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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.
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This paper quantifies the global impact of climate change 
from several extreme events: local storms, heat waves, 
cold spells, floods, and droughts. The paper links climate 
scenarios to the ultimate damage from each event. An 
international regression suggests that damage increases 
with both income and population. The elasticity is 
unitary for thunderstorms and heat waves but is less 
than unitary for the other extreme events. Using global 
projections of future income and population, the 
analysis calculates that baseline damage from these five 
extreme events without climate change will increase 
from their current level of $28 to $113 billion a year in 
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Department. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution 
to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://
econ.worldbank.org. The author may be contacted at Robert.mendelsohn@yale.edu.  

2100. Baseline deaths are expected to fall from 13,400 
to 10,500 by 2100. Given empirical evidence about 
the link between climate and damages, climate change 
is calculated to increase the damages from these five 
extreme events by between $11 and $16 billion a year 
by 2100. There is little supporting evidence that climate 
affects deaths from these events (except for the possibility 
of local storm deaths increasing). Summing the damages 
in this report with tropical cyclone and severe storm 
damages from the literature suggests that climate change 
may increase the overall damage from extreme events by 
$84 billion or 0.015 percent of world GDP.



 

 

“The Global Impact of Climate Change on Extreme Events”  

 

Robert Mendelsohn and Gokay Saher 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This paper was commissioned by the Joint World Bank - UN Project on the Economics of 

Disaster Risk Reduction. Funding of this work by the Global Facility for Disaster Reduction and 

Recovery is gratefully acknowledged. The findings, interpretations, and conclusions expressed in 

this paper are entirely those of the authors, They do not necessarily represent the views of the 

International Bank for Reconstruction and Development/World Bank and its affiliated 

organizations, or those of the Executive Directors of the World Bank or the governments they 

represent. We are grateful to Apurva Sanghi, Michael Toman and seminar participants at the 

World Bank, Yale University, and United Nations for valuable comments and suggestions. 



 2 

I. Introduction 

 

There is widespread concern that climate change will lead to future changes in 

extreme events (IPCC 2007a; 2007b). In this paper, we quantify the global impacts of 

climate change on damages from thunderstorms, tornadoes, hail storms, heat waves, cold 

spells, floods, and droughts. Two very important sources of extreme event damages are 

examined elsewhere: tropical cyclones (Hallegate 2007; Pielke 2007a; Narita et al. 2008; 

Nordhaus 2010; Mendelsohn et al. 2010 a, b) and extra-tropical storms (Narita et al. 

2010). We examine the impact on economic damages- losses to buildings and 

infrastructure- and the impact on fatalities. 

Insurance companies report an upward trend in insurance claims for weather 

events and argue these may be due to climate change (Munich Re 2007; Swiss Re 2006).  

Others have extrapolated from these past trends into the future hypothesizing ever 

accelerating increases in damage (Stern 2006). However, the historic record of extreme 

events is mixed. Table 1 reports the intensity of thunderstorms, hail storms, and tornadoes 

for the United States over the last 50 years. The intensity of hail storms and tornadoes has 

steadily declined.  The intensity of thunderstorms has fallen and then increased. The 

changes measured in Table 1 may be simply a result of changes in reporting but the point 

remains that evidence of increases in extreme events over time are mixed. Further, the 

trend in insurance claims and damages may be explained by the increase in the capital in 

harm’s way (Pielke and Downtown 2000; Pielke et al. 2008).   

 

Table 1 Historic Intensity of Extreme Events in the United States 

Event 1960-70 1970-80 1980-90 1990-2000 2000-2008 

Thunderstorms 21.1 17.4 15.7 22.7 45.6 

Hail 156 152 136 115 107 

Tornadoes 1.39 1.23 0.95 0.62 0.53 

 

Source: NOAA 2009. Thunderstorms are measured by wind speed, hail storms in inches, and tornadoes in f 

values (a transformation of wind speed).   
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This paper takes an integrated assessment approach to valuing extreme events.  

We start with an assumed carbon emissions trajectory and then use three climate models 

to predict future climates.  These climate change projections are then used to predict the 

damages from extreme events. We estimate a damage function for each extreme event 

based on a simple linkage between event damage and the underlying climate. Damages 

are computed for each country, each continent, and for the entire world.   

Because increases in vulnerability will affect future damages even without climate 

change, we project how vulnerability will likely change in each country.  We begin with 

current estimates of national population and income.  We then project how these 

variables are likely to change in the future.  We then predict how changes in these 

variables will change baseline damages from extreme events.  

The expected impact of climate change on extreme events is then calculated by 

comparing damages with a warmed climate and damages with the current climate given 

the future baseline.  The impact of climate change is the difference in future damages 

with warming minus future damages with the current climate.       

The next section describes the theory behind the damage assessment.  Section III 

describes the Integrated Assessment model in more detail including the assumptions of 

the analysis and estimated damage functions. Section IV describes the results. The 

current and future baseline damages are described for each event and continent. We then 

present the climate change results. The paper concludes with a summary of findings and 

research needs.   

 

II. Theory 

 

The economic damage (D) from each type of event is the sum of all the losses 

caused by it.  The economic damages are the present value of future lost rent because the 

event (hazard) occurred. This should be equal to the market value of any capital that is 

lost whether it is a building or infrastructure. Note that the market value of capital is often 

less than the replacement cost.  We report fatalities separately. We do not add them to the 

aggregate economic damages but this could be done using values from the health and 

labor literature.  
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In order to model extreme events, it is critical to recognize that they are episodic 

events. That is, they do not occur every day and it is therefore important to model their 

frequency or probability (π) of occurring. In this case, we are interested in the probability 

that an event with particular characteristics (X) will strike a particular place.  For 

example, an important characteristic of storms is maximum wind speed, an important 

characteristic of heat waves and cold snaps is unusual temperatures, and an important 

characteristic of the weather that causes floods is unusual precipitation. Damages also 

depend upon where the event occurs (i).  Atmospheric science can help predict the 

probability of an event (j) with particular characteristics (X) striking each place (i) given 

the climate (C):  

 

),( CX ijij          (1)  

 

   The actual damages associated with any given event (j) also depend on the 

vulnerability (Z) of each place (i).  For example, the damage function in each location (i) 

could depend on population and income:  

 

),( iii ZXDD                        (2) 

   

Actual damages will also depend upon the adaptation policy measures taken to 

prevent extreme event damage.  For example, building codes could encourage homes to 

be able to withstand high wind speeds or land use policies could discourage development 

in flood plains. Adaptations to protect life could include early warning systems and 

tornado shelters (Merell et al. 2002; 2005). In contrast, mal-adaptation could make 

matters worse. Poorly conceived policies could increase damages by encouraging people 

and capital to be in harm’s way.  For example, policies could subsidize flood insurance in 

risky places or subsidize disaster relief.  Unfortunately, data are not available in this study 

to measure adaptation and so it is not addressed.     

