourism Related services (eg restaurants)
Increasing summer
temperatures

Air conditioning
Extended season opportunity

More marine activity opportunities
Water based activities increase
Stressful for mammals
Drying of moorland – change of vegetation

More transport needed

Increasing winter
temperatures

Affect on fisheries

More extreme high
temperatures

Changes in our landscape may affect eco-tourism Different menus

Less extreme low
temperatures
Higher winter rainfall Winter holidays more difficult

Eden type domes
Less summer rainfall
More intense downpours
Sea level rise and increased
coastal flood risk

Impact on marinas

Possibly more winter
storms

Impact on cruising boats and activity holiday Service disruption
Sea travel difficult – boats need to be adapted
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Defining the issue
Topic Infrastructure
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

 Establishing baseline for growth and demand
 Security of supply – both international and regional
 Economic supply – energy costs for the producer and the consumer
 Open markets
 Competition for telecommunications
 Increasing regulation/deregulation
 Consumer perception – energy on demand and cheap

Is climate already an issue?
Is it being taken into
account now? Please give
examples

 Fluctuation in temperature has impacts for demand, efficiency, system capacity and financial implications
 Logistics of securing raw materials and supplies – impact of bad weather
 Security of supply problems with bad weather
 Seasonal variation in demand for energy
 Demand for communications (tele and broadcast) increases in extreme weather
 Impact of weather on broadcast signal strength

Do you believe climate
change will become a
factor or more of a factor?

 Impact on berthing, loading and storage facilities for oil and gas
 Government policy (IoM and international) on taxation and regulation

Who are the key
stakeholders?
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Climate change risks
Topic Infrastructure
Climate change Potential risks

Gas Electricity Communications (telecom, postal, radio)
Increasing summer
temperatures

Out site workers and emergency services – issues
pertaining to health and safety
Decrease in demand – increase in costs
Reduction in sales

Alfresco lifestyle affecting demand
Change in demand and change in plant
maintenance cycles
Increased demand for electricity through air-
conditioning

Protection for outdoor workforce
More summer visitors – more business
Increase taxation to pay for adaptation
Increase in summer sickness

Increasing winter
temperatures

Security of supply
Increase in fuel costs
Reduced plant efficiency
Underground movement of services

Energy cost fluctuations
Increase in demand
Theoretical decrease in cost

More extreme high
temperatures

Less demand
Equipment failure

Increase demand Additional air-conditioning increasing need for
network services

Less extreme low
temperatures
Higher winter rainfall Transmission infrastructure failure

Xfrs flooding power stations
Plant flooding
Insufficient pipe capacity

Peak demand during events

Less summer rainfall Damage to pipelines Interruptions to water supply and increasing cost of
supply
Damage to underground cables

More intense downpours Transmission and infrastructure failure Peak demand during events

Sea level rise and increased
coastal flood risk

Interruption of gas supplies
Flooding of storage compounds

Loss of strategic fuel storage capacity
Impact on LPG and fuel oil supplies

Possibly more winter
storms

Supply disruption Power loss from damage to overhead cables
Interruption of oil supplies
Loss of supply
Continuity of supply

Loss of communications – especially broadcast
No standby systems
Security of service
Damage to overhead cables affecting supplies for
communications
Increase in demand
Reliability of supply
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Defining the issue
Topic Business
Question Response
What are the important
decisions for the Isle of Man
both now and in the future?

 Off-shoring– a threat and an opportunity
 Energy costs to business
 Maintaining the ‘quality of life’ for the IoM – gives the Island a competitive advantage – increasing costs, standards for infrastructure and services

affecting standard of living
 Travel costs for personal and business and for goods
 Delay in communications and physical disruption
 Relationship with EU
 Big brother tax position – reciprocal tax arrangements
 Tertiary level education
 Retention of skilled people
 Work permits
 High level dependence on finance industry – IoM is very vulnerable
 Lack of competition on IoM between the utilities – high prices

Is climate already an issue?
Is it being taken into
account now? Please give
examples

 Severe weather has impacts for financial services and service centres
 Transport delays – difficulties, disruptions, reliability – problems for perishable goods and delivery of mail
 Impact on reputation
 Business continuity planning – some financial service companies are already looking at this
 Culture regarding waste management

Do you believe climate
change will become a
factor or more of a factor?

 Greater exposure to storms and flooding
 Impact of climate change on competition, new opportunities for the IoM
 International regulation and legislation issues
 Increasing delays for transport
 Increasing costs and standard of living, making the IoM less attractive
 Competitive advantage when measured against other off shore financial centres

Who are the key
stakeholders?
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Climate change risks
Topic Business
Climate change Potential risks

Economy Financial Services IT and manufacturing
Increasing summer
temperatures

Tourism impacts
Opportunity to sell the Island – quality of life
Increasing risk of fog will have adverse impacts on air
and sea travel

Cooling buildings – major problem Health and safety impacts
Environmental health risks

Increasing winter
temperatures
More extreme high
temperatures
Less extreme low
temperatures

Impact on workspace

Higher winter rainfall Adequacy of land use planning policies and building
codes
Increased risk of flooding in urban areas
Disruption to travel – roads impassable

Less summer rainfall
More intense downpours
Sea level rise and increased
coastal flood risk

Risks to property – location of development Major problems for financial services in Douglas
Business continuity

Possibly more winter
storms

Property damage
Travel disruption
Increasing insurance costs

Communications disruption
Power outage, disruption of energy supplies
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Workshop 2 March 2006

Final workshop report

Context

As part of an ongoing climate change project commissioned by the Department of Local
Government and the Environment, acclimatise organised a second stakeholder workshop
to bring together key stakeholders in the Isle of Man. This workshop was a continuation of
the previous workshop held in December 2005.

The second workshop was held on the 1st March 2006 at the Sefton Hotel, Douglas.

The objectives of the workshop were to:

 Understand potential climate impacts for each stakeholder organisation’s
area of interest

 Identify impacts and start to look at adaptation options
 Develop an Island partnership on climate change.

The agenda for the workshop is included together with a participant list.

Workshop format

The focus of the workshop was to bring together various stakeholders representing a cross
section of key organisations and interests for the Isle of Man.

The day began with a short session to review the impacts from the previous workshop and
to identify any gaps. The key issue for each sector was identified and activities that are
currently being undertaken on the Island. The outputs from these are within each of the
sector summaries below and are reported as verbatim.

Presentations were given on the updated costing work and also on partnership working. A
questionnaire was completed; the results from which are can be found on page xx.

The remainder of the day was spent identifying adaptation options for each sector, which
are presented in the following sector summaries. The sectors were the same as the
previous workshop and continued them through the Risk, Uncertainty and Decision
Making process. A full transcript of the information recorded on flipcharts during this
workshop is included below in the sector summaries.

In the adaptation options identification workshop, participants were asked to identify
adaptation options and to assign the m to one of the following:

 No Regret: deliver benefits>cost whatever the extent of climate change
o e.g. if already experiencing weather related losses, carry out cost effective

actions
 Low Regret: low cost, potentially large benefits under climate change
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o e.g. building climate change in at design stage
 Win-win: provides adaptation AND other benefits
 Flexible / adaptive: incremental, keeping options open
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Agenda

Department of Local Government and Environment

March 1st Wednesday, Sefton Hotel. Douglas

Climate change impacts on the Isle of Man

Objectives

 Review potential climate impacts

 Identify adaptation options

 Develop an Island partnership on climate change.

Time Activity Speaker

0945 Drinks available – in the Atrium

1000 Introduction and welcome Amy Hutchins
/ Martin Hall

1015 Workshop 1: Review of December Workshop and outputs

 Identify any gaps in risk matrixes

 Look at priority areas and identify ‘hot topics’

Amy Hutchins
/ ALL

1100 Update: the Scoping Project and Historic Costing work Richenda
Connell

1115 Questions / Stakeholder Questionnaire Amy Hutchins

1130 BREAK

1145 Risk Uncertainty and Decision Making – the Next Steps

 Short presentation to introduce next workshops

Amy Hutchins

1200 Workshop session 2

 Identifying adaptation options ALL

1300 LUNCH

1345 Workshop session 3

 Identifying impacts and adaptation options ALL

1445 Stakeholder Presentation

 Presentation on what other areas have done to take other studies forward Jacqui Harman
1505 BREAK

Please complete questions on flipcharts and stakeholder questionnaire ALL

1520 Summary and closing remarks AH / MH

1535 FINISH
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Workshop Participants

Organisation First Name Surname

Met Office Alan Hiscott

Design Services Division, Dept of Transport, Director of Design Services Brian Cowley

Highways Division, Networks Operations Engineer, Dept of Transport Bill Corlett
Harbours, Departmentt of Transport Capt Brew

Chief Forestry Officer, Dept of Forestry, Agriculture and Fisheries Robin Pollard
Manx Telecom Dave Meban
Manx Bat Group DJ Blackwell
Manx Bat Group GAF Blackwell
Director of Works, Department of Transport Clive Callister
Chief Coastguard, IoM Coastguard Colin Finney
Western Bee Keepers Brenda Stevenson
DHSS Mike Harrington
Water Production Supervisor, Manx Water Authority Martin Olsen
Water Production Manager, Manx Water Authority Steve Knowles
Director of Operations, Manx Water Authority John Smith
Networks Manager, Manx Water Authority John Leece

Director of Infrastructure Development, Dept of Trade and industry David Morter
Environmental Engineer, MEA Karen Leslie
Harbours Operations Manager, Dept of Transport Ken Horsley
MLC Clare Christian
Eaglehurst Ship Management Limited, Technical Director. Royal
Institution of Naval Architects Peter Mylchreest

Institute of Marine Engineering, Science and Technology Jack Brown
Agenda 21, Society for the Preservation of the Manx Countryside and
Environment, Friends of the Earth Charles Flynn

Dept of Tourism and Leisure David Corlett
IOM Post Malcolm Macpherson

Richard Hartnoll

Planning Manager, Manx Water Authority Richard Young
Wildlife & Conservation Officer (Zoologist), Department of Agriculture,
Fisheries & Forestry Richard Selman
Environmental Protection Officer, DLGE Phil Styles
Manx National Farmers Union Ian Sleight



Page 32

Manx National Farmers Union Ffinlo Costain
Manx National Farmers Union J F Crellin
Port Erin Marine Laboratory, Director Dr Andy Brand
Treasury Sally Roberts
Manx River Improvement Association Karen Galtress
Friends of the Earth Carrie Costain
Chamber of Commerce Barbara O'Hanlon
DoLGE Steven Callister
DoLGE Martin Hall
UKCIP Jacqui Harman
acclimatise Richenda Connell
acclimatise Amy Hutchins
Friends of the Earth George Uhlenbroek
Friends of the Earth Philip Corlett
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Sector summaries

Natural resources

Key issue

No co-ordinated environmental regulator. No data collection /monitoring. No budget for
doing anything on climate change or learning from others.

Additional Impacts Identified

Higher winter precipitation will mean:
 An impact on seasonal wetlands – perhaps new wet areas. There will be an increase in

erosion, mainly in west and northern river valleys.
 Increase in number of landslips on northern hills, which is already being seen as they

are on sands and gravels. Need to consider land drainage.
 Higher winter water tables may mean impact on soakaways and septic tanks not

working. Already observing higher water tables and impact on septic tanks – as they
are not draining away so pools on surface of ground. Note this could be a public health
risk. Options could be to improve treatment and pumping systems.

