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Figure 2:  Growth in baseline and target emissions for the policy scenarios in 2030 
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Figure 3: Growth in baseline and target emissions of Annex I countries for the pol-
icy scenarios in 2020 and 2030 compared to 1990 (in %)  
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3 Results of policy scenarios 

For all four policy scenarios the findings in terms of environmental and economic effects are 
compared to the outcomes of the baseline simulations.  

3.1 Certificate prices 

Prices for CO2-certificates (in real 2004 US$ per ton of CO2) for the trading regions in the 
respective periods appear in Table 3 for all four policy scenarios. In 2020 certificate prices, 
which reflect the marginal abatement costs of trading regions, range from 10$/tonne of CO2 
in the “Weak Pledges” scenario to about 27$/tonne of CO2 in the “30 %-Annex-I” scenario 
and 35$/tonne of CO2 in the “40 %-Annex-I” scenario. Compared to the targets for the Kyoto-
period, only the “30 %-Annex-I” and the “40 %-Annex-I” scenarios result in higher prices in 
2020 than in 2010. The “Ambitious Pledges” scenario leads to the same tax rate in 2020 as 
in 2010. 

To meet the 2030 targets, marginal abatement costs rise substantially in all four policy sce-
narios. On average certificate prices increase by 23 % per year between 2020 and 2030 in 
the “Weak Pledges” scenario, 19 % in the “Ambitious Pledges” scenario, 15 % in the “30 %-
Annex-I” scenario and 13 % in the “40 %-Annex-I” scenario. Since the “40 %-Annex-I” sce-
nario leads to the lowest emissions (in all periods), increasing marginal abatement costs im-
ply that the prices for CO2-certificates are the highest among all policy scenarios (for all peri-
ods). By the same token, the “Weak Pledges” scenario leads to the lowest prices for CO2-
certificates of all policy scenarios.  

Table 3:  CO2-certificate prices in the policy scenarios (in 2005 $/tonne) 

Year 
Weak  
Pledges 

Ambitious 
Pledges 

30%‐Annex‐I  40%‐Annex‐I 

2010  17  17  17  17 

2015  5.5  8.5  12.8  16.6 

2020  10.2  17  26.9  34.9 

2025  39.1  47.8  59.8  68.8 

2030  83.2  94.9  110.5  122.1 

3.2 Emissions trading, hot air and leakage 

In all four policy scenarios countries with targets are allowed to trade emission certificates. 
Figure 4 and Figure 5 show the traded volumes of certificates for the different countries and 
regions in 2020 and 2030 respectively. Traded volumes are endogenously determined and 
depend on a country’s emission target (compared to baseline emissions) and on its marginal 
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ario. 

                                                

abatement costs. Optimal trading and abatement strategies imply that countries facing tight 
targets and high abatement costs will purchase certificates from countries with excess certifi-
cates resulting from lenient targets and/or low marginal abatement costs.  

Results for 2020 

Figure 4 shows that - except for the “Ambitious Pledges” scenario - the US will be the major 
buyer of certificates in absolute terms in all policy scenarios in 2020. In the “Ambitious 
Pledges” scenario, the EU 27 will be the most important buyer of certificates. China, India, 
South Africa (part of xod in Figure 4) will be the main sellers of certificates for all policy sce-
narios; together with Russia these countries will also be the main sellers for the two 
“pledges” scenarios.  

Since projected emissions by Russia are below its target in both “pledges” scenarios, some 
of the traded certificates are actually “hot air”. For example, in the “Weak Pledges” scenario, 
gross of “hot air,” total required emission reductions by all regions with targets compared to 
baseline emissions are about 3.2 billion tonnes of CO2 in 2020. Since baseline emissions in 
Russia are about 0.35 billion tonnes of CO2 below its “Weak Pledges” target,25 required 
emission reductions net of “hot air” are about 3.35 billion tonnes CO2. The total share of “new 
hot air” in 2020 is about 9.7 % in the “Weak Pledges” Scenario.26 Similarly, the share of 
“new hot air” for the “Ambitious Pledges” scenario is approximately 3 %. In contrast, the 
“30 %-Annex-I” scenario does not result in new “hot air” for Russia. In fact, Russia becomes 
a net buyer of certificates in the “30 %-Annex-I” and the “40 %-Annex-I” scen

The implied reduction targets in all policy scenarios affect the group of large developing 
countries quite differently. In all scenarios, China and India sell large amounts of certificates. 
Conversely, Brazil27, Mexico, South Korea and – apart from the “Weak Pledges” scenario – 
also South Africa have to purchase certificates to meet their emission targets.   

Across all policy scenarios, a substantial share of required reductions in emissions for re-
gions with targets is achieved via emissions trading (see also Table 4). In 2020 this share 
ranges between 75 % in the “Weak Pledges” scenario and about 43 % in the “30 %-Annex-I” 
scenario. 