The expected value of extreme events is: 
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j i

iijij ZXDCXDE ),(),(][           (3)   

The damage caused by moving from the current climate C0 to a future climate C1 

is the change in the expected value of the extreme events: 

 

)]0([)]1([ CDECDEW               (4) 

 

Note that this value is summed across all the events of a particular type. Climate 

change could change damages because the frequency of the events change, the intensity 

of the events change, or the locations of the events change. The calculation of damages 

can be done for each country, continent, and for the world. One important concept in 

Equation 4 is that the vulnerability characteristics should be held constant as one 

compares the effect of one climate to another. It is important not to compare the damages 

today with the damages in a future world that is also warmed.  The correct calculation of 

the damages with and without climate change should be done holding the characteristics 

of each region constant.  Otherwise, one will confuse changes caused by economic and 

population growth with changes caused by climate.   

   

III. Baseline Analysis  

 

We begin the analysis by reviewing the historic data on extreme event risks (the 

current baseline). The current damages from extreme events were calculated by taking 

the average reported damages over the last 20 years for each country (EMDAT 2009). 

The impacts of the seven extreme events in this study are reported in Table 2. 

Thunderstorms, tornadoes, and hail storms have been combined into a single category 

called local storms. Currently, the expected global damage from extreme weather events 

is $27.5 billion/yr. Cold weather events cause 5 percent, droughts cause 12 percent, 

floods cause 70 percent, heat waves cause 3 percent, and local storms cause 10 percent of 

this damage. Note that these values may be underreported as some countries have failed 

to report any damage over this period and many small events are not reported at all. Half 

the global damages are in Asia and Europe and North America have 22 percent and 20 
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percent of the damages respectively. The bulk of current damages are reported in 

developed and emerging countries.  

 

Table 2 Current Damage from Selected Extreme Events 

 Africa Asia Europe 

Latin 

America 

North 

America Oceania World 

Cold 3 1029 207 34 167 0 1441 

Drought 133 1444 846 245 380 228 3277 

Flood 184 11186 4287 885 2371 250 19163 

Heat 0 20 612 0 287 10 929 

Local Storm 37 124 128 66 2211 149 2714 

Total 357 13803 6080 1230 5416 637 27524 
 

Note: All calculations are based on historic data over the last 20 years (current climate) and are reported in 

millions of 2010 USD/year. Source: EMDAT 2009. 

 

As shown in Table 3, the selected hazards also cause substantial numbers of 

deaths: 13,351 per year.  Over the last 20 years, cold was responsible for 5 percent, 

droughts caused 2 percent, floods killed 56 percent, heat waves led to 34 percent, and 

local storms resulted in 2 percent of these deaths.  Floods in Asia and heat waves in 

Europe are responsible for 33 percent and 30 percent of these deaths respectively. 

Droughts used to cause many deaths in Africa as well but relief programs have 

substantially reduced these deaths in recent decades.  

 

Table 3 Current Annual Deaths from Selected Extreme Events 

 

 Africa Asia Europe 

Latin 

America 

North 

America 

Oceani

a World 

Cold 4 388 250 72 3 0 716 

Drought 61 159 0 3 0 12 234 

Flood 760 4505 102 2099 37 4 7508 

Heat 5 405 4090 20 76 1 4598 

Local Storm 16 177 16 7 79 0 295 

Total 846 5634 4458 2201 195 17 13351 
Note: All calculations are based on historic data over the last 20 years. Source: EMDAT 2009. 
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The next step in the analysis is to forecast how damage and fatalities would 

change in the future as income and population increase. We estimate a relationship 

between current damage and fatalities and income and population density in each country 

using international hazard data between 1960 and 2009 (EMDAT 2009).  This is matched 

with population data from the United Nations and economic data from the World Bank 

for each country over the last 50 years. We rely on the GDP deflator for each country to 

update the variables for that country to 2010USD. The log of damages and of fatalities 

from each country is regressed on the log of income and log of population density of that 

country for each type of event.  

Table 4 reports the results of the damage regressions. One of the most striking 

results in Table 4 is that the elasticities of damages with respect to income are 

significantly less than one for drought, flood, hail, and tornado.  Only heat waves and 

thunderstorms have expected unitary income elasticities. The population density 

coefficients are all less than 1 although only droughts, floods, and tornadoes are 

significant. The common assumption in the literature that damages from extreme events 

would climb proportionally with both income and population is not borne out by these 

estimates (see Pielke et al. 2008; Pielke and Downtown 2000). Damages generally appear 

to increase less than proportionally as income and population density rise. These results 

imply that higher income people take measures to avoid vulnerability to extreme events 

and that increasing population density reduces the damages per person. 
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 Table 4: International Damage Regressions by Event Type 

Event Type Constant Income Population 

Density 

Adj R
2
 

(N) 

Cold Event 10.91 

(2.94) 

0.688 

(1.84) 

0.440 

(0.89) 

0.70 

(30) 

Drought 14.13 

(11.49) 

0.598 

(4.58) 

-0.107 

(0.79) 

0.128 

(138) 

Flood 13.79 

(27.72) 

0.362 

(7.62) 

0.168 

(3.05) 

0.47 

(1121) 

Hail 14.62 

(7.42) 

0.361 

(2.05) 

-0.19 

(0.09) 

0.059 

(47) 

Heat Wave -0.206 

(0.03) 

1.761 

(3.29) 

0.537 

(0.67) 

0.331 

(19) 

Thunderstorm 7.16 

(2.38) 

1.032 

(3.71) 

0.263 

(1.38) 

0.359 

(22) 

Tornado 13.99 

(5.67) 

0.598 

(3.09) 

-0.497 

(2.09) 

0.227 

(87) 

Note: Functional form of regression is log-log. Source: EMDAT 2009. t statistics in parenthesis.  

  

Table 5 reports the results of the fatality regressions. One of the most striking 

results in Table 5 is that fatalities from extreme events fall as income rises (for all but 

heat waves). As people’s income increases, they spend more resources avoiding the risks 

of extreme events and consequently substantially reduce their vulnerability to deaths.  