Higher temperatures could mean:
 New pests, an increase in insects leading to an increase in disease risk.
 An increase in insects is good food for bats and fish
 Salmon smoulting(?) earlier and smaller – greater potential for thermal shock when

go to sea
 water availability issues for agriculture

Sea level rise could mean:
 Loss of beaches and reduced inter-tidal area, hard defences might prevent their

‘migration’
 Salt water intrusion and inundation could affect agricultural land

Changing winter precipitation could mean:
 More intense downpours and droughts between.
 Sulphur oxidised in catchments which is then pushed into rivers and so not seeing

benefits of SO2 emissions reductions
 Loose materials put on agricultural lands e.g. muck spreading, fertiliser, seed stock

are washed off fields.

Other
 Adaptation in response to climate change could have implications for natural

resources .e.g people moving away from flood prone/ coastal areas could end up
building in other (natural) areas – who will stop them?

 Enforcement is a major issue / monitoring. There is only one planning enforcement
officer.

 Changing vulnerability / desirability of different locations and impacts on natural
resources.
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Current activities on the Island

 Data is already being collected on SST, salinity, nutrient data. There are some very
long records and some go back 100 years – so mustn’t stop them now as need
them most. Monitoring is especially good when the environment is changing fast.

 DAFF just started bird monitoring
 Change in bee behaviour has been observed
 There is a sustainability working group which is currently developing a

‘sustainability toolkit’ for all government policies and projects.
 Some places already can’t get insurance because of flooding.
 Subsidence is also a problem in some places
 Planning system is working better than it used to
 Housing pressures are mainly for affordable housing. Some pressure on the

countryside but not actually that bad. Most of the building is in town and village
extensions. Rural housing has affordability issues e.g. for farm workers.
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Natural resources adaptation matrix

Adaptation Type
Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Share loss  If insurance is required, encourage the financial
sector to examine if there is a good business
opportunity for IoM insurers

Bear Loss  Joined up thinking across government and treasury
(low regret)

 Create an environment agency / climate change
department with a budget (low regret)

 Manage retreat encourage new habitats and
increase biodiversity (Win win)

 Scallop fishing (increase in sea temperatures are
associated with algal blooms)

 Do not sanction additional hard defences in non
urban areas – likely to adversely affect natural
resources.

 Ecological change / biodiversity (win
win)

 Adopt forest management
systems to accommodate
storm ? (No regret)

 Increase in variability of river
flow, less diversity inverts less
fish and the associated knock
on effect on ecosystem (no
regret)

Prevent effects:
structural /
technological

 Fire plans – these are already been done
 Agricultural land use adaptation (win win)

 Buildings to be adapted
 Improve riverbank management to

provide some counteraction to climate
change impacts on habitat quality and
availability

 Agricultural related infrastructure may
need to evolve to match changes in land
use. (NO regret / win win)

Prevents
effects:
Legislation /
regulation /
institutional

 Eco tax
 Daff, DLGE, Island Agenda 21 have role to play in

developing All Island Strategic plan (win win)
 All Island Strategic plan needs to take account of

climate risks e.g. floods and changes to agriculture
(win win)

 ‘Sticks and carrot’ need to change behaviours e.g.
building regs on loft installation plus enforcement

 Environmental laws
 Plan for habitat change in site protection

(flexible)
 Fire risk preparation – agree access

routes for fire engineers, supplying first
defences (e.g. fire beaters) (no regret)

 Population increase

Avoid / exploit
changes in risk

 Raise profile of issue and implication to land
managers to allow evolution of management (win

 Adapt forestry to suit new migrating
birds

 Flooding
 Agriculture: new crops will
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win)
 Exploit opportunities stemming from climate

change e.g. grow exotic for a – not oaks
 Upgrade existing surface water drainage systems

and rivers to deal with significant rainfall events and
flash floods

 Agriculture land adaptation – have to adapt by Jan
2011 due to introduction of free ‘derogation’
markets (can’t limit imports anymore) and see if
subsidy regime can help promote change e.g.
stewardship

 New product market development to
reflect changes (win win)

need new infrastructure
processing plants – and a
new market. Can’t talk about
adapting agriculture without
adapting the associated
infrastructure. (win win)

Research  Species and habitat monitoring - set up central
biodiversity centre (no regret)

 Maintain and monitor terrestrial, fresh water and
marine environmental data (no regret). This also
forms part of wider network e.g. UK and Ireland. Irish
sea co-ordination will be lost with other studies e.g
EU projects (as IoM are not eligible for these alone).

 Government needs to take the lead and get better
involved in other for a e.g. BIC

 Initiate (continue?) coordinated monitoring
programs of environmental factors under single
control with dedicated budget

 Effects of increased water table on lowland
environments

 Bird monitoring (just started) No regret
 Need To monitor river flow rates; phytophthora,

groundwater levels, species taking over. Eg. Bracken
encroaching upwards on moor land. The frost keeps
it off the top of the hills at present but this may
change. (No regret)

 Need all island monitoring system and central
collection point, which is computer, based. Co-
ordination of agencies and volunteer agencies to
agree on central system (no regret)

 As a small island with limited resources need to
prioritise on monitoring e.g. indicator species for
each habitat.

 Research on forest / tree pests / diseases
so can adapt tree species choice. (win
win)

Educational /  Voters need to know what government is investing  Extend business planning process  Include in all departments
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Behavioural
change

in e.g. adaptation to climate change and how they
can support it.

 Need to educate MHKs on climate change, use Manx
radio and explain relevance to the island. Need to
lengthen their outlook horizon

 Food mile labelling required so people know where
food comes from and can buy in an informed way

 Need to engage treasury and explain economic
implications of climate change and get them to
consider environmental and social issues and not
just cost.

 Undertake cost benefit analysis on major capital
projects and take account of climate change . Design
climate change in early to save £. Maybe use lifetime
costing to account for full costs.

 Promote all projects and expenditure –
at point of development(e.g. on a new
coastal defence ‘built as part of climate
change response’)

 Provide incentives for saving water e.g.
reductions on rates for households with
water saving devices in w.cs

 Food miles labelling
 Assess impact of climate change on

employment sectors and adapt tertiary
education to meet expected skills in long
term

business planning process
(low regret)
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Tourism

Key issue

Island becomes less attractive / beautiful. Loss of amenities e.g. beaches

Additional impacts identified

Higher winter precipitation will mean:
 Hotels on Douglas promenade already have damp basements / cellars and are prone to

flooding
 Cultural sites such as Rushen Abbey and Castletown could become more vulnerable as

in flood prone areas.
 Don’t have so many tourists as footpath erosion is an issue

Higher temperatures could mean:
 Greater demand on water resources from TT races as more tourists.
 Increase burden on health service from tourists – of sunburn and exposure to heat.
 Increased fire risk – already lost two mountains sides – Bradda Mountain; Carnanes

– was supposed to be controlled heath land fire, which got out of control. Not good
at coping with wildfire.

 Implications for emergency services
 Air quality concerns as increase in asthma

Sea level rise could mean:
 Loss of beach – Port Erin
 Loss of Douglas Promenade
 Loss of heritage sites especially Castle Mona Hotel
 Castle town on the Links course there is a possibility of saline intrusion.

Changing precipitation could mean:
 Decrease in water quality

Increase in storminess could mean:
 transport problems which could put tourists off. Ships and catamarans are now ‘low

loaders’ which are more prone to problems in sea conditions

Other
 Island becomes less attractive / beautiful. Loss of amenity e.g. beaches maybe not

always less attractive – just different.
 Basking sharks generate tourism, however will there be there under climate

change.
 Tourism – deep sea fishing is popular – how will this change
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Current activities

 DTL / MNH market research
 Calf of Man has existing H20 availability problems – there are isolated affected

places – not widespread
 Already monitoring toxic algal blooms and shellfish poisoning – could become an

issues for tourists eating shellfish.
 The main scallop fisheries are here and can get closed due to algal blooms, which

would be very costly.
 Jellyfish – most poisonous species here as cold water but some of the species are

warm water.

Comments

 Most options put in the ‘Long –Term ’ box
 Opportunities to plan ahead, less criticality than for natural resources.
 Tourists don’t visit in anticipation of glorious sunshine
 People are coming here for short stays due to ‘feel of the place’ – an island; natural

environment.
 1/3 visits are to friends and relatives, which should be unaffected. Travel costs are a

key issue.
 Golf – usually have own water supplies of ground water and hence they are self-

sufficient.
 Water resources shouldn’t be a problem at all because they have three years

storage. Issue is investment in distribution that is being addressed.
 ‘Business tourism’ Isle of Man is adaptable, independent and autonomous and

could become an exemplar for the rest of British Isles. This is aspirational at the
present, but big changes like in agriculture in 2011 could drive innovation.
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Tourism adaptation options

Adaptation Type Urgent: Opportunities to take
advantage of now / decisions needed
now / cost effective now

Long term Keep a ‘watching brief’

Share loss  Unreliable ferry service in variable weather (low
regret)

Bear Loss  Hotels – air conditioning etc. (flexible)
 Exploits increased summer temps – produce

more visitors – economic benefits (win win)
 Loss of amenity some irreversible – specific

beach locations – specific building. Maintain
and adapt as long as possible.

Prevent effects:
structural /
technological

 Develop / expand facilities for water based
recreation. Options will improve (win win)

 Plan for effective water supplies under drier
summer conditions (win win)

 Design engineering solutions to address risk of
transport links being disrupted by flash floods /
erosion

 Allow for sea level rise in harbour development
(low regret)

 Specialised holidays by changing land use and
diversifying into habitats for key species. (Win
win)

 By exemplifying best practise we can build
business tourism to see how we’re tackling the
issue (win win)

 Encourage improvements to buildings to cope
with excessive heat in summer and / or wet
weather in winter
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Prevents effects:
Legislation /
regulation /
institutional

 Protection of landscape From
erosion / fire disaster

 Encourage crop rotation
 IoM airport runway extension –

build to allow further extension (low
regret)

 Develop TT short course to reduce
effect of disruption due to hill fog

 Provide incentives for more environmental
friendly take away food packaging (low regret)

Avoid / exploit
changes in risk

 Health risks / bad publicity from
toxic algal blooms and shellfish
(currently monitored)

 Agricultural diversification – ‘holiday
lets’ moving into this more.

