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Abstract

Using the FUND model, an impact assessment is conducted over the 21st century for
rises in sea level of up to 2-m/century and a range of socio-economic scenarios on a per
country basis. While the costs of sea-level rise increase due to greater damage and
protection costs, an optimum response in a benefit-cost sense remains widespread
protection of developed coastal areas, as identified in earlier analyses. The socio-
economic scenarios are also important in terms of influencing these costs. In terms of the
four components of costs considered here, protection seems to dominate, with substantial
costs from wetland loss under some scenarios. The regional distribution of costs shows a
few regions experience most of the costs, especially South Asia, South America, North
America, Europe, East Asia and Central America. However, there are some important
limitations which suggest that protection may not be as widespread as suggested in the
FUND analysis. Nonetheless, this analysis suggests that protection is much more likely
and rational than is widely assumed, even with a large rise in sea level.

Damages are also presented with equity weighting applied to uncover the true welfare
loss caused by sea-level rise. Taking the level of wealth of those affected into
consideration is shown to increase the estimates of welfare loss by orders of magnitudes

! Corresponding author. Email: david@anthoff.de, postal address: FNU — ZMK, Bundesstr. 55, 20149 Hamburg,
Germany.
2 Robert Nicholls and Richard Tol have not yet read this latest draft of the paper. Consequently all errors remain
those of David Anthoff.
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when looked at from a developed country perspective, while welfare loss is overstated
from a poor countries perspective.

1 Introduction

Human-induced sea-level rise due to human-induced climate change has caused concern for
coastal areas since the issue emerged more than 20 years ago. Rapid sea-level rise (>1-
m/century) raise most concern as it is commonly felt that this would overwhelm the capacity
of coastal societies to respond and lead to large losses and a widespread forced coastal retreat.
Less appreciated is the so-called ‘commitment to sea-level rise’ whereby even if the climate is
stabilised, sea levels continue to rise for many centuries due to the long timescales of the

oceans and the large ice sheets (Nicholls, Hanson et al. 2006; Nicholls and Lowe 2006).

This paper provides evidence on the consequences of large rises in sea level over the 21
Century using an integrated assessment model (FUND: The Climate Framework for
Uncertainty, Negotiation and Distribution) for large rises in sea level in the range of 0.5 to 2

meters.

The modelling exercise looks at the impacts from sea-level rise, including the potential for
protection to avoid damages. The model calculates the welfare loss due to rising sea-levels for
a number of socio-economic scenarios, assumes some very basic adaptation of humans to sea-

level rise and aggregates damages for a number of assumed damage types.

The results are presented using standard discounting methodology and using equity weights.
The use of equity weights in the context of climate change was first suggest by Pearce, Cline
et al. (1996) and since then a number of studies have applied equity weights on a regional
scale in the context of climate change (Azar and Sterner 1996; Tol, Fankhauser et al. 1996;
Azar 1999; Tol 1999; Pearce 2003; Anthoff, Hepburn et al. 2006). This paper is the first to
present damage estimates on a per country basis that use equity weights. Equity weights
correspond to the intuition that marginal utility of consumption is declining in consumption:
Someone rich will obtain less utility from an extra dollar available for consumption compared
to someone poor. Equity weighted damage estimates take into account that the same monetary
damage to someone poor causes greater welfare loss than if that damage had happened to
someone in a rich country. Using national data instead of regional data for such an exercise is
important in order to avoid the disappearance of income inequalities by using ever larger
regions to calculate average per capita incomes. Use of equity weights is particular



appropriate in the context of sea-level rise, given the huge difference in income of those
effected and the difficulties to assess the true welfare loss in such a situation without using a

concept like equity weighting.

2 Model

The Coastal Module of FUND 2.8n is used to calculate damages caused by various scenarios
of sea-level rise over the next century (see Figure 1). This section will give a brief outline of
the model components relevant to the calculation of sea-level rise damages. More details of
the FUND coastal module can be found in Tol (2006) and Nicholls, Tol et al. (2006).