The effect, however, is not always significant. Deaths generally increase with higher 

population densities but the effect is significantly less than unitary. Increasing population 

densities reduce the risk per person. 
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Table 5: International Fatality Regressions by Event Type 

Event Type Constant Income Population 

Density 

Adj R
2
 

(N) 

Cold Event 7.35 

(8.86) 

-0.474 

(6.22) 

-0.043 

(0.50) 

0.194 

(168) 

Drought 12.01 

(3.48) 

-0.882 

(1.94) 

-0.453 

(1.20) 

0.055 

(44) 

Flood 4.48 

(20.36) 

-0.329 

(14.71) 

0.200 

(7.71) 

0.130 

(2273) 

Hail 3.45 

(2.33) 

-0.209 

(1.88) 

0.133 

(0.69) 

0.091 

(46) 

Heat Wave -0.18 

(0.13) 

0.189 

(1.73) 

0.610 

(3.58) 

0.084 

(120) 

Thunderstorm 4.48 

(4.05) 

-0.392 

(4.14) 

0.232 

(1.99) 

0.543 

(31) 

Tornado 3.21 

(2.53) 

-0.140 

(1.55) 

0.087 

(0.62) 

0.046 

(141) 

Note: Functional form of regression is log-log. Source: EMDAT 2009. t statistics in parenthesis.  

 

 The next step in the analysis starts with projections of population and income to 

2100. The country-specific population projections are based on fertility and mortality 

rates as well as migration patterns (United Nations 2004). This leads to a global 

population of 9 billion by 2100. The income projections are based on the assumption that 

GDP will grow in developed countries at an annual 2 percent rate, in emerging countries 

at a 3.3 percent rate, and in underdeveloped countries at a 2.7 percent rate respectively. 

This leads to a global GDP of $565 trillion by 2100.   

These country specific projections are then combined with the income and 

population density coefficients in Tables 4 and 5, to predict baseline levels of extreme 

event impacts in 2100 without climate change.  The analysis only takes into account the 

increasing number of people and assets in harm’s way.  Climate is assumed not to 

change. We use the following formula: 
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PopY
BB

PopPopYYDD )/()/( 200021002000210020002100     (5) 

PopY
CC

PopPopYYFF )/()/( 200021002000210020002100     (6) 

 

Where D2000 is the reported current damage from each event in each country, D2100 is the 

damage in 2100, Yt is the income in each period, Popt is the population density in each 

period and YB and PopB are the coefficients from Table 4. For fatalities, F2000 are the 

reported fatalities for each country and event, F2100 are the fatalities in 2100 and CY and 

CPop are the coefficients from Table 5. 

The results are shown in Table 6.  Comparing the current baseline in Table 2 with 

the future baseline in Table 6 (holding climate constant), global damages increase 

dramatically over the century as population and especially income rise. Total damages 

from all of these events increase 4 fold from $27.5 billion to $113.1 billion. However, as 

a fraction of GDP, damages fall. This is because GDP increases faster than the damages 

from extreme events. The global damages fall from 0.046 percent of GDP to 0.020 

percent of GDP.  

 Table 6 also reveals how damages change by type of event.  These results are 

illustrated in Figure 1. Damages from all of the extreme events increase from 2010 to 

2100. Flooding remains the largest sources of damages but heat waves become relatively 

more important by 2100 compared to 2010. This is because heat wave damages are more 

sensitive to increases in income.  

Table 6 also shows how extreme event damage is likely to be distributed across 

continents in 2100 assuming the current climate. These results are illustrated in Figure 2. 

All regions experience an increase in damages but Europe and Asia have the largest 

growth in extreme event damages.  By 2100, baseline damages in Asia and Europe 

represent 46 and 34 percent of global damages respectively.  
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Table 6 Projected baseline damages from extreme events in 2100 with current climate 

 Africa Asia Europe 

Latin 

America 

North 

America Oceania World 

Cold 12 7841 905 257 564 0 9579 

Drought 760 8428 3660 1261 890 610 15609 

Flood 442 31473 9622 2298 4299 472 48607 

Heat 5 2954 23454 0 4695 253 31361 

Local Storms 336 790 501 443 5456 434 7960 

Total 1555 51486 38142 4259 15904 1769 113115 
Note: Forecast assumes current climate but future income and population. Values expressed are in millions 

USD/year. 

 

Figure 1: Global damages from selected extreme events in 2010 and 2100 with current 

climate 

 

 

Note: All calculations are based on current climate and are in billions of 2010 USD/year.
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Figure 2: Selected extreme event damages by region in 2010 and 2100 

 

 

Note: All calculations are based on current climate. Values are in billions of 2010 USD/year. 

 

Finally, Table 6 explains the connection between damages in each region and 

specific events. For example, the largest damages in Asia and Latin America are from 

floods, the largest damages in Europe are from heat waves, the largest damages in North 

America are from local storms, and the largest damages in Africa and Oceania are from 

droughts.     

The forecast of baseline deaths in 2100 from extreme events are presented in 

Table 7. Again this baseline forecast assumes that climate remains unchanged. One 

interesting result in Table 7 is that deaths from extreme events are expected to shrink 

over time from 13,300 to 10,500 per year. The increase in predicted income is expected 

to reduce deaths from extreme events for all event types except heat waves. This is 

consistent with recent evidence over the last 50 years that deaths from extreme events are 

falling. Most events report a negative trend in deaths over time and the effect is 

significant for cold events, drought, floods, and tornadoes.  

The extent of the reduction in deaths varies as seen in Figure 3. Deaths are 

predicted to fall most rapidly for droughts. Higher income countries simply have very 

few deaths from droughts even though they experience them. Fatalities from other events 

are predicted to fall much less rapidly than with droughts. Deaths from heat waves 
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actually increase slightly and become the largest source of deaths. Note that all of these 

predictions are for the future baseline where climate remains the same. 

 

Table 7 Forecast of 2100 Baseline Deaths from Extreme Events 

 Africa Asia Europe 

Latin 

America 

North 

America 

Oceani

a World 

Cold 1 132 61 20 1 0 215 

Drought 11 12 0 0 0 2 25 

Flood 560 2159 39 1113 24 2 3898 

Heat 10 793 5157 38 124 2 6123 

Local Storm 13 151 7 4 63 0 239 

Total 594 3247 5264 1175 213 6 10499 
Note: Forecast assumes current climate but future income and population.  

 

Figure 3 Baseline Deaths in 2100 by Event Type 

 

Note: Forecast assumes current climate but future income and population.  

 

Figure 4 describes how baseline deaths will change by region. Deaths will fall in 

all regions except Europe where deaths are dominated by heat waves.  The most dramatic 

reduction in deaths will occur in Asia and Latin America. The reductions in the 

remaining regions are much smaller.   
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Figure 4 Baseline Deaths in 2100 by Region 

   

Note: Forecast assumes current climate but future income and population.  

