
33

5
Abatement Costs through 
2050

In the central Copenhagen Convergence (CopCon) international policy 
scenario of this chapter, countries adhere to their Copenhagen targets by 2020. 
Thereafter they follow a linear path of emissions reductions such that by 2050 
there is uniformity in per capita emissions in all countries, at 1.43 tons of CO2 

per person per year. This amount is consistent with remaining within the 2C 
limit on global warming incorporated in the Copenhagen Accord. The equity-
based principle of equalization in per capita emissions is premised on the need 
to mobilize cooperation from key emerging-market economies that otherwise 
might refuse to limit emissions on grounds that their per capita levels are 
much lower than those of rich countries. By 2050 cutbacks from the business 
as usual (bau) baseline reach about 90 percent for the United States, Australia, 
and Canada, and 84 percent for the European Union. More surprisingly, 
cutbacks from baseline also reach 85 to 90 percent for numerous emerging-
market economies, including China, Malaysia, Russia, Saudi Arabia, South 
Africa, and South Korea. Rapid baseline economic growth means propor-
tionate 2050 cuts comparable to those in industrial countries.

To accomplish these cutbacks, for 2020 –50 the combined effi ciency 
growth in output relative to energy and energy relative to carbon would need 
to rise from the baseline 2 percent annually to 6 percent annually. Most of 
the increase would likely need to come from a shift away from carbon-based 
energy. Global emissions would fall 9 percent from baseline by 2020, 35 percent 
by 2030, 57 percent by 2040, and 75 percent by 2050.

In the RICE cost functions, global abatement costs would be only 0.22 per-
cent of world product by 2030, reaching 1.2 percent by 2050. In 2050 the cost 
would be 1.6 percent of product for industrial countries and 1.0 percent for 
developing countries. The abatement costs are much lower for the McKinsey 
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cost function but substantially higher for the Energy Modeling Forum 22 (EMF 
22) based functions (1.3 percent of world product by 2030 and 2.9 percent by 
2050). Other major studies have found comparable ranges (IPCC 2007b, CBO 
2009, Nordhaus 2010a), but one study featuring macroeconomic and monetary 
interactions places the costs much higher (McKibben, Morris, and Wilcoxen 
2010).

Alternative policy scenarios include those of the United Nations Develop- 
ment Program (UNDP 2007), Chakravarty et al. (2009), and Frankel (2008). 
For 2050 the UNDP cuts reach 80 percent from 1990 levels for industrial coun-
tries and 20 percent for developing countries. The result is a high dispersion in 
2050 emissions per capita (for example, South Korea at 4.5 tons versus India 
at 0.33). The Chakravarty et al. approach applies cuts based on the number 
of middle- and higher-income persons in each country (but estimates do not 
extend through 2050). The Frankel approach applies principles combining 
political feasibility and ethical norms. Applying the RICE cost functions 
(appendix E), for industrial countries the UNDP costs are higher than under 
CopCon in the initial decades but lower by 2050. Abatement costs are lower 
in the Chakravarty et al. and Frankel paths, which call for less ambitious cuts. 
Atmospheric concentrations in 2050 fall from 494 parts per million (ppm) 
in the bau baseline to 437 ppm under CopCon, 429 ppm under the UNDP 
scenario, and 460 ppm in the Frankel path.

Copenhagen Convergence (CopCon) 

The central policy scenario in the cost estimates below is premised on a 
Copenhagen Accord path from 2010 to 2020. Thereafter, it is assumed that 
all countries pursue a linear declining path of emissions that by 2050 reaches 
international convergence in emissions per capita at a level consistent with 
keeping atmospheric concentrations at 450 ppm or below and global warming 
at a central expected amount of 2C. This target warming ceiling was specifi -
cally mentioned in the Copenhagen Accord (UNFCCC 2010a). A central 
estimate of 2C translates to an atmospheric concentration of 450 ppm for 
CO2-equivalent (CO2-e) (IPCC 2007a, 66). The relationships developed in 
appendix C indicate that after taking account of the warming effect of other 
greenhouse gases and the cooling effect of aerosols, the corresponding concen-
tration for carbon dioxide alone would be 414 ppm. 

In the most recent Intergovernmental Panel on Climate Change (IPCC) 
report, the upper bound for emissions by 2050, for compatibility with stabili-
zation of concentrations at 440 to 490 ppm CO2-e, is 13.3 billion tons of CO2 
(GtCO2) (alone, not equivalent) annually, following a path that would decline 
to 10 GtCO2 by 2060 and about 4 GtCO2 by 2080 (IPCC 2007b, fi gure SPM.11). 
This 2050 level would correspond to 1.43 GtCO2 per capita globally. On this 
basis, the 2050 per capita global target applied in the CopCon scenario is 
1.43 GtCO2. Applying a summary formula developed in appendix B to cumu-
lative emissions that would occur under the CopCon scenario, atmospheric 
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carbon dioxide concentration would be held to 437 ppm by 2050. Applying 
the formula developed in appendix C, this level for carbon dioxide alone would 
correspond to 476 ppm for total CO2-e including other greenhouse gases and 
aerosols.

For the United States, a cut to the global per capita average of 1.43 tCO2 by 
2050 would be more ambitious than the 83 percent cut from 2005 pledged at 
Copenhagen (which would yield 2.26 tCO2 per capita). Similarly, the 80 percent 
cut from 1990 levels implicitly pledged by the European Union at Copenhagen 
would leave 2050 emissions per capita above the global uniform target of 
CopCon (at 1.83 tCO2 instead of 1.43 tCO2). The policy scenario here assumes 
that if the United States and other industrial countries are to be successful in 
mobilizing such nations as China and India to commit to deep emissions cuts, 
they will need to accept the notion that the right to emit carbon dioxide has 
an economic value (equal to the international trading price in carbon rights 
at the time in question) and that there is no ethical basis in the long run for 
distributing this benefi t other than on an equal per capita basis. 

Figure 5.1 shows bau baseline emissions (panel A) and CopCon abatement 
emissions paths (panel B) for the United States, China, all other industrial 
countries, and all other developing countries. Again, the analysis here treats 
Russia as an industrial country.

Table 5.1 reports the bau baseline and CopCon target emissions paths for 
the countries considered here for 2020 and 2050, as well as the ratio of the 
target level to the baseline level.