The model is driven by exogenous scenarios of population and GDP growth on a per country
scale. Five distinct scenarios are evaluated for this study: the SRES scenarios Al, A2, B1 and
B2 and a control scenario of constant population and GDP at 1995 levels over the 21st
century (termed C1995).

Sea-level rise is specified as a global exogenous scenario. Three distinct scenarios are
examined: a rise of 0.5-m, 1.0-m and 2.0-m above today’s (2005) sea levels in the year 21002,
These correspond to rates of 0.5m per 95 years, 1.0m per 95 years and 2.0m per 95 years,
respectively. For the sake of simplicity, sea-level rise for the time steps between 2005 and
2100 is a linear interpolation.

Damages of rising sea levels are assumed to have four damage cost components: (1) the value
of dryland lost, (2) the value of wetland lost, (3) the cost of building protection against rising
sea levels and (4) the costs of displaced people that are forced to leave their original place of
settlement due to dryland loss (Figure 1). FUND determines the optimum amount of
protection (in benefit-cost terms) based on the socio-economic situation and the magnitude of
sea-level rise, and the necessary protection costs. Unprotected dryland is assumed to be lost,
while wetland loss is also influenced by the amount of protection: more protection leads to
greater wetland loss via coastal squeeze. The number of people displaced is a simple function
of dryland loss.

The area of dryland loss is assumed to be a linear function of sea-level rise and protection

level. The value of lost dryland is assumed to be linear in income density ($/km?).

® This is consistent with the maximum global scenario of sea-level rise considered plausible by Arnell et al
Arnell, N. W., E. Tompkins, et al. (2005). Vulnerability to abrupt climate change in Europe. Technical Report
34, Tyndall Centre for Climate Change Research.
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Wetland value is assumed to be logistic in per capita income, with a correction for wetland

scarcity, and a cap:

yt/
L
v, /30000 .04 _ L (1)
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where V is wetland value; y is per capita income; L is the wetland lost to date; Ly iS a
parameter, given the maximum amount of wetland that can be lost to sea-level rise; Uis a
parameter such that the average value for the OECD is $5 million per square kilometre; and

0=0.05 is a parameter.

The number of people forced to migrate from a country due to sea-level rise is a function of
the average population density in the country and the area of dry land lost. The costs of people
displaced is three times average per capita income.

Following the method of Nicholls, Tol et al. (2006), average annual protection costs are
assumed to be a bilinear function of the rate of sea-level rise as well as the proportion of the
coast that is protected. This is a first step to overcoming the linear assumptions of the FUND
model. The costs increase by an order of magnitude if sea-level rise is faster than 1 cm per
year (i.e., protection costs are much higher for the 1-m and 2-m rise scenarios than the 0.5-m
scenarios). The level of protection is based on a cost-benefit analysis that compares the costs
of protection (the actual construction of the protection and the value of the wetland lost due to
the protection) with the benefits, i.e. the avoided dry land loss.

For a more complete discussion of sea-level rise in the context of climate change, see Nicholls
and Tol (2006) and Nicholls, Tol et al.(2006).

The damage costs presented in this paper are total damage costs for the period 2005-2100.
Two different variations of welfare functions are used, depending on whether equity weights
are employed or not. Consequently, two different equations are used to aggregate damages
across time and space. Without equity weights, monetary damages for every country are
calculated, then discounted per country using a social discount rate with a pure rate of time

preference of 1% and then those totals for every country are summed up:

t
D D, 1 9ei (2)
i to0

where D is total damage from sea-level rise, D,; is damage in country i at time t, g,; is the

average per capita growth rate of consumption in country i from the start of the time period to
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time t, N is the number of countries and T is the end of the time period under consideration. U
is a parameter for inequality aversion (set to 1 for this paper) and } is the pure rate of time
preference (set to 1% for this paper).

Equity weighting follows the reasoning outlined in Anthoff, Hepbrun et al. (2006). When
equity weights are employed, the equation for the aggregation of damages is derived

explicitly from a utilitarian social-welfare function like this:
N T

W UCuyPR, 1 3)

i to0
where C.; is average per capita income in country i at time t, R is population and U . is

the utility function. For this paper the usual logarithmic utility function U ¢ Inc is

employed. Such a utility function reflects the intuition that a dollar is worth more to a poor
person than to a rich person, i.e. it has a declining marginal utility of consumption.

