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Overview

The major nations have come tantalizingly close to beginning more meaningful 
action to curb global warming. The Copenhagen Accord of December 2009, 
ratified and more formally incorporated into the United Nations climate nego-
tiations system at Cancún, Mexico, in December 2010, set a target of limiting 
warming to 2°C above preindustrial levels. For the first time, the Copenhagen 
Accord took the crucial step of incorporating the major developing countries 
into an international action program. The sole previous (and still extant) inter-
nationally agreed mechanism, the Kyoto Protocol, was incapable of meaningfully 
curbing global warming because its limits on emissions applied only to industrial 
countries, yet the share of these countries in global emissions is already slightly 
less than half and under business as usual will shrink to less than 40 percent by 
2030 and about 30 percent by 2050 (tables 2.2 and 2.5 in chapter 2).

Policy Context

The eventual damages from unrestrained global warming could be severe. With 
3°C warming by late in this century, agricultural production potential would 
fall by 3 to 16 percent globally, 17 to 28 percent in Africa, 29 to 38 percent in 
India, 20 to 30 percent in Pakistan, 9 to 21 percent in the Middle East and 
North Africa, and 13 to 24 percent in Latin America, depending on whether 
“carbon fertilization” benefits partially offset heat stress (Cline 2007, pp. 69, 
96). With even 2°C warming, on a time scale of centuries, the Greenland ice cap 
would likely melt, raising sea level 7 meters. With considerably higher warming 
and on a time scale of millennia, sea levels could rise 60 to 80 meters, the 
oceans become anoxic from shutdown of the ocean conveyor belt, and anaer-
obic bacteria emit hydrogen sulfide in toxic amounts, a mechanism that may 
have caused the Permian-Triassic mass extinction 251 million years ago (Cline 
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2011, Kump et al. 2005). Stakes and time scales such as these bedevil fine-point 
calculations of optimal abatement and argue for an insurance approach that 
focuses on even small probabilities of disastrous impacts (Weitzman 2007).

The central policy questions then become: How expensive is insurance 
against global warming, and who will pay the insurance policy premiums? This 
study seeks to examine the prospective costs of abatement through 2050 at the 
global level and in detail for the 25 largest economies (with the European Union 
treated as a single economy). It also attempts to shed light on the magnitude of 
abatement investment requirements and adaptation costs in developing coun-
tries by 2020 and to relate them to the target of $100 billion in international 
support pledged by industrial countries in the Copenhagen Accord. 

Method and Plan of the Study 

Chapter 2 sets forth a framework for evaluating prospective economic costs 
of reducing carbon dioxide emissions in the context of a coordinated interna-
tional effort to curb global warming. The framework first identifies the business 
as usual (bau) emissions baseline for each of the 25 largest emitting economies. 
These baselines are examined as a function of four parameters: population 
growth, growth of per capita GDP, growth in the “energy efficiency of output” 
(inverse of energy required per unit of GDP), and growth in the “carbon effi-
ciency of energy” (inverse of carbon dioxide emissions per unit of energy). Actual 
trends in these influences are estimated for the period 1990 –2006. Prospective 
bau baseline trends for these parameters for each of the next four decades are 
then identified, taking into account such existing projections as those of the 
Energy Information Administration (EIA 2009) and the various emissions paths 
considered by the Intergovernmental Panel on Climate Change (IPCC 2001).

Chapter 3 reviews the emissions policy pledges undertaken by major coun-
tries in the Copenhagen Accord for the period through 2020 and the subse-
quent Cancún Agreements. Chapter 4 sets forth three leading abatement cost 
models (or in one case, family of models) that serve as the basis for the study’s 
cost calculations.1 Chapter 5 then identifies the policy paths for cuts from the 
bau baseline. These cutbacks determine the abatement costs in the cost models 
applied. The principal policy scenario is a Copenhagen Convergence scenario 
built around the abatement initiatives undertaken in Copenhagen. Reductions 
from bau baselines by 2020 are estimated for the Accord, which includes 
pledges by 14 of the 25 large emitting economies. For the United States and the 
European Union, pledges were also made for reductions by 2050. The central 
policy scenario postulates straight-line reductions from 2020 levels to a 2050 
target of uniform per capita emissions level of 1.43 tons of carbon dioxide per 
year, broadly consistent with the objective of limiting atmospheric concentra-