The depth of cut from baseline for 2020 turns out to be identical for the 
European Union and the United States, at 17 percent. The cuts from baseline 
are somewhat larger for Canada (23 percent), Australia (26 percent), and espe-
cially Japan (30 percent). Several major emerging-market economies (but not 
China or India) carry out cuts from baseline in the range of 25 to 35 percent 
(Brazil, Indonesia, Mexico, South Africa, and South Korea).

By 2050 the cuts from the bau baseline reach 91 to 92 percent for the 
United States, Australia, and Canada, among industrial countries, but also for 
Russia, Kazakhstan, and Saudi Arabia. In all cases the deep cuts refl ect the 
unusually high per capita emissions at present and in the bau baseline (see 
table A.3 in appendix A), in contrast with the CopCon target of globally equal 
per capita emissions by 2050. It is somewhat more surprising that there are 
also cuts from baseline on the order of 85 to 90 percent by 2050 for a relatively 
long list of other developing countries not presently near the high end of per 
capita emissions. These include China, Iran, Malaysia, South Africa, South 
Korea, Thailand, and Ukraine. Essentially their rapid bau baseline growth 
(especially in the case of China) means that by 2050 they reach per capita emis-
sions close to those of the current high-end emitting nations, in the absence of 
abatement measures.

It is useful to translate these emissions cuts into corresponding required 
accelerations in total effi ciency of carbon use. As outlined above, achieving 
the abatement path may be seen as being accomplished by accelerating the 
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annual growth rate of energy effi ciency of output combined with carbon effi -
ciency of energy, or w + c. Table 5.2 reports the baseline and target path annual 
combined growth rates of energy effi ciency of output and carbon effi ciency of 
energy and shows the corresponding implied acceleration required. 

Figure 5.1     Business as usual and Copenhagen Convergence abatement 

 emissions paths, 1990–2050 
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Source: Tables 2.2, 2.5, and D.1.
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Table 5.1     Business as usual (bau) baseline and Copenhagen  

 Convergence (CopCon) target emissions, 2020 and 2050 
 (million tCO2)

   bau baseline

CopCon  

abatement Ratio

Country/group 2020 2050 2020 2050 2020 2050

Argentina 207 252 207 77 1.00 0.30

Australia 401 474 296 41 0.74 0.09

Brazil 511 945 389 373 0.76 0.39

Canada 601 725 465 59 0.77 0.08

China 9,544 17,220 9,544 2,037 1.00 0.12

Egypt 210 288 210 197 1.00 0.68

European Union 4,070 4,101 3,360 657 0.83 0.16

India 2,083 3,249 2,083 2,369 1.00 0.73

Indonesia 475 1,049 351 448 0.74 0.43

Iran 621 932 621 117 1.00 0.13

Japan 1,264 1,023 879 134 0.70 0.13

Kazakhstan 225 245 222 22 0.99 0.09

Malaysia 267 588 267 62 1.00 0.11

Mexico 471 749 330 212 0.70 0.28

Pakistan 203 448 203 395 1.00 0.88

Russia 1,785 1,876 1,660 156 0.93 0.08

Saudi Arabia 508 833 508 71 1.00 0.09

South Africa 523 767 345 71 0.66 0.09

South Korea 569 684 398 62 0.70 0.09

Taiwan 388 829 388 29 1.00 0.03

Thailand 388 856 388 100 1.00 0.12

Turkey 271 261 271 144 1.00 0.55

Ukraine 372 422 372 48 1.00 0.11

United States 5,821 7,046 4,848 628 0.83 0.09

Venezuela 205 242 205 58 1.00 0.24

25 emitters 31,984 46,107 28,811 8,564 0.90 0.19

Rest of world industrial 515 540 423 77 0.82 0.14

Rest of world developing 3,436 6,549 3,436 4,683 1.00 0.72

World 35,935 53,196 32,671 13,323 0.91 0.25

Industrial 14,457 15,785 11,932 1,752 0.83 0.11

Developing 21,478 37,410 20,739 11,571 0.97 0.31

Source: Tables 2.2, 2.5, and D.1.
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Table 5.2     Business as usual (bau) baseline and Copenhagen 

