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Figure 3. Annual market impacts (percent GDP) estimated for each country in 2100
using the experimental impact model. The climatologies are based on the PCM, CCSR,
and CGCM1 AOGCMs

The maps of figures 2 and 3 (color maps are available from the authors
upon request) reveal that under all climate forecasts and with both impact
models, the poor countries of Africa and Southeast Asia are harmed by
projected climate change in 2100. These results demonstrate that the low lati-
tude regions will be hard hit by climate change. Almost all of the poor
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countries of the world lie in the low latitudes. The maps consequently sup-
port the analysis and suggest that warming will be hard on poor countries.

The simulation model does not assume that damages increase with
income (the model actually predicts the opposite). The key assumption in
the model is that impacts have a hill-shaped relationship with temperature.
Countries that are already hotter than optimal (the top of the hill) will suffer
damages with warming. The distributional impacts predicted in this paper
are caused because poor countries just happen to be in the low latitudes
(which are already hot), whereas most rich countries happen to be in the
mid to high latitudes (which are currently cool).

5. Conclusion
The paper investigates whether the impacts from climate change have
distributional consequences across countries. This analysis uses predictions
about future climate change and calibrated climate response functions to
calculate market impacts in 2100 for each country in the world. In order
to capture the range of outcomes likely from climate change, we present
the results of six scenarios (three climate scenarios times two response
functions). For each scenario, we aggregate the impacts across countries
by income per capita. Specifically, we divide the world’s population into
quartiles on the basis of their GDP per capita. We then calculate the market
impacts for each quartile.

The results indicate that the poorest quartile will suffer damages in all
scenarios. The next poorest quartile will suffer damages in all but the mildest
climate change scenario. Although the third richest quartile also suffers
damages in all but the mildest climate change scenario, the damages are
quite small compared with the poorer half of the world. The richest quartile,
in contrast, benefits in all but one case. Overall, the poor will suffer the bulk
of the damages from climate change, whereas the richest countries will
likely benefit.

The analysis then tests whether poor countries face more devastating
climate change scenarios than more wealthy countries. We test how impacts
would change if every country faced identical climate changes. The results
in this experiment are almost identical to the findings with the AOGCM
predictions. Poor countries continue to bear the burden of climate change
damages, whereas rich countries likely benefit.

Finally, we test whether poor countries bear a larger burden of climate
damages because they are already hot. In this test, we assume every country
has the identical current climate as well as climate change. Countries still
differ from one another because of economic, demographic, and geographic
reasons. In this test, damages rise with income. Damages are concentrated
in poor countries specifically because of their current climate. Because they
happen to be located in low latitude regions, poor countries are currently
much hotter than optimal, whereas more wealthy countries located in
the mid to high latitudes are currently cool. Increases in temperature
consequently cause more damages to poor countries compared with more
wealthy countries.

The fact that damages increase with income, once current climate is
controlled, deserves some additional explanation. More wealthy countries
bear larger damages because the climate-sensitive economic sectors in these
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countries are larger. By 2100, the importance of agriculture in GDP has
shrunk, whereas other climate-sensitive sectors, namely water and energy,
have maintained their relative share. The lower climate sensitivity implied
in more advanced economies apparently has little effect on aggregate
impacts. However, as a fraction of GDP, even controlling for climate, poor
countries have higher impacts. The size of the climate impacts pales in
comparison with the size of the economies of the richer nations. Poor
countries consequently bear a larger burden as a fraction of their GDP
than rich countries because of the many reasons raised in the literature,
including lower capital, technology, and adaptation options.