1. The RICE model developed by William Nordhaus (2010b); those of McKinsey (2009) as compiled 
by Ackerman et al. (2010); and specially estimated equations based on model results compiled in 
Energy Modeling Forum 22 (see appendix G).
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tion to 450 parts per million (ppm) and limiting global warming to 2°C.2 To 
check compatibility with this objective, a summary formula is developed for 
relating cumulative emissions to atmospheric concentration of carbon dioxide 
(appendix B). The analysis next calculates costs that would be associated with 
this central global abatement policy scenario. Alternative policy scenarios are 
also considered (appendix D).3

In chapter 6 the efficiency of abatement is examined further for the 
Copenhagen Convergence scenario. The marginal cost of abatement for each 
country and each period is calculated for the scenario. A cost minimization 
exercise is then conducted in which countries are allowed to trade emissions 
rights subject to the constraint that total global abatement for the year in 
question remains unchanged. Further scope for cost minimization is then 
examined through allowing reallocation of emissions cutbacks across time in 
the four decades and under alternative discount rate assumptions.

Chapter 7 turns to implications for international climate finance. A method 
is proposed for converting abatement cost estimates into corresponding invest-
ment requirements, based on the relationship between capital stock and 
output flows of magnitudes capable of compensating for the abatement cost 
impacts. Investment requirements are then estimated applying this method to 
the range of abatement cost estimates. For developing countries, these invest-
ment requirements are compared with the benchmark figure of $100 billion per 
year in financing by 2020 endorsed by industrial countries in the Copenhagen 
Accord. As this amount is meant to include costs of adaptation to warming not 
avoided, the analysis also considers the range of adaptation costs. The discus-
sion also considers the role of “carbon offset” payments, whereby industrial-
country firms purchase emissions reductions in developing countries as a 
means of meeting emissions limits, in relationship to the benchmark financing 
total. Chapter 8 provides a synthesis of the estimates of the study.

Principal Findings

Among the most important findings of this study are the following:

n The Copenhagen pledges for 2020 would cut global carbon dioxide emis-
sions by 9 percent from the bau baseline, from 35.9 to 32.7 billion tons of 
carbon dioxide (GtCO2).

2. This path would require somewhat deeper cuts for the European Union and United States by 
2050 than the two offered in their Copenhagen Accord submissions. Note also that the Copenhagen 
Convergence scenario limits concentrations by 2050 to somewhat less than 450 ppm for carbon 
dioxide alone, but somewhat more for CO2-equivalent of all greenhouse gases, as discussed later.

3. These include the influential proposal by the United Nations Development Program (UNDP 
2007) as well as two leading proposals by academic researchers (Chakravarty et al. 2009, Frankel 
2008). Using the RICE model cost parameters, a range of abatement costs corresponding to the 
range of policy scenarios is explored. 
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n To achieve a path limiting warming to 2°C and atmospheric concentra-
tions of CO2 to 450 ppm, it will be necessary to cut 2050 emissions from 
a baseline of 53.2 to 13.3 GtCO2 (a reduction of 75 percent from baseline) 
(table 5.1 in chapter 5).

n In 1990–2006, efficiency of output relative to energy use rose at 1.4 percent 
annually for the 25 largest economies, while energy efficiency per unit 
of carbon required did not grow at all. From 2010 to 2030, baseline EIA 
projections indicate 2 percent annual output/energy efficiency growth but 
again zero energy/carbon efficiency growth. To achieve the needed emis-
sions cuts from 2020 to 2050, it will be necessary for the sum of these two 
efficiency growth rates to reach 6 percent annually (table 5.2). Most of 
this acceleration likely will need to come from a shift to carbon-spare or 
carbon-free energy.

n To mobilize global political support for abatement, particularly in devel-
oping countries, it would be appropriate after 2020 to pursue international 
convergence to uniform per capita emissions by 2050. The required 2050 
level would be 1.43 tons of carbon dioxide (tCO2) per person, compared 
with today’s levels of 19.3 tons in the United States, 5.0 tons in China, and 
1.4 tons in India.