 Convergence (CopCon) abatement path: Annual rates of  

 growth in carbon plus energy efficiency (w + c) (percent)
bau CopCon Increase

Country/group 2010–20 2020–50 2010–20 2020–50 2010–20 2020–50

Argentina 3.06 2.08 3.06 6.06 0.00 3.98

Australia 2.61 2.37 5.65 9.47 3.04 7.11

Brazil 1.58 1.32 4.32 3.50 2.74 2.19

Canada 1.54 1.48 4.12 9.00 2.58 7.51

China 4.09 2.27 4.09 9.38 0.00 7.12

Egypt 2.63 1.44 2.63 2.70 0.00 1.27

European Union 1.78 1.67 3.69 7.13 1.92 5.47

India 3.42 2.67 3.42 3.73 0.00 1.05

Indonesia 2.18 1.15 5.19 2.98 3.01 1.84

Iran 1.57 0.98 1.57 7.90 0.00 6.93

Japan 0.62 0.69 4.25 6.26 3.63 5.57

Kazakhstan 3.33 2.44 3.48 10.48 0.15 8.04

Malaysia 2.84 1.78 2.84 9.29 0.00 7.51

Mexico 1.57 1.83 5.14 4.86 3.57 3.03

Pakistan 2.63 1.64 2.63 2.06 0.00 0.42

Russia 2.89 2.21 3.61 10.26 0.72 8.05

Saudi Arabia 1.97 1.67 1.97 9.87 0.00 8.20

South Africa 0.72 0.07 4.87 6.64 4.16 6.57

South Korea 3.44 1.78 7.01 8.59 3.57 6.81

Taiwan 1.33 0.26 1.33 11.46 0.00 11.20

Thailand 1.70 0.64 1.70 7.80 0.00 7.16

Turkey 2.83 2.55 2.83 4.53 0.00 1.98

Ukraine 2.35 1.69 2.35 8.93 0.00 7.24

United States 2.43 1.90 4.26 9.35 1.83 7.45

Venezuela 3.52 2.47 3.52 7.26 0.00 4.79

25 emitters 2.25 1.76 3.30 5.45 1.04 3.69

Rest of world industrial 2.05 1.74 4.02 7.59 1.97 5.86

Rest of world developing 2.06 1.88 2.06 3.33 –0.00 1.44

World 2.32 1.95 3.27 6.25 0.95 4.30

Industrial 1.96 1.72 3.88 8.41 1.92 6.69

Developing 2.78 2.12 3.13 5.92 0.35 3.79

Source: Tables 2.3, 2.4, D.1, and author’s calculations.
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The estimates of table 5.2 indicate that especially in the period 2020–2050, 
combined energy plus carbon effi ciency growth would need to reach about 
6 percentage points per year on average, or about three times as high as the 
2 percent per year in the baseline. It seems likely that the great bulk of this 
acceleration would need to come from a massive shift away from fossil fuels 
as the source of energy. Relying primarily on increased energy effi ciency would 
seem diffi cult, especially after exhaustion of an initial tranche of “free” energy 
savings. In comparison with baseline annual growth rates of about zero for 
energy output per unit of carbon (c, tables 2.3 and 2.4 in chapter 2), by impli-
cation this source of carbon saving would need to surge to perhaps 3 or even 
4 percent per year. These estimates serve as a reminder that the challenge of 
global warming abatement is crucially one of identifying noncarbon sources 
of energy through major technological advances.

Abatement Costs under the Copenhagen Convergence 
Scenario

The Nordhaus RICE model, EMF-based, and McKinsey/Ackerman et al. cost 
curves discussed earlier can be used to translate the emissions cutbacks in 
table 5.3 into corresponding abatement costs. Table 5.3 fi rst reports the central 
input into the cost calculations, the proportionate cut from the bau baseline 
for the country, and year in question in the CopCon abatement scenario. 

Globally, emissions would decline from the bau baseline by a modest 9 per-
cent in 2020 but then to more aggressive proportions of 35 percent in 2030, 
57 percent in 2040, and 75 percent by 2050. By mid-century, industrial-country 
emissions would be 89 percent below the bau baseline. Somewhat more surpris-
ingly, the cut would also be deep for developing countries, at 69 percent. The 
tendency to gauge cutbacks against 1990 base levels (as in the prominent 
UNDP targets) can leave the misleading impression that cutbacks for devel-
oping countries would be on the order of 20 percent, but instead their rapid 
economic and (for some) population growth mean that by 2050 their bau base-
lines would be so far above their 1990 starting points that the cutbacks would 
need to be deep. Indeed, with (weighted-) average cutbacks of 69 percent, their 
reductions from baseline would be approximately three-fourths as large as 
those of the industrial countries. These patterns suggest that by 2050, abate-
ment costs in developing countries might be expected to be on the order of 
about one-half those of industrial countries, as a percent of GDP, other things 
being equal and applying the near-cubic cost function of the RICE model.1

Table 5.4 reports the corresponding abatement cost estimates by major 
country based on the RICE model cost parameters (table 4.1 in chapter 4). 
These costs are relatively modest. Globally they reach only about one-quarter 
percent of GDP by 2030, two-thirds of 1 percent by 2040, and 1.15 percent 

1. That is, (0.69/0.89)2.8 = 0.49.
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Table 5.3     Percent reduction in emissions from business as  

 usual (bau) baseline, Copenhagen Convergence  

 scenario

Country/group 2020 2030 2040 2050

Argentina 0 24 47 70

Australia 26 48 69 91

Brazil 24 39 51 61

Canada 23 47 70 92

China 0 39 68 88

Egypt 0 10 21 32

European Union 17 41 63 84

India 0 10 19 27

Indonesia 26 38 49 57

Iran 0 35 64 87

Japan 30 50 69 87

Kazakhstan 1 34 64 91

Malaysia 0 38 67 89

Mexico 30 46 60 72

Pakistan 0 3 7 12

Russia 7 40 68 92

Saudi Arabia 0 32 63 91

South Africa 34 57 76 91

South Korea 30 54 74 91

Taiwan 0 49 79 97

Thailand 0 42 70 88

Turkey 0 13 28 45

Ukraine 0 36 65 89

United States 17 40 65 91

Venezuela 0 24 49 76

25 emitters 10 38 62 81

Rest of world industrial 18 40 62 86

Rest of world developing 0 11 20 29

World 9 35 57 75

Industrial 17 42 65 89

Developing 3 31 53 69

Source: Calculated from tables 2.2, 2.5, and D.1.
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Table 5.4     Abatement costs for the Copenhagen Convergence policy path:   

 RICE model basis

Percent of GDP Amount (billions of 2005 ppp dollars)

Country/group 2020 2030 2040 2050 2020 2030 2040 2050

Argentina 0.00 0.06 0.33 0.84 0.0 0.6 4.4 14.7

Australia 0.11 0.48 1.13 2.05 1.2 6.8 21.4 50.8

Brazil 0.07 0.22 0.41 0.57 2.0 9.3 23.5 45.2

Canada 0.08 0.46 1.16 2.09 1.2 9.1 28.2 61.6

China 0.00 0.36 1.29 2.13 0.0 94.8 518.1 1282.9

Egypt 0.00 0.01 0.03 0.09 0.0 0.0 0.3 1.1

European Union 0.03 0.23 0.66 1.26 4.2 45.8 155.4 349.6

India 0.00 0.01 0.04 0.09 0.0 0.8 6.0 19.6

Indonesia 0.16 0.39 0.62 0.81 2.4 8.5 20.0 37.4

Iran 0.00 0.23 1.04 2.14 0.0 2.9 16.6 42.1

Japan 0.17 0.55 1.12 1.82 7.6 25.3 51.4 82.0

Kazakhstan 0.00 0.18 0.85 1.84 0.0 0.7 4.0 11.2

Malaysia 0.00 0.37 1.52 2.83 0.0 3.7 23.3 65.8

Mexico 0.13 0.37 0.65 0.92 3.0 11.9 29.4 56.6

Pakistan 0.00 0.00 0.00 0.01 0.0 0.0 0.0 0.3

Russia 0.00 0.27 1.00 1.98 0.1 11.4 54.0 135.1

Saudi Arabia 0.00 0.19 1.01 2.42 0.0 2.6 19.4 64.0

South Africa 0.20 0.69 1.21 1.63 1.2 4.7 9.5 14.7

(continued on next page)
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Table 5.4     Abatement costs for the Copenhagen Convergence policy path:   

