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Introduction 
Most studies of climate change have concentrated on global or sub-continental scales, because of 
issues of spatial resolution. However, two recent developments that overlap at the University of East 
Anglia have made it possible to conduct a meaningful examination of climate change at the level of 
individual countries. The two developments are the construction of observed data sets on a half-
degree grid (New et al., 2000) and the fresh impetus given to inter-model comparisons by the setting 
up of the Data Distribution Centre (DDC, 2000). 
 
To coincide with the official opening of the Tyndall Centre for Climate Change Research on 9 
November 2000 we have released this new study. We have combined the 20th century observations 
with the 21st century changes from five state-of-the-art climate models, and examined both at the level 
of UN member states. We also present our results in the wider context of human responses to climate 
change, by combining them with measures of current carbon emissions and wealth. Thus we are able 
to provide information for each country for the following indicators (see Graphic, Table, and Figure): 

! Past Warming: the climate change each country has experienced in the recent past; 
! Future Warming: the climate change each country may experience in the near future; 
! Consumption: the responsibility each country bears for those changes; 
! Vulnerability: an index of each country’s capacity to respond to those changes.   

 

20th century temperature change 
We employed an updated version (1901-1998) of an existing data set of monthly temperatures on a 
0.5° grid (New et al., 2000). We allocated each land grid-box to a single country, and for each country 
we calculated the mean of its constituent grid-boxes. We used a robust method of least squares 
regression (Emerson and Hoaglin, 1983) to calculate the trend in annual temperature over the 20th 
century for each country.2 We expressed the trend in °C per century.  
 
Caveat: 

! 20th century climate change is reduced to a linear trend of annual temperature. 
 

Consumption (current carbon emissions) 
We employed an existing data set of carbon emissions, developed by the Carbon Dioxide Information 
Analysis Center (Marland et al., 2000). The emission rates are mostly for 1997, and are given in metric 
tons of carbon per capita for each country.  
 
Caveats: 

! only an instantaneous (1997) measurement of emissions; 
! values for individual countries are expected to change in the future. 

 

21st century temperature change 
We used results from five state-of-the-art global climate models from modelling centres around the 
world: 

 
2 Superior data were available for the UK, in the Central England temperature record (Jones and Hulme, 1997), 
which we used instead. 



country model reference 

UK HadCM2 Johns et al. (1997) 

UK HadCM3 Gordon et al. (2000) 

Germany ECHam4 Roeckner et al. (1999) 

Canada CGCM1 Flato et al. (2000) 

Japan CCSR-NIES Emori et al. (1999) 

  
Each model has been used to simulate climate change in the 21st century using a scenario for the 
future in which greenhouse gas concentrations increase by approximately 1% per year. The results 
were interpolated onto a common grid (2.5° latitude by 3.75° longitude). Since there is some evidence 
that averaged model behaviour provides the best comparison with observations (Lambert and Boer, 
2000) we developed a measure of 21st century climate change based on the average model behaviour.  
 
We allocated each land grid-box to a single country, and for each country we calculated the mean of 
its constituent grid-boxes. For each model we calculated the annual temperature anomaly (relative to 
1961-90) for a 30-year period centred on the 2080s for each country and for the globe. We eliminated 
any inter-model differences arising from different model climate sensitivities by expressing each 
country anomaly relative to the model’s global anomaly of 3.9°C. This was then added to the inter-
model global-mean anomaly. We express the model-related uncertainty in 21st century temperature 
change in terms of the inter-model mean and range for the adjusted country anomalies described 
above. 
 
Caveats: 

! only one emissions scenario was used; the mean warming by the 2080s of the model 
simulations used here was 3.9°C compared to a range of warming using the full set of IPCC 
emissions scenarios of between about 1.5°C and 5.5°C; 

! only a selection of models was used; 
! the spatial resolution is such that some UN countries are too small to be represented (e.g. 

San Marino), and for some small countries that are simulated there are doubts about the 
information that may legitimately be drawn from the models; 

! temperature is only one of a number of possible climatological or impact indicators. 
 

Vulnerability 
We have developed a measure of vulnerability that combines the amount of change to which humans 
may have to face with their capacity to adapt; we express this measure in GDP per capita per °C. We 
used GDP per capita data for 1998-99 for individual countries, expressed in terms of purchasing 
power parities in US $ (World Fact Book, 2000). We divided each country’s value by the inter-model 
mean temperature change (°C) in the 21st century that we calculated above.  
 