 Make best use of landscape ecological change
to maintain recreational use of the landscape.
Adapt locations and activities (win win)

 Motor sports may need to refocus for weather
infrastructure reasons

Research  Monitor changes to identify and
promote new opportunities

 Landscape assessment (MNK
planned ?) (No Regret)

 Golf research (win win)
 Warmer summers encourage sea bathing (win

win)
 Yachting business
 Specialised holidays (flexible)
 Impacts on ecotourism (win win )
 Research of tourism market futures for natural

and cultural tourism (no regret)
Educational /
Behavioural
change
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Transport

Key Issue

Severe weather impacts on both sea and air, which are a short term to repair, and land,
which take longer time to repair

Additional Impacts Identified

Higher winter precipitation could mean:

 The stability of highways is more susceptible to slips etc

Current activities

 Integrated transport group – not sure if this includes impacts and adaptation
 Dropping large stones on Gansey beach to protect road i.e. maintenance of existing

coastal protection applies to many areas.
 All Island Strategic plan addresses transport issues – this covers a range of sectors and

includes mitigation and adaptation
 Tidal flooding research is going on to provide better warning systems. Sand bags are

provided when flooding is expected.
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Transport adaptation options

Adaptation Type Urgent: Opportunities to take advantage of
now / decisions needed now / cost effective
now

Long term Keep a ‘watching brief’

Share loss  Agree roads that can be allowed to be lost
or are too vulnerable to be maintained and
step protecting in maintaining them

 Ensure strategic spares in stock for
linkspans and other critical equipment to
minimise disruption

Bear Loss  Consider moving coastal roads, Manx electric
railway further inland to avoid risk of coastal
erosion

Prevent effects:
structural /
technological

 Improve land drainage to prevent flooding
/ damage to roads

 Has EIA on runway extension taken into
account impacts of climate change (no
Regret)

 Where financially viable enhance river
banks to contain flood water (low regret)

 Provide more suitable vessels better adapted to
cope with expected increased in winter storms
(e.g. bigger seacat)

 New road schemes to have improved drainage
systems e.g. Peel Road

 Upgrading of railways to use for commuters
 Provide better harbours facilities with more

sheltered berths and approach to take into
account more inclement weather events

 Review previous flood events
and reinforce road / drainage
infrastructure to cope.

 Upgrade railway link from
Ramsey to Port Erin to
modern fast, comfortable
and low floor recess metro
system. And also include
freight capability.

Prevents effects:
Legislation /
regulation /
institutional

 Higher taxation on ‘gas guzzling’ vehicles.
Tax on CO2 output, more tax on multiple
cars per household

 Implement integrated transport document

 Minimise car use by relocation of some
government offices and encourage electronic
conferencing

 Relocation of business to other towns

 Put freight on to railways.
Recreate integrated rail
system – a modern version,
gives alternative to road

Avoid / exploit
changes in risk

 Encourage use of electric cars and more
fuel efficient ones

 Use TT course as testing ground for solar
power and other non-fossil fuel vehicles
(win win)

 Aircrafts – instrument landing systems – use
technology so planes can land in cloud.

 Prepare plans and equipment to tackle storm
events more effectively

Research  Survey the coast. Identify strategic
locations that cold be vulnerable to

 Can farmers grow crops for bio fuels
 Research into electric cars and other fuels

 Integrated transport policy –
realistic but not idealistic
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damage due to age, conditions etc (no
regret)

 Cost benefit analysis of houses in flood
plains and of measures needed to mitigate
damage (no regret)

 Improve flood alerts, storm warnings

 Use of railways as commuter transport brings in
other options for moving people in the event of
loss of roads in storm events

 Minibus circular routes to help tourism and
holiday makers in scenic areas (as tourism
increases)

 Need to improve public
transport in general

Educational /
Behavioural
change

 Better public transport, commuter trains
from Port Erin to Douglas. More effective
links from main bus routes.

 Education for children on future
environment (Low regret)

 Greater use of public transport / car sharing

 Less reliance on ‘One person, one car’
syndrome.
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Water and waste

Key issue

Waste Key Risk: Impact on contaminated land – increased risk of pollution

Water key risk: Impact of increase winter rainfall and storms on drainage systems

Additional impacts

Higher winter precipitation will mean:
 Business continuity resilience – keep reservoirs high versus risk of flooding
 Hydro plant run all year – opportunity

Higher temperatures could mean:
 Changes in demand for water
 Effect on water resources as temperatures increase and seasonal runoff pattern

changes
 Increase in biological treatment – opportunity

Changing precipitation could mean:
 Changes in demand for water
 Storm water / combined sewer system and surcharging – has impact on flooding,

water quality, coastal and local watercourses.
 Supply versus compensation flows – impact on ecology and habitats
 Extraction from the south – issue of moving water and possible saline intrusion

Increase in storminess could mean:
 Structural impacts on tall buildings / structures e.g. incinerator

Current activities on the Island

 Flood mapping research
 Iris scheme
 Low flush ‘blocks’ for toilets
 Drainage areas plans – show capacity of existing sewer systems to take the load
 Surface water separation schemes are ongoing on existing systems. They are

mandatory in new development to have separate systems.
 Water meters – for commercial. There are few in domestic properties
 Provision in new builds to be able to put in meters in boundary boxes so can be

installed at a later date.
 Sulby flood alleviation scheme
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Waste and water adaptation matrix

Adaptation Type Urgent: Opportunities to take advantage of
now / decisions needed now / cost effective
now

Long term Keep a ‘watching brief’

Share loss  Surface water separation schemes (win
win)

 Increasing capacity of the sewerage
systems (no regret)

 Increased refuse collections – to reduce
health risk as temperature rises

 Maintenance of existing drainage systems
(Low regret)

 Greater demand on recreational use of
higher ground / reservoir. Increased costs
of mitigating pollution risks

 More reservoirs for storage (no regret)

Bear Loss  Identify all houses in flood plains – buy and
demolish

 Water butts for garden use (win win)

 Pulrose power station - risk of flooding.
1953 flood removed bridge

 Old landfill sites – pollution ,
leachate, erosion,.

Prevent effects:
structural /
technological

 Flood defences, structural
recommendations on all new
developments to reflect flood alleviation
risks

 Increase in capacity storage  On landslips

Prevents effects:
Legislation /
regulation /
institutional

 One waste authority on the island.
 Increased segregation of waste at source.
 Set up environment agency to regulate
 Compensation water regulations
 Planning control on development in flood

plains and areas susceptible to coastal
areas

 Catchment management for island’s rivers
(low regret)

 Sustainable urban drainage systems (low
regret)

 Promote agri – environment schemes (low
regret)

 Legal requirements for water
meters.

 Controlled retreat of coastline

Avoid / exploit
changes in risk

 Increase use of sewage in agricultural
irrigation

Research  Flood defence lessons from uk and other
similar issues / islands

 Improve monitoring of rainfall and runoff

 Identify potential flood plains – areas of risk
and assets at risk

 Risk of geosmin and algae pollution
of impounding reservoir. Additional
treatment costs involved.

Educational /  Shelf life is decreasing and supply chain  Changing waste profile e.g. more
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Behavioural
change

demands are increasing.
 Encourage support of local produce (no

regret)
 Metering to reduce water consumption
 Water conservation by user education (win

win)
 Education needed on waste separation and

segregation (no regret)

green waste and increased rate of
frequency of collection
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Business and infrastructure

Key issue

Impact on winter storms on energy and communications – supply disruption
Effect on ground conditions and damage to services

Additional matrix impacts

General impacts that:
 Business continuity / disaster recovery is an opportunity to exploit – need

regulations / legislation in place
 Transport needs business continuity for goods in and out, individual needs

and an increasing population demand.
 Opportunity that tourism will increase as southern Spain becomes less

attractive.
 Getting staff / logistics in extreme events (e.g. MEA)
 Increased erosion on coast.

Activities ongoing on the Island

 Suncream provided as part of health and safety
 Town centre in Ramsey is designed at a certain level above sea level.
 Adding storm water events as part of development e.g. larger pipes. This is

an island wide policy.
 Energy audits are being undertaken (ISO14001)
 Reduction in leakages and other losses from system (this has more than

halved).
 DLGE is doing development into solar gains
 Flood map research by HR Wallinford – also flow gauges are being installed.
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Business and infrastructure adaptation options matrix

Adaptation Type Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Share loss  Increase tax on property owners who live in
area of risk

 Develop alternative energy sources  Other islands are at greater risk –
watch and learn

Bear Loss  Business continuity requirements (win win)  Stockpile essential supplies (e.g. oil)
Prevent effects:
structural /
technological

 Risk assess existing assets to identify investment
required (win win)

 Build houses on stilts
 Diversification of business by utilities
 (flexible)
 Undertake flood risk assessments on all new

builds

 All electrical systems should be put
at dado rail levels

 Put cables underground and not
overhead

Prevents effects:
Legislation /
regulation /
institutional

 Immediate legislation to ensure all business and
infrastructure issues have climate change as a
key issue

 Lifetime costs through planning / building regs
e.g. drainage specifications (win Win)

 Change building regs so that properties can
withstand more extreme conditions

 Building energy conservation
(Design and installation) (no Regret)

 Legislation – the Climate act
 Government strategy on how to

deal with loss of footpaths when
erosions happens.

 Planning / building design
requirements (low regret)

Avoid / exploit
changes in risk

 Link river monitoring to all island alarm system (
link flood defence and tides to same alarm)

 Sustain island’s growth to afford
changes e.g., creativity in business,
tax and incentives.

 Use solar power as reduction in
cloud cover

 Improve extreme weather reporting
– advanced warning system

Research  Improve monitoring of rainfall and runoff  Develop heat exchange systems
 Use of tidal variations to generate

tidal power
 Alternative energy sources

Educational /
Behavioural
change

 Issue sun cream to staff
 Education of energy conservation
 Increase awareness within all sectors of business
 Energy audits of business

 Cancer awareness training
 Change to working conditions –

education
 Working conditions – new clothing /

sunscreen (share loss)

 Change of working hours (no regret)
 Plant trees to provide shade (win win)
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Built environment issues

Key issues

Management of storm water, sewerage and other services in high rainfall and storm events.

Additional impacts

Higher winter precipitation will mean:
 Flooding of low lying coastal areas following high tides / tidal surges

Increase in storminess could mean:
 Communication infrastructure e.g. masts

Other
 Emergency storage for fuels
 Population expansion will lead to housing encroaching on even more open land

than it already does
 Protect island beauty from coastal erosion

Activities ongoing on the Island

 Some separation of storm and other waste required on new buildings
 Building regulations have been updated to include various things
 Planning more friendly on solar and wind energy applications
 River and coastal monitoring / understanding projects.
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Built environment adaptation matrix

Adaptation Type Urgent: Opportunities to take advantage of
now / decisions needed now / cost effective
now

Long term Keep a ‘watching brief’

Share loss  Weir and reservoir to better manage water
flow and retain more water for better
management of supply.

 Coastal protection of built environment

 Ensure major items of infrastructure are
protected against storm / flooding
damage. Where these events are
considered few and far between and it
would not be cost effective to replace them
e.g. linkspan

Bear Loss  Stop development in coastal erosion zones
 Let nature take it course in coastal zones

Prevent effects:
structural /
technological

 New harbour / coastal structures to take
account of sea level rise and increased
storms

 Change drainage design standards to allow
for future demand (Low regret)

 Storm water separation from foul sewerage
system

 Improve maintenance of infrastructure to
deal with climate change e.g. improve
capacity of rivers / drainage systems by
cleaning

 In Commercial buildings have less
retention on heat retention and greater
emphasise on design for ‘cooling’ systems

Prevents effects:
Legislation /
regulation /
institutional

 Flood proofing of housing.
 Do not allow house building in likely flood

areas / coastal erosion
 Revise plans sooner to prevent building on

flood plains
 Review Island Strategic Plan to take into

account the effect of climate change (No
Regret)

 Regulation and inspection must take place
in building trade to ensure energy efficient
methods used

 Creation of an ‘environment agency’ to
ensure new legislation is carried out
properly with proper inspectors methods
and if necessary prosecution

 Redirect resources from planning / visual

 Offer grants to improve energy efficiency in
existing old houses
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impact to planning design / building
control

Avoid / exploit
changes in risk

 Solar and wind power maybe viable
 Changes for agricultural crop rotation and

farming methods
 More tourists but bigger drain on resources

 Use Sulby reservoirs pumped storage for instant
power availability for peak loads and
emergency electric supply

Research  Understand situation of dampness,
housing conditions and whether they need
‘flood proofing’

 Identify those roads that are most prone to
flood damage (historical data) and produce
action plan (no Regret)

 Need more information on rivers and flows
 Keep existing places of research open and

running to monitor on going changes in
the environment (no regret)

Educational /
Behavioural
change

 Education and behavioural changes is
thought most important by group

 Audit business, households and ministry to
reduce energy use

 Campaigns now to educate people in how
their lifestyles contribute to decreasing
climate change (low cost)

 Educate children, adults and make
information on risky areas widely available

Note: Salt marsh option is not viable on the Island as there has been a PhD on this.
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Name one action that you feel really needs to be done, who should it and when

 Everybody –ecological footprint.
 Identify funding for partnership – DLGE
 Increase awareness – DLGE / partnership
 Water management improvements
 Big campaign on educating public / business on reducing their CO2 emissions i.e.

less waste of energy

From the workshop what is the one thing that your organisation should be doing?