 
25 For comparison, den Elzen et al. (2009b) estimate the magnitude of hot air from Russia in 2020 

at 0.42 Gt. 
26 Clearly, if Russia was assumed to transfer “hot air” from the Kyoto phase and the pledges re-

mained the same, certificate prices would be substantially lower than 10$/tonne or 17$/tonne in 
2020 in the “Weak Pledges” and the “Ambitious Pledges” scenarios, respectively. 

27 Brazil’s position, however, would likely be different, if REDD and REDD-plus were included in the 
analysis, since these measures have a high potential and are relatively cheap. 
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Table 4:  Overview of emission reductions, role of certificate trading, and leakage 
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Global emissions (in % of 
2005 emissions) 19.5% 13.8% 7.2% 2.9% -7.2% -11.2% -15.7% -18.7%

Share of certificate trading 
in reductions 75.9% 56.2% 42.7% 44.8% 17.6% 16.0% 16.5% 18.1%

Leakage rate in % of 
baseline emission 0.3% 0.6% 0.8% 1.0% 0.4% 0.4% 0.4% 0.5%

Leakage rate 4.3% 4.4% 4.6% 4.8% 1.0% 1.0% 1.1% 1.1%

2020 2030

 

In terms of environmental effectiveness, neither policy scenario will reduce global CO2-
emissions in 2020 compared to 2005 emission levels. Global CO2-emissions in the “Weak 
Pledges” and in the “Ambitious Pledges” scenarios will increase by about 20 % and 14 %, 
respectively. While the voluntary “pledges” scenarios limit global emission growth to about 
half the growth in the baseline (29 % in 2020 compared to 2005) at best, they are unlikely to 
be compatible with an emission path allowing to achieve the “2°C target” (Ecofys and PIK 
2009, Stern and Taylor 2010).28 Global emissions also rise in the “30 %-Annex-I” and the 
“40 %-Annex-I” scenarios, but the growth rates of 11 % and 6.5 % are significantly lower. 
Hence, no policy scenario considered is likely to be consistent with the intermediate target 
proposed by the IPCC (2007).  

To some extent, emission reductions in the policy scenarios (compared to baseline) are off-
set by emission increases in regions which do not take on mitigation action (“carbon leak-
age”). Ceteris paribus, these additional emissions rise with higher prices of CO2-certificates. 
If leakage is measured relative to the reductions in countries with targets (as in IPCC 2007), 
the leakage rate in 2020 ranges between 4.3 %29 in the “Weak pledges” scenario and 4.8 % 
in the “40 %-Annex-I” scenario (Table 4). If leakage is measured as a share of global base-
line CO2-emissions in (and hence based on the same “denominator”) across all policy sce-
narios, leakage increases from 0.35 % in the “Weak Pledges” scenario to 1.03 % in the 

                                                 
28  According to PIK (2010), the pledges under the Copenhagen Accord would lead to a temperature 

increase of around 3.5°C. 
29 This means, that 4.3 % of the respective reductions in Annex-I countries and in the six major de-

veloping countries with capped emissions are offset with emissions in LDCs and other regions 
without emission targets.  
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“40 %-Annex-I” scenario (see Table 4). In general, though, the reported leakage rates are 
rather small.30  

Results for 2030 

Targets for 2030 are significantly more ambitious than for 2020. For example, 2030 global 
emissions are approximately 4 % less than 2004 emissions in the “Weak Pledges” scenario 
and about 16 % lower in the “40 %-Annex-I” scenario. Compared to baseline emissions, the 
reductions range between around 39 % in the “Weak Pledges” scenario and 46 % in the 
“40 %-Annex-I” scenario. As was the case for 2020, the US is the largest buyer of certificates 
in all but the “Ambitious Pledges” policy scenario (see Figure 5). Certificates are mostly sold 
by China, with India, with other developing countries (ODC) supplying much lower levels. 
Compared to 2020, developed countries engage more heavily in “domestic” emission reduc-
tions. Certificate trading accounts for about 17 % of the total required emission reductions, 
significantly less than 2020. Hence, for more ambitious targets, domestic abatement be-
comes relatively more cost-efficient. In absolute terms, though, the (minimum) traded volume 
increases in all policy scenarios, the most in the “30 %-Annex-I” scenario by about 10 %.   

Unlike in the policy scenarios for 2020, in the simulations for 2030 all regions (except for 
LDCs) are assumed to commit to limit their emission. Consequently, the leakage rate in the 
policy scenarios for 2030 is substantially smaller than in the scenarios for 2020 even though 
certificate prices are much higher in 2030. 

