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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.
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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



Page 7

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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