 RICE model basis (continued)
Percent of GDP Amount (billions of 2005 ppp dollars)

Country/group 2020 2030 2040 2050 2020 2030 2040 2050

South Korea 0.16 0.70 1.39 2.03 3.2 17.9 45.2 81.0

Taiwan 0.00 0.75 2.37 3.50 0.0 10.1 42.2 79.6

Thailand 0.00 0.51 1.73 2.73 0.0 5.5 26.2 56.2

Turkey 0.00 0.01 0.07 0.22 0.0 0.1 1.4 5.7

Ukraine 0.00 0.22 0.90 1.70 0.0 1.2 6.3 14.6

United States 0.02 0.23 0.73 1.57 4.2 52.8 214.7 588.1

Venezuela 0.00 0.06 0.38 1.09 0.0 0.4 3.4 13.2

25 emitters 0.04 0.28 0.84 1.51 30.2 326.9 1,324.2 3,173.1

Rest of world industrial 0.04 0.29 0.85 1.73 0.8 7.7 26.9 64.5

Rest of world developing 0.00 0.01 0.04 0.09 0.0 2.8 19.7 63.3

World 0.03 0.22 0.66 1.15 31.0 337.4 1,370.9 3,300.9

Industrial 0.04 0.28 0.78 1.55 19.2 158.8 551.9 1,331.8

Developing 0.02 0.19 0.59 0.98 11.8 178.6 818.9 1,969.1

ppp = purchasing power parity

Source: Author’s calculations based on tables 4.1 and 5.3.
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by 2050. In view of the steep cutbacks from baseline by 2050, on the order of 
90 percent even for many emerging-market economies, the limited abatement 
cost derives importantly from the reduction over time in the cost parameter as 
a consequence of improving technological alternatives.

As indicated in the table, as of 2020 abatement costs are extremely low at 
0.04 percent of GDP for industrial countries and 0.02 percent for developing 
countries (although concentrated in a few of them). The low costs refl ect the low 
initial costs for proportionately smaller cutbacks in the nearly cubic cost curve. 
Abatement costs for developing countries amount to only about $12 billion 
annually by 2020. By 2030, when all countries including developing countries 
are on a path of emissions reduction, the global cost rises to about $180 billion 
annually for developing countries, or about 0.2 percent of their combined GDP. 
China alone accounts for $95 billion, placing the estimate for all other devel-
oping countries at about $84 billion. 

The estimates for developing-country abatement costs are modestly small-
er if market exchange rates rather than purchasing power parity rates are used. 
A popular general form for converting between the two fi nds that the natural 
logarithm of the ratio of ppp value to market exchange rate value equals a 
constant plus a coeffi cient times the natural logarithm of ppp per capita 
income (see, e.g., Subramanian 2010). The World Bank (2010a, 379) reports that 
in 2008, for low-income countries ppp income per capita stood at $1,407 and 
market exchange rate income per capita at $524. The corresponding estimates 
for high-income countries were $39,345 and $37,141. A summary conversion 
function can be based on these two “observations.”2 Setting the ratio of market 
rate to ppp rate income at a maximum of unity, and applying the conversion, 
total abatement cost in 2030 remains unchanged for industrial countries but 
declines from $178.6 billion to $141.3 billion for developing countries. About 
three-fi fths of the total reduction for developing countries is accounted for by 
China (with market rate costs of $72 billion versus ppp costs of $95 billion). 
For purposes of evaluating international fi nancing needs, then, the difference 
between market and ppp exchange rate valuation by 2030 is not major, espe-
cially if China is unlikely to need fi nancing.

As shown in table 5.5, application of the EMF 22–based cost estimates of 
appendix G and table 4.2 leads to considerably higher abatement costs, espe-
cially for developing countries. Thus, by 2030 global abatement costs are 1.33 
percent of GDP ($2 trillion) instead of 0.22 percent ($337 billion; RICE basis, 
table 5.4). By 2050, global costs reach 2.92 percent of GDP, versus 1.15 percent. 
As exemplifi ed in fi gure 4.1 in chapter 4, the divergence is greater for the devel-
oping countries, with 2050 abatement costs at 3.18 percent of GDP instead of 
0.98 percent.3

2. Solving for two parameters with two observations, the result is that ln(ppp/r) = 3.0118 – 0.279 
ln y*, where ppp/r is the ratio of ppp income to market rate income and y* is ppp income, dollars 
per capita.

3. It is also important to note that of the 10 models that ran stabilization scenarios in EMF 22, 
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Table 5.5     Abatement costs for the Copenhagen Convergence policy path: EMF 22  

 synthesis model basis

Percent of GDP Amount (billions of 2005 ppp dollars)

Country/region 2020 2030 2040 2050 2020 2030 2040 2050

Argentina 0.00 1.21 2.70 3.68 0.0 12.4 36.2 63.8

Australia 0.44 1.06 1.64 1.81 4.6 14.9 30.9 44.8

Brazil 1.14 2.36 2.94 3.72 32.9 97.7 170.5 295.5

Canada 0.36 1.04 1.66 1.83 5.7 20.4 40.3 53.9

China 0.00 2.42 5.39 6.35 0.0 638.1 2,166.7 3,819.5

Egypt 0.00 0.37 0.64 0.91 0.0 2.9 6.6 11.7

European Union 0.27 0.80 1.24 1.89 45.0 159.8 295.3 523.3

India 0.00 0.25 0.63 1.05 0.0 25.2 95.3 234.6

Indonesia 1.38 2.39 2.88 2.61 20.3 52.6 92.8 119.8

Iran 0.00 2.08 4.61 5.49 0.0 26.4 73.6 108.3

Japan 0.55 1.14 1.62 1.67 25.0 52.3 74.4 75.4

Kazakhstan 0.02 2.02 4.65 5.91 0.1 7.3 22.0 36.0

Malaysia 0.00 2.34 5.07 5.72 0.0 23.1 77.6 132.8

Mexico 1.69 3.11 4.16 3.87 37.9 100.1 187.8 239.1

Pakistan 0.00 0.05 0.09 0.16 0.0 0.6 1.6 4.4

Russia 0.17 2.44 4.31 6.48 5.7 103.3 231.9 441.2

Saudi Arabia 0.00 1.89 4.52 5.94 0.0 25.6 86.6 157.3

South Africa 2.01 4.19 6.29 5.87 12.0 28.7 49.2 52.6
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South Korea 1.69 3.90 6.07 5.88 32.8 99.8 197.5 234.7