n This Copenhagen Convergence path would be only modestly more ambi-
tious than the 2050 cutbacks of 80 percent from 1990 levels pledged at 
Copenhagen by the European Union and 83 percent from 2005 levels 
pledged by the United States (reaching, respectively, 84 and 89 percent 
from 1990 and 2005 levels).

n The 75 percent global cutback from bau baseline by 2050 would represent 
89 percent cuts for industrial countries on average and 69 percent cuts for 
developing countries. Because of their rapid baseline growth in output 
and carbon, such emerging-market economies as China, Malaysia, South 
Africa, and South Korea would need to cut emissions by 85 to 90 percent 
from the 2050 baseline, surprisingly similar in depth to cuts needed by 
industrial countries.

n Despite these seemingly daunting cutbacks, on the basis of the leading 
abatement cost models it turns out that the costs would be modest. By 
2030, in the prominent RICE model abatement costs would amount to 
about one-fourth of one percent of GDP (0.28 percent for industrial coun-
tries, 0.19 percent for developing countries); by 2050 the RICE-based esti-
mate reaches 1.2 percent of world product (1.6 percent industrial countries, 
1.0 percent developing countries; table 5.4). Costs in the leading bottom-
up model (McKinsey) are considerably lower. Costs are somewhat higher in 
a family of regional cost functions estimated from results of the Stanford 
Energy Modeling Forum (EMF) 22 model survey, but not radically so. In 
the preferred variant, the EMF 22–based costs by 2030 amount to 0.67 per-
cent of GDP for industrial countries and 0.62 percent for developing coun-
tries (table G.2 in appendix G).
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n Abatement costs can be limited further by international emissions trade, 
and by shifting cutbacks earlier in time, toward a more aggressive target 
by 2020 than the Copenhagen pledges. The present value of abatement 
costs over the next 40 years amounts to 0.45 percent of world product (dis-
counting at 1.5 percent, and less if higher discount rates are used). If emis-
sions trading is allowed and marginal costs are equalized across countries, 
the present value of abatement costs falls to 0.40 percent. If in addition 
the cutbacks are moved forward in time, especially in China, where there 
are no cutbacks yet from baseline by 2020, the present value of abatement 
costs can be further reduced to 0.33 percent of the present value of world 
product over the four decades (table 6.4 in chapter 6).

n The global carbon dioxide price that emerges when trading is allowed 
stands at $54 per ton of carbon dioxide in 2030 (in 2005 dollars, RICE 
model cost-function basis), in the same range as the $40 per ton of carbon 
dioxide “allowance” price estimated by the US Congressional Budget Office 
for US abatement under the Waxman-Markey bill passed by the House of 
Representatives in 2009 (table 6.2).

n Based on a simple model relating capital stock to output, the annual invest-
ment needed to create economic capacity providing output equal to offset 
abatement costs would stand at about 40 percent of the annual abate-
ment cost magnitude (rather than two to three times as high as implied 
in some recent official studies). Translation of the estimated abatement 
costs in developing countries using this approach into corresponding 
annual investment yields a total of $53 billion in China and $41 billion 
in other developing countries by 2020 and, respectively, $176 billion and 
$118 billion by 2030 (table 8.2 in chapter 8).4

n The main estimates of adaptation costs (for such measures as coastal protec-
tion and response to increased malaria threat) place these at about $40 bil-
lion annually by 2020 and $50 billion by 2030. Together, and excluding China 
(with the world’s largest foreign exchange reserves) as not needing interna-
tional financing, the abatement investment costs plus adaptation costs sum 
to about $80 billion for 2020, on the same order of magnitude as the $100 
billion Copenhagen pledge (and without counting offset purchases).

The broad implication of the estimates of this study is that that although 
the costs and financing requirements for aggressive international action 
limiting climate change will be substantial, they should be of a sufficiently 
manageable magnitude that the outcome is likely to depend more on political 
will rather than economic feasibility. 

4. Investment would be needed already by 2020 in China despite no change from baseline in that 
year in order to set on track the abatement needed during 2020–30 to follow the Copenhagen 
Convergence path. The abatement cost estimate used as the basis for the investment calculation 
is the average of the estimates from the RICE model and the preferred variant of the EMF 22 esti-
mates.
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