Caveats: 

! although GDP per capita has been used to measure human vulnerability to climate change 
in some studies (e.g. Nicholls et al. 1999), there are other dimensions that cannot be captured 
by present GDP alone; 

! those described above for 21st century temperature change. 
 



Annexes 
Finally we combined all the work described above by calculating means for Annex I countries, non-
Annex I countries, and the world. Annex I includes countries in the OECD, and in Central and 
Eastern Europe. The contrast between Annex I and the rest of the world (non-Annex I) enables us to 
compare rich and poor countries. We combined the statistics for individual countries into Annex I 
and non-Annex I, weighting them by their populations. We calculated the world statistics using 
global-mean temperature changes for the 20th and 21st centuries, together with global-mean emissions, 
population, and GDP per capita (see Graphic). 
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Graphic 

 
The graphic gives a pictorial summary of the results for ‘rich’ (Annex I) and ‘poor’ (non-Annex I) 
countries. The carbon emissions (tons/capita) for 1997 (Marland et al., 2000) are a crude index of 
consumption for each country. The 20th century warming was calculated for each country by 
aggregating an existing data set (New et al., 2000). The mean 21st century warming in each country 
was calculated from five fully-coupled models. The index of vulnerability was obtained for each 
country by dividing the current GDP per capita (World Fact Book, 2000) by the mean 21st century 
warming. The statistics for individual countries, weighted by population, were combined into Annex 
I, non-Annex I, and the world. The combined statistics are plotted as spheres in which the diameter is 
proportional to the 20th century warming, on a chart where the index of consumption is on the x-axis, 
and the index of vulnerability is on the y-axis. 
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Table 
The table gives a quantitative summary of the results for each country. The carbon emissions 
(tons/capita) for 1997 (Marland et al., 2000) are a crude index of consumption. The 20th century 
warming was calculated by aggregating an existing data set (New et al., 2000). The 21st century 
warming was calculated from five fully-coupled models; the table contains the inter-model range and 
mean. The index of vulnerability was obtained by dividing the current GDP per capita (World Fact 
Book, 2000) by the mean 21st century warming. 
 

Figure 
The figure gives a pictorial summary of the results for each country. The carbon emissions 
(tons/capita) for 1997 (Marland et al., 2000) are plotted as a grey bar. The 20th century warming, 
calculated by aggregating an existing data set (New et al., 2000), is plotted as a black circle. The 21st 
century warming, calculated from five fully-coupled models, is plotted as a black dot (the inter-model 
mean) and as a black bar (the inter-model range).  
 
 
 



 

 

country consumption 20th 21st century  warming vulnerability 
 C emissions warming minimum mean maximum  
 t/capita °°°°C °°°°C °°°°C °°°°C $/capita/°°°°C  