 

IV. Climate Analysis 
 

All the climate analyses are based on the SRES A1B emission scenario that leads 

to a stabilization target of 720 ppm (IPCC 2000).  This is effectively a moderate global 

abatement program. Zero mitigation or Business As Usual would lead to higher 

emissions and presumably larger effects. The A1B scenario was chosen because it is 

readily available for each of the climate models utilized. We rely on three climate model 

estimates of both current and future climate: CNRM, ECHAM, and GFDL. For each 

climate scenario, we calculate the change in temperature, the variance of temperature, 

and the variance of precipitation from the models. 

For local storms, we extrapolate from a thunderstorm study done in the United 

States.  This analysis found that climate change by 2100 increased thunderstorm 

frequency by 70 percent (Trapp et al 2007). The result implies that thunderstorm damages 

would consequently increase 70 percent. In the absence of any additional information, we 

assume that this result applies to all local storms in all places. 

For the remaining extreme events, we estimate a damage function from 

international data (EMDAT 2009). The damage function connects extreme event 
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damages in each country to observed climate over the last 50 years. One of the problems 

with this analysis is that the damage data are reported by country so that it is not possible 

to utilize more refined geographic information. This measurement error will tend to bias 

the coefficients towards zero.   

Table 8 reports the results of a log-log regression of damage from drought, flood, 

heat wave, and cold events. Explanatory variables include temperature, precipitation, 

temperature and precipitation variance and a number of control variables: population 

density, income, male literacy, female literacy, infant mortality, life expectancy, HIV 

rates, percent of extreme poverty, percent urban, and voting. Insignificant control 

variables are generally dropped.  

 

Table 8 International Regressions on Damage  

Event Type Drought Flood Heat Wave Cold 

Constant -31.6 

(1.90) 

-22.2 

(1.60) 

8.08 

(2.19) 

18.56 

(8.57) 

Log( Temp. 

Variance) 

0.31 

(2.19) 

-0.12 

(2.36) 

-0.07 

(0.54) 

-0.04 

(0.78) 

Log(Prec. 

Variance) 

-0.05 

(0.36) 

-0.03 

(0.60) 

0.86 

(2.74) 

0.93 

(6.95) 

Temp Mean … 

 

-1.00 

(3.09) 

… 

 

… 

Prec Mean -1.58 

(3.28) 

-0.62 

(3.41) 

… 

 

… 

Population 

Density 

0.54 

(1.98) 

0.52 

(3.99) 

… 

 

… 

Income 0.83 

(1.85) 

0.05 

(0.28) 

1.57 

(4.02) 

-0.65 

(2.10) 

Male literacy 16.6 

(2.78) 

1.99 

(1.74) 

… … 

Female 

literacy 

-5.4 

(1.75) 

… … … 
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Infant Mort … 1.00 

(2.25) 

… … 

HIV rate … 0.33 

(2.09) 

2.74 

(4.20) 

… 

Extreme Poor 0.74 

(1.68) 

… …  

Life 

Expectancy 

… 8.26 

(3.12) 

… … 

Percent 

Urban 

… 0.73 

(1.97) 

… … 

Voting … … … 1.99 

(4.72) 

N/Adj R sq 59 

0.34 

536 

0.17 

14 

0.67 

20 

0.80 

Note: t statistic is in parenthesis. Source: EMDAT 2009. Functional form of regression is log log. 

 

The results in Table 8 reveal that countries with higher temperatures have less 

flood damages. Higher temperatures lead to less runoff. Countries with higher mean 

precipitation have less damage from droughts and floods. What this may imply is that it is 

not the variance of precipitation that matters but rather it is the variance relative to the 

mean. Temperature variance increases drought damage and decreases flood damage. It is 

not clear why flood damages decline with higher temperature variance. Surprisingly, 

temperature variance does not affect heat wave damages. Also surprisingly, precipitation 

variance does not affect flood or drought damage. But precipitation variance does affect 

heat wave damage and cold events. The results seem to suggest that flood and drought 

damages have more to do with fluctuations in temperature and that heat wave and cold 

event damages have more to do with fluctuations in precipitation. It is also important to 

note that the flood and drought coefficients of temperature and precipitation variance are 

less than 1. The precipitation variance for heat waves and cold events is essentially 1. As 

precipitation variance doubles, flood and drought damages change only slightly but heat 

and cold event damages double.    
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Many control variables are also significant. For example, increases in female 

literacy reduce damages from drought whereas increases in male literacy increase 

damages from both floods and drought. It appears that the discrepancy in literacy rates 

between the two genders is correlated with vulnerability. Higher overall disease rates are 

also correlated with higher damages from heat waves and especially floods.  Finally, an 

increased percentage of very poor people raise drought damage.   

As a first cut in estimating extreme event damages, we assume that heat and cold 

damages are proportional to precipitation variance. We assume that drought damage 

increases 31 percent as temperature variance doubles. We assume that flood damage falls 

12 percent as temperature variance doubles.  

The next step in the analysis is to compute the forecasted changes in climate 

variance predicted by the three climate models. For each climate model, we compare 

temperature and precipitation variances in 1970-2000 versus 2070-2100.  Each climate 

model makes very different predictions of how variance changes as shown in Table 9 

which displays the predicted results for each continent. 

 

Table 9: Climate Model Predictions of Percentage Changes in Climate Variance 

Variable Africa Asia Europe Latin 

America 

North 

America 

Oceania 

GFDL       
  Precipitation 
   Variance 27.3% 72.5% 8.6% 27.1% 33.8% 41.4% 
  Temperature 
   Variance 4.4% -11.4% -16.7% 7.6% -14.3% 7.1% 
CNMR       
  Precipitation 
   Variance 39.8% 34.0% 4.9% 33.6% 19.4% 18.9% 
  Temperature 
   Variance 15.1% -10.6% -5.9% 11.7% -9.0% 16.6% 
ECHAM       
  Precipitation 
   Variance 36.1% 36.0% 19.6% 28.6% 31.4% 20.8% 
  Temperature 
   Variance 22.0% -6.1% -11.2% 26.0% -18.0% 17.8% 
 Note: Values computed by grid cell for each continent  
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Using the relationships estimated in Table 8 and the climate predictions in Table 

9, we calculate the effect of climate change on flood, drought, heat and cold events. The 

expected damage results are presented in Table 10. These damages reflect the average 

impact across all three climate models. Climate change is expected to increase global 

damages from these selected extreme events by $14 billion/yr, an increase of about 13 

percent over the future baseline.  Depending on the climate scenario, the damage is 

predicted to increase from 11 billion to 16 billion USD/year. 