As a linear approximation, damages from sea-level rise are multiplied with the marginal

welfare change of consumption of the country they occur to before they are added up:
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(4)

This gives the welfare loss from sea-level rise in welfare units. In order to convert back to
monetary units, one has to multiply the results with the marginal utility of a specific country,
i.e. one has to normalize the results to a specific country. Conceptually this is just a linear
transformation of the welfare function, i.e. the optimal solution of the welfare function is not

altered by such an operation. The damage calculated such is

N T N LT C
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this is a Taylor approximation to
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where D,, is the equity weighted damage, normalized to country i". The term C_ZO i*/C_to,i is

the equity weight for every country. It can easily be seen that countries with higher average

per capita income then the normalizing country will receive a lower weight and countries with



lower per capita income a higher weight, reflecting the intuition that a dollar is worth more to

a poor person than to a rich person.

3 Results

Results from the model runs can be analyzed along various dimensions. We will look first at
the results under different socio-economic scenarios, then disaggregate the four damage cost
components, then disaggregate the results regionally. The analysis concludes with a look at

scenarios without protection and a presentation of equity weighted results.

3.1 Total damage costs by socio-economic and sea-level rise scenarios

While the choice of socio-economic scenario has a significant influence on the damage costs
from sea-level rise for the time period analysed for this study, the damage costs vary more

over the choice of sea-level rise scenario (Figure 2).

The damage costs for a 1m rise are between 4.9 and 5.2 times as high as the damage costs for
the 0.5m sea-level rise, depending on the scenario (except for the 1995 control scenario,
where the jump is smaller, but with 4.0 still in the same area). The jump from 1m to 2m is a
lot smaller in magnitude, being 2.0 times the damage cost of the 1m sea-level rise scenario.
There is a significant change in assumptions between the scenario with 0.5m rise and 1m rise
that explains much of the difference in the magnitude of increase of damage costs with respect
to sea-level rise. Protection costs are assumed to be ten times higher if the rate of sea-level
rise is greater than 0.01m per year. This is the case for both the 1m and 2m scenarios, whereas
the 0.5m scenario protection costs are much smaller. While the increase in damage costs from
the 1m to 2m sea-level rise scenario is almost linear (i.e., a factor of two) over all socio-
economic scenarios, the choice of socio-economic scenario has a more significant role to play
in the step between the 0.5m and 1m sea-level rise scenario. In all cases (except the 1995
control scenario) the increase of the total damage is lower than the assumed tenfold increase

in protection costs. The overall difference between the SRES scenarios is very small.

While the damages from sea-level rise are substantial, they are small compared to the total
economy, provided that coastal protection is built. This also holds for the 2m scenario. Note
that the global total of Figure 2 hides considerable differences between countries. This issue is

discussed in more detail at the end of this paper.

In order to understand the reasons for the differences between the scenarios, a closer look at
the four damage cost components is needed.



3.2 Disaggregating damage costs by socio-economic and sea-level rise
scenarios

Figure 3 shows the damage cost components as calculated by FUND and their share of the

total damage cost for the 0.5m sea-level rise scenario under the assumption that dikes are

built, i.e. that people attempt to protect against rising sea levels following current practise

against coastal flooding in much of the world (e.g., East Asia and Europe). The results

changes dramatically when it is assumed that people do not protect, a scenario that is analysed

later.

Ignoring the control scenario for a moment, three conclusions can easily be drawn. First,
damage costs from dryland loss and migration are a fraction of the costs of protection in every
scenario (dryland costs being about one fifth and protection being one tenth of protection
costs). Protection costs on the other hand are the most important component for every
scenario. This underlines the significance of protection (and adaptation in general). Second,
protection costs are less affected by the choice of socio-economic scenario than dryland loss
and migration costs. The biggest difference between scenarios for dryland loss and migraction
costs is a factor of 1.9, for protection costs it is 1.4. Damage costs from wetland loss are even
less sensitive to the choice of scenario, with a maximum difference of factor 1.3. Wetland
costs are the second most significant damage component in all scenarios. Third, for every cost
component except wetland loss, the highest cost scenario is A2, followed by B2, B1 and Al.