 
30 When leakage rates are compared to findings from other studies, the level of aggregation needs 

to be taken into account. If leakage rates are measured at the sectoral level (including sectoral 
targets), rather than at the country level, the calculated leakage rates are higher (e.g. Bernard 
and Vielle 2009). 
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Figure 4:  Volume of certificate sales (+) and purchases (-) in 2020 (in million ton-

nes)31 

‐2,000

‐1,500

‐1,000

‐500

0

500

1,000

1,500

2,000

2,500

3,000

Weak Pledges Ambitious Pledges 30% Annex I 40% Annex I  

 

Figure 5:  Volume of certificate sales (+) and purchases (-) in 2030 (in million ton-
nes) 
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31 Note that results for South Africa are included in the xod region in Figure 4 and Figure 5.  
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3.3 Gross domestic product 

Unlike bottom-up engineering or partial equilibrium models, where GDP is typically given 
exogenously, a CGE model allows GDP, input and output prices, production levels, and trade 
flows to change endogenously in response to climate policy. Figure 6 and Figure 7 show for 
2020 and 2030 the level of GDP for the four policy scenarios and the baseline (normalized at 
2004 levels) at the country and regional level. Results for “EU-30 %” are presented and dis-
cussed in Box 1. 

Relative to GDP in the baseline, the reductions in global GDP growth in 2020 amount to 
around 0.2 percentage points for the “Weak Pledges” scenario, 0.3 percentage points for the 
“Ambitious Pledges” scenario, 0.5 percentage points for the “30 %-Annex-I” scenario, and 
0.7 percentage points for the “30 %-Annex-I” scenario. Overall, global GDP growth de-
creases by 1 percentage point from 43 % between 2004 and 2020 in the baseline scenario to 
42 % in the “Ambitious Pledges” scenario. In Annex I countries, changes in average GDP 
growth between 2004 and 2020 due to emission reduction targets are negligible (27 % in all 
scenarios). Reductions in GDP growth compared to baseline for Annex I countries (with tar-
gets32) are fairly modest, averaging under 0.1 percentage point in the “Weak Pledges”, 0.1 
percentage point in the “Ambitious Pledges” scenario, 0.2 percentage points in the “30 %-
Annex-I” scenario, and 0.3 percentage points in the “40 %-Annex-I” scenario. For Russia, 
while GDP growth remains above the average Annex I GDP growth (58 % between 2004 and 
2020), reductions in GDP growth in the policy scenarios relative to baseline are above aver-
age, ranging from 0.9 percentage points to about 3 percentage points in the “40 %-Annex-I” 
scenario. The lower growth in GDP for Russia compared to the baseline mainly results from 
a smaller increase in private consumption due to lower growth in factor income (e.g. wages 
and returns on capital). All policy scenarios lead to a decline in the output of fossil fuels (coal, 
oil, gas) commodities (relative to the baseline) because of lower domestic and export de-
mand. Because climate policies result in lower global demand for fossil fuels, their world 
prices fall (compared to the baseline).33 Given the size of these sectors in Russia, this leads 
to a strong decline in the demand for labor and capital and to a decrease in the price of those 
factors (relative to baseline). Results for Russia for the “Pledges” scenarios also imply that 
the profits from selling “new hot air” are (by far) not sufficient to compensate the loss in factor 
income.34 

 
32  Note that in this report not all Annex-I countries are associated with targets under the Copenha-

gen Accord (notably Switzerland and the Ukraine).  
33  This finding is typical for climate policy analyses based on CGE models.  
34 Qualitatively similar findings for Russia can be found, among others, in Böhringer and Vogt 

(2003), for the impact of the Kyoto Protocol, which also involves substantial amounts of hot air for 
Russia. 
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For most large developing countries, the reductions in GDP growth in 2020 compared to the 
baseline are well below 2 percentage points in both “Pledges” scenarios, and generally higher 
in the “30 %-Annex-I” and “40 %-Annex-I” scenarios. The average reduction in GDP relative to 
GDP in the baseline in Non-Annex I countries with emission targets are much higher in all sce-
narios than the average reduction in GDP relative to the baseline in Annex I countries with 
emission targets35. In contrast, GDP growth rates in large developing countries are signifi-
cantly higher than for Annex I countries leading to a doubling of average real GDP between 
2004 and 2020 in the baseline as well as the four policy scenarios. Even though GDP reduc-
tions are higher for developing countries, their GDP growth remains significantly above Annex I 
countries’ GDP growth. The countries facing the highest reductions in GDP growth compared 
to baseline, India and China, are also the countries with by far highest GDP growth between 
2004 and 2020. Reductions in GDP growth slow down economic growth in those countries only 
slightly. In particular, real GDP in China and India between 2004 and 2020 increases by a fac-
tor of 2.6 and 2.7, respectively, rather than a factor 2.7 and 2.8 in the most ambitious “40 %-
Annex-I” scenario.36 