Afghanistan  1.09 4.8 5.8 8.4 $100 
Albania 0.14 -0.63 2.8 4.4 5.3 $400 
Algeria 0.88 1.43 4.4 5.2 5.7 $900 
Andorra  1.78     
Angola 0.12 0.72 4.5 5.3 5.8 $200 
Antigua + Barbuda 1.40 1.60     
Argentina 1.05 1.17 2.5 3.0 3.6 $3,300 
Armenia 0.21 0.08 4.5 4.9 5.7 $600 
Australia 4.71 0.65 3.0 4.1 4.8 $5,400 
Austria 2.04 0.56 2.0 4.3 5.5 $5,400 
Azerbaijan 1.14 1.01 4.3 4.8 5.6 $400 
Bahamas 1.63 1.26     
Bahrain 6.95 0.01 3.7 5.1 6.6 $2,700 
Bangladesh 0.05 0.33 2.8 4.1 5.3 $400 
Barbados 0.92 1.79     
Belarus 1.62 0.77 2.5 4.9 7.6 $1,100 
Belgium 2.78 0.37 1.7 3.9 5.4 $6,100 
Belize 0.47 0.03 2.5 4.0 5.1 $800 
Benin 0.04 0.42 3.0 4.7 6.7 $300 
Bhutan 0.05 0.31 4.0 4.6 5.2 $200 
Bolivia 0.38 0.67 3.5 4.8 5.9 $600 
Bosnia + Herzegovina 0.34 -0.24 2.3 4.5 5.6 $400 
Botswana 0.59 0.86 4.7 5.8 7.0 $700 
Brazil 0.48 0.71 3.4 4.5 5.8 $1,400 
Brunei Darussalam  0.30     
Bulgaria 1.60 0.82 3.0 4.4 5.2 $1,000 
Burkina Faso 0.02 0.89 3.4 5.1 7.1 $200 
Burundi 0.01 -0.05 3.1 4.2 5.2 $200 
Cambodia 0.01 0.73 3.0 3.9 5.0 $200 
Cameroon  0.08 3.0 4.3 5.7 $500 
Canada 4.42 0.49 5.3 6.3 8.8 $3,700 
Cape Verde 0.08 -0.94     
Central African Rep. 0.02 0.09 2.7 4.6 6.1 $400 
Chad 0.00 0.22 3.2 4.8 6.5 $200 
Chile 1.09 0.61 2.6 3.1 3.8 $4,000 
China 0.75 -0.01 4.5 5.3 7.0 $700 
Colombia 0.46 0.96 2.9 4.2 5.7 $1,500 
Comoros 0.03 0.35     
Congo (DR) 0.01 0.26 3.4 4.7 5.4 $200 
Congo (Rep) 0.03 0.61 3.0 4.4 5.1 $300 
Costa Rica 0.36 0.21 2.8 3.8 5.5 $1,900 
Côte d'Ivoire 0.25 0.87 3.1 4.5 6.0 $400 
Croatia 1.16 0.29 2.3 4.5 5.6 $1,100 
Cuba 0.62 0.58 2.1 3.3 4.6 $500 
Cyprus 1.95 0.32     



 

 

country consumption 20th 21st min 21st mean 21st max vulnerability 
Czech Republic 3.25 -0.05 1.9 4.3 6.0 $2,700 
Denmark 2.93 0.08 1.7 3.8 5.6 $6,300 
Djibouti 0.16 0.02 2.6 4.2 5.5 $300 
Dominica 0.31 1.79     
Dominican Republic 0.45 1.53 2.3 3.4 4.4 $1,600 
Ecuador 0.46 0.63 3.0 3.8 4.6 $1,100 
Egypt 0.46 0.08 4.4 4.7 4.8 $600 
El Salvador 0.25 0.20 2.5 4.0 5.1 $800 
Equatorial Guinea 0.40 0.38 2.9 4.0 4.5 $500 
Eritrea  -0.02 2.6 4.2 5.5 $200 
Estonia 3.56 0.91 2.5 4.9 8.0 $1,100 
Ethiopia 0.02 -0.03 2.6 4.2 5.5 $100 
Fiji 0.26 0.05     
Finland 2.98 0.53 3.0 5.2 8.1 $4,000 
France 1.59 0.87 2.0 4.1 5.2 $5,700 
Gabon 0.80 0.60 2.9 4.0 4.5 $1,600 
Gambia 0.05 0.02 3.3 4.5 5.4 $200 
Georgia 0.24 -0.89 4.0 4.7 5.6 $500 
Germany 2.77 0.68 1.7 4.0 5.3 $5,600 
Ghana 0.06 0.91 3.0 4.7 6.7 $400 
Greece 2.08 -0.10 3.1 4.3 5.1 $3,300 
Grenada 0.54 1.98     
Guatemala 0.20 0.11 2.5 4.0 5.1 $1,000 
Guinea 0.04 0.52 3.5 4.9 6.2 $200 
Guinea-Bissau 0.06 -0.01     
Guyana 0.33 1.52 2.8 4.5 5.7 $600 
Haiti 0.05 1.26     
Honduras 0.19 0.53 2.5 3.6 5.0 $600 
Hungary 1.56 0.63 2.2 4.5 6.0 $1,700 
Iceland 2.09 0.69 1.1 3.2 4.7 $7,500 
India 0.29 0.58 3.7 4.4 5.7 $400 
Indonesia 0.32 0.50 2.3 3.3 4.3 $800 
Iran (IR) 1.22 0.83 4.8 5.5 7.0 $1,000 
Iraq  0.55 4.8 5.3 5.5 $500 
Ireland 2.72 0.13 1.3 2.9 4.1 $7,000 
Israel 2.66 0.17 4.3 4.6 4.8 $4,000 
Italy 1.94 0.11 2.3 4.4 5.0 $4,900 
Jamaica 1.16 0.73     
Japan 2.51 1.19 2.2 3.8 5.2 $6,100 
Jordan 0.63 0.19 4.4 4.7 5.1 $700 
Kazakhstan 2.04 1.03 4.8 5.8 7.2 $600 
Kenya 0.06 -0.02 3.0 3.7 4.6 $400 
Kiribati 0.07 0.08     
Kuwait 7.88 0.78     
Kyrgyzstan 0.38 1.75 5.0 6.2 9.3 $400 
Lao (PDR) 0.02 0.48 3.1 3.9 5.0 $300 
Latvia 0.90 1.51 2.5 4.9 8.0 $900 