For wetland costs, the order is just the other way around.

Figure 4 presents the disaggregation into damage components for the 1m sea-level rise
scenario. Wetland costs are the only ones that react roughly linear to the doubling of sea-level
rise, they are around two times as high as for the 1m sea-level rise in all scenarios. Protection
costs increase between 4.2 to 6.6 times compared to the lower sea-level rise scenario, while
dryland loss and migration costs increase a lot more by factors between 11.2 and 12.3
compared to the lower sea-level rise scenario. Due to the increase in adaptation costs (i.e. the
bilinear nature of protection costs), adaptation is more difficult in the 1m sea-level rise
scenario and the cost-benefit analysis finds that the optimal protection level of protection is
lower than in the 0.5m scenario, which leads to a situation where damage cost components are

more evenly part of the total damage.

While the step from 0.5m to 1m sea-level rise changed the distribution of costs between the
four components significantly, the step to the 2m scenario has no such surprises. As can be



seen in Figure 5, all costs roughly double compared to the 1m scenario. This is not surprising,

since the model does not have a change in cost assumptions build into this step.

3.3 Regional Distribution of Damage Costs

Sea-level rise damages are not evenly distributed over the world. Table 1 compares the two
scenarios that show the largest difference in total damage cost due to sea-level rise across all
countries. While the distribution of damage costs are not the same for the two scenarios, the
same countries bear the majority of damage costs in both scenarios. This should not be a
surprise as relative exposure to sea-level rise is the main variable that drives relative damages
and for example, East Asia and South Asia have extensive highly populated coastal lowlands
irrespective of the scenario considered.

The three regions that are widely thought to be the most vulnerable to sea-level rise, i.e. the
Pacific, Indian Ocean and Caribbean islands bear only a tiny share of the total global damage.
At the same time these damage costs for the small island states are enormous in relation to the
size of their economy (Nicholls and Tol 2006). Together with deltaic areas, they will find it

hardest to raise the finances necessary to implement protection.

3.4 Protection Analysis

The level of protection, that is the length of coastline that is protected using dikes, is normally
determined endogenously by a cost-benefit analysis in FUND. Another set of runs where no
protection against sea-level rise is allowed were also conducted (for the first time in a FUND
analysis). Comparing these two sets of runs with and without protection is insightful for two
reasons. First, it shows the huge benefits of protection to sea-level rise in terms of damages
avoided. Second, there might be countries that don’t have the means to protect their coastline
up to the optimal level that would follow from the cost-benefit analysis. This is especially

relevant for large rises in sea level as considered in this analysis (Nicholls, Tol et al. 2006).

Figure 6 clearly shows the importance of protection, in particular for the 1m sea-level rise
scenario. Total damages are between 3.4 and 3.7 times higher when no protection is build for
that scenario, depending on the socio-economic scenario looked at. For 1m and 2m sea-level
rise the damages in the no-protection scenario are only around 1.4 times as high compared to
a protection scenario. Since protection costs are assumed to be ten times higher than in the
0.5m case, this is hardly surprising. A look at the control Scenario C1995 is particularly
interesting in this case. In that scenario population and economic indicators are held constant

at 1995 levels, while sea-level rise is assumed to take place. Especially in the two scenarios
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with high protection costs (1m and 2m) the significance of economic development can be
seen: In both cases effective protection is hardly possible under the assumption of today’s
socio-economic situation. The lesson to be learned from this is twofold: Protection can
significantly lower total damages, but only when economic growth enables this sometimes

very costly protection.

It must be mentioned that some of the results for no protection scenarios must be regarded as
unreliable. For example, the Maldives are estimated to be completely inundated in 2085 for
the 1-m rise scenario, which raises the value of its dryland for the time step 2080-4 to very
large values. This cannot be regarded as a satisfactory valuation from an economic point of
view: Such non-marginal damages are outside of the realm of economic valuation. The
Maldives disappear much earlier for the 2m sea-level rise scenarios without protection, again
making any economic estimation of welfare loss very problematic due to the non-marginal

nature such an event.