Interestingly, tighter emission targets lead to larger reductions in GDP for some large develop-
ing countries like China and India, while some Annex-I countries, notably the EU and Japan37 
experience an increase in GDP. The larger reductions occur for China and India, because their 
industrial sectors are more energy- and CO2-intensive than most other regions, so increases in 
the cost of CO2 emissions leads to larger reductions in the output of their energy-intensive sec-
tors. In contrast, because these same sectors in the EU and Japan are relatively less energy- 
and CO2-intensive than most other regions, a higher cost of CO2 emissions will have less affect 
on the prices and make EU and Japanese firms more competitive, leading to increases in out-
put. Table 5 exemplifies this for selected sectors for the “Ambitious Pledges” scenario.  

 
35 If REDD and REDD-plus measures were included, the reduction in GDP for Brazil would probably 

be much smaller compared to baseline in all policy scenarios. Brazil could even become a net 
seller (rather than buyer) of certificates and GDP may increase.  

36  Even though growth will be larger in developing countries, per capita GDP in developing countries 
will still be substantially below per capita GDP in industrialized countries. 

37  Peterson and Klepper (2007) find qualitatively similar results for Japan, but do not offer further 
insights. 
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Table 5:  Difference in output in selected industry sectors in the “Ambitious Pledges” 
scenario compared to the baseline in 2020 (in % of baseline) 

Sector  Japan  EU15  China  India 

other manufacturing  0.16%  0.16%  ‐2.36%  ‐2.75% 

paper  0.04%  ‐0.01%  ‐2.65%  ‐3.60% 

chemicals, rubber, plastics  0.03%  0.34%  ‐4.23%  ‐3.38% 

other mineral  0.49%  0.43%  ‐2.95%  ‐2.28% 

iron and steel  0.54%  0.68%  ‐2.82%  ‐4.29% 

other metals  0.43%  ‐0.16%  ‐3.35%  ‐10.20% 

For example, steel production in China and India in 2020 is still more than twice as CO2-
intensive as in the EU. Hence, CO2-intensive production sectors are much more vulnerable 
to higher certificate prices in several major developing countries such as China or India than 
in Japan or the EU. Besides costs for direct emissions, higher CO2-prices also affect the 
costs of intermediaries, in particular of electricity. Thus, higher CO2-prices may significantly 
increase production costs for electricity-intensive sectors like chemicals, rubber and plastic 
products or other metals such as aluminum. Because coal is the main fuel used to generate 
electricity in China and India, electricity prices rise more in both regions than in other regions 
(compared to baseline). These price increases are larger for tighter emission targets.38 For 
example, the electricity price increase in China is twice as high for the “30 %-Annex-I” sce-
nario compared with the “Ambitious Pledges” scenario and about three times as high com-
pared with the “Weak Pledges“ scenario in 2020. In this respect, it should be noted that the 
dynamic nature of the model allows capturing “early action” effects in the sense that it recog-
nizes the effects of climate policy on CO2-intensity of the economy in past periods. 

To sum up, tighter targets for Annex-I countries render sectors in regions with emission tar-
gets and which produce relatively energy-intensively less competitive. As a consequence 
energy- and trade-intensive sectors in these regions lose market shares (relative to baseline) 
to regions where production is less energy intensive. 

Countries and regions without climate targets, like LDCs, Argentina or Turkey, generally ex-
perience small GDP gains in all policy scenarios compared to the baseline. However, coun-
tries like Indonesia and Egypt, i.e., economies that rely heavily on domestic energy sectors, 
suffer from lower world prices for their products (compared to baseline). 

                                                 
38 Of course, these analyses implicitly assume that carbon (opportunity) costs will be passed on to 

electricity consumers. 
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Results on the effects of the policy scenarios on the growth of real GDP in 2030 are dis-
played in Figure 7. In 2030 the reduction in global GDP growth equals 1.7 percentage points 
for the “Weak Pledges” scenario, 2.0 percentage points for the “Ambitious Pledges” scenario, 
2.3 percentage points for the “30 %-Annex-I” scenario, and 2.5 percentage points for the 
“40 %-Annex-I” scenario. For regions which faced emission targets in 2020, the economic 
effects for 2030 follow the pattern described for 2020 but they are more pronounced because 
targets are significantly tighter and certificate prices substantially higher. The EU, Japan and 
Switzerland experience an increase in GDP as targets become tighter. All other regions with 
targets in 2030 experience a reduction in GDP, while LDCs benefit from carbon-leakage ef-
fects. On average, the reductions in GDP growth are relatively higher for Non-Annex-I coun-
tries than for Annex-I countries.  