The impacts vary by continent and by event. In order to see the broad pattern, the 

results are first graphed by event type in Figure 5. Local storms and heat waves explain 

39 and 33 percent of the total damages respectively. Heat waves come in a distant third, 

explaining 23 percent of the damages. Impacts can vary by climate scenario. The GFDL 

scenario has higher damages from cold events and the CNMR scenario has lower 

damages from heat events. 

 

Table 10: Predicted Additional Extreme Event Damages from Climate Change 

Event Africa Asia Europe Latin 

America 

North 

America 

Oceani

a 

World 

Cold 

 Event 4 3464 93 71 148 0 3780 

Drought 33 -245 -128 59 -38 26 -294 

Flood -7 354 130 -42 71 -8 499 

Heat 

 Wave 2 1207 2225 0 1139 59 4631 

Local 

 Storm 235 553 351 310 3819 304 5572 

Total 266 5333 2672 399 5139 381 14188 

Average damages in millions of USD/yr. 
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Figure 5 Additional damages from climate change by extreme event 

 

Damages are in billions USD/yr for 2100 and vary by climate model.. 

 

Figure 6 shows the damages per continent. On average, the continents with the 

largest damages are North America and Asia which each suffer about 37 percent of the 

damages from climate change. Europe has another 19 percent of the damages. Europe 

may even benefit from global warming with a reduction in extreme event damages.  

Impacts are fairly consistent across climate scenarios with the Asian damages under 

GFDL and the high European damage sunder ECHAM.   

Figure 7 describes the additional damages from climate change as a fraction of 

GDP. North America and Oceania suffer above average damages as a fraction of GDP 

while Africa and Latin America have below average damages. It is possible that they are 

less vulnerable because they have lower GDP and it is possible that their damages are 

low from underreporting.      
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Figure 6 Additional extreme event damages from climate change by region  

 

 

Damages are in billions USD/yr for 2100. 

 

Figure 7 Additional extreme event damages from climate change as a fraction of 

GDP 

 

Damages are in 2100.  
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The change in extreme events caused by climate change is also likely to change 

fatality rates but only slightly. Table 11 presents the regressions of historic fatalities on 

climate and control variables. Only one climate coefficient is significant- drought deaths 

fall as temperature variance increases. The historic data do not find any relationship 

between historic climate conditions and fatalities from these extreme events. It is 

consequently not possible to link climate change with deaths from any of these four 

extreme events.  If climate change causes local storm to be 70 percent more frequent, 

presumably local storm deaths would also increase by 70 percent. Given that the number 

of future baseline deaths from local storms is 237/year, this could lead to 167 additional 

global deaths.     

Extreme event deaths are related to several control variables. Cold deaths fall in 

more urban locations but increase proportionally with voting.  Heat wave deaths increase 

with population density and income but the elasticities for both variables are significantly 

less than 1. Flood deaths also increase with population density but the elasticity is just 

0.12. Flood deaths rise with male literacy and fall with female literacy. Again, it is likely 

that it is the difference between these two literacy rates that is linked to the cause of this 

vulnerability. Deaths from flooding rise with infant mortality but surprisingly also with 

life expectancy. Increased voting also increased flooding deaths, though the elasticity is 

low. 

 

Table 11: International fatality regression 

Event Type Drought Flood Heat Wave Cold 

Constant 4.79 

(10.77) 

-37.9 

(9.10) 

-0.21 

(0.14) 

1.64 

(3.15) 

Log( Temp. 

Variance) 

-0.35 

(2.54) 

-0.01 

(0.30) 

-0.01 

(0.11) 

0.06 

(1.22) 

Log(Prec. 

Variance) 

0.16 

(0.62) 

-0.02 

(1.21) 

0.01 

(0.07) 

0.09 

(1.42) 

Population 

Density 

 0.12 

(2.20) 

0.61 

(3.50) 

… 

Income  -0.06 0.19 … 
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(0.65) (1.71) 

Male literacy  5.72 

(5.40) 

 … 

Female 

literacy 

 -2.20 

(3.81) 

 … 

Infant Mort  0.99 

(4.31) 

 … 

Extreme Poor  0.31 

(2.53) 

 … 

Life 

Expectancy 

 4.56 

(6.20) 

 … 

Percent 

Urban 

   -1.54 

(6.40) 

Voting  0.16 

(2.12) 

 1.02 

(2.19) 

N 

(Adj R sq) 

14 

(0.99) 

967 

(0.18) 

120 

(0.07) 

124 

(0.25) 

 

 

 V. Sensitivity Analysis 

The analysis using different climate models reveals the sensitivity of the 

results to climate forecasts.  However, it is important to understand what other 

factors the results may be sensitive to. In this analysis, we examine a few other 

assumptions that underlie the analysis. For example, the current analysis assumes 

that the global population will increase to 9 billion by 2100.  In the sensitivity 

analysis, we examine the impact if the global population is 10 billion. In the 

baseline, we assume that global GDP will be $565 trillion in 2100. In the 

sensitivity analysis, we examine what would happen if GDP was 20 percent 

higher or $688 trillion. In the baseline, we assume that the population and income 

elasticity of damages is equal to the estimated values in the damage equations. In 

the sensitivity analysis, we separately explore how values would change if the 
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population and income elasticities were unitary (a 10 percent increase in 

population or income leads to a 10 percent increase in damages).  Finally, we 

explore what would happen if the damages were proportional to changes in 

temperature and precipitation variance (the damage elasticity is 1).  

The results in Table 12 reveal that the climate damages are not particularly 

sensitive to assumptions about either the future level of population or GDP or the 

elasticity of population or the elasticity of damages with respect to climate 

variance. However, the results are sensitive to the assumption that the income 

elasticity in the damage function is unitary. The empirical results for the damage 

function suggest that the elasticity of income is a critical factor.  

 

Table 12. Sensitivity Analysis of Damages in 2100 

 Future 

Baseline 

Climate 

Impact 

Baseline 113.1 14.2 

Population=10 billion 115.9 14.5 

GDP=688 trillion 131.0 17.1 

Population elasticity=1 112.0 15.8 

Income elasticity=1 371.4 23.0 

Damage elasticity=1 113.1 14.6 

Note: Values are in billion USD/yr. Baseline assumes population of 9 billion, GDP=$565 trillion, and 

elasticities are equal to their estimated values.
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VI. Conclusion 

 

This analysis examines the current baseline damages, forecasts future baseline 

damages, and then estimates the additional impact of climate change on damages from 

five extreme events: cold, drought, flood, heat events and local storms. The current 

baseline of damages and fatalities was calculated from historical records (EMDAT 2009). 