Taiwan 0.00 3.33 6.70 6.53 0.0 44.9 119.3 148.7

Thailand 0.00 2.73 5.49 5.59 0.0 29.9 83.3 115.1

Turkey 0.00 0.16 0.37 0.57 0.0 2.6 8.0 15.2

Ukraine 0.00 0.71 1.49 1.73 0.0 4.0 10.4 14.8

United States 0.29 1.18 1.40 2.07 51.6 268.0 410.3 774.3

Venezuela 0.00 1.23 2.95 4.31 0.0 8.3 27.0 52.2

25 emitters 0.32 1.59 2.93 3.69 273.5 1,849.2 4,595.1 7,769.3

Rest of world industrial 0.25 0.81 1.38 1.64 5.4 21.5 44.1 61.2

Rest of world developing 0.00 0.41 0.62 0.76 0.0 128.6 300.2 555.9

World 0.26 1.33 2.37 2.92 278.9 1,999.3 4,939.4 8,386.3

Industrial 0.31 1.11 1.60 2.30 142.9 640.2 1,127.1 1,974.2

Developing 0.22 1.47 2.77 3.18 136.0 1,359.1 3,812.2 6,412.1

ppp = purchasing power parity

Source: Author’s calculaltions based on tables 4.2 and 5.3.
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As discussed in appendix G, however, the same EMF 22 model compi-
lation included carbon price estimates with global trading, and these can 
be interpreted as a ceiling that would be placed on marginal costs of abate-
ment. Ironically, the result would be that many developing countries would be 
purchasing emissions rights from industrial countries rather than the usually 
expected reverse pattern, because of the generally higher marginal abatement 
costs in developing regions in the EMF compilation (examined further later). 
Appendix G shows that if the median global carbon prices in the 450 ppm 
scenarios in EMF 22 are applied as ceilings to marginal abatement costs, 
the cost estimates fall substantially for developing countries. For China, for 
example, the cost of meeting the CopCon abatement target in 2050 falls from 
6.35 percent of GDP to 4.11 percent. For all developing countries, the cost in 
2050 falls from 3.18 percent of GDP to 2.02 percent (table 5.5 and table G.2 in 
appendix G). Globally, abatement costs in 2030 fall from 1.33 percent of GDP 
to 0.64 percent (and from $2 trillion to $966 billion).

At the other end of the cost spectrum, table 5.6 reports the corresponding 
CopCon abatement cost estimates for 2030 using the McKinsey/Ackerman et 
al. cost curves, which are available only for that date and are specifi ed at market 
rather than ppp exchange rates.

The McKinsey-based abatement cost estimates for 2030 are only about 
one-third as high as those using the Nordhaus RICE model cost parameters, 
with the world total cost at $123 billion versus $337 billion, respectively. The 
share of developing countries in global abatement costs is moderately less in the 
McKinsey-based estimates (48.1 percent, table 5.6) than in those based on RICE 
model parameters (52.9 percent, table 5.4).4 The estimate of $59 billion abate-
ment cost for developing countries at market exchange rates of constant 2005 
dollars in 2030 compares with a market rate estimate of $154 billion on the 
RICE parameter basis (just discussed). For China, the market rate comparison 
identifi es abatement costs of $31 billion using the McKinsey cost functions 
versus $72 billion using the market rate conversion of the RICE parameter–
based estimate.

The McKinsey-based estimates here are broadly consistent with estimates 
reported in McKinsey (2009, 8). The McKinsey authors call for a reduction in 
global emissions to 35 percent below the 1990 level by 2030, or by 70 percent 
below the bau baseline they project for 2030. With global CO2 emissions at 21.9 
GtCO2 in 1990 (table 2.2), this target would place emissions at 14.2 GtCO2 in 

only 2 were able to achieve a ceiling of 450 ppm CO2-e without temporary overshooting (Clarke 
et al. 2009, S68). As noted above, the CopCon scenario implies 437 ppm CO2 and 476 ppm CO2-e 
by 2050, somewhat less ambitious than the EMF 22 target. In addition, several of the models 
may have applied either higher baseline emissions or climate subroutines generating higher atmo-
spheric retention, or assumed higher relative weights of non-CO2 gases.

4. By 2030, developing countries also account for more than half of world GDP, and by a wider 
difference ($93 trillion at 2005 ppp dollars for developing countries, versus $58 trillion for indus-
trial countries).

© Peterson Institute for International Economics  |  www.piie.com



ABATEMENT COSTS THROUGH 2050 47

Table 5.6     Abatement costs in 2030 for the  

 Copenhagen Convergence policy 

 path: McKinsey/Ackerman et al.  

 basis

Country/group

Percent of 

GDP

Amount  

(billions of 
2005 dollars)

Argentina 0.02 0.2

Australia 0.26 3.6

Brazil 0.09 3.8

Canada 0.28 5.5

China 0.12 31.3

Egypt 0.00 0.0

European Union 0.12 24.9

India 0.00 0.3

Indonesia 0.08 1.7

Iran 0.13 1.7

Japan 0.17 7.6

Kazakhstan 0.08 0.3

Malaysia 0.10 0.9

Mexico 0.08 2.6

Pakistan 0.00 0.0

Russia 0.07 2.9

Saudi Arabia 0.08 1.1

South Africa 1.08 7.4

South Korea 0.09 2.4

Taiwan 0.21 2.9

Thailand 0.17 1.9

Turkey 0.01 0.1

Ukraine 0.09 0.5

United States 0.07 17.0

Venezuela 0.03 0.2

25 emitters 0.10 120.6

Rest of world industrial 0.09 2.4

Rest of world developing 0.00 0.0

World 0.08 123.0

Industrial 0.11 63.8

Developing 0.06 59.1

Source: Author’s calculations based on tables 4.3 and 5.3.
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2030, a reduction of 66 percent from the bau baseline estimated in the present 
study (41.4 GtCO2; table 2.2). The McKinsey authors indicate a global abate-
ment cost of €200 billion to €350 billion annually by 2030 (euros of 2005). The 
CopCon abatement path considered here would place global emissions at 26.8 
GtCO2 in 2030 (table D.1 in appendix D), a cutback of 35 percent from base-
line. With the depth of cut from baseline nearly twice as great in the McKinsey 
Pathways study as in the main scenario considered here, it is to be expected that 
the global abatement costs projected for 2030 would be on the order of twice 
as large (or more) as those calculated here despite the use of the same under-
lying abatement cost functions.