Although these national results are insightful, they do not necessarily
predict what will happen to individual poor people. That is, many countries
are large enough so that different regions will have different effects within
national borders. Further, what happens to some countries in aggregate does
not necessarily indicate what will happen to the poor residents of a country.
The approach used in this paper cannot identify within-country effects.
However, alternative studies such as rural income analysis (Mendelsohn
et al., 2003) can identify how effects are distributed within a nation. There
are several reasons to expect that individual poor will be burdened even
more than the aggregate national numbers suggest. In most countries, there
is a wide disparity of agricultural productivity across regions. In the low
latitudes, the rural poor tend to live in the hotter and drier regions of each
country. Warming is likely to damage these regions more harshly than the
more temperate zones of each country. The poor are also likely to suffer
larger damages than country averages because the poor do not have access
to capital. Without capital, the poor will find it harder to adapt to warming.
The poor may have more difficulty moving away from changes in climate,
as their assets may be closely tied to specific pieces of property that may be
of low value once climate changes. Finally, the poor cannot purchase their
way out of reductions in crop productivity; they may not have the resources
to buy food.

An important limitation of this paper is that most of the empirical
impact studies that support these results have been done in the US (Smith
and Tirpak, 1990; Mendelsohn and Neumann, 1999; Mendelsohn, 2001).
Only a few studies have attempted a more global reach (Rosenzweig and
Parry, 1994; Sohngen et al., 2002) or have measured welfare impacts in
other countries. Very few studies have been done in developing countries
(Mendelsohn et al., 2001; Kurukulasuriya and Rosenthal, 2003). Most of
what we assume will happen in the low and high latitudes is inferred from
a few empirical studies. We consequently have less confidence in our results
for the low and high latitudes. This is important to remember because the
largest predicted impacts from climate change are in the low and high
latitudes.

This paper has shown that climate impacts have large distributional
consequences. The bulk of the damages from climate change are likely
to fall on the poor countries of the world. These results have bearing
on climate change policy. If one applies equity weighting, the damages
from climate change will be greater (Fankhauser, Tol, and Pearce, 1997;
Azar, 1999; Tol, 2001) and the urgency to apply mitigation and adaptation
will increase. However, we believe the most important policy change that
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is required is to consider cross-national compensation. The distributional
results found in this paper suggest that climate change negotiators must talk
about compensating poor countries from the low latitudes. These countries
will bear the brunt of the damages from climate change even though they
made only a small contribution to cumulative emissions.

If compensation is considered, how will a compensation program be
designed? One idea that has been circulated in the UNFCCC (United
Nations Framework Convention on Climate Change) negotiations is to
provide some compensation to help poor countries mitigate emissions
(see Marrakesh accords at www.unfccc.int). The Marrakesh accords also
recommend holding a workshop to help developing countries insure
themselves against the adverse impacts of climate change. The specifics of
this idea are not yet developed. One possibility is that an international fund
such as GEF (Global Environmental Facility) could subsidize adaptation.
For example, the GEF could provide poor countries with financial and
technical support for joint-public adaptations such as water projects,
coastal protection, or endangered species protection. Efficient programs
that support mitigation or adaptation are definitely possible compensation
schemes.

Another alternative is to create a climate impacts insurance fund for low
latitude countries. Countries could apply for relief from the fund whenever
they suffer a climate impact. In practice, this is likely to be difficult to
administer because countries will claim harm with every weather event
whether or not it is related to greenhouse gases. Unlike severe events such
as hurricanes and floods, the gradual nature of global warming will make
it very difficult to measure damages as they occur. Finally, paying victims
compensation may create deleterious incentives that encourage people to
put themselves in harm’s way.

A final alternative is to compensate low latitude countries by investing
in their economic development. Rapid development could help low
latitude countries adapt to future climate change by reducing vulnerability,
although it would increase emissions. As countries develop, they move
away from agriculture, making their economies more resilient to climate
change. An effective development program would also provide the needed
technological progress that would make even climate-sensitive sectors less
sensitive to future climate change. But, most importantly, an economic
development program could address the imbalance between those who
currently benefit from emissions and those who are likely to pay the
consequences of climate change. A well-designed economic development
program would bring large benefits directly to the people of poor countries.