Figure 7 displays the benefit gained from protection for specific countries. It shows that

protection is a lot more important for some countries than for others.

3.5 Equity weighting

Figure 8 compares damages from sea-level that are equity weighted and the normalized with
average per capita income of the United States in the year 2005 with estimates that are not
weighted. Damages are between 15 and 19 times higher when equity weights are employed.
The United States have one of the highest average per capita incomes in the world,
consequently damages in most other countries have received weights greater than 1 when
equity weights are employed. The equity weighted figures give a dramatic idea of how large
the welfare loss due to sea-level rise is, when the distribution of income is taken into
consideration. From the perspective of an average citizen of the United States unweighted
damage figures give an impression of the welfare loss due to sea-level rise that is not even
close to how one would estimate it when a declining marginal utility of consumption is

assumed.

Figure 9 presents the results with the same weights, but this time results are normalized with
average per capita income of China in the year 2005. China’s per capita income is below the
world average. Consequently damage figures without weights overstate the welfare loss due
to sea-level rise from a Chinese perspective. Since a dollar is worth more to an average agent
in China than for example an average agent in the United States, the damage cost without

weights overstates the welfare loss from sea-level rise in the eye of a Chinese agent.
9



To further elaborate on that point Figure 10 disaggregates the results for some exemplary
countries. Again results are normalized with Chinese per capita income. It follows
analytically that there is no difference for damages in China between the results with weights
and without weights. Monetary (i.e. unweighted) damages in the United States are $297bn.
But given the much larger income in the United States, the welfare loss in the United States is
smaller than a monetary damage of the same size in China would be. A monetary damage of
$8bn in China (the equity weighted figure) causes the same welfare loss that a monetary
damage of $297bn in the United States causes. Of course, there are countries that have an
even lower per capita income than China, e.g. Cambodia. Consequently damages in such

countries will increase for equity weights even with a normalizing country like China.

4 Conclusion

This analysis with FUND suggests that if sea-level rise was up to 2-m per century, while the
costs of sea-level rise increase due to greater damage and protection costs, an optimum
response in a benefit-cost sense remains widespread protection of developed coastal areas, as
identified in earlier analyses (Nicholls and Tol 2006; Nicholls, Tol et al. 2006). The socio-
economic scenarios are also important in terms of driving these costs. In terms of the four
components of costs considered here, protection seems to dominate, with substantial costs
from wetland loss under some scenarios. The regional distribution of costs shows a few
regions experience most of the costs, especially South Asia, South America, North America,
Europe, East Asia and Central America. Under a scenario of no protection, the costs of sea-
level rise increase greatly due to land loss and population displacement: this scenario shows
the significant benefits of the protection response in reducing the overall costs of sea-level

rise.

While the FUND analysis suggests widespread protection, earlier analysis shows that the
actual adaptation response to sea-level rise is more complex than the benefit-cost approach
used here (Nicholls et al., 2006a). There are several factors to consider. Firstly, the SRES
socio-economic scenarios are quite optimistic about future economic growth: lower growth
may lead to lower damages in monetary terms, but it will also lead to less protection.
Secondly, the benefit-cost approach implies a proactive approach to the protection, while
historical experience shows most protection has been a reaction to actual or near disaster.
Therefore, high rates of sea-level rise may lead to many more coastal disasters, even if the
ultimate response is better protection. Thirdly, disasters such as Hurricane Katrina could
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trigger coastal abandonment, and hence have a profound influence on society’s future choices
concerning coastal protection as the pattern of coastal occupancy might change radically. A
cycle of decline in some coastal areas is not inconceivable, especially in future worlds where
capital is highly mobile and collective action is weaker. As the issue of sea-level rise is so
widely known, disinvestment from coastal areas may even be triggered without disasters: for
example, small islands may be highly vulnerable if investors are cautious (cf. Barnett and
Adger 2003; Gibbons and Nicholls 2006). This raises questions concerning possible
thresholds in response to sea-level rise and environmental change, but these issues are poorly
understood. For these reasons, protection may not be as widespread as suggested in this
analysis, especially for the largest scenario of 2m/century. However, the FUND analysis
shows that protection is much more likely and rational than is widely assumed, even with a
large rise in sea level. The common assumption of a widespread retreat from the shore is not
inevitable and coastal societies will have much more choice in their response to this issue than

is often assumed.