To recapitulate, the three sets of estimates show a wide range of abatement 
costs for the CopCon scenario. For 2030, global abatement costs range from 
only $123 billion (0.08 percent of world product) using the McKinsey-based 
parameters and $337 billion (0.22 percent) for the RICE model parameters to 
a much higher $2.0 trillion (1.33 percent) using the EMF-based parameters 
(but with a more moderate $966 billion, or 0.64 percent of world product, 
using the EMF parameters with the global carbon price applied as a ceiling on 
marginal cost).

Other Model–Based Estimates

It is useful to consider other model estimates of abatement costs generally and 
two recent estimates specifi cally for the Copenhagen Accord outcome.

At the general level, the IPCC (2007b) has summarized cost estimates of 
numerous climate-economic models for alternative target ranges for stabi-
lizing CO2-e. It places the 10th percentile to 90th percentile global cost esti-
mates for 540 ppm CO2-e at 0 to 2 percent of world product in 2030 and 0 to 
3 percent in 2050 (p. 204). For category III stabilization (535 to 590 ppm CO2-e), 
it places the median model estimate at cost of 0.6 percent of world product in 
2030 and 1.3 percent in 2050. For more ambitious category I (445 to 490 ppm 
CO2-e) and category II (490 to 535 ppm CO2-e) stabilization, the IPCC (2007b) 
reports that the model estimates are below 3 percent of world product in 2030 
and below 5.5 percent in 2050, but it also notes that the models achieving this 
degree of abatement tend to use the lower baselines among the array of bau 
projections (pp. 205–06). For the specifi c model estimates for which it gives 
detail, fi ve models show an average cost of 0.66 percent of world product in 
2030 for a 490 ppm stabilization path; for 2050, eight models (including three 
with relatively higher emissions baselines) show 490 to 535 ppm stabiliza-
tion cost at an average of 2.3 percent of world product (ranging from 0.1 to 
5 percent; IPCC 2007b, p. 205, fi gure 3.25).

The 2030 estimate in table 5.4 for the CopCon policy is global abate-
ment cost of 0.22 percent of world product. Nordhaus (2010a) reports that 
his model uses “a cost function for CO2 emissions that is drawn from more 
detailed models at the national and regional levels from the IPCC Fourth 
Assessment Report [IPCC 2007b] and the Energy Modeling Forum 22 report 
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[Clarke et al. 2009]” and hence is designed to be representative of the main 
climate-energy models. 

For the United States, the Congressional Budget Offi ce (CBO 2009) 
reports a range of cost estimates for the cuts subsequently offered by the 
United States in the Copenhagen Accord: 17 percent below 2005 levels by 2020 
and 83 percent below 2005 levels by 2050. The CBO’s preferred abatement cost 
range is from 0.25 to 0.75 percent of GDP in 2020 and from 1.0 to 3.5 percent 
by 2050 (p. 11). In comparison, the RICE model parameters used here calculate 
costs of 0.02 percent of GDP in 2020 and 1.57 percent in 2050 (table 5.4). The 
model’s cost equations thus are lower than the CBO’s preferred range for the 
initial phase but well within it by 2050, likely refl ecting the sharply nonlinear 
form of the RICE cost function.5

For the Copenhagen Accord, new estimates by Nordhaus (2010a, 11725, 
fi gure 4) are broadly consistent with the estimates of the present study. This 
need not be the case, because although Nordhaus uses the same cost functions, 
his baseline emissions are not necessarily the same as the projections based on 
the Energy Information Administration and their extensions here. Nordhaus 
estimates abatement costs for the United States at about 0.05 percent of GDP 
in 2025 and 0.9 percent in 2055. The corresponding estimates for the European 
Union are about 0.09 and 0.7 percent. In comparison, the comparable with-
trade estimates in the present study (RICE model basis) are 0.01 percent of 
GDP in 2020 and 1.54 percent in 2050 for the United States, and respectively 
0.02 and 1.20 percent for the European Union.6 So the cost estimates here are 
modestly higher by 2050 than those in Nordhaus (2010a) for these two cases.7

Far more pessimistic abatement cost estimates for the Copenhagen Accord 
are calculated by McKibben, Morris, and Wilcoxen (2010), using their G-Cubed 
general equilibrium model. They estimate that by 2020 the Copenhagen Accord 
abatement pledges would impose costs amounting to 2.7 percent of GDP for 
the United States, 4.9 percent of GDP for Western Europe, 3.7 percent for 
China, and 3.2 percent for the world as a whole (p. 28). These costs are about 
an order of magnitude higher than even the highest 2020 costs estimated here 
(EMF basis, table 5.5). A small part of the divergence stems from their substan-

5. Note, however, that the same report indicated that the “range from other studies” was from 
–0.15 percent of GDP (i.e., savings) to 2.0 percent in 2020 and from 0.8 to 4.6 percent in 2050 
(CBO 2009, 11).

6. Table 5.4 costs minus the savings from trade in table 6.2.

7. Comparison of the estimates here with those in Nordhaus (2010a) are less meaningful for his 
other regions, because other countries typically did not specify goals by 2050. Nordhaus postu-
lates high-income countries make cuts similar to the US proposals “with developing countries 
following in the next 2 to 5 decades” (p. 11723), but does not cite specifi c paths. By 2055 his 
abatement costs stand at 0.9 percent for China and Latin America and 0.95 percent for India. In 
contrast, the 2050 cost estimates here are signifi cantly higher for China, somewhat lower for Latin 
America, and much lower for India (tables 5.4 and 6.2). The difference for India likely refl ects the 
adoption here of convergence to equal per capita emissions, combined with India’s low starting 
point for per capita emissions.
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tially higher emissions baseline, which reaches 49 GtCO2 globally in 2020 
(p. 38) instead of 35.9 GtCO2 in the present study (table 2.2). Correspondingly, 
there are considerably deeper cuts to reach the 2020 targets: 33 percent below 
baseline for the United States instead of 17 percent, and 36 percent instead of 
17 percent for the European Union. The authors have a cut from baseline of 
22 percent for China by 2020, in sharp contrast to the interpretation in this 
study that there is no cut from baseline.