International development institutions such as the World Bank could
administer such development programs. They could be an effective
intermediary between the countries that generate greenhouse gas emissions
and the countries likely to be harmed. For example, the Bank could collect
a modest carbon tax on all countries in order to fund a development
program for low latitude countries. They could help design an effective
development program and then use the carbon revenues to fund it.
Rather than focusing strictly on mitigation, the carbon program would
modernize developing countries, making them more capable of taking care
of themselves. The development program could address the fundamental
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inequity of greenhouse gases and provide the poor nations of the world
with immediate benefits.

References
Adams, R., B. McCarl, K. Segerson, C. Rosenzweig, K. Bryant, B. Dixon, R. Conner,

R. Evenson, and D. Ojima (1999), ‘The economic effect of climate change on US
agriculture’, in R. Mendelsohn and J. Neumann (eds), The Economic Impact of
Climate Change on the United States Economy, Cambridge: Cambridge University
Press.

Arrow, K., W. Cline, K.-G. Maler, M. Munasinghe, R. Squitteri, and J.E. Stiglitz. (1996),
‘Intertemporal equity, discounting, and economic efficiency’, in J. Bruce, H. Lee,
and E. Haites (eds), Climate Change 1995: Economic and Social Dimensions of Climate
Change, Cambridge: Cambridge University Press, pp. 125–144.

Azar, C. (1999), ‘Weight factors in cost-benefit analysis of climate change’,
Environmental and Resource Economics 13: 249–268.

Barro, R.J. (1997), Determinants of Economic Growth, Cambridge, MA: MIT Press.
Barro, R.J. and X. Sala-i-Martin (2004), Economic Growth, 2nd edn, Cambridge, MA:

MIT Press.
Bloom, D. and J. Sachs (1999), ‘Geography, demography, and economic growth in

Africa’, Brookings Papers on Economic Activity 1998 2: 207–273.
Boer, G., G. Flato, and D. Ramsden (2000), ‘A transient climate change simulation

with greenhouse gas and aerosol forcing: projected climate for the 21st century’,
Climate Dynamics 16: 427–450.

Easterly, W. and R. Devine (1998), ‘Africa’s growth tragedy: policies and ethnic
divisions’, Quarterly Journal of Economics 112: 1203–1250.

Emori, S., T. Nozawa, A. Abe-Ouchi, A. Namaguti, and M. Kimoto (1999), ‘Coupled
ocean-atmospheric model experiments of future climate change with an explicit
representation of sulphate aerosol scattering’, Journal Meteorological Society Japan
77: 1299–1307.

Fankhauser, S. (1995), Valuing Climate Change: The Economics of the Greenhouse,
London: Earthscan.

Fankhauser, S., R.S.J. Tol, and D.W. Pearce (1997), ‘The aggregation of climate change
damages: a welfare theoretic approach’, Environmental and Resource Economics 10:
249–266.

Houghton, J. T., L.G. Meira Filho, J. Bruce, H. Lee, B.A. Callander, E. Haites, N.
Harris, and K. Maskell (eds) (1994), Climate Change 1994: Radiative Forcing of
Climate Change and an Evaluation of the IPCC IS92 Emission Scenarios, Cambridge:
Cambridge University Press, 339 pp.

Houghton, J., Y. Ding, D. Griggs, M. Noguer, P. van der Linden, X. Dai, K. Maskell,
and C. Johnson (eds) (2001), Climate Change 2001: The Scientific Basis. Third
Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge:
Cambridge University Press.

Hurd, B., M. Callaway, J. Smith, and P. Kirshen (1999), ‘Economic effects of climate
change on US water resources’, in R. Mendelsohn and J. Neumann (eds), The
Economic Impact of Climate Change on the United States Economy, Cambridge:
Cambridge University Press.

Jepma, C. et al. (1996), ‘A generic assessment of response options’, in J. Bruce,
H. Lee, and E. Haites (eds), Climate Change 1995: Economic and Social Dimensions of
Climate Change, Cambridge: Cambridge University Press, pp. 225–262.

Kurukurasuriya, P. and S. Rosenthal (2003), Climate Change and Agriculture: A
Review of Impacts and Adaptations, Climate Change Series, 91, Agriculture and
Rural Development Department and Environment Department Joint Publication,
Washington DC: The World Bank.