 

 

country consumption 20th 21st min 21st mean 21st max vulnerability 
Lebanon 1.37 0.50 4.3 4.6 4.8 $1,000 
Lesotho  0.36 3.6 4.6 5.7 $500 
Liberia  0.48 3.1 4.0 5.0 $200 
Libya (AJ) 2.19 0.38 4.1 4.6 5.0 $1,700 
Liechtenstein  1.17 2.0 4.3 5.5 $5,300 
Lithuania 1.09 1.20 2.5 4.9 8.0 $1,000 
Luxembourg 5.16 -0.13 1.7 3.9 5.4 $8,800 
Madagascar 0.01 0.47 2.4 3.5 4.5 $200 
Malawi 0.02 0.01 3.4 4.7 5.7 $200 
Malaysia 1.70 -0.07 2.4 3.4 4.2 $3,100 
Maldives 0.32 0.20     
Mali 0.01 0.99 3.8 5.4 7.1 $200 
Malta 1.26 0.60     
Marshall Islands  0.11     
Mauritania 0.33 0.44 4.2 5.1 5.9 $400 
Mauritius 0.41 0.12     
Mexico 1.06 -0.12 3.8 4.3 4.8 $2,000 
Micronesia (FS)  0.19     
Moldova (Rep) 0.65 1.59 2.6 4.6 6.2 $500 
Monaco  1.00     
Mongolia 0.83 0.98 4.7 5.9 7.3 $400 
Morocco 0.32 0.73 4.1 5.0 5.6 $700 
Mozambique 0.02 0.56 3.2 4.5 5.2 $200 
Myanmar 0.05 -0.07 2.9 3.8 4.6 $300 
Namibia  0.88 3.8 4.9 5.9 $900 
Nauru 3.43 0.05     
Nepal 0.02 -0.11 4.2 4.8 6.3 $200 
Netherlands 2.83 0.39 1.7 3.9 5.4 $5,900 
New Zealand 2.26 1.24 0.5 2.1 3.1 $8,200 
Nicaragua 0.18 0.32 2.8 3.9 5.2 $700 
Niger 0.03 0.26 3.7 5.1 6.5 $200 
Nigeria 0.22 -0.06 3.2 4.6 6.2 $200 
North Korea (DPR) 2.99 1.00 4.3 5.0 5.8 $200 
Norway 4.20 0.81 1.9 4.3 5.9 $5,900 
Oman 2.10 0.21 3.0 4.6 5.9 $1,700 
Pakistan 0.18 0.94 4.3 5.1 7.0 $400 
Palau  0.19     
Panama 0.77 0.60 2.6 3.6 4.6 $2,100 
Papua New Guinea 0.15 0.14 2.2 3.2 4.3 $800 
Paraguay 0.20 1.59 3.6 4.2 5.2 $900 
Peru 0.32 0.38 3.3 4.4 5.6 $1,000 
Philippines 0.28 0.68 2.6 3.4 4.5 $1,100 
Poland 2.47 0.62 2.1 4.4 6.7 $1,600 
Portugal 1.37 1.19 3.2 4.4 5.2 $3,500 
Qatar 18.19 0.10 3.0 4.6 5.9 $3,700 
Romania 1.30 1.28 2.6 4.6 6.2 $900 
Russian Federation 2.65 0.45 5.4 6.7 8.5 $600 



 