 Introducing life time costing into treasury appraisals
 Awareness – assess impacts on plants / process
 Pressuring government to consider all aspects of climate change – especially

environmental impacts and mitigation issues
 Agricultural land – use adaptation
 Food miles labelling
 Continue public campaigns to raise awareness of what they can do in their

households / lifestyles to reduce CO2 emissions now.
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Summary of responses to the ‘partnership’
questionnaire
Isle of Man Climate Change Partnership – what do you think?

The first part of the questionnaire asked the workshop participants to indicate their level of
interest in an Island climate change partnership. Out of a total of 30 questionnaires
received back – the overwhelming majority (21) said they wanted to have an active
engagement in a partnership.

I am interested in having an active engagement in an Island climate change
partnership (i.e. through contributing to its development, providing guidance,
expertise and contacts, shaping its work programme, etc.)

I am interested in receiving information on the work of an Island climate change
partnership and am willing to react to that information

I am only interested in receiving information on the work of an Island climate
change partnership

I am not interested in an Island climate change partnership

Questions

1. Do you want a partnership on the Island?

25 people said ‘Yes’
No response ‘3’; Other ‘2’.

‘Other’ responses included:
 Not standalone – it must be linked to another area such as Scotland
 Only if manageable team size – if >6 or 8 then unlikely to focus correctly

Quote: “It is essential!”

2. What would you want an Island Climate Change partnership to achieve? What would
be its principle functions and activities?

 Provide focus
 Cross fertilisation of ideas between organisation / joined up thinking between

government and industry
 Ensure climate change is considered in plans / strategy
 Education / awareness

21

7

1

0
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 Forum for discussion and public debate
 Influence government / policies
 Undertaking projects
 To manage its own running budget
 Risk analysis
 Building networks
 Share knowledge / source of information

3. What do you want the intended focus to be? Adaptation or adaptation and mitigation?

Adaptation and mitigation : 17
Just adaptation: 13

4. Who would be the members of the partnership and its network? Which key
organisations do you consider must be involved if a partnership is to be successful?

 Representatives of business
 Cross government departments
 Interested groups
 Open to all?
 Main services
 Local communities
 All at the workshop
 Climate change experts
 Politicians
 Chamber of commerce
 Relevant NGOs

5. Who will be the lead agencies:

Treasury / DoLGE / DOT

Main consensus was that Treasury should fund it with DoLGE to lead it.

Suggestion: ‘Partly funded to start the process but an independently funded body
eventually’

6. How would you like the partnership to be run? e.g. steering group / meeting of all
stakeholders / informal contact by email? Other suggestions?

Majority indicated that the steering group should lead and drive forward with full
stakeholder meetings / workshops as necessary. A number of comments covering
the benefits of group working “‘it is a big benefit in all getting together’
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7. Do you anticipate a role for a full time co-ordinator / secretariat?

Majority (16) said ‘yes’ , 5 responses said that it was part of DoLGE’s function. 3
responses indicated ‘Not yet’ and only 3 said ‘No’.

Funding could be an issue – a suggestion was made that a part time co-ordinatoes
may be more appropriate, or alternatively DoLGE should provide a resource.

8. Where would the partnership be resourced / financed / funded from?

Majority indicated it should be government funded – with a suggestion that the
Treasury should provide the funding, on its own or together with other key
agencies.

9. Who should manage the development phase between now and the partnership?

Overwhelming said that DoLGE should lead and drive forward

10. Please provide any other suggestions for the Island climate change partnership

 Need to set measurable targets and actions
 Need to look at short term horizons not just 2080 view
 Key input into planning / utility decisions
 Take good ideas from elsewhere and adapt them
 Need input from economic stakeholders
 Co-ordination essential
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Introduction

Adaptation is necessarily cross-cutting. It involves promoting an understanding of how
the changing climate will affect all sectors, and then encouraging relevant parties to take
action to reduce future risks and take advantage of future opportunities.

The study provides some guidance on the next steps, moving beyond scoping and a
description of the possible impacts of climate change, to focus instead on risks and
opportunities where action needs to be taken in the short, medium and longer-term.
There are a number of areas where it is particularly important to respond, because
decisions taken now will have long-term impacts.

To assist with this process the study takes the concept of ‘building adaptive
capacity/delivering adaptation action’ and recommends the development of an Isle of Man
‘Adaptation Policy Framework’.
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Adaptation policy framework (APF)

Using an approach developed by the UK Department of the Environment, Food and Rural
Affairs (now an established feature of the emerging UK climate change policy) the
development of an adaptation policy framework (APF) can be considered under two broad
headings:

 building adaptive capacity, and
 delivering adaptation action.

This approach is helpful in describing adaptation options and in helping stakeholders to
develop their own responses to the risks they face. It is also useful when determining roles
and responsibilities for key organisations.

It draws together adaptation planning efforts, identifies actions, delivery, roles and
responsibilities across government and the public and private sectors. The APF is designed
to ensure efforts in adaptation planning are co-coordinated and coherent. Many of the
impacts of climate change require co-ordinated action by government departments,
businesses and other stakeholder groups. Identifying organisational responsibilities, co-
ordinating action plans, agreeing joint objectives will be vital if the most appropriate
adaptation action is to delivered.

The APF also provides a firm foundation for future target setting and performance
measurement. The stronger the foundation the greater the support provided enabling
informed policies to be developed, along with a focused agenda and a proactive
adaptation response.

Table 1 indicates the range of generic actions which organisations can take. This table can
be used as part of the delivery of an Island APF to identify the key organisations and their
relative responsibilities.

Table 1: Generic actions by organisations

Organisation Building adaptive
capacity

Delivering adaptation
action

International
institutions
IoM government
Local authorities
National agencies
Financial services
Research bodies
Professional bodies
Training bodies
Sector specific business
support organisations
Business
NGOs
Voluntary organisations
Other

This can be characterised by
the following actions:
1. research,
2. data collection and

monitoring,
3. developing regulations,

standards, codes, polices,
programmes or plans,

4. internal organisational
development,

5. awareness raising, and
6. working in partnership

All agencies have a role to
play in building adaptive
capacity.

This can be characterised by
the following actions:
1. accept impacts and

bear some loss
2. spread/share impacts
3. avoid negative impacts
4. exploit opportunities

All agencies have a role to
play in building adaptation
action.
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Building adaptive capacity, delivering adaptation action

Building adaptive capacity

In the early phases of responding to the climate change challenge it is inevitable that the
focus will be on building adaptive capacity within organisations and their wider networks.
Understanding the risks and the capabilities each organisation has to assess and manage
the potential impacts is an important first step. However climate risk management
activities on the Island must move as quickly as possible into delivering adaptation action.
The consequences of the decisions taken to day which have not taken climate change into
account will restrict the ability of future generations to adapt.

Typical actions under this heading might include:

 research,
 data collection and monitoring,
 developing regulations, standards, codes, polices, programmes or plans,
 internal organisational development,
 awareness raising, and
 working in partnership.

Delivering adaptation action

Within the UK the emphasis on adaptation planning has tended to result in qualitative
assessments of the potential impacts. Moving towards adaptive action has been slow,
partly due to the absence of quantitative information on baselines and impacts
(particularly financial data). This restricts the ability to assess risks, develop relevant
options and implement risk management action. On the Isle of Man there are also issues
with the availability of baseline quantitative information (see Technical Report 10
Hydrological Modelling), for example, with regard to existing surface water flood risks.

One of the key objectives for the Isle of Man Adaptation Policy Framework should include a
focus on providing a quantitative analysis of the risks and exposures, to better enable
effective decision making to be undertaken.

Typical actions might include:

 accept impacts and bear some loss,
 spread/share impacts,
 avoid negative impacts,
 exploit opportunities.

Isle of Man sectors

In Technical Paper 8 (Sector Impacts) the study sets out for each sector an adaptation
option matrix. The matrices identify adaptation actions under the two broad headings: of
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building adaptive capacity (BAC) and delivering adaptation action (DAA). These matrices
have been included in Appendix to this technical paper to provide a complete overview of
possible BAC/DAA actions for the Isle of Man identified during the course of this study.

Generic Isle of Man actions

In addition to the sector based BAC/DAA matrices set out in Appendix 1, a number of more
generic activities have been identified in the following tables (Table 2 generic building
adaptive capacity actions and Table 3 generic delivering adaptation actions). These are
intended to provide examples of activities that relate to the Island as a whole, rather than
individual sectors.
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Table 2: generic building adaptive capacity actions

Building adaptive capacity

Type Generic activity Specific examples for the Isle of Man

Research
 Sector specific scoping

studies
 Qualitative and

quantitative risk
assessments

 Sector based scoping study reviews taking into account changes in climate
science, government policy initiatives, soci -economic and natural resource
changes.

 Quantitative risk assessments in the above areas, with full life cycle financial
appraisals

 Review Isle of Man Climate Change Study every 5 years .

Data collection and
monitoring

 Monitoring specific
impact indicators

 Asset management
baseline condition
surveys

 Monitoring impact of
regulations, standards,
codes, policies,
programmes etc.

 Develop impact indicators for the Isle of Man based on UKCIP risk assessment
process

 Undertake asset condition surveys for all major infrastructure systems
 Re-assess climate scenarios for the Isle of Man every 5 years
 Develop ‘at-risk’ GIS mapping for the Isle of Man
 Active monitoring of regulations, standards etc. to assess progress towards

adaptation

Developing regulations,
standards, codes,
policies, programmes etc  National, regional and

local level regulations etc.
 Enforcement
 Resources

 Review all policies, programmes and actions – develop ‘fit for purpose’ test
and assess

 Develop specific land-use policies
 Ensure all policies etc. are climate proof – challenge non-compliance
 Monitor compliance
 Develop performance measures
 Challenge assumptions used in decision making – historic ‘climate’ data is no

longer an indicator of the future

Developing organisations  Training and staff
development
programmes

 Establish an Isle of Man Climate Change Partnership operating at Government
level and with wider stakeholder networks

 Government Partnership members to develop and implement internal
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 Senior management buy-
in

 Political buy-in
 Climate change

champions
 Make the business case
 Capacity building

programmes

training programmes
 Members to set internal performance measures for all staff
 Members to individually report on their performance (producing an

Operational and Financial Review)
 Develop risk assessment and management skills

Awareness raising  Education and training
 Capacity building

programmes
 Conferences, events and

publications

 Develop Isle of Man specific education packages prepared for all schools
 Lead by example – leadership creates awareness
 Develop an Isle of Man climate web site

Working in partnerships  Work in sectoral
partnerships

 Linked projects
 Work in locality based

partnerships

 Develop international partnerships – share experiences
 Review public procurement policies and supply-chains within sector groups
 Develop a ‘Chief Executives’ group for major Isle of Man businesses
 Develop a map of all organisations, networks, partnerships operating in the

Isle of Man – identify overlaps, common interests, gaps
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Table 3: generic delivering adaptation actions

Developing adaptation action
Type Generic activity Specific examples for the Isle of Man
Accept impacts
and bear (some)
loss

 Accept that change is
inevitable – the future
is different from the
past

 Understand impacts on
natural resources

 Informed decisions to
‘do-nothing’ may be
correct

 Review biodiversity and conservation policies on the Island
 Review landscape planting policies – are they ‘fit for purpose’
 Chief Executive’s Group to work with insurance and finance sectors to develop risk-

sharing packages specific to the Isle of Man.