 

Figure 6: Increase in GDP in baseline and policy scenarios in 2020 (relative to 
2004) 
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Figure 7:  Increase in GDP in baseline and policy scenarios in 2030 (relative to 

2004) 
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Box 1: Findings for unconditioned EU 30 % target 
This box presents findings for changes in GDP in the “EU-30 %” scenario compared to 
“Weak Pledges”. In the “EU-30 %” scenario the EU is assumed to adopt a 30 % emission 
reduction target in 2020 compared to 1990 levels as in “Ambitious Pledges” scenario, while 
all other countries adopt the same emission targets as in the “Weak Pledges” scenario.  
The results imply that the price of certificates increases by approximately 10 % to 11 €/tonne 
of CO2. compared to the “Weak Pledges” scenario. Hence, the environmental and economic 
effects of the “EU-30 % scenario will be very similar to the “Weak Pledges” scenario. The EU 
achieves the additional emission reductions primarily via purchasing certificates from other 
countries. Approximately 95 % of the extra reductions will be met via purchasing certificates 
from abroad. In particular, China and to a lesser extent also India expand certificate sales in 
response to the increase in certificate prices. Our calculations indicate that the net effect of 
an unconditional EU 30 % emission reduction target compared to the “Weak Pledges” sce-
nario involves a small reduction in GDP of less than 0.005 % for the EU.  
In general, these findings are in line with the results of a similar analysis carried out on behalf 
of the European Commission (2010), even though under somewhat different assumptions.39 
Accordingly, additional total costs for the EU to go from a 20 % to a 30 % target are approxi-
mately 0.2 % of GDP in 2020.  

 
 

3.4 Welfare Effects 

While the changes in GDP provide insight into the change in overall economic activity from 
implementation of emission targets, it is not necessarily a good indicator of how emission 
targets affect the well-being (or welfare) of individuals in a given region. The change in eco-
nomic welfare from the implementation of emission targets will depend on how this policy 
affects the efficient use of resources (e.g., labor and capital) in a region’s economy (alloca-
tive efficiency), the level of resources available to that economy, whether it will affect that 

                                                 
39 For example, unlike in this report, the CGE-based calculations in EU (2010) assume that the 

amount of certificates from abroad that can be used for compliance is limited. More specifically, 
countries cannot use more than 1/3 of the distance between the emission targets and the base-
line emissions. Assuming that these certificates can be used without restrictions – as in this report 
– tends to dampen the effects of a tighter emission target in the EU on GDP in the EU. At the 
same time though, the more ambitious targets in the EU, which accounts for about ¼ of all re-
quired emission reductions in 2020, also raise the costs of CO2 in China and elsewhere.  
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region’s terms-of-trade with other regions,40 and whether that region buys or sells CO2 cer-
tificates. In this report, Equivalent Variation (EV) is used to measure the economic welfare of 
a representative consumer in a given region.  EV is defined as the amount that the represen-
tative consumer would need to be paid to be as well off after the implementation of emission 
targets as it would be if no climate policy was implemented (using baseline prices).  

In the DYE-CLIP model, EV is decomposed into its constituent components of allocative effi-
ciency, terms-of-trade, factor endowments, and revenues from CO2 certificate trading. In de-
termining the change in allocative efficiency for the energy commodities, we take into con-
sideration that climate policy is being implemented to address a negative (global) externality 
from CO2 emissions associated with the use of fossil fuels. Without implementing climate 
policies and assuming perfectly competitive energy markets, the price of the energy com-
modities is equal to their marginal production costs. However, CO2 emissions from the use of 
energy commodities cause economic and environmental damages (e.g., social costs). Thus, 
the market price of energy commodities is less than the total social cost (marginal production 
costs plus marginal social cost of the CO2 emissions), implying that a larger quantity of en-
ergy commodities is consumed relative to what is socially optimal. However, when part or all 
of the marginal social cost is “internalized” through the use of carbon taxes (e.g., price of CO2 
certificates), the use of energy commodities will be reduced which will lead to an increase in 
allocative efficiency.  Because increases in atmospheric CO2 levels from higher CO2 emis-
sions will affect all regions, the externality is assumed to exist in all regions in the model. 

One limitation to accounting for the externality in the use of energy commodities is that the 
marginal social cost of CO2 emissions is not known with certainty. As noted, among others, 
by Tol (2009), there is a large range of estimates of the social cost of climate change. One 
reason for large divergence in estimates is the use of different pure rates of time preference 
(e.g., discount rates). If more of the costs associated with climate change will occur in the 
future, then using a larger rate of time preference will more heavily discount those costs, 
leading to a lower present value of the social cost of CO2 emissions. In order to take into 
consideration the costs of climate change on future generations, a 0 % pure rate of time pre-
ference is assumed in this study. This is the same assumption made by Stern (2007, p. 344), 
who estimated an $85/tonne social cost of CO2 emissions, in 2000 $. Because all values in 
the model data base are in 2004 $, the Stern estimate is adjusted to 2004 dollars 
($94.65/tonne of CO2) using the GDP deflator for the United States.41   

 
40 A region’s terms-of-trade is determined by the prices they receive for its exports compared to the 

prices it must pay for its imports. If a region must pay more for its imports relative to what it re-
ceives for its exports, then that region experiences a decline in its terms-of-trade and a reduction 
in welfare. 