The record suggests that current damages are $28 billion/yr. Flooding is the worst of 

these five events causing $19 billion/yr in global damages.  These five events currently 

cause 13,400 deaths/yr around the globe. The bulk of these deaths are from flooding (56 

percent) and heat waves (34 percent). 

Damage and fatalities in each country were then regressed against country- 

specific population density and income to determine how these factors influence the 

magnitude of impacts in each country.  The analysis reveals that population density and 

especially income increase damages. However, the damages increase less than 

proportionally, contrary to assumptions in the literature (Pielke and Downtown 2000 and 

Pielke et al. 2008).  Fatalities generally decline with increased income (except for heat 

waves) but rise slightly with higher population density (although less than 

proportionally).  

Using projected increases in population and GDP for each country, the analysis 

uses these vulnerability elasticities to calculate future baseline damages and fatalities. 

Future baseline damages in 2100 are predicted to rise to $113 billion. Flooding and heat 

waves become the two largest sources of damages with $49 and $31 billion annual losses 

respectively.  Future baseline deaths are predicted to decline slightly to 10,500. Heat 

waves become the largest source of deaths causing 58 percent of total deaths and floods 

shrink to explaining 37 percent of deaths. The future baseline is based on the current 

climate. 

In order to determine the impact of climate change, we follow two approaches. 

For local storms, damages were assumed to be proportional to published results that 

suggested the frequency of US thunderstorms would increase by 70 percent because of 

global warming (Trapp et al 2007). For the other events, the analysis developed a new 

integrated assessment. Starting with an emission scenario, three climate models were 
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examined to give a range of climate outcomes. A damage function was estimated for each 

event type given historical climate and damages. The additional damages from climate 

change were then predicted by combining the results of the climate model predictions 

with the estimated damage functions. A similar exercise was done for fatalities.  

A regression of historical damages on observed climate and control variables 

reveals many significant coefficients. Controlling for climate variance, higher mean 

temperatures reduce flooding damages and more mean precipitation reduce flooding and 

drought damages. This result may be arguing that it is not climate variance that causes 

damages but climate variance as a proportion of mean temperature or mean precipitation 

that is important. Damages were also influenced by climate variance.  Higher temperature 

variance increased drought damage and decreased flood damage. It appears that high 

temperatures are associated with less runoff.  The elasticity coefficients in both cases 

were significantly less than 1. Higher precipitation variance increased cold and heat 

damages and the effect was almost proportional. Damages were also sensitive to a 

number of control variables including population density, income, mortality rates, and the 

difference between male and female literacy rates. 

The regression of observed fatalities from cold, drought, flooding and heat events 

on historical climate and other control variables had mixed results. None of the climate 

coefficients were significant except the effect of temperature variance on droughts and 

that had the wrong sign. The historical record provides no evidence that fatalities from 

these extreme events are related to climate. Consequently, it is not possible to project 

how climate change would alter fatalities from these events. Fatalities from local storms 

would likely change if climate change increases the frequency of local storms. This could 

contribute an additional 167 deaths per year.         

Combining these results with other studies in the literature yields a useful 

summary of all damages and deaths from extreme events. The literature has generally 

concluded that absent a significant mitigation program this century, the damages from 

tropical cyclones will double with global warming (Pielke 2007a, Narita et al. 2008; 

Nordhaus 2010, Mendelsohn et al 2010a; 2010b). Baseline future global damages from 

tropical cyclones are projected to be $55 billion/yr (Mendelsohn et al 2010b) so climate 

change would add another $55 billion of damages.  Climate change is also expected to 
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double the damage from severe storms (Narita et al 2010). Baseline future damages from 

severe storms are projected to be $16 billion so that implies an additional $16 billion of 

climate damages. Summing the future baseline damages of climate-related extreme 

events yields a global total of $185 billion/yr by 2100. This is equivalent to 0.03 percent 

of world GDP in 2100. Summing the additional impact of climate change yields an 

additional $84 billion which is equivalent 0.01 percent of GWP. These values are 

completely consistent with estimates in the literature per extreme event. However, they 

are completely inconsistent with values stated by Stern (2006) who suggests that extreme 

event damages could be 0.5 to 1.0 percent of GWP by 2050. Oral statements by Lord 

Stern even suggest values as high as 5 percent of GWP by 2200. The Stern analysis has 

been criticized because it confuses changes caused by what is in harms’ way (baseline 

changes) with what is caused by climate change (Pielke 2007b). But even this mistake 

cannot justify the estimates by Lord Stern. The hypothesized damages quoted by Lord 

Stern are completely inconsistent with empirical evidence.    

The evidence of a link between climate-related extreme event fatalities and 

climate change is limited to storms. Climate change would likely increase fatalities from 

local storms, severe storms, and tropical cyclones.  With the A1B emission scenario, by 

2100, climate change is expected to increase global fatalities from local storms by 167, 

from severe storms by 287, and from tropical cyclones by -671.  The reduction in deaths 

from tropical cyclones is caused by a reduction in tropical cyclone activity in the Indian 

Ocean and therefore a large reduction in deaths in Myanmar and especially Bangladesh. 

The tropical cyclone fatality estimates vary a great deal across climate scenarios. The 

effect of climate change on storm fatalities is likely small but uncertain. 

All the estimates presented in this analysis are inherently uncertain. Each facet of 

the integrated assessment model is uncertain.  The emissions scenario, the climate 

scenario, the change in extreme events, and how damages might change are all uncertain. 

A sensitivity analysis is performed for the five events in this study. The results tend to be 

very sensitive to the climate scenario and assumptions about the damage function.  

Unfortunately, the analysis could not test the importance of the emission trajectory or the 

link between climate and extreme events.   
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The analysis provides the first quantitative estimates of the global impacts of 

climate change on the damages and fatalities from all climate-related extreme events. The 

estimates provide a useful sense of the order of magnitude of the damages. However, it is 

important that readers do not place too much precision on the results, especially at the 

country level. 