While the no protection scenarios have damages that transcend the marginal valuation
framework of economics and therefore have to be examined with care, it is also clear from
this analysis that — under the assumption that protection is built — such non-marginal losses of

land do not occur and calculation of damage costs is possible.

The equity weighted estimates highlight how important it is to not only look at the absolute
magnitude of damage but also who will be affected. The welfare loss of even small damages
to poor societies can be enormous. There is no consensus within the economic literature that
equity weighted damage figures ought to be used when policy instruments like Pigouvian
taxes are designed, and hence the results presented here should not be used without further
investigation for policy debates. But there is little question that as a measure of actual welfare
loss happening equity weighted results are much more accurate than pure monetary damage
estimates. The question of what to do about the discrepancy in severity of impacts to poor and
rich people is an ethical one, but in calculating damage estimates these differences should be
made explicit to not under- or overstate the true welfare loss that climate change might cause,

as we have done with the equity weighted results in this paper.
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Tables

AlB A2
Afghanistan $0 $0
Albania $138,278,945 $83,306,511
Algeria $29,350,388 $30,190,447
Andorra $0 $0
Angola $666,617,984 $954,743,596
Antigua and Barbuda $47,651,958 $57,173,530
Argentina $7,882,616,676 $8,512,369,733
Armenia $0 $0
Aruba $176,811,628 $258,577,021
Australia $2,361,724,879 $2,250,559,123
Austria $0 $0
Azerbaijan $0 $0
Bahamas $3,158,962,988 $2,449,563,711
Bahrain $0 $0
Bangladesh $7,780,132,047 $18,089,711,209
Barbados $0 $0
Belarus $0 $0
Belgium $4,181,616,658 $4,408,842,899
Belize $961,167,228 $1,209,254,800
Benin $283,197,310 $324,733,229
Bermuda $331,781,955 $502,568,299
Bhutan $0 $0
Bolivia $0 $0
Bosnia and Herzegovina $40,977 $40,533
Botswana $0 $0
Brazil $24,501,537,104 $23,587,632,648
Brunei Darussalam $0 $0
Bulgaria $0 $0
Burkina Faso $0 $0
Burundi $0 $0
Cambodia $2,791,492,963 $2,660,581,118
Cameroon $248,159,722 $139,524,093
Canada $576,388,348 $618,541,385
Cape Verde $43,251,763 $64,563,799
Central African Rep $0 $0
Chad $0 $0
Chile $959,187,262 $1,071,662,352
China $51,300,767,273 $44,389,242,798
Colombia $1,214,254,833 $1,640,018,479
Comoros $34,547,478 $54,396,283
Congo $0 $0
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Congo, Dem Rep $18,303,990 $17,423,479
Costa Rica $716,981,690 $1,029,655,976
Cote d'lvoire $64,963,758 $56,408,872
Croatia $89,501,769 $88,534,816
Cuba $87,116,277 $125,784,050
Cyprus $88,029,518 $90,890,056
Czech Rep $0 $0
Denmark $11,843,141,305 $10,674,259,420
Djibouti $0 $0
Dominica $0 $0
Dominican Rep $269,457,019 $414,282,025
East Timor $0 $0
Ecuador $315,310,199 $423,405,945
Egypt $6,286,144,333 $9,149,827,904
El Salvador $140,899,374 $154,197,422
Equatorial Guinea $36,583,615 $58,808,370
Eritrea $0 $0
Estonia $0 $0
Ethiopia $0 $0
Fiji $41,628,381 $47,009,090
Finland $0 $0
France $6,268,773,263 $6,032,575,727
French Guiana $0 $0
French Polynesia $231,316,515 $261,440,560
Gabon $0 $0
Gambia $64,286,884 $54,724,388
Georgia $0 $0
Germany $12,714,593,169 $11,250,761,604
Ghana $769,783,272 $563,716,903
Greece $1,568,052,378 $1,584,556,941
Grenada $0 $0
Guadeloupe $179,274,994 $223,761,301
Guatemala $520,525,340 $621,868,061
Guinea $995,761,585 $1,247,308,656
Guinea-Bissau $465,752,868 $344,357,805
Guyana $76,603,675 $111,112,419
Haiti $76,795,766 $116,405,952
Honduras $213,880,486 $187,378,813
Hong Kong, China SAR $24,446,726,886 $58,391,580,375
Hungary $0 $0
Iceland $0 $0
India $13,341,577,400 $8,919,479,772
Indonesia $17,545,980,642 $27,440,520,077
Iran, Islamic Rep $786,249,728 $869,745,614