41 The Stern (2007) estimate is approximately $17/tonne CO2 higher than the unweighted sample 
mean for a 0 % pure rate of time preference reported in Table 2 of Tol (2009) after adjusting to 
2004 $. Assuming a higher pure rate of time preference will lower the social cost of carbon and 
lead to reduced gains in allocative efficiency from climate policy. 
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If the price of CO2 certificates exceeds the marginal social cost of CO2 emissions, then the 
difference represents a decrease in allocative efficiency (even compared to the social opti-
mum). This occurs in 2030 for both, the “30 %-Annex-I” and the “40 %-Annex-I” scenarios. 
Thus, the gain in allocative efficiency from internalizing the negative externality is partially 
offset by the loss in allocative efficiency from price of CO2 certificates exceeding the marginal 
social cost.42 

Finally, it should be noted that while the gains in allocative efficiency from internalizing the 
externality associated with CO2 emissions is included in the estimate of EV for each region, 
we do not include any other benefits from a reduction in CO2 emissions. For example, these 
benefits could include other benefits from local pollution control. 

Figure 8 shows the change in welfare (EV) in 2020 for the four alternative scenarios. In abso-
lute terms, the EV from implementing climate change policies is relatively small for most re-
gions, with values less than $10 billion across the four scenarios.  

Figure 8: Change in welfare in 2020 (in million 2004$) 
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The exceptions are the United States and Korea for the “40 %-Annex-I” scenario; Russia and 
Rest of developing countries (xod) for the “30 %-” and “40 %-Annex-I” scenarios; and the 

                                                 
42  By using the same social costs across all regions to calculate EV as well as its component alloca-

tive efficiency, we implicitly assume all representative consumers realize the global nature of the 
externality and care about the global costs, not just the costs incurred in their region. Hence, re-
sults for EV analyses would differ if regions‘ representative consumers only cared about the dam-
ages in their regions. 



Environmental and economic effects of Copenhagen pledges  31 

 

                                                

EU27, China, India, Rest of non-Annex-I developing countries (xna1d), and Rest of ad-
vanced developing countries (xad) for all scenarios. The regions with the largest gain in EV 
are the EU27, China, India, and the xod. For China and India, the sources of gain are the 
allocative efficiency for energy commodities, the sale of CO2 certificates, and their terms-of-
trade improvement, mainly from a lower price of oil imports.43 For the EU27, the sources of 
welfare gain are allocative efficiency for both energy and non-energy commodities, and their 
terms-of-trade, again mainly from lower oil prices. For the xod, the gain in EV is from alloca-
tive efficiency gains for energy commodities returns to capital, and from selling CO2 certifi-
cates in the “Ambitious Pledges”, and “30 %-Annex-I”, and “40 %-Annex-I” scenarios. The 
regions with the largest loss in EV are xna1d, xad, and Russia. All three of these regions are 
major exporters of energy commodities (e.g., oil and gas) and experience large declines in 
their term-of-trade as well as decreases in the returns to capital owned by these regions.44 
That is, these countries receive lower prices for their exports of fossil fuels in relation to the 
prices of their imported goods. Even the sale of CO2 certificates by Russia could not offset 
the decline in their terms-of-trade. For the United States, as the emission targets become 
stricter across the scenarios, it purchases an increasing amount of CO2 certificates from 
abroad (see also Figure 4 and Figure 5). In the “Ambitious Pledges” scenario, the value of 
CO2 certificates purchased is less than the gain in allocative efficiency for energy commodi-
ties and the terms-of-trade, leading to a small gain in EV for the United States. 

However, in both the “30 %-Annex-I” and “40 %-Annex-I” scenarios, the increased purchases 
of CO2 certificates more than offsets any gain in allocative efficiency and terms-of-trade for 
the United States. The global EV, obtained by summing EV across regions, is positive across 
all four scenarios in 2020, indicating the regions that gain could compensate the regions that 
lose welfare. 