Spread/share
impacts

 Use insurance and
other financial
products to cover/off-
set risks

 Diversify business
activities, locations,
markets

 Business/organisational
contingency planning

 Develop individual (and co-ordinated) contingency plans for all Government
departments and essential services.

 Procurement and supply-chains assessed – establish security of supply for goods and
services (including energy)

 Actively encourage businesses on the Island look at climate risk exposures – action for
Chief Executive’s Group

Avoid negative
impacts

 Technical and/or
structural change

 Geographical change
 Behavioural or activity

change

 All Government departments and agencies/organisations funded by Government to
review their strategic and project level risk assessment procedures

 Project design standards checked for ‘climate-proofing’.
 EIA studies to assess impact of the ‘environment on the project’ throughout its projected

life

Exploit
opportunities

 Exploit new markets
 Develop new products

and services

 Develop an innovation culture on the Isle of Man.
 Review the position of the Isle of Man in the global economy compared with other at risk

offshore financial centres.



11

Developing checklists

The Isle of Man Government might wish to consider, as part of its decision-making and risk
assessment procedures, to require the completion of the BAC and DAA tables for all
strategies, policies, action plans and project appraisals (including financial appraisals,
business plans, cost/benefit analysis, environmental impact assessments, sustainability
appraisals etc.).

Tables 2 and 3 can also be used as a checklist to assess the actions being taken by any
strategy or project etc., to build adaptive capacity or deliver adaptation action. The first
two columns headed ‘type’ and ‘generic activity’ should be retained together will all the
entries. Relevant actions proposed under the strategy or project should then be entered
into the third column.

Comparing completed tables across the range of Government activities will provide an
overview of the actions being taken and assist with identifying gaps. These can then form
part of an annual progress review for the Island.

An example based on an analysis of the Isle of Man’s land use planning Strategic Plan can
be seen in Tables 4 and 5. This is not intended to be a detailed appraisal of the Plan, rather
than an indication of the value of the approach as an aid to understanding how effective
the Plan may be in building adaptive capacity and delivering adaptation action.
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Table 4: Strategic Plan - building adaptive capacity actions

Building adaptive capacity

Type Generic activity Relevant IoM strategic plan objectives and policies

Research  Sector specific scoping
studies

 Qualitative and
quantitative risk
assessments

e.g. Env. Policy 29: “Development which is likely to have a significant effect on the
environment will be required……..” (Comment – provides planning authority with
the means to require scoping studies, and risk-based appraisals to evaluate current and
future risks associated with a development proposal)

Various polices apply the precautionary principle (e.g. Env Policy 11). Others require
various impact statements – e.g. EIA’s Env Policy 12 or risk assessment e.g. Flood risk
Env Policy 13.

These could be expanded to cover other climate change risks. For example flood risk
assessment now includes elements for rising sea levels and storm surges. If more
information was available on river spates then that could be incorporated.

Data collection and
monitoring

 Monitoring specific
impact indicators

 Asset management
baseline condition
surveys

 Monitoring impact of
regulations, standards,
codes, policies,
programmes etc.

Better information on coastal and inland flooding would assist in applying the
precautionary principle to development planning. As the Island is affected by spate
flooding more information/modelling of that would help. (Is there a link here to DoT’s
river catchments area modelling?)

Developing regulations,
standards, codes,
policies, programmes
etc

 National, regional and
local level regulations
etc.

 Enforcement
 Resources

Coastal Protection Act allows for coastal erosion to be managed. Developing Building
Regulations to include more water conservation and adaptation elements e.g.
ventilation and cooling v insulation. Also need for standards and codes in respect of
adaptive capacity actions. For planning, extending Strategic Plan policies to cover
design of buildings and site layout actions. (e.g. Eco Homes Sustainable Buildings).
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Policy EP4 states that the Department will prepare a Planning Policy Statement on
Energy Efficiency. Pending the preparation and adoption of that PPS the Department
will require proposals for development of more than a certain size to be accompanied
by an Energy Impact Statement. This could be designed to include Climate Change
issues.

Developing
organisations

 Training and staff
development
programmes

 Senior management
buy-in

 Political buy-in
 Climate change

champions
 Make the business case
 Capacity building

programmes

Need for staff development programmes to incorporate more practical application of
adaptive actions to be considered as part of the development control process.

SP can be used with, and/or by other Government Departments, organisations and
stakeholders as it brings together many policies which relate to Climate Change e.g.
energy audits, design and transport.

Awareness raising  Education and training
 Capacity building

programmes
 Conferences, events

and publications

Nothing Strategic Plan specific, but can be used as tool with, and/or by others – see 4
above.

Working in partnerships  Work in sectoral
partnerships

 Linked projects
 Work in locality based

partnerships

Same as 4 and 5.
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Table 5: Strategic Plan - developing adaptation actions

Developing adaptation action

Type Generic activity Relevant IoM strategic plan objectives and policies

Accept impacts and
bear (some) loss

 Accept that change is
inevitable – the future is
different from the past

 Understand impacts on
natural resources

 Informed decisions to
‘do-nothing’ may be
correct

Strategic Policy 2 states that the focus of new development should be on existing
settlements and sustainable extensions. Sustainability needs to take into account
impact and adaptation i.e. move away from valley bottoms/floodplains/coastal
flooding. But recognise where development is concentrated at present needs
protecting and reinvestment not abandonment.

Spread/share impacts  Use insurance and other
financial products to
cover/off-set risks

 Diversify business
activities, locations,
markets

 Business/organisational
contingency planning

No apparent connections.

Avoid negative impacts  Technical and/or
structural change

 Geographical change
 Behavioural or activity

change

e.g. St/Policy 12: “Favourable consideration will be generally given to proposals
for improving the quality and condition of the existing housing stock……..”
(Comment – provides planning authority with the means to require climate variability
to be included in option appraisals for design and materials )

Improving quality tends to be individual property specific or programmes of work
which don’t require planning permission. Where improvements involve new build
then other policies kick in. For refurbishment focus of attention needs to be with the
promoters of the scheme DLGE and Local Authorities.

Of more direct relevance are those policies elsewhere which specifically require impact
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assessments such as Policy EP4 (energy audit) and Strategic Policy SP5 (design
statements) which can now be expanded to cover sustainability and climate change
issues.

Exploit opportunities  Exploit new markets
 Develop new products

and services

Not applicable to the Strategic Plan.
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Conclusions

It is recommended that the Isle of Man Government, major businesses and those
organisations providing essential services, should consider the development of an
Adaptation Policy Framework as a logical next step.

This approach has a number of advantages:

 Places the emphasis on risks and opportunities where action needs to be taken in
the short, medium and longer-term

 Provides a framework for all stakeholders to develop their own responses to the
risks they face.

 It is also useful when determining roles and responsibilities for key organisations.
 Draws together adaptation planning efforts, identifies actions, delivery, roles and

responsibilities across government and the public and private sectors.
 Assists with the development of co-coordinated and coherent cross-departmental

activities and with actions involving other stakeholders. Ensuring joint objectives
are agreed.

 Provides a firm foundation for future target setting and performance measurement.
 Assists in providing a focus on quantitative analysis of the risks and exposures, to

better enable effective decision making to be undertaken.
 Can be adapted to provide a checklist to assess the actions being taken by any

strategy or project etc., to build adaptive capacity or deliver adaptive action
 Comparing completed BAC/DAA tables across the range of Government activities

will provide an overview of the actions being taken and assist with identifying gaps.
 Completed BAC/DAA can form part of an annual progress review for the Island.



17

Appendix A:
Isle of Man BAC/DAA actions by sector
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Transport

Adaptation Type Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching
brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Higher taxation on ‘gas guzzling’ vehicles. Tax on
CO2 output, more tax on multiple cars per
household

 Implement integrated transport document
 Control surface run-off from land adjacent to

highway
 Speed management

 Minimise car use by relocation of some
government offices and encourage electronic
conferencing

 Relocation of business to other towns
 Consider charging road users for travel on

vulnerable roads

 Put freight on to
railways. Recreate
integrated rail
system – providing
an alternative to
the road

Research / Data
collection / Monitoring

 Survey the coast. Identify strategic locations that
cold be vulnerable to damage due to age,
conditions etc (no regret)

 Cost benefit analysis of houses in flood plains and
of measures needed to mitigate damage (no
regret)

 Improve flood alerts, storm warnings
 Avoid development on floodplains
 Stability of earthworks
 Effect of temperature on assets
 Gain flood risk data for individual rivers and

understand flood plains
 Early warning system for severe weather?

 Farmers grow crops for bio fuels
 Research into electric cars and other fuels
 Use of railways as commuter transport brings

in other options for moving people in the
event of loss of roads in storm events

 Move coastal roads inland
 Minibus circular routes to help tourism and

holiday makers in scenic areas (as tourism
increases)

 Identify which roads are susceptible to
flooding

 Integrated
transport policy –
realistic but not
idealistic

 Need to improve
public transport in
general

 Resilience of road
surface materials
to heat

 Road / tyre design
for grip in varying
conditions
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Educational /
Behavioural change /
Awareness raising /
working in
partnership

 Better public transport, commuter trains from Port
Erin to Douglas. More effective links for main bus
routes.

 Education for children on future environment (Low
regret)

 Greater use of public transport / car sharing
 Dangers to road users of travelling in high

temperatures / storm events

 Less reliance on ‘One person, one car’
syndrome.
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Spread /Share loss  Ensure strategic spares in stock for linkspan and
other critical equipment to minimise disruption

 Adapt roads to provide coastal defence  Insure
Infrastructure

Accept impacts and
bear Loss

 Agree roads that can be allowed to be lost or are
too vulnerable to be maintained

 Consider moving Manx electric railway further
inland to avoid risk of coastal erosion

 Close roads at risk
Prevent effects:
structural /
technological

 Improve land / storm drainage to prevent flooding
/ damage to roads

 Ensure EIA on runway extension takes impacts of
climate change into account (no regret)

 Where financially viable enhance river banks to
contain flood water (low regret)

 Improve earthworks design
 Asset vulnerability inspections and mapping
 Strategy to retrofit assets to cope with climate

change
 The use of low maintenance vegetation to act as

buffer zones, whilst not hindering the growth of
other vegetation.