Iraq $37,490,766 $53,384,334
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Ireland $1,384,980,082 $1,171,231,577
Israel $1,007,782,465 $1,559,212,603
Italy $7,785,681,600 $7,814,974,449
Jamaica $72,375,151 $95,763,323
Japan $133,604,862,785 $169,893,734,855
Jordan $0 $0
Kazakhstan $0 $0
Kenya $468,003,651 $711,521,316
Kiribati $2,251,712 $2,543,056
Korea, Dem People’s Rep $7,814,466,027 $6,813,243,268
Korea, Rep $26,958,299,499 $26,542,229,220
Kuwait $0 $0
Kyrgyzstan $0 $0
Lao People's Dem Rep $0 $0
Latvia $0 $0
Lebanon $340,897,148 $542,431,596
Lesotho $0 $0
Liberia $68,214,719 $72,656,733
Libyan Arab Jamahiriya $1,624,973,164 $1,079,383,185
Liechtenstein $0 $0
Lithuania $0 $0
Luxembourg $0 $0
Macau $1,358,781,467 $3,309,659,457
Macedonia, FYR $0 $0
Madagascar $121,523,396 $91,418,264
Malawi $0 $0
Malaysia $18,127,782,550 $24,736,903,677
Maldives $2,259,104,089 $4,781,218,785
Mali $0 $0
Malta $0 $0
Marshall Islands $76,719,470 $86,917,737
Martinique $350,401,117 $468,898,262
Mauritania $56,047,808 $42,821,721
Mauritius $177,622,238 $241,439,853
Mexico $25,854,034,159 $29,866,100,389
Micronesia, Fed States $732,599,637 $841,604,786
Moldova, Rep $0 $0
Monaco $45,598,260 $69,319,065
Mongolia $0 $0
Morocco $1,998,568,832 $2,966,007,629
Mozambique $2,880,265,987 $2,571,362,489
Myanmar $14,207,153,615 $13,434,172,189
Namibia $35,461,148 $51,839,561
Nauru $13,280,749 $14,919,834
Nepal $0 $0
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Netherlands $41,221,307,050 $58,838,333,356
Netherlands Antilles $231,808,909 $296,381,005
New Caledonia $58,058,629 $65,568,833
New Zealand $422,614,700 $477,209,228
Nicaragua $50,511,926 $55,914,238
Niger $0 $0
Nigeria $4,001,903,682 $6,026,031,862
Norway $613,244,833 $576,331,386
Oman $0 $0
Pakistan $3,730,126,743 $8,373,250,139
Palau $73,609,544 $83,583,523
Panama $353,636,684 $542,471,467
Papua New Guinea $1,549,653,538 $1,023,807,269
Paraguay $0 $0
Peru $414,687,768 $613,897,712
Philippines $4,066,585,965 $7,582,579,855
Poland $1,648,202,799 $3,081,860,943
Portugal $1,336,314,000 $1,240,493,825
Puerto Rico $395,318,867 $523,660,080
Qatar $0 $0
Reunion $57,775,352 $71,608,872
Romania $46,529,612 $37,702,295
Russian Federation $0 $0
Rwanda $0 $0
Samoa $0 $0
San Marino $0 $0
Sao Tome & Principe $0 $0
Saudi Arabia $0 $0
Senegal $3,305,611,000 $3,891,896,971
Seychelles $0 $0
Sierra Leone $684,112,693 $728,592,462
Singapore $2,379,297,765 $3,701,032,108
Slovakia $0 $0
Slovenia $3,396,272 $2,080,980
Solomon Islands $17,895,200 $20,154,524
Somalia $441,809,977 $499,638,269
South Africa $1,970,028,318 $2,110,310,978
Spain $3,729,092,190 $3,252,421,235
Sri Lanka $8,763,867,472 $12,007,027,061
St. Kitts and Nevis $74,790,693 $92,285,682
St. Lucia $78,683,412 $95,710,149
St. Vincent & Grenadines $28,370,542 $35,101,787
Sudan $0 $0
Suriname $0 $0
Swaziland $0 $0
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Sweden $552,931,424 $578,410,574
Switzerland $0 $0
Syrian Arab Rep $155,768,753 $223,058,679
Taiwan, Province of China $20,168,924,902 $20,754,309,342
Tajikistan $0 $0
Tanzania, United Rep $199,261,957 $208,110,700
Thailand $23,437,882,133 $27,736,991,224
Togo $9,170,956 $2,770,182
Tonga $13,005,225 $14,690,070
Trinidad and Tobago $141,662,113 $204,561,694
Tunisia $1,414,590,560 $1,897,968,252
Turkey $3,181,257,216 $4,646,951,077
Turkmenistan $0 $0
Tuvalu $1,393,422 $1,575,693
Uganda $0 $0
Ukraine $0 $0
United Arab Emirates $0 $0
United Kingdom $18,314,081,946 $15,555,817,765
United States $302,692,386,577 $281,565,399,586
Uruguay $134,125,793 $174,265,424
Uzbekistan $0 $0
Vanuatu $32,454,906 $33,887,159
Venezuela $10,825,696,264 $12,482,127,024
Viet Nam $67,715,068,254 $85,950,135,611
Virgin Islands, U.S. $134,424,654 $151,470,856
West Bank and Gaza $54,030,295 $84,389,886
Western Sahara $1,692,226 $2,502,330
Yemen $0 $0
Yugoslavia $884,680 $875,109
Zambia $0 $0
Zimbabwe $0 $0