Because of differences in income levels across the regions, it is also instructive to consider 
the change in welfare relative to baseline GDP in 2020. As shown in Figure 9, for most re-
gions, the EV from implementing the climate policies in our four scenarios is less than 0.1 % 
of 2020 baseline GDP45. The exceptions are China, India, and the Ukraine, whose welfare 
gain exceeds 0.1 % of 2020 baseline GDP, and Norway, Russia, xna1d, xad, and the Rest of 
least developed countries (xldc), whose welfare loss equals or exceed 0.1 % of 2020 base-
line GDP. It is interesting to note that while the absolute value of EV for Norway, Ukraine, 
and xldc is less than $1 billion annually, given the relative size of these regions’ economy, 
the welfare change is relatively large. Because Norway is a net exporter of energy commodi-
ties (e.g., oil), it experiences a relatively large decline in its terms-of-trade, leading to the de-

 
43 The EV value for each region and scenario for 2020 are listed in Table A.3. 
44 The xna1d region includes the Middle Eastern oil producing countries while xad includes Vene-

zuela. 
45 Because EV is a cumulative value from 2010 to 2020 and the baseline GDP is for a single year, 

the value of EV is divided by 10 to convert it to an average annual basis. 
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crease in EV. Similarly, because the xldc region includes Nigeria, a major oil exporting coun-
try, it also experiences a relatively large decline in its terms-of-trade. For the Ukraine, the 
relative large gain in EV is mainly due to an improvement in its term-of-trade in oil, chemi-
cals, rubber and plastics products (crp), and ferrous metals (is). Also note that while the 
United States and the EU27 had relatively large absolute changes in EV, given the size of 
their economies, these changes are relatively small as a percentage of 2020 baseline GDP. 

Figure 9: Change in welfare in 2020 (in % of baseline GDP) 
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Stricter emission targets in 2030 lead to higher carbon taxes and, on average, also to larger 
welfare changes compared to 2020. Otherwise the relative results are quite similar to the 
results for 2020 and are not reported here.  
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4 Conclusions 

Several policy implications emerge from the analyses presented in the previous sections on 
the environmental and economic effects of various climate policies. In particular, the 
“pledges” announced by several industrialized and large developing countries are neither 
ambitious in terms of global emission reductions required to stay on an emissions path to-
wards the 2°C target, nor costly in terms of average global GDP losses or average changes 
in welfare (EV) – but significant differences exists across countries and regions. Compared to 
cost estimates for the Copenhagen pledges which are based on partial equilibrium models, 
the costs in this report, which are calculated with a CGE model, are generally higher. Envi-
ronmental effectiveness is also tarnished by new hot air from Russia, but revenues from sell-
ing hot air cannot compensate for economic losses in Russia. Somewhat more ambitious 
30 % and even 40 % reduction targets for Annex-I countries along with the 15 % below base-
line target for major developing countries in 2020, also imply only moderate average reduc-
tions in GDP and changes in EV.  

The reduction in GDP in 2020, relative to the baseline, is not evenly distributed across re-
gions. Although in all policy scenarios and in particular in the “30 %-Annex-I” and “40 %-
Annex-I” scenarios, major developing countries (with emission targets) have relatively larger 
reductions in GDP compared with Annex-I countries, the effects on the growth of real GDP 
are relatively small leading to a decrease in the growth of GDP in developing countries from 
102 % in the baseline to 98 % in the “40 %-Annex-I” scenario between 2004 and 2020. Since 
major developing countries tend to produce relatively energy-intensively, they lose market 
shares to regions where production is less energy intensive.  

Consequently, some Annex-I countries like the EU or Japan experience even small GDP 
gains which increase with tighter emission targets. Hence, economies which commit to cli-
mate targets earlier and reduce their CO2-intensities sooner are less vulnerable to tight emis-
sion targets in later periods. Similarly, energy-intensive, trade-intensive industries in devel-
oped and developing countries alike may particularly benefit from investments leading to 
lower energy intensity and CO2-emissions of their production processes. Considering a sce-
nario where the EU unilaterally moves from a 20 % to a 30 % emission reduction target, 
while all other countries stick with their “weak” pledges, the calculations show that additional 
costs for the EU are negligible (0.005 % compared to the “weak” pledges scenario).  

While in all policy scenarios many developing countries (with emission targets) experience 
larger reductions in GDP than developed countries, this does not necessarily translate into 
larger declines in net welfare (EV) as well. For example, both China and India experience a 
gain in welfare in 2020. This is due to strong terms-of-trade effects, the sale of CO2 certifi-
cates, and gains in allocative efficiency for energy commodities by 2020 compared to their 
relatively high initial energy-intensity to date. 

The policy scenarios involve substantially more ambitious emission targets for 2030, includ-
ing all regions but LDCs. Qualitatively, the effects are similar to those found for 2020, but 
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more pronounced since the tighter emission targets imply higher CO2-prices. On average, 
the reduction in global GDP growth is below 3.0 percentage points while global EV remains 
virtually unchanged even for the most ambitious scenario considered.  