McCarthy, J., O. Canziani, N. Leary, D. Dokken, and K. White (eds) (2001), Climate
Change 2001: Impacts, Adaptation, and Vulnerability. Third Assessment Report of the



Environment and Development Economics 177

Intergovernmental Panel on Climate Change, Cambridge: Cambridge University
Press.

Mendelsohn, R. (ed.) (2001), Global Warming and the American Economy: A Regional
Analysis, Camberley, Surrey: Edward Elgar Publishing.

Mendelsohn, R., A. Dinar, and A. Sanghi (2001), ‘The effect of development on
the climate sensitivity of agriculture’, Environment and Development Economics 6:
85–101.

Mendelsohn, R., W. Morrison, M. Schlesinger, and N. Adronova (2000a), ‘Country-
specific market impacts from climate change’, Climatic Change 45: 553–569.

Mendelsohn, R. and J. Neumann (eds) (1999), The Impact of Climate Change on the
United States Economy, Cambridge: Cambridge University Press.

Mendelsohn, R., W. Nordhaus, and D. Shaw (1994), ‘Measuring the impact of global
warming on agriculture’, American Economic Review 84: 753–771.

Mendelsohn, R. and M. Schlesinger (1999), ‘Climate response functions’, Ambio 28:
362–366.

Mendelsohn, R., M. Schlesinger, and L. Williams (2000b), ‘Comparing impacts across
climate models’, Integrated Assessment 1: 37–48.

Mendelsohn, R. and L. Williams (2001), ‘Assessing the market damages from climate
change’, in J. Griffin (ed.), Global Climate Change: The Science, Economics, and Politics,
Camberley, Surrey: Edward Elgar Publishing, pp. 92–113.

Neumann, J. and N. Livesay (2001), ‘Coastal structures: dynamic economic
modeling’, in R. Mendelsohn (ed.), Global Warming and the American Economy:
A Regional Analysis, Camberley, Surrey: Edward Elgar Publishing, pp. 132–148.

Ng, W. and R. Mendelsohn (2005), ‘The impact of sea-level rise on Singapore’,
Environment and Development Economics 10: 201–215.

Nordhaus, W. (1991), ‘To slow or not to slow: the economics of the greenhouse effect’,
The Economic Journal 101: 920–937.

Pearce, D., W. Cline, A. Achanta, S. Fankhauser, R. Pachauri, R. Tol, and P. Vellinga.
(1996), ‘The social cost of climate change: greenhouse damage and the benefits
of control’, in J. Bruce, H. Lee, and E. Haites (eds), Climate Change 1995: Economic
and Social Dimensions of Climate Change, Cambridge: Cambridge University Press,
pp. 179–224.

Pearce, D. (2003), ‘The social cost of carbon and its policy implications’, Oxford Review
of Economic Policy 19: 362–384.

Reilly, J. et al. (1996), ‘Agriculture in a changing climate: Impacts and adaptations’,
in IPCC (Intergovernmental Panel on Climate Change), R. Watson, M. Zinyowera,
R. Moss, and D. Dokken (eds), Climate Change 1995. Impacts, Adaptations, and
Mitigation of Climate Change: Scientific-Technical Analyses, Cambridge: Cambridge
University Press, pp. 427–468.

Rosenzweig, C. and M. Parry (1994), ‘Potential impact of climate change on world
food supply’, Nature 367: 133–138.

Schelling, T. (1992), ‘Some economics of global warming’, American Economic Review
82: 1–14.

Smith, J. and D. Tirpak (1990), The Potential Effects of Global Climate Change on the
United States: Report to Congress, US, Washington DC: Environmental Protection
Agency.

Sohngen, B., R. Mendelsohn, and R. Sedjo (2002), ‘A global model of climate change
impacts on timber markets’, Journal of Agricultural and Resource Economics 26: 326–
343.

Solow, R. (1956), ‘A contribution to the theory of economic growth’, Quarterly Journal
of Economics 70: 65–94.