A more important source of the high cost estimates, however, comes from 
a much higher cost for any given percent cutback from baseline. Thus, instead 
of 2.7 percent of GDP, the 2020 cost of a 33 percent cut from bau for the United 
States would be only 0.16 percent of GDP using the RICE model cost function 
(table 4.1) and 0.86 percent using the EMF-based function (table 4.2). If the 
RICE cost parameters are applied to each country and the McKibben-Morris-
Wilcoxen abatement cuts are evaluated, the result is a global abatement cost at 
0.10 percent of world product, instead of 3.2 percent. Perhaps in part because 
of its unusual features mixing macroeconomic equations (such as money 
demand functions) with sectoral energy coeffi cients, the model does not seem 
to be representative of the mainstream models in the principal surveys (IPCC 
2007b, Clarke et al. 2009, CBO 2009).

Alternative Abatement Paths 

Three alternatives to the central CopCon abatement path warrant consider-
ation. Each represents a different mixture of equity objectives and practicality. 
Appendix D reports the emissions paths for each of the 25 major economies 
under each of the alternative emissions abatement paths considered.

UNDP (2007)

The United Nations Development Program (UNDP 2007, 48) has called for 
an aggressive abatement program designed to give a 50 percent chance of 
holding global warming at no more than 2C above preindustrial levels. For 
this purpose, by 2050 global emissions would be cut to one-half of their 1990 
levels. This cut would be accomplished by reductions of at least 80 percent 
from the 1990 levels by industrial countries and 20 percent from 1990 levels 
by developing countries. As an interim target, industrial countries would cut 
emissions by at least 30 percent from 1990 levels by 2020. Emissions of devel-
oping countries would continue to rise until 2020, but would then begin their 
descent to 20 percent below 1990 levels by 2050.

The UNDP path is consistent with targets announced by the main indus-
trial countries in the Copenhagen Accord for 2050. However, the path is more 
aggressive than pledged for 2020 by the United States in particular, refl ecting 
the fact that US emissions by 2007 had risen about 19 percent above the 1990 
level, whereas for the European Union emissions were about 4 percent below 
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1990 levels (in part because of cutbacks in formerly Eastern European econo-
mies that had joined the European Union). 

In the implementation of the stylized UNDP proposal here, there is an 
important exception to the 20 percent cut from 1990 levels for developing 
countries: the case of rest of world “other” developing countries not included 
in the 25 large economies directly examined. Many poor countries in Africa 
and South Asia are in this residual category, and they account for a large 
aggregate population: 1.7 billion in 2007 and 3.3 billion in 2050 (table A.1). 
Per capita emissions for this group were only 1.1 GtCO2 in 2007. Their aggre-
gate emissions in 1990 were 2.0 GtCO2. A 20 percent reduction from this level 
combined with the rise in the group’s population would cut per capita emis-
sions to only 0.49 tCO2 by 2050, only about one-third the global average in the 
main CopCon scenario. To preserve the spirit of the UNDP proposal without 
forcing this extreme result, it is simply assumed that per capita emissions of 
this group remain unchanged at 1.1 tCO2 by 2050, still considerably below the 
global average but by a more plausible margin.

Chakravarty et al. (2009)

A second alternative scenario, proposed by Chakravarty et al. (2009), is 
premised on the argument that emissions reductions should be based on 
reducing high emissions by individuals, not countries. The proposal essen-
tially recognizes that there is an international middle class that includes a rela-
tively large group of households in such countries as China, India, and Brazil, 
and that such households should participate in global emissions reductions 
despite the modest levels of countrywide per capita incomes in their countries. 
The authors use income distribution data for individual countries to identify a 
global distribution of CO2 emissions by individuals. They can then identify the 
ceiling on emissions per individual, wherever located, consistent with future 
global emissions targets. As an example, they note that if global emissions were 
limited to 13 GtCO2 annually for 2030, caps limiting emissions would affect 
1.13 billion high-emitting individuals, roughly equally distributed among four 
groups: the United States, the OECD countries other than the United States, 
China, and non-OECD countries other than China (p. 1). Appendix D provides 
further detail on implementation of the Chakravarty et al. policy path. 

Frankel (2008)

A third alternative abatement proposal has been developed by Frankel (2008). 
His policy path is based on a combination of politics, economics, and ethics. 
He seeks to observe three main principles. First, developing countries are not 
asked to bear any cost in the early years. Second, thereafter they are not asked to 
make any sacrifi ce “different in kind” from those made by any country that has 
begun abatement earlier, “with allowance for differences in incomes.” Third, no 
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country is asked to accept an ex ante target that costs it more than 1 percent of 
the present value of future GDP, or more than 5 percent of GDP in any single 
period. To implement this scheme he identifi es a Progressive Reductions Factor, 
a Latecomer Catch-Up Factor, and a Gradual Equalization Factor. After experi-
menting with alternative parameters for each of these factors, he identifi es a 
path that limits atmospheric concentration to 500 ppm by 2100. Appendix D 
provides additional detail on implementation of the Frankel emissions paths.

Figure 5.2 shows the alternative policy paths for carbon dioxide emis-
sions by developed and developing countries from 2010 through 2050. For 
the developed countries the alternatives are relatively similar, although the 
early cutbacks are considerably less severe in the central CopCon path and the 
Chakravarty et al. and Frankel paths than in the UNDP path. The divergences 
are greater for the developing countries. The Frankel path allows continued 
absolute increases through 2050. The Chakravarty et al. path, available only 
through 2030, similarly allows absolute increases. In contrast, the CopCon 
and UNDP paths call for substantial reductions for developing countries 
after 2020, with deeper cuts for these countries in the UNDP path than in the 
CopCon scenario. 