 Provide more suitable vessels better adapted
to cope with expected increased in winter
storms (e.g. larger Seacat)

 New road schemes to have improved
drainage systems e.g. Peel Road

 Upgrading of railways to use for commuters
 Provide better harbour facilities with more

sheltered berths and approaches to take into
account more inclement weather events

 Review previous
flood events and
reinforce road /
drainage
infrastructure to
cope.

 Potential to
upgrade railway
link from Ramsey
to Port Erin to
modern fast,
comfortable and
low floor recess
metro system. And
also include
freight capability.

 Stabilise existing
earthworks
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Avoid / exploit
changes in risk

 Encourage use of electric cars and more fuel
efficient ones

 Use TT course as testing ground for solar power
and other non-fossil fuel vehicles (win win)

 Provide better bus shelters and rail platform
canopies (S)

 Alter winter maintenance to include climate
change

 Develop flood disaster emergency management
plans

 Aircrafts – instrument landing systems – use
technology so planes can land in cloud.

 Prepare plans and equipment to tackle storm
events more effectively
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Business and the economy

(note additional adaptation options are identified in technical paper 9)

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 Introduce legislation to ensure all
business and infrastructure issues
have climate change as a key issue

 Lifetime costs through planning /
building regulations e.g. drainage
specifications (win win)

 Change building regulations so that
properties can withstand more
extreme conditions

 Building energy conservation (Design and
installation) (No regret)

 Legislation

 Planning / building design
requirements (low regret)

Research / Data collection /
Monitoring

 Improve monitoring of rainfall and
runoff

 Develop heat exchange systems
 Use of tidal variations to generate tidal

power
 Alternative energy sources
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Health and safety awareness e.g. sun
block for outside workforce

 Education of energy conservation
 Increase awareness within all sectors

of business
 Energy audits of business

 Cancer awareness training
 Change to working conditions – education
 Working conditions – new clothing /

sunscreen (share loss)

 Change of working hours
(no regret)

 Plant trees to provide
shade (win win)
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Spread /Share loss  Increase tax on property owners who
live in area of risk

 Develop alternative energy sources
 Change in working day / change in building

design

 Other islands are at
greater risk – watch and
learn

Accept impacts and bear Loss  Business continuity requirements –
risk based management (win win)

 Stockpile essential supplies (e.g. oil)

Prevent effects: structural /
technological

 Risk assess existing assets to identify
investment required (win win)

 Diversification of business by utilities
(flexible)

 Undertake flood risk assessments on
all new builds

 All electrical systems should be put at dado
rail levels

 Put cables underground and not overhead
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Avoid / exploit changes in
risk

 Link river monitoring to all island
alarm system (link flood defence and
tides to same alarm)

 Sustain island’s growth to afford changes
e.g., creativity in business, tax and
incentives.

 Improve extreme weather reporting –
advanced warning system
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Tourism

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing
standards
regulation /
policy
institutional

 Ensure that climate change impacts are
considered in refurbishment of
accommodation

 Review building regulations
 Review land-use planning policies to

encourage farm diversification and
development of holiday
accommodation (win-win)

 Provide incentives for more environmental friendly take away
food packaging (low regret)

 Monitor and review food hygiene, preparation and storage
procedures – introduce new standards

Research / Data
collection /
Monitoring

 Monitor changes to identify and
promote new opportunities

 Landscape assessment to identify at
risk areas and tourist ‘carrying capacity’
(No Regret)

 Review impacts on tourist
accommodation (win-win)

 Research on impact of climate change on golf course
maintenance (win win)

 Market research on future opportunities for tourism, e.g.
marinas, eco-tourism, short-breaks, culture, conferences (no
regret)
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Educational /
Behavioural
change /
Awareness
raising / working
in partnership

 Education regarding moor land fires
and the potential impacts

 Review tourist industry staff training
schemes

 Identify best practice examples and raise profile of Island (win
win)

 Continued
professional
development – could
consider climate
change as part of CPD
for tourism and
related industries
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Spread /Share
loss

 Design in cooling mechanisms for
buildings in new build.

 Unreliable ferry service in variable weather (low regret)

Accept impacts
and bear Loss

 Introduce air conditioning in hotels and guest houses – accept
energy costs and potential emissions impacts (flexible)

 Loss of amenity in some areas will be irreversible e.g. specific
beach locations and specific buildings. Maintain for as long as
possible.

Prevent effects:
structural /
technological

 Introduce measures to provide further
protection of landscape i.e. footpath
erosion and fire risk

 Ensure IoM airport runway extension –
takes into account future climate
impacts (low regret)

 Plan for effective water supplies under drier summer conditions
(win win)

 Design engineering solutions to address risk of transport links
being disrupted by flash floods / erosion

 Allow for sea level rise in harbour development (low regret)
 Encourage improvements to buildings to cope with excessive

heat in summer and / or wet weather in winter
 Develop TT road surface and facilities to withstand extreme

temperatures, precipitation etc.. (win-win)
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Avoid / exploit
changes in risk

 Encourage diversification of agriculture
industry to provide more
accommodation (low regret)

 Focus marketing on positive impacts arising from climate
change (win-win)

 Exploit higher summer temps and opportunities for increase in
demand for tourism (win win)

 Opportunities for specialist holidays with outdoor activities
Make best use of landscape ecological change to maintain
recreational use of the landscape. Adapt locations and activities
(win win)

 Motor sports may need to refocus for weather infrastructure
reasons

 Develop / expand facilities for water based recreation (win-win)
 Specialised holidays by changing land use and diversifying into

habitats for key species. (win win)
 Provide fiscal incentives to tourist industry to improve

accommodation (win-win)
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Society and culture

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 All new builds need to be climate
proofed

 Define building standards for
comfortable indoor environments

Research / Data collection /
Monitoring

 Research on how to deal with flooding
stress and supporting services that
might be required

 Identification of vulnerable groups in
society and action plans developed for
extreme events

 Develop a policy on ‘sustainable’
schools – test policies against climate
scenarios

 Identify buildings at risk – unable to
provide comfortable indoor
environments

 Undertake research into and then
monitor Isle of Man quality of life
indicators

 Examine potential correlation
between ‘climate change’ and
‘quality of life’ indicators
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Climate change can be an interesting
and informative topic for the
curriculum. It covers a range of topics
and can be approached quantitatively
and qualitatively

 Awareness raising of heat stress
Spread /Share loss  Provide shade in school playgrounds /

trees on streets and provide more
shade in public areas.

 Develop and implement action plans
for dealing with vulnerable groups in
society in the event of extreme events

Accept impacts and bear Loss
Prevent effects: structural /
technological

 Ensure IT equipment is protected from
heat and floods

Retrofit existing buildings to withstand
extreme high temperatures and warmer
summers
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Avoid / exploit changes in
risk

 Change in scheduling of the school day, -
starting earlier and earlier finish

 Introduce more flexible working hours in
summer months
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Historic environment

Adaptation Type Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

Research / Data collection /
Monitoring

 Need to consider the susceptibility of different materials to
the likely future climate. In terms of characteristics such as
thermal capacity and moisture transfer, materials such as
earth, stone or wood have widely varying responses to
changing local conditions. Both external and internal
finishes, such as painted finishes, may be affected in
different ways. For structures built using traditional or
unconventional construction techniques, we need to
better understand these methods and how they can be
refined for the future.

 Record what’s there before it goes - so have record for the
future and prioritise protection measures

 Identify sites at risk from subsidence and vulnerable sites
will require stability risk assessments and suitable
protective measures

 Identify sites at risk from flooding and increasing winter
water table levels / rising damp
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Educational / Behavioural change
/ Awareness raising / working in
partnership
Spread /Share loss
Accept impacts and bear Loss  Leave buildings as too costly too preserve
Prevent effects: structural /
technological
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Avoid / exploit changes in risk  Put in structural methods to prevent inundation from
floods / storms

 Move assets
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Health

Adaptation Type Urgent: Opportunities to take advantage
of now / decisions needed now / cost
effective now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation / policy
institutional

 Review building regulations for roofs
and other vulnerable structures for
windstorms, with adequate planning
many injuries and deaths might be
prevented.

 Ensure standards of environmental
health are kept at high level

 Ensure drinking water quality
standards are met

Research / Data collection /
Monitoring

 Inventories of pollution sources
 Monitoring of key pollutants and

relevant weather variables.
 Monitoring of food poisoning

incidents
 Monitoring o f pollen levels and

communication to public of high
levels and asthma levels

 Hygiene of water monitored for
increase in vermin and suitable
controls undertaken

 Identification of damp houses and
programme of work to reduce risks

 Surveillance of diseases and outbreaks
 Monitor of changing patterns of illnesses

and disease to enable appropriate
response

 Collation and understanding of how
climate change will influence changing
population and knock on effect on future
provision and management e.g. more
elderly living to a longer age but more
susceptible to heat so greater
requirements for geriatric provision or
greater need for ophthalmologists as
increase in cataracts etc.Bu
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Educational / Behavioural
change / Awareness raising /
working in partnership

 Awareness raising of impacts of sun
exposure and the dangers
surrounding it.

 Targeted communications campaigns
to at risk groups

 Education of food providers and
preparers of increasing risk and
standards required
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Spread /Share loss
Accept impacts and bear Loss
Prevent effects: structural /
technological

 Implement building standards
mechanisms to cool buildings
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Avoid / exploit changes in
risk

 Pollution warning services
 Heat wave management plan

developed
 Emergency services to ensure

sufficient capacity and training to deal
with more sea / water based accidents
and traffic accidents

 Need for more environmental health
officers and laboratories to monitor
abattoirs m food supplies etc for
potential food risks

 Changed work times especially for those
working outdoors

 To reduce air pollution from
traffic – put in place traffic
restrictions, improved public
transport. Incentives to
promote car sharing
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Leisure and recreation

Adaptation Type Urgent: Opportunities to take
advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Access management strategy to
take into account conflicting
usage of green lanes, footpaths
and other rights of way etc.

 Manage protected and
designated areas. Integrated
land use and management
strategies developed

 Fire risk preparation – agree access routes for fire
engineers, supplying first defences (e.g. fire
beaters) (no regret)

Research / Data
collection / Monitoring

 Monitoring damage caused by
erosion

Bu
ild

in
g

A
da

pt
iv

e
C

ap
ac

ity
(B

A
C)

Educational /
Behavioural change /
Awareness raising /
working in partnership

 Education of public to fire
threat and management

 Awareness raising of impacts of
erosion and how to reduce the
effects

 Awareness / signage of tides
and other dangerous bathing
areas
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Spread /Share loss  Sub-soil drainage systems for
both natural and artificial
pitches will be adapted to store
rainwater for re-use.

 Management plans in place for
managing fires

 Fire beaters to be put in place of
risk

 Lifeguards on beach

Accept impacts and
bear Loss

 Alternative grasses may be used that are more
resistant to drought than those that are
commonly used today

 There is likely to be a move
towards more all weather
surfaces such as porous
macadam or synthetic turf
pitches, or cheaper alternatives.
The shift towards all weather
surfaces will significantly
increase the capital and
maintenance costs of a
proportion of sports pitches.
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Prevent effects:
structural /
technological

 It is anticipated that innovative, alternative-
building structures may need to be developed
for outdoor sports, to provide some protection
from the elements. For example, many
professional football clubs and local tennis clubs
have already constructed low cost covered, but
unheated, facilities that allow uninterrupted
training and coaching throughout the year.