 

country consumption 20th 21st min 21st mean 21st max vulnerability 
Rwanda 0.02 0.01 3.1 4.2 5.2 $200 
Saint Kitts + Nevis 0.71 1.69     
Saint Lucia 0.37 1.87     
Saint Vincent + Gren. 0.32 1.79     
Samoa 0.21 0.29     
San Marino  0.04     
Sao Tome + Principe 0.15 0.63     
Saudi Arabia 3.73 0.57 4.1 5.1 6.0 $1,800 
Senegal 0.10 -0.22 3.3 4.5 5.4 $400 
Seychelles 0.71 0.07     
Sierra Leone 0.03 0.22 3.1 4.0 5.0 $100 
Singapore 6.39 -0.20     
Slovakia 1.87 0.62 1.9 4.3 6.0 $2,000 
Slovenia 2.06 0.58 2.3 4.5 5.6 $2,400 
Solomon Islands 0.11 0.17     
Somalia  0.09 2.7 3.8 4.7 $200 
South Africa 2.23 0.62 3.6 4.6 5.7 $1,500 
South Korea (Rep) 2.55 1.32 4.0 4.6 4.9 $2,900 
Spain 1.68 1.27 2.8 4.4 5.1 $3,900 
Sri Lanka 0.11 0.44 3.7 4.4 5.7 $600 
Sudan 0.04 0.33 2.9 4.6 6.0 $200 
Suriname 1.40 1.16 3.0 4.5 5.9 $800 
Swaziland 0.12 0.96 3.6 4.6 5.7 $900 
Sweden 1.46 0.96 2.3 4.4 6.4 $4,700 
Syria (AR) 0.87 0.42 4.3 4.6 4.8 $500 
Tajikistan 0.26 0.60 4.7 5.9 8.3 $200 
Tanzania (UR) 0.02 0.08 3.2 4.2 4.9 $100 
Thailand 0.95 0.62 3.0 3.9 4.9 $1,700 
Togo 0.05 0.81 3.0 4.7 6.7 $400 
Tonga 0.33 0.13     
Trinidad and Tobago 4.69 1.96     
Tunisia 0.49 1.78 3.4 4.3 5.2 $1,300 
Turkey  0.22 3.5 4.5 4.9 $1,400 
Turkmenistan 1.98 1.34 4.5 5.3 7.1 $300 
Tuvalu  0.09     
Uganda 0.01 0.06 3.1 4.2 5.2 $300 
Ukraine 1.97 1.58 2.9 4.7 6.6 $500 
United Arab Emirates 9.40 0.17 3.7 5.1 6.6 $3,500 
United Kingdom 2.41 0.47 1.4 3.1 4.5 $6,900 
USA 5.45 0.64 4.2 4.9 6.1 $6,900 
Uruguay 0.45 -0.02 1.6 2.6 3.4 $3,300 
Uzbekistan 1.20 0.49 4.4 5.4 7.3 $500 
Vanuatu 0.09 0.26     
Venezuela 2.25 1.68 2.6 4.4 6.0 $1,800 
Viet Nam 0.15 0.49 3.0 3.8 4.7 $500 
Yemen 0.27 0.27 2.4 4.5 5.7 $200 
Yugoslavia (FR)  0.10 2.5 4.6 6.0 $400 
Zambia 0.08 -0.18 4.4 5.3 6.0 $200 
Zimbabwe 0.44 0.01 3.9 5.3 6.2 $500 
 



 

 

 
 
 
 
 

-1
0

1
2

3
4

5
6

7
8

9
10

Af
gh

an
is

ta
n

Al
ba

ni
a

Al
ge

ria

An
do

rr
a

An
go

la

An
tig

ua
 +

 B
ar

bu
da

Ar
ge

nt
in

a

Ar
m

en
ia

Au
st

ra
lia

Au
st

ria

Az
er

ba
ija

n

Ba
ha

m
as

Ba
hr

ai
n

Ba
ng

la
de

sh

Ba
rb

ad
os

Be
la

ru
s

Be
lg

iu
m

Be
liz

e

Be
ni

n

Bh
ut

an

Bo
liv

ia

Bo
sn

ia
 +

 H
er

ze
go

vi
na

Bo
ts

w
an

a

Br
az

il

Br
un

ei
 D

ar
us

sa
la

m

Bu
lg

ar
ia

Bu
rk

in
a 

Fa
so

Bu
ru

nd
i

Ca
m

bo
di

a

Ca
m

er
oo

n

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

 

 
 

-1
0

1
2

3
4

5
6

7
8

9
10

Ca
na

da

Ca
pe

 V
er

de

Ce
nt

ra
l A

fr
ic

an
 R

ep
.