Additional research is badly needed. Future work should explore alternative 

outputs from climate models that may provide better forecasts of extreme events.  The 

link between extreme events and climate needs to be strengthened. Improved damage 

data are also needed to make more careful damage assessments. The damage data need to 

be carefully linked with event characteristics and more specific locations. But perhaps 

most important of all, future research must do more to address adaptation policy. How do 

current adaptation policies affect the outcome of extreme events?  How can adaptation 

policies be improved? 
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Appendix A: Country Level Damages from Extreme Events (including tropical cyclones 

and severe storms) Millions USD/yr 

 

 No climate 

change  

Climate 

Change 

Climate 

Change 

Climate 

Change 

Country Future 

Baseline  

CNRM  ECHAM GFDL 

Afghanistan 4.2 2.8 2.77 5.5 

Albania 1.3 0.2 0.62 0.3 

Algeria 32.8 30.0 27.22 20.5 

American Samoa 9.7 -0.2 -3.48 12.2 

Andorra 0.0 0.0 0.00 0.0 

Angola 0.5 0.4 0.36 0.3 

Anguilla 0.0 0.0 0.00 0.0 

Antigua & Barbuda 28.3 75.4 4.69 82.6 

Argentina 266.8 254.0 211.53 199.7 

Armenia 0.4 0.4 0.44 0.9 

Aruba 0.0 0.0 0.00 0.0 

Australia 782.4 647.9 659.55 751.9 

Austria 237.4 22.0 21.40 -56.2 

Azerbaijan 10.3 8.5 10.06 20.4 

Bahrain 0.0 0.0 0.00 0.0 

Bangladesh 681.2 635.2 78.01 264.8 

Barbados 0.3 0.4 -0.24 0.2 

Belarus 10.0 -0.8 0.94 -0.6 

Belgium 93.3 53.3 8.73 -13.8 

Belize 28.8 -28.4 -12.25 27.9 

Benin 0.2 0.2 0.14 0.1 

Bermuda 14.8 -9.7 0.05 2.7 

Bhutan 0.0 0.0 0.00 0.0 

Bolivia 48.8 35.7 30.39 28.8 

Bosnia & Herzegovina 15.2 -0.8 6.96 -6.7 

Botswana 0.3 0.3 0.25 0.2 

Brazil 204.1 263.3 290.25 202.9 

British Virgin Is. 0.0 0.0 0.00 0.0 

Brunei 0.0 0.0 1.20 0.0 

Bulgaria 21.3 2.9 11.45 5.0 

Burkina Faso 0.0 0.0 0.00 0.0 

Burundi 0.0 0.0 0.00 0.0 

Cambodia 26.5 17.4 19.33 39.1 

Cameroon 0.0 0.0 0.00 0.0 

Canada 332.5 62.6 -26.80 66.2 

Cape Verde 0.0 0.0 0.00 0.0 

Cayman Is. 168.3 -46.1 -78.18 127.5 

Central African 0.0 0.0 0.00 0.0 
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Republic 

Chad 0.1 0.0 0.04 0.0 

Chile 38.8 79.4 52.56 39.4 

China 11236.5 10077.7 26327.07 18437.3 

Colombia 0.7 0.8 0.53 0.5 

Comoros 0.0 0.0 0.00 0.0 

Congo 0.0 0.0 0.00 0.0 

Congo, DRC 0.0 0.0 0.00 0.0 

Cook Is. 0.0 0.0 0.00 0.0 

Costa Rica 37.8 37.1 20.62 23.1 

Cote d'Ivoire 0.0 0.0 0.00 0.0 

Croatia 29.0 -82.9 -147.44 -238.3 

Cuba 532.4 361.9 -172.49 1381.8 

Cyprus 0.5 1.9 1.92 1.9 

Czech Republic 242.1 49.1 147.95 61.1 

Denmark 263.1 124.5 31.47 -45.4 

Djibouti 0.1 0.1 0.09 0.1 

Dominica 12.0 36.2 -5.60 18.0 

Dominican Republic 131.8 17.7 -37.50 444.0 

Ecuador 60.1 46.4 39.46 37.4 

Egypt 8.2 8.8 7.97 6.0 

El Salvador 48.4 -14.8 6.19 -11.6 

Equatorial Guinea 0.0 0.0 0.00 0.0 

Eritrea 0.3 0.5 0.45 0.5 

Estonia 6.1 4.6 0.71 -1.2 

Ethiopia 1.7 1.6 1.63 1.0 

Faroe Is. 0.0 0.1 0.00 0.0 

Fiji 27.6 4.0 5.27 -18.3 

Finland 0.6 0.4 0.06 -0.1 

France 1365.1 166.9 -496.13 -1049.0 

French Guiana 0.0 0.0 0.00 0.0 

French Polynesia 0.0 0.0 0.00 0.0 

Gabon 0.0 0.0 0.00 0.0 

Gaza Strip 0.0 0.0 0.00 0.0 

Georgia 12.4 16.6 20.86 42.5 

Germany 1814.1 646.0 257.10 -252.2 

Ghana 1.8 1.6 1.43 1.1 

Gibraltar 0.0 0.0 0.00 0.0 

Greece 145.3 14.2 48.42 -12.7 

Greenland 0.0 0.0 0.00 0.0 

Grenada 43.0 39.3 -54.30 35.0 

Guadeloupe 16.3 84.3 -2.21 30.7 

Guam 35.9 26.7 18.98 -37.6 

Guatemala 88.2 26.4 -75.98 -50.5 

Guernsey 0.0 0.0 0.00 0.0 
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Guinea 0.0 0.0 0.00 0.0 