 Re-use water for outdoor watering e.g golf
courses, use of rainwater harvesting.
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Avoid / exploit changes
in risk

 There may be a need to protect
players, particularly children,
from exposure to UV radiation,
which will limit the time spent
in the sun, and the
programming of matches. This
may lead to more sport being
played under cover, either in
traditional sports centres or in
alternative sports structures

 Close areas of environment that
are areas of high erosion

 Close areas of environment that
are high risk fire areas

 More outdoor pools that would encourage
greater participation in swimming and reduce
the significant running costs of indoor pools.

 More clay courts for tennis, as they would
become more viable.

 Change in maintenance regimes e.g. cutting
grass more frequently
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Communications and energy

Adaptation Type Urgent: Opportunities to take advantage of
now / decisions needed now / cost effective
now

Long term Keep a ‘watching brief’

Prevents effects: Changing
standards regulation /
policy institutional

 Immediate legislation to ensure all
business and infrastructure issues have
climate change as a key issue

 Lifetime costs through planning /
building regs e.g. drainage specifications
(win Win)

 Change building regs so that properties
can withstand more extreme conditions

 Building energy conservation (Design
and installation) (no Regret)

 Legislation – the Climate act

 Planning / building design
requirements (low regret)

Research / Data collection
/ Monitoring

 Improve monitoring of rainfall and runoff  Develop heat exchange systems
 Use of tidal variations to generate tidal

power
 Alternative energy sources
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Educational / Behavioural
change / Awareness
raising / working in
partnership

 Issue sun cream to staff
 Education of energy conservation
 Increase awareness within all sectors of

business
 Energy audits of business

 Cancer awareness training
 Change to working conditions –

education
 Working conditions – new clothing /

sunscreen (share loss)

 Change of working hours (no
regret)

 Plant trees to provide shade
(win win)
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Spread /Share loss  Increase tax on property owners who live
in area of risk

 Develop alternative energy sources  Other islands are at greater risk
– watch and learn

Accept impacts and bear
Loss

 Business continuity requirements (win
win)

 Stockpile essential supplies (e.g. oil)

Prevent effects: structural
/ technological

 Risk assess existing assets to identify
investment required (win win)

 Build houses on stilts
 Diversification of business by utilities

(flexible)
 Undertake flood risk assessments on all

new builds

 All electrical systems should be put at
dado rail levels

 Put cables underground and not
overhead

 Flood proof buildings to ensure telecoms
are not damaged
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Avoid / exploit changes in
risk

 Link river monitoring to all island alarm
system (link flood defence and tides to
same alarm)

 Sustain island’s growth to afford changes
e.g., creativity in business, tax and
incentives.

 Use solar power as reduction in cloud
cover

 Improve extreme weather reporting –
advanced warning system
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Water management

Adaptation
Type

Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Set up environment agency to regulate
 Compensation water regulations
 Planning control on development in flood plains

and areas susceptible to coastal areas
 Control / limit of substances into water courses e.g.

agricultural products

 Catchment management for island’s rivers (low
regret)

 Sustainable urban drainage systems (low
regret)

 Promote agri – environment schemes (low
regret)

 Legal requirements for
water meters.

 Controlled retreat of
coastline

Research /
Data
collection /
Monitoring

 Flood defence lessons from UK and other similar
issues / islands

 Improve monitoring of rainfall and runoff
 Review capacity of sewerage and drainage

infrastructure

 Identify potential flood plains – areas of risk and
assets at risk

 Risk of geosmin and algae
pollution of impounding
reservoir. Additional
treatment costs involved.
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Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Shelf life is decreasing and supply chain demands
are increasing.

 Encourage support of local produce (no regret)
 Metering to reduce water consumption
 Water conservation by user education (win win)
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Spread
/Share loss

 Surface water separation schemes (win win)
 Increasing capacity of the sewerage systems (no

regret)
 Increased refuse collections – to reduce health risk

as temperature rises
 Maintenance of existing drainage systems (Low

regret)
 Greater demand on recreational use of higher

ground / reservoir. Increased costs of mitigating
pollution risks

 Ensure that adequate resources and systems are
available for responses to climate related
emergency events e.g. flooding;

 Reduction in leakage
 Water metering
 Promotion of water efficient appliances
 Rainwater harvesting promoted
 Water saving measures implemented (win win)

 More reservoirs for storage (no regret)
 Development of innovative water resources

options

Accept
impacts and
bear Loss

 Identify all houses in flood plains – buy and
demolish

 Water butts for garden use (win win)

 Pulrose power station - risk of flooding. 1953
flood removed bridge

 Desalination plant
 Water restrictions on non essential use in times

of water shortage
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Prevent
effects:
structural /
technological

 Flood defences, structural recommendations on all
new developments to reflect flood alleviation risks

 Better drainage systems, particularly along
highways and railways.

 The use of low maintenance vegetation to act as
buffer zones, whilst not hindering the growth of
other vegetation

 Increase infiltration into land, design of urban areas.
 Promotion of flood proofing on buildings at

increased risk from flooding;
 use/re-creation of natural eco-system buffers
 Use of sustainable urban drainage systems (SUDS)

 Increase in storage capacity
 Design limits for drainage systems will require

reappraisal

 On landslips
 Use of green/open spaces

for temporary water
storage to alleviate
flooding.
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Avoid /
exploit
changes in
risk

 Avoidance of developments in at risk areas or
making sure that adequate protection is in place

 Increase use of sewage in agricultural irrigation
 Management of water resources and low flow

rivers to manage reduced water quality
 Potential for greater use of greywater and

rainwater harvesting

 Look at insurance
premiums by reviewing
pricing policy, restriction on
buildings

 Management of abstraction
licences for water supply
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Waste management

Adaptation Type Urgent: Opportunities to take advantage of now
/ decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents effects:
Changing standards
regulation / policy
institutional

 Single Island authority for waste management
with uniform standards.

 Increased segregation of waste at source.

Research / Data
collection /
Monitoring

 Carry out a high level risk assessment to
identify those sites and processes that could
be most affected by climate change and
formulate appropriate action plans to address
the potential impacts

 Identification of
contaminated land; pathway
and receptors
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Educational /
Behavioural change /
Awareness raising /
working in
partnership

 Education needed on waste separation and
segregation (no regret)

 Continue to build a shared understanding of
the potential impacts of climate change on
waste management policy and practices

 Education on incineration and recycling

 Changing waste profile e.g. more green
waste and increased rate of frequency of
collection

Spread /Share loss  Increased refuse collections – to reduce health
risk as temperature rises

 Greater demand on recreational use of higher
ground / reservoir. Increased costs of
mitigating pollution risks

 More frequent rates of collection

Accept impacts and
bear Loss

 Waste management
operations to be performed
under cover

 Old landfill sites –pollution, leachate,
erosion

Prevent effects:
structural /
technological

 Greater use of odour and
bio-aerosol control
measures

 Design waste collection
containers to keep waste dryD
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Avoid / exploit
changes in risk
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Built environment

Adaptation
Type

Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Introduce new design standards for drainage for new
development

 Energy efficiency of new buildings – need to insulate for
winter but keep cooler in summer

 Flood proofing of housing.
 Do not allow house building in likely flood areas / coastal

erosion
 Revise plans sooner to prevent building on flood plains
 Review Island Strategic Plan to take into account the effect

of climate change (No Regret)
 Regulation and inspection must take place in building trade

to ensure energy efficient methods used
 Creation of an ‘environment agency’ to ensure new

legislation is carried out properly with proper inspectors
methods and if necessary prosecution

 Redirect resources from planning / visual impact to planning
design / building control

 Good maintenance and workmanship assists in reducing
rain and damp conditions.

 Offer grants to improve energy
efficiency in existing old houses
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Research /
Data
collection /
Monitoring

 Restrict location of new development
 Understand situation of dampness, housing conditions and

whether they need ‘flood proofing’
 Identify those roads that are most prone to flood damage

(historical data) and produce action plan (no Regret)
 Need more information on rivers and flows
 Keep existing places of research open and running to

monitor on going changes in the environment (no regret)
 Understand life cycle aspects of building materials, design

and demolition, use and location.
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Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education and behavioural changes is thought most
important by group

 Audit business, households and ministry to reduce energy
use

 Campaigns now to educate people in how their lifestyles
contribute to decreasing climate change (low cost)

 Educate children, adults and make information on risky
areas widely available
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Spread /Share
loss

 More recycling of building materials
 Weir and reservoir to better manage water flow and retain

more water for better management of supply.
 Coastal protection of built environment
 Higher insulation levels to protect buildings from increased

temperatures and reduce energy use in winter
 Increase stability of telegraph poles, pylons and other

structures prone to wind loading
 Strengthening of roofs and claddings on existing buildings

 Ensure major items of infrastructure are
protected against storm / flooding
damage.

 Use of more durable materials such as
more corrosion resistant metals
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Accept
impacts and
bear Loss

 Stop development in
coastal erosion zones

 Let nature take it course
in coastal zones

Prevent
effects:
structural /
technological

 New harbour / coastal structures to take account of sea level
rise and increased storms

 Change drainage design standards to allow for future
demand (Low regret)

 Storm water separation from foul sewerage system
 Reduce building densities
 Changing building height, spacing and street orientation to

increase shade and reduce isolation receipt
 Passive designs of buildings to be implemented e.g. shading

from the sun. Making provision for controllable ventilation
during the day and high levels of ventilation at night
(without compromising building security). Using heavier
weight building materials combined with night ventilation,
to enable heat to be absorbed and released into the
building fabric; improving insulation and air circulation (e.g.
cutting down on draughts) which enables undesirable heat
flows to be controlled.1

 Improve maintenance of infrastructure
to deal with climate change e.g. improve
capacity of rivers / drainage systems by
cleaning

 In commercial buildings have greater
emphasise on design for ‘cooling’
systems

 To adapt to floods raise floor levels, safe
access requirements, land raising, flood
warning systems, flood proofing, flood
defences, provide compensatory flood
storage. SUDS and pumping. Options
vary on development / area etc.2

 Raising the level of marina and harbour
installations

1
JN, Belcher, SE & Connell, RK (2005). Beating the Heat: keeping UK buildings cool in a warming climate. UKCIP Briefing Report. UKCIP, Oxford.

2 A toolkit for delivering water management climate change adaptation through the planning system prepared for the environment agency and SEERA by Land Use Consultants. South East
England Regional assembly, Environment Agency and ESPACE March 2005
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Avoid / exploit
changes in
risk

 Build in climate change now into design for structures e.g.
harbours, sufficient breakwater, quayside height, storm
surge height

 Enhance natural ventilation through variation of building
height and density

 Achieve effective solar shading using trees and vegetation
 Use of high albedo (reflective) building materials
 Incorporation of large areas of vegetation and water

features within urban landscape to encourage cooling
airflows

 Provision within developments of spaces for outdoor
activities e.g. shared areas for BBQs and entertainment

 Use the ground floor space for flood compatible uses e.g. car
parking or raise the ground floor above the likely flood level

 Increase use of wind power for generating electricity

 More outdoor swimming pools
 Solar and wind power maybe viable
 Changes for agricultural crop rotation

and farming methods

 Use Sulby reservoirs
pumped storage for
instant power availability
for peak loads and
emergency electric
supply
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Natural resources and environmental quality

Adaptation
Type

Urgent: Opportunities to take advantage of now / decisions
needed now / cost effective now

Long term Keep a
‘watching
brief’

Bu
ild

in
g

Ad
ap

ti
ve

Ca
pa

ci
ty

(B
A

C)

Prevents effects:
Changing
standards
regulation /
policy
institutional

 Legal requirement to report fires / extinguish them
 Put best practice guidelines in place for erosion management
 Eco tax
 DAFF, DLGE, Island Agenda 21 have role to play in developing All

Island Strategic plan (win win)
 All Island Strategic plan needs to take account of climate risks e.g.

floods and changes to agriculture (win win)
 Biodiversity is strongly influenced by land use and so policy

responses should be developed in terms of integrated land use
management

 Manage protected and designated areas. Integrated land use and
management strategies developed

 Fully integrate habitat conservation and creation with other types
of land use through agri-environment and forestry schemes and
cross compliance measures. At all scheme reviews, assess whether
these measures are delivering at a level that keeps up with the
pace of climate change.