Ch
ad

Ch
ile

Ch
in

a

Co
lo

m
bi

a

Co
m

or
os

Co
ng

o 
(D

R)

Co
ng

o 
(R

ep
)

Co
st

a 
Ri

ca

Cô
te

 d
'Iv

oi
re

Cr
oa

tia

Cu
ba

Cy
pr

us

Cz
ec

h 
Re

pu
bl

ic

D
en

m
ar

k

D
jib

ou
ti

D
om

in
ic

a

D
om

in
ic

an
 R

ep
ub

lic

Ec
ua

do
r

Eg
yp

t

El
 S

al
va

do
r

Eq
ua

to
ria

l G
ui

ne
a

Er
itr

ea

Es
to

ni
a

Et
hi

op
ia Fi
ji

Fi
nl

an
d

Fr
an

ce

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

-1
0

1
2

3
4

5
6

7
8

9
10

G
ab

on

G
am

bi
a

G
eo

rg
ia

G
er

m
an

y

G
ha

na

G
re

ec
e

G
re

na
da

G
ua

te
m

al
a

G
ui

ne
a

G
ui

ne
a-

Bi
ss

au

G
uy

an
a

H
ai

ti

H
on

du
ra

s

H
un

ga
ry

Ic
el

an
d

In
di

a

In
do

ne
si

a

Ir
an

 (
IR

)

Ir
aq

Ir
el

an
d

Is
ra

el

It
al

y

Ja
m

ai
ca

Ja
pa

n

Jo
rd

an

Ka
za

kh
st

an

Ke
ny

a

Ki
rib

at
i

Ku
w

ai
t

Ky
rg

yz
st

an

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

-1
0

1
2

3
4

5
6

7
8

9
10

La
o 

(P
D

R)

La
tv

ia

Le
ba

no
n

Le
so

th
o

Li
be

ria

Li
by

a 
(A

J)

Li
ec

ht
en

st
ei

n

Li
th

ua
ni

a

Lu
xe

m
bo

ur
g

M
ad

ag
as

ca
r

M
al

aw
i

M
al

ay
si

a

M
al

di
ve

s

M
al

i

M
al

ta

M
ar

sh
al

l I
sl

an
ds

M
au

rit
an

ia

M
au

rit
iu

s

M
ex

ic
o

M
ic

ro
ne

si
a 

(F
S)

M
ol

do
va

 (
Re

p)

M
on

ac
o

M
on

go
lia

M
or

oc
co

M
oz

am
bi

qu
e

M
ya

nm
ar

N
am

ib
ia

N
au

ru

N
ep

al

N
et

he
rla

nd
s

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

-1
0

1
2

3
4

5
6

7
8

9
10

N
ew

 Z
ea

la
nd

N
ic

ar
ag

ua

N
ig

er

N
ig

er
ia

N
or

th
 K

or
ea

 (
D

PR
)

N
or

w
ay

O
m

an

Pa
ki

st
an

Pa
la

u

Pa
na

m
a

Pa
pu

a 
N

ew
 G

ui
ne

a

Pa
ra

gu
ay

Pe
ru

Ph
ili

pp
in

es

Po
la

nd

Po
rt

ug
al

Q
at

ar

Ro
m

an
ia

Ru
ss

ia
n 

Fe
de

ra
tio

n

Rw
an

da

Sa
in

t 
Ki

tt
s 

+
 N

ev
is

Sa
in

t 
Lu

ci
a

Sa
in

t 
Vi

nc
en

t 
+

 G
re

n.