Table 5.7 provides country detail to contrast the 2050 targets under 
the central CopCon scenario and the UNDP scenario. Whereas the UNDP 
approach provides uniformity in one dimension—an equal percent cut from 
the 1990 level for industrial countries and another, much lower equal percent 
cut for all developing countries—the CopCon scenario gives uniformity in a 
more basic dimension, per capita emissions levels by the target date of 2050 
(1.43 tCO2 per person, whether in an industrial or developing country). The 
result is a relatively wide dispersion of results in the dimension not chosen 
in the scenario in question. In the CopCon scenario, the percent change from 
1990 ranges from about a 90 percent reduction for the main industrial coun-
tries (as well as Russia and Ukraine) to a 477 percent increase in the case of 
Pakistan, as well as sizable increases for India, Indonesia, and the “rest of world 
developing” group. The comparison between India and China is particularly 
important. With convergence to an equal per capita level of emissions by 2050, 
the consequence is to reduce total absolute emissions by 16 percent from the 
1990 level for China but increase it by 243 percent for India.

In contrast, in the UNDP scenario, it is the target 2050 per capita emis-
sions levels that, as the dimension not chosen for harmonization, winds up 
being extremely diverse. The US level is about 20 percent higher than the EU 
level. India winds up with a target of only 0.33 tCO2 per capita, whereas China 
is allowed about four times as much per capita. Kazakhstan and Ukraine are 
allowed about 14 tCO2 per capita because of their extremely high starting 
points and their treatment as developing countries reducing emissions only 
20 percent from the 1990 base. 

For the world as a whole, the CopCon scenario is somewhat less ambitious 
than the UNDP scenario, with a cut of 39 percent from 1990 levels rather than 
47 percent. Industrial countries as a group cut emissions 87 percent from the 
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Table 5.7     2050 emissions under Copenhagen Convergence (CopCon)  

 and UNDP scenarios

Emissions per capita (tCO2)

Percent change from 

1990 levels by 2050 2050

Country/group CopCon UNDP 2007 CopCon UNDP

Argentina –32 –20 4.3 1.43 1.68

Australia –86 –80 18.1 1.43 2.02

Brazil 78 –20 1.8 1.43 0.64

Canada –87 –80 16.1 1.43 2.19

China –16 –20 5.0 1.43 1.36

Egypt 160 –20 2.5 1.43 0.44

European Union –84 –80 8.3 1.43 1.83

India 243 –20 1.4 1.43 0.33

Indonesia 197 –20 1.8 1.43 0.38

Iran –49 –20 7.3 1.43 2.23

Japan –89 –80 9.7 1.43 2.50

Kazakhstan –92 –20 12.8 1.43 13.85

Malaysia 9 –20 10.0 1.43 1.05

Mexico –45 –20 4.1 1.43 2.08

Pakistan 477 –20 0.9 1.43 0.20

Russia –92 –80 11.2 1.43 3.80

Saudi Arabia –67 –20 15.3 1.43 3.45

South Africa –79 –20 9.0 1.43 5.40

South Korea –74 –20 9.9 1.43 4.46

Taiwan –77 –20 11.5 1.43 5.00

Thailand 4 –20 4.7 1.43 1.10

Turkey –2 –20 3.9 1.43 1.16

Ukraine –92 –20 6.9 1.43 14.57

United States –87 –80 19.3 1.43 2.22

Venezuela –53 –20 5.9 1.43 2.43

25 emitters –56 –60 5.6 1.43 1.31

Rest of world industrial –75 –80 12.5 1.43 1.12

Rest of world developing 134 80 1.1 1.43 1.10

World –39 –47 4.5 1.43 1.24

Industrial –87 –80 12.2 1.43 2.18

Developing 35 3 2.8 1.43 1.09

UNDP = United Nations Development Program

Source: UNDP (2007); author’s calculations.
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1990 level (rather than 80 percent), whereas developing countries in the aggre-
gate are allowed an increase of 35 percent rather than a decrease of 3 percent 
(the latter refl ecting a 20 percent decrease from 1990 for all developing coun-
tries except the large “rest of world developing” bloc—which turns out to be 
allowed an 80 percent increase to accommodate its large increase in population). 

Table 5.8 shows the corresponding cumulative emissions and atmospheric 
concentrations for each of the four alternative paths, along with those for the 
bau baseline for comparison. The atmospheric concentrations are calculated 
using the method presented in appendix B.

The abatement costs of the alternative policy paths, as a percent of GDP, 
are reported in appendix E, using the Nordhaus RICE cost functions. For indus-
trial countries, in the UNDP scenario abatement costs are somewhat higher in 
the fi rst three decades but somewhat lower by 2050 than in the central CopCon 
scenario. These costs for 2020, 2030, 2040, and 2050 are 0.26 percent of GDP, 
0.61 percent, 0.89 percent, and 1.3 percent (table E.1 in appendix E), rather than 
0.04 percent, 0.28 percent, 0.78 percent, and 1.55 percent (table 5.4), respec-
tively. For developing countries the abatement costs are higher in the UNDP 
scenario already by 2030 (0.30 percent of GDP versus 0.19 percent, reaching 
1.33 percent of GDP by 2050 instead of 0.98 percent). Abatement costs are 
lower in the Chakravarty et al. and Frankel paths than in either the CopCon or 
UNDP paths, refl ecting the less ambitious cuts (see fi gure 5.2). Thus, by 2050 
global abatement costs are only 0.45 percent of world GDP (table E.3), versus 
1.15 percent in the CopCon scenario (table 5.4) and 1.32 percent in the UNDP 
scenario (table E.1).

Table 5.8     Cumulative CO
2
 emissions after 2010 and atmospheric 

 concentrations

Scenario 2020 2030 2040 2050

Cumulative emissions (billion tons)

Business as usual baseline 334 721 1,164 1,665

Copenhagen Convergence 318 616 851 1,019

UNDP (2007) 309 579 786 933

Chakravarty et al. (2009) 312 629

Frankel (2008) 317 646 968 1,275

Atmospheric concentration (parts per million CO2)

Business as usual baseline 407 431 460 494

Copenhagen Convergence 405 421 432 437

UNDP (2007) 404 418 426 429

Chakravarty et al. (2009) 405 423

Frankel (2008) 405 424 443 460

Source: Author’s calculations.
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