 Environmental laws
 Plan for habitat change in site protection

(flexible)
 Fire risk preparation – agree access routes

for fire engineers, supplying first defences
(e.g. fire beaters) (no regret)



42

Research / Data
collection /
Monitoring

 Monitoring damage caused by erosion
 Species and habitat monitoring - set up central biodiversity centre

(no regret)
 Maintain and monitor terrestrial, fresh water and marine

environmental data (no regret). This also forms part of wider
network e.g. UK and Ireland. Irish sea co-ordination will be lost with
other studies e.g. EU projects (as IoM are not eligible for these
alone).

 Government needs to take the lead and get better involved in
other for a e.g. BIC

 Initiate (continue?) coordinated monitoring programs of
environmental factors under single control with dedicated budget

 Effects of increased water table on lowland environments
 Bird monitoring (just started) No regret
 Need to monitor river flow rates; phytophthora, groundwater

levels, species taking over. E.g. Bracken encroaching upwards on
moorland. The frost keeps it off the top of the hills at present but
this may change. (No regret)

 Need all island monitoring system and central collection point,
which is computer based. Co-ordination of agencies and volunteer
agencies to agree on central system (no regret)

 As a small island with limited resources need to prioritise on
monitoring e.g. indicator species for each habitat.

 Understand socio-economic impacts on agriculture
 Monitor the impacts of climate change on both common and rare

plants including phenology, distribution and status.3

 Research on forest / tree pests / diseases
so can adapt tree species choice. (win
win)

3 Under Pressure. Climate Change and the UK’s wild plants. By Plantlife. http://www.plantlife.org.uk/uk/plantlife-saving-species-publications.html
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Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education of public to fire threat and management.
 Educate about erosion management
 Voters need to know what government is investing in e.g.

adaptation to climate change and how they can support it.
 Need to educate MHKs on climate change, use Manx Radio and

explain relevance to the island. Need to lengthen their outlook
horizon

 Food mile labelling required so people know where food comes
from and can buy in an informed way

 Need to engage treasury and explain economic implications of
climate change and get them to consider environmental and social
issues and not just cost.

 Undertake cost benefit analysis on major capital projects and take
account of climate change. Design climate change in early to save
£. Maybe use lifetime costing to account for full costs.

 Making information on climate change readily available to farmers
and the industry4

 Revision of policies to encourage diversification of income4

 Introducing policies to aid adaptation to climate change on
livestock farms4

 Demonstration farms for new crops and techniques4

 Better water resources planning; and information on ‘best practice’
techniques for soil conservation in a shortened cultivation
window4

 Promotion and undertaking of good soil management

 Extend business planning process
 Promote all projects and expenditure – at

point of development (e.g. on a new
coastal defence ‘built as part of climate
change response’)

 Provide incentives for saving water e.g.
reductions on rates for households with
water saving devices in toilets

 Food miles labelling
 Assess impact of climate change on

employment sectors and adapt tertiary
education to meet expected skills in long
term

 Include in all
departments
business
planning
process (low
regret)

4 The Timescale Of Potential Farm Level Responses And Adaptations To Climate Change In England And Wales Taken from Project Summaries Report 1987-2002. Defra
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Spread /Share
loss

 Management plans in place for managing fires
 Fire beaters to be put in place of risk
 If insurance is required, encourage the financial sector to examine

if there is a good business opportunity for IoM insurers
 Increase resilience by reducing other stresses
 Agri-environment schemes for biodiversity

 Different mechanisms of water storage for
reduced summer availability

 Drought resistant crops? Introduce different
crops

Accept impacts
and bear Loss

 Joined up thinking across government and treasury (low regret)
 Create an environment agency / climate change department with a

budget (low regret)
 Manage retreat encourage new habitats and increase biodiversity

(Win win)
 Increase in sea temperatures are associated with algal blooms
 Do not sanction additional hard defences in non urban areas –

likely to adversely affect natural resources.

 Natural and facilitated migration
 Ecological change / biodiversity (win win)

 Footpath
repair /
erosion
damage
correction

 Increase in
variability of
river flow,
less diversity
inverts less
fish and the
associated
knock on
effect on
ecosystem
(no regret)

D
el

iv
er

in
g

A
da

pt
at

io
n

A
ct

io
ns

(D
AA

)

Prevent effects:
structural /
technological

 Fire plans – these are already been done
 Agricultural land use adaptation (win win)

 Improve riverbank management to
provide some counteraction to climate
change impacts on habitat quality and
availability
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Avoid / exploit
changes in risk

 Close areas of environment that are high risk fire areas / areas of
high erosion

 Incorporate opportunities to facilitated colonization in agri-
environment schemes, flood defence schemes and coastal
planning.

 Raise profile of issue and implication to land managers to allow
evolution of management (win win)

 Exploit opportunities stemming from climate change e.g. grow
exotic fora – not oaks

 Upgrade existing surface water drainage systems and rivers to deal
with significant rainfall events and flash floods

 Reducing run off, through use of contoured hedgerows and other
buffer vegetation strips

 Managed coastal retreat
 Habitat management
 Develop and fund landscape scale management schemes that

establish networks of suitable habitats (such as ponds, hedgerows
and small woods) for migrating species as well as providing
suitable receptor sites for incoming seeds and spores.

 Conserve genetic variation at local sites and increase species and
habitat resilience through increasing the size, number and
interconnectivity of sites.

 Facilitated colonisation5

 Adapt forestry to suit new migrating birds
 Flooding

5 Potential UK adaptation strategies for climate change May 2000 , produced by ERM for the department of the environment, transport and the regions
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Agriculture, fisheries and forestry

Adaptation
Type

Urgent: Opportunities to take advantage of now /
decisions needed now / cost effective now

Long term Keep a ‘watching brief’

Prevents
effects:
Changing
standards
regulation /
policy
institutional

 Legal requirement to report fires / extinguish them
 Put best practice guidelines in place for erosion

management
 All Island Strategic plan needs to take account of climate

risks e.g. floods and changes to agriculture (win win)
 Manage protected and designated areas. Integrated land

use and management strategies developed
 Fully integrate habitat conservation and creation with other

types of land use through agri-environment and forestry
schemes and cross compliance measures. At all scheme
reviews, assess whether these measures are delivering at a
level that keeps up with the pace of climate change.

 Plan for habitat change in site protection
(flexible)

 Fire risk preparation – agree access routes
for fire engineers, supplying first defences
(e.g. fire beaters) (no regret)

 Changes in species fished e.g. threatened
species protected, more available species
promoted

 Marketing campaign backup change in
fish caught

Bu
ild

in
g

A
da

pt
iv

e
Ca

pa
ci

ty
(B

A
C)

Research /
Data
collection /
Monitoring

 Monitoring damage caused by erosion
 Maintain and monitor terrestrial, fresh water and marine

environmental data (no regret). This also forms part of
wider network e.g. UK and Ireland. Irish sea co-ordination
will be lost with other studies e.g. EU projects (as IoM are
not eligible for these alone).

 Need to monitor river flow rates; phytophthora,
groundwater levels, species taking over. E.g. Bracken
encroaching upwards on moorland. The frost keeps it off
the top of the hills at present but this may change. (No
regret)

 Investigate changes in crops and different types of trees for
forestry under different climate conditions.

 Understand socio-economic impacts on agriculture

 Research on forest / tree pests / diseases
so can adapt tree species choice. (win
win)

 Investigate change in pesticides used as
changing pests /diseases



47

Educational /
Behavioural
change /
Awareness
raising /
working in
partnership

 Education of public to fire threat and management.
 Educate about erosion management
 Food mile labelling required so people know where food

comes from and can buy in an informed way
 Making information on climate change readily available to

farmers and the industry6

 Revision of policies to encourage diversification of income4

 Introducing policies to aid adaptation to climate change on
livestock farms4

 Demonstration farms for new crops and techniques4

 Better water resources planning; and information on ‘best
practice’ techniques for soil conservation in a shortened
cultivation window4

 Promotion and undertaking of good soil management

 Food miles labelling

6 The Timescale Of Potential Farm Level Responses And Adaptations To Climate Change In England And Wales Taken from Project Summaries Report 1987-2002. Defra



48

Spread
/Share loss

 Management plans in place for managing fires
 Fire beaters to be put in place of risk
 If insurance is required, encourage the financial sector to

examine if there is a good business opportunity for IoM
insurers

 Increase resilience by reducing other stresses
 Agri-environment schemes for biodiversity
 Encourage diversification of agricultural industry –

encourage people in the countryside / use of land

 Different mechanisms of water storage for
reduced summer availability

 Drought resistant crops? Introduce different
crops

Accept
impacts and
bear Loss

 Joined up thinking across government and treasury (low
regret)

 Create an environment agency / climate change
department with a budget (low regret)

 Scallop fishing (increase in sea temperatures are associated
with algal blooms) – need to ensure food safety monitoring
in place

 Adopt forest management
systems to accommodate
storms (No regret)

 Increase in variability of
river flow, less diversity
inverts less fish and the
associated knock on effect
on ecosystem (no regret)

D
el

iv
er

in
g
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Prevent
effects:
structural /
technological

 Fire plans – these are already been done
 Agricultural land use adaptation (win win)

 Agricultural buildings to be adapted
 Agricultural related infrastructure may

need to evolve to match changes in land
use. (No regret / win win)

 Enclosed bathing areas on the coasta that
affords protection from jellyfish / safety
areas
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Avoid /
exploit
changes in
risk

 Close areas of environment that are high risk fire areas /
areas of high erosion

 Incorporate opportunities to facilitated colonization in agri-
environment schemes, flood defence schemes and coastal
planning.

 Raise profile of issue and implication to land managers to
allow evolution of management (win win)

 Exploit opportunities stemming from climate change e.g.
grow exotic fora – not oaks

 Agriculture land adaptation – have to adapt by Jan 2011
due to introduction of free ‘derogation’ markets (can’t limit
imports anymore) and see if subsidy regime can help
promote change e.g. stewardship

 Reducing run off, through use of contoured hedgerows and
other buffer vegetation strips

 Managed coastal retreat
 Conserve genetic variation at local sites and increase

species and habitat resilience through increasing the size,
number and interconnectivity of sites.

 Adapt forestry to suit new migrating birds
 New product market development to

reflect changes (win win)

 Agriculture: new crops will
need new infrastructure
processing plants – and a
new market. Can’t talk
about adapting agriculture
without adapting the
associated infrastructure.
(Win win)
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