Sa
m

oa

Sa
n 

M
ar

in
o

Sa
o 

To
m

e 
+

 P
rin

ci
pe

Sa
ud

i A
ra

bi
a

Se
ne

ga
l

Se
yc

he
lle

s

Si
er

ra
 L

eo
ne

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

-1
0

1
2

3
4

5
6

7
8

9
10

Si
ng

ap
or

e

Sl
ov

ak
ia

Sl
ov

en
ia

So
lo

m
on

 I
sl

an
ds

So
m

al
ia

So
ut

h 
Af

ric
a

So
ut

h 
Ko

re
a 

(R
ep

)

Sp
ai

n

Sr
i L

an
ka

Su
da

n

Su
rin

am
e

Sw
az

ila
nd

Sw
ed

en

Sy
ria

 (
AR

)

Ta
jik

is
ta

n

Ta
nz

an
ia

 (
U

R)

Th
ai

la
nd

To
go

To
ng

a

Tr
in

id
ad

 a
nd

 T
ob

ag
o

Tu
ni

si
a

Tu
rk

ey

Tu
rk

m
en

is
ta

n

Tu
va

lu

U
ga

nd
a

U
kr

ai
ne

U
ni

te
d 

Ar
ab

 E
m

ira
te

s

U
ni

te
d 

Ki
ng

do
m

U
SA

U
ru

gu
ay

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

 
-1

0
1

2
3

4
5

6
7

8
9

10

U
zb

ek
is

ta
n

Va
nu

at
u

Ve
ne

zu
el

a

Vi
et

 N
am

Ye
m

en

Yu
go

sl
av

ia
 (

FR
)

Za
m

bi
a

Zi
m

ba
bw

e

te
m

pe
ra

tu
re

 c
ha

ng
e 

(o
C)

 a
nd

 c
ar

bo
n 

em
is

si
on

s 
(t

/c
ap

ita
)



 

 

 
 
The inter-disciplinary Tyndall Centre for Climate Change Research undertakes integrated 
research into the long-term consequences of climate change for society and into the 
development of sustainable responses that governments, business-leaders and decision-
makers can evaluate and implement. Achieving these objectives brings together UK climate 
scientists, social scientists, engineers and economists in a unique collaborative research 
effort. 
Research at the Tyndall Centre is organised into four research themes that collectively 
contribute to all aspects of the climate change issue: Integrating Frameworks; Decarbonising 
Modern Societies; Adapting to Climate Change; and Sustaining the Coastal Zone. All 
thematic fields address a clear problem posed to society by climate change, and will generate 
results to guide the strategic development of climate change mitigation and adaptation 
policies at local, national and global scales. 
The Tyndall Centre is named after the 19th century UK scientist John Tyndall, who was the 
first to prove the Earth’s natural greenhouse effect and suggested that slight changes in 
atmospheric composition could bring about climate variations. In addition, he was committed 
to improving the quality of science education and knowledge. 
The Tyndall Centre is a partnership of the following institutions: 

University of East Anglia 
UMIST 
Southampton Oceanography Centre 
University of Southampton 
University of Cambridge 
Centre for Ecology and Hydrology 
SPRU – Science and Technology Policy Research (University of Sussex) 
Institute for Transport Studies (University of Leeds) 
Complex Systems Management Centre (Cranfield University) 
Energy Research Unit (CLRC Rutherford Appleton Laboratory) 

The Centre is core funded by the following organisations: 
 Natural Environmental Research Council (NERC) 
 Economic and Social Research Council (ESRC) 
 Engineering and Physical Sciences Research Council (EPSRC) 
 UK Government Department of Trade and Industry (DTI) 
 
For more information, visit the Tyndall Centre Web site (www.tyndall.ac.uk) or contact: 

External Communications Manager 
Tyndall Centre for Climate Change Research 
University of East Anglia, Norwich NR4 7TJ, UK 
Phone: +44 (0) 1603 59 3906; Fax: +44 (0) 1603 59 3901 
Email: tyndall@uea.ac.uk 



 

 

Other titles in the Tyndall Working Paper series include: 
 

1. A country-by-country analysis of past and future warming rates, November 2000 
2. Integrated Assessment Models, March 2001 
3. Socio-economic futures in climate change impact assessment: using scenarios as 

‘learning machines’, July 2001 
4. How high are the costs of Kyoto for the US economy?, July 2001 
5. The issue of ‘Adverse Effects and the Impacts of Response Measures’ in the 

UNFCCC, July 2001 
6. The identification and evaluation of suitable scenario development methods for the 

estimation of future probabilities of extreme weather events, July 2001 
7. Security and Climate Change, October 2001 
8. Social Capital and Climate Change, October 2001 
9. Climate Dangers and Atoll Countries, October 2001 

 
The Tyndall Working Papers are available online at: 

http://www.tyndall.ac.uk/publications/working_papers/working_papers.shtml 