Table 1: The damage costs of sea-level rise by country for 1m sea-level rise in 2100 for scenario Al

(lowest costs) and A2 (highest costs) with protection
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Figure 1: A flow chart summarising the operation of the FUND module for coastal areas
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Figure 2: Total damage costs due to sea-level rise for 0.5m, 1m and 2m sea-level rise in 2100 and for
the five socio-economic scenarios with protection

20



140 %

billion

120 $

100 $

80%

60%

40 $
209 -
0$ -

AlB A2 Bl B2 C1995

EDryland ™ Migration = Protection ®Wetland

Figure 3: Damage costs of sea-level rise over the four damage cost components for 0.5m sea-level rise
in 2100 with protection. Note that full protection (i.e., no dryland loss and hence no migration) is
assumed under Al, A2, B1 and B2
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Figure 4: Damage costs of sea-level rise over the four damage cost components for 1m sea-level rise in
2100 with protection
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Figure 5: Damage costs of sea-level rise over the four damage cost components for 2m sea-level rise in
2100 with protection
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Figure 6: Damage costs due to sea-level rise with and without protection
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Figure 7: Damage costs of sea-level rise for 0.5m sea-level rise in 2100 for scenario A with and
without protection

25




25000 %

billion

20000 $

15000 $

10000 $

5000 $

0$ -
AlB A2 Bl B2 C1995

B without equity weighting ~ ®with equity weighting

Figure 8: Damage costs of sea-level rise for 1m sea-level rise in 2100 with protection. Equity weighted
results are normalised with marginal utility of per capita income in the United States
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Figure 9: Damage costs of sea-level rise for 1m sea-level rise in 2100 with protection. Equity weighted
results are normalised with marginal utility of per capita income in China
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Figure 10: Damage costs of sea-level rise for 1m sea-level rise in 2100 with protection for scenario
B1. Equity weighted results are normalised with marginal utility of per capita income in China
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