Guinea-Bissau 0.0 0.0 0.00 0.0 

Guyana 30.9 32.9 29.91 26.3 

Haiti 17.6 -4.6 -15.47 42.8 

Honduras 235.3 1107.2 50.30 645.2 

Hungary 52.0 1.9 34.72 -12.8 

Iceland 0.3 -0.2 -0.28 0.7 

India 1832.7 785.2 1039.06 1498.4 

Indonesia 117.8 115.3 123.36 248.4 

Iran 533.7 426.7 482.91 974.4 

Iraq 0.1 0.0 0.04 0.1 

Ireland 20.3 10.6 2.54 1.5 

Isle of Man 0.0 0.1 0.00 0.4 

Israel 39.9 -18.7 -21.95 -12.1 

Italy 1409.4 -463.3 -686.43 -1584.8 

Jamaica 67.6 146.4 -51.69 190.0 

Japan 3171.1 -309.9 5383.45 6100.5 

Jersey 0.0 0.0 0.00 0.0 

Jordan 48.8 -47.4 -55.64 -44.1 

Kazakhstan 8.4 7.4 7.58 15.2 

Kenya 0.7 0.6 0.57 0.4 

Kiribati 0.0 0.0 0.00 0.0 

Kuwait 0.0 0.0 0.00 0.0 

Kyrgyzstan 0.3 0.2 0.22 0.4 

Laos 19.7 -0.2 8.82 3.5 

Latvia 15.2 11.0 1.68 -2.9 

Lebanon 9.4 31.5 31.46 31.5 

Lesotho 0.0 0.0 0.00 0.0 

Liberia 3.0 -2.5 -2.90 -2.3 

Libya 2.4 2.2 1.97 1.5 

Liechtenstein 0.0 0.0 0.00 0.0 

Lithuania 15.1 0.8 6.42 -6.3 

Luxembourg 25.0 12.0 2.03 -3.1 

Macedonia 14.2 1.7 6.83 3.0 

Madagascar 36.4 -9.7 -3.52 -8.2 

Malawi 1.9 1.4 0.95 0.7 

Malaysia 47.0 30.8 36.70 71.6 

Maldives 1.9 1.4 0.03 -0.1 

Mali 0.0 0.0 0.00 0.0 

Malta 0.0 0.0 0.00 0.0 

Marshall Is. 0.0 0.0 0.00 0.0 

Martinique 22.3 -10.4 0.69 23.0 

Mauritania 0.0 0.0 0.00 0.0 

Mauritius 19.8 20.5 9.99 53.9 

Mayotte 0.0 0.0 0.00 0.0 



 34 

Mexico 1026.7 10.8 225.64 239.0 

Micronesia 0.0 0.0 0.01 0.0 

Moldova 25.5 4.5 12.21 4.9 

Monaco 0.0 0.0 0.00 0.0 

Mongolia 4.8 5.1 0.11 -0.4 

Montenegro 0.0 0.0 0.00 0.0 

Montserrat 1.1 5.5 -0.01 1.8 

Morocco 62.3 136.5 142.75 80.2 

Mozambique 37.0 28.3 30.32 20.0 

Myanmar 180.9 -188.0 -151.76 -334.0 

Namibia 3.7 6.6 6.97 3.9 

Nauru 0.0 0.0 0.00 0.0 

Nepal 14.0 10.1 10.68 21.5 

Netherlands 258.2 124.2 27.76 -30.6 

Netherlands Antilles 57.1 -9.3 -106.63 107.7 

New Caledonia 2.0 1.0 -0.57 -1.2 

New Zealand 42.6 60.6 64.95 47.6 

Nicaragua 55.7 17.1 36.56 22.1 

Niger 0.0 0.0 0.00 0.0 

Nigeria 4.5 3.8 3.46 2.6 

North Korea 1317.6 723.2 939.75 1740.3 

Northern Mariana Is. 0.0 0.0 0.00 0.0 

Norway 31.8 9.9 7.84 0.7 

Oman 173.9 647.0 251.52 -96.4 

Pakistan 184.2 192.6 294.34 63.7 

Palau 0.0 0.0 0.00 0.0 

Panama 1.9 2.5 2.29 2.2 

Papua New Guinea 2.6 1.3 1.07 2.2 

Paraguay 0.4 0.3 0.22 0.2 

Peru 21.1 40.5 47.83 31.1 

Philippines 214.6 500.3 241.95 297.7 

Poland 239.4 48.7 144.25 59.3 

Portugal 70.7 0.8 21.91 -21.0 

Puerto Rico 173.3 862.3 66.88 675.9 

Qatar 0.0 0.2 0.00 0.0 

Reunion 2.5 -1.7 3.80 -3.0 

Romania 120.7 10.7 60.62 9.3 

Russia 329.7 20.8 99.59 47.8 

Rwanda 0.0 0.0 0.00 0.0 

Samoa 30.3 -1.2 -22.12 18.1 

San Marino 0.0 0.0 0.00 0.0 

Sao Tome & Principe 0.0 0.0 0.00 0.0 

Saudi Arabia 0.0 0.1 0.11 0.0 

Senegal 2.1 1.7 1.58 1.2 

Serbia 113.9 2.9 52.27 -15.7 
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Seychelles 0.1 0.1 0.06 0.0 

Sierra Leone 0.0 0.0 0.00 0.0 

Singapore 0.0 0.0 0.00 0.0 

Slovakia 38.2 -3.1 -23.03 -45.2 

Slovenia 21.4 0.2 -19.72 -35.3 

Solomon Is. 0.0 0.0 0.00 0.0 

Somalia 0.0 0.0 0.00 0.0 

South Africa 121.1 512.9 525.91 397.8 

South Korea 699.0 405.3 823.47 1249.4 

Spain 665.2 -132.3 79.26 -398.5 

Sri Lanka 19.1 16.0 16.90 34.0 

St. Helena 0.0 0.0 0.00 0.0 

St. Kitts & Nevis 35.3 116.3 7.79 117.2 

St. Lucia 1.8 1.8 -1.80 0.9 

St. Pierre & Miquelon 0.0 0.0 0.00 0.0 

St. Vincent & the 

Grenadines 0.8 0.5 -0.95 0.4 

Sudan 24.6 21.7 19.73 14.9 

Suriname 0.0 0.0 0.00 0.0 

Swaziland 0.4 0.8 0.34 0.1 

Sweden 139.3 81.3 12.34 -21.6 

Switzerland 315.5 37.7 -27.88 -119.4 

Syria 0.0 0.0 0.00 0.0 

Tajikistan 65.4 -14.6 -19.26 15.3 

Tanzania 0.2 0.2 0.18 0.1 

Thailand 218.6 135.3 161.69 342.2 

The Bahamas 129.4 32.9 -19.57 231.0 

The Gambia 0.0 0.0 0.00 0.0 

Timor-Leste 0.0 0.0 0.00 0.0 

Togo 0.0 0.0 0.00 0.0 

Tonga 2.8 -1.3 -2.12 -0.4 

Trinidad & Tobago 0.1 0.0 -0.10 0.1 

Tunisia 15.7 14.8 13.44 10.1 

Turkey 87.7 83.7 89.05 179.3 

Turkmenistan 5.9 4.6 4.86 9.8 

Turks & Caicos Is. 21.5 21.1 -8.70 39.0 

Tuvalu 0.0 0.0 0.00 0.0 

Uganda 0.1 0.1 0.11 0.1 

Ukraine 77.3 13.0 27.12 6.0 

United Arab Emirates 0.0 0.0 0.00 0.0 

United Kingdom 1438.4 501.8 453.06 117.8 

United States 21855.6 19401.2 34581.74 65410.9 

Uruguay 17.0 26.8 30.01 19.4 

Uzbekistan 2.6 2.3 2.90 5.9 

Vanuatu 0.4 0.2 0.18 -0.1 
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Venezuela 172.7 130.4 110.75 105.5 

Vietnam 330.5 84.2 -65.26 231.4 

Virgin Is. 69.3 335.7 -7.60 188.7 

Wallis & Futuna 0.0 0.0 0.00 0.0 

Western Sahara 0.0 0.0 0.00 0.0 

Yemen 85.1 49.3 52.15 104.9 

Zambia 1.1 1.0 0.89 0.7 

Zimbabwe 17.2 21.0 20.23 13.6 

 