Tol, R. (1995), ‘The damage costs of climate change: towards more comprehensive
estimates’, Environmental and Resource Economics 5: 353–374.

Tol, R. (2001), ‘Equitable cost–benefit analysis of climate change policies’, Ecological
Economics 36: 71–85.



178 Robert Mendelsohn, Ariel Dinar, and Larry Williams

Tol, R. (2002), ‘Estimates of the damage costs of climate change. Part 1: benchmark
estimates’, Environmental and Resource Economics 21: 47–73.

Washington, W., J. Weatherly, G. Meehl, A. Semmer, T. Bettge, A. Craig, W. Strand,
J. Arblaster, V. Wayland, R. James, and Y. Zhang (2000), ‘Parallel climate model
(PCM): control and transient simulations’, Climate Dynamics 16: 755–774.

Williams, L., D. Shaw, and R. Mendelsohn (1998), ‘Evaluating GCM output with
impact models’, Climatic Change 39: 111–133.

World Bank Group (2002), ‘World Development Indicators 2002’, www.worldbank.
org/data/wdi2002/.

Appendix A: List of countries by income quartile

Lowest (poorest) Quartile
Angola, Bangladesh, Benin, Bhutan, Botswana, Burkina Faso, Burundi,
Cambodia, Cameroon, Cape Verde, Central Afr. Rep, Chad, Comoros,
Congo, Cote d’Ivoire, Djibouti, Equatorial Guinea, Ethiopia, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Guyana, India,* Kenya, Lao
People Dem. Rep., Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania,
Mauritius, Mozambique, Namibia, Nepal, Niger, Nigeria, Pakistan,
Rwanda, Sao Tome/Principe, Senegal, Sierra Leone, Somalia, South Africa,
Swaziland, Togo, Uganda, United Rep. Tanzania, Vietnam, Zaire, Zambia,
Zimbabwe

Second Highest Quartile
Albania, China,* Haiti, India,* Lebanon, Myanmar, Sri Lanka

Third Highest Quartile
Afghanistan, Armenia, Azerbaijan, Belarus, Belize, Bolivia, Bosnia/
Herzgovina, Bulgaria, Chile, China*, Columbia, Costa Rico, Croatia, Czech
Republic, Dem. People Rep. Korea, Dominican Republic, Ecuador, Egypt,
El Salvador, Fiji, Georgia, Guatemala, Honduras, Hungary, Indonesia, Iraq,
Iran, Jamaica, Jordon, Kazakistan, Kyrgyzstan, Lithuania, Macedonia/
FYR of, Maldives, Malta, Mexico,* Moldova, Mongolia, Morocco,
Nicaragua, Panama, Papua New Guinea, Paraguay, Peru, Philippines,
Poland, Portugal, Romania, Saint Lucia, Saint Vincent/Grenadines, Serbia
and Montenegro, Seychelles, Slovakia, Solomon Islands, Sudan, Syria,
Tajikistan, Thailand, Tunisia, Turkey, Turkmenistan, Ukraine, Uzbekistan,
Vanuatu, Western Samoa, Yemen

Highest (Richest) Quartile
Algeria, Antigua/Barbadu, Argentina, Australia, Austria, Bahamas,
Bahrain, Barbados, Belgium, Brazil, Brunei Darussalam, Canada, Cuba,
Cyprus, Denmark, Dominica, Estonia, Finland, France, Germany, Greece,
Iceland, Ireland, Israel, Italy, Japan, Kuwait, Latvia, Libya, Luxembourg,
Malaysia, Mexico*, Netherlands, New Zealand, Norway, Oman, Qatar,
Republic of Korea, Russia, Saudi Arabia, Singapore, Slovenia, Spain,
Suriname, Sweden, Switzerland, Taiwan, Trinidad/Tobago, United Arab
Emirates, United Kingdom, United States, Uruguay, Venezuela

* These countries have been split between two quartiles. Impacts have been
apportioned in proportion to population in each quartile.