Given the differential effects on the reduction in GDP and net welfare across regions, particu-
larly among developing countries, the chosen emission burden-sharing criteria may have to 
be reconsidered in order to better address the situation of many developing countries and the 
possibility of options to compensate their financial burden due to their mitigation efforts. 
However, because some developing countries enjoy a gain in welfare, any changes in the 
burden-sharing criteria or monetary compensation should be targeted towards the develop-
ing countries with welfare losses. 

In terms of carbon-leakage, the findings suggest that the environmental effectiveness of the 
sub-global climate agreements considered in this report is hardly challenged by higher emis-
sions in regions which are not committed to climate targets. Carbon leakage effects would be 
more severe if targets were tighter or if less countries committed to limit their emissions.  

When interpreting the results, some caveats apply. In particular, quantitative effects on emis-
sions and costs would differ from the findings presented in this report, if other greenhouse 
gases, LULUCF and the corresponding mitigation measures and financial support from in-
dustrialized countries for developing countries were also included. These differences would 
vary across regions, depending on the significance of other greenhouse gas emission 
sources in terms of mitigation potential and costs and the extent to which they are included in 
countries’ emission reduction targets. It should also be kept in mind that the analyses pre-
sented assume unlimited certificate trading across countries with emission targets. While this 
implies that tighter targets in some regions translate into higher CO2-costs in all regions with 
emission targets, unrestricted emission trading contributes to achieving climate targets at 
lowest global costs. Similarly, the analyses presented do not allow for offsets generated in 
non-trading countries. While this option is expected to also reduce overall mitigation costs, 
this cost-containment effect vanishes once more countries take on binding emission targets. 
Similarly, if banking was allowed, reduction costs over time would be lower since countries 
may choose to reduce more emissions than required in early periods and transfer unused 
certificates in future periods. Unless the time path of targets takes into account cost differ-
ences over time (and hence does not require banking or borrowing to achieve the inter-
temporal optimum), an optimizing strategy would require that future targets are known to 
investors well in advance. At last, technological change is modeled as being exogenous. 
That is, the rate of technological progress is not affected by policies. Allowing for price-
induced technological progress would lower mitigation costs. 

Finally, the four policy scenarios represent very different emission paths and hence imply 
different probabilities of achieving the “2 degree target”. Thus, they should not be interpreted 
as alternative ways of reaching the same target.  
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6 Annex 

Table A 1:  Overview of country groups and baseline CO2 emission and GDP  

        Baseline 

 
Acronym  country 

group 
Emissions 
[Mt CO2] 

Average growth rate of 
emissions 

Average growth rate of 
GDP 

      2005  2005‐2020  2020‐2030 2005‐2020  2020‐2030 

Australia***  aus  AI  373 0.02% 0.83% 1.88%  1.11% 

Japan***  jpn  AI  1130 0.19% 0.19% 1.01%  1.10% 

Canada***  can  AI  542 0.16% 1.13% 1.82%  1.64% 

USA***  usa  AI  6011 ‐0.12% 0.49% 1.66%  2.03% 

EU15***  EU15  AI  3410 ‐0.59% 0.16% 1.55%  1.37% 

EU12***  EU12  AI  751 ‐0.57% ‐0.21% 2.50%  2.03% 

EU27***  EU27  AI  4161 ‐0.59% 0.09% 1.60%  1.41% 

Switzerland***  che  AI  45 0.43% 0.43% 1.55%  1.54% 

Norway***  nor  AI  37 0.32% 0.43% 1.96%  1.60% 

Russia***  rus  AI  1379 ‐0.43% ‐0.12% 3.31%  2.09% 

Ukraine*  ukr  AI  284 0.01% ‐0.40% 3.38%  1.96% 

China**  chn  ADC  5259 4.31% 2.15% 6.85%  3.83% 

Korea**  kor  NAID  447 2.15% 0.80% 2.99%  1.51% 

India**  ind  ODC  1108 6.38% 3.52% 7.06%  5.18% 

Mexico**  mex  ADC  413 1.04% 1.13% 2.55%  2.77% 

Brazil**  bra  ADC  382 2.96% 1.72% 3.77%  2.31% 

Indonesia*  idn  ODC  412 2.16% 1.53% 3.85%  3.17% 

Argentina*  arg  NAID  152 3.03% 0.77% 3.82%  2.06% 

Turkey*  tur  NAID  246 3.65% 2.08% 3.94%  3.51% 

Egypt*  egy  ODC  166 4.53% 0.86% 5.77%  3.16% 

Rest AI*  xa1  AI  257 0.88% 0.77% 3.98%  2.78% 
Rest Non AI 
developing*46 

xna1d  ADC  1350 2.63% 1.65% 4.30%  3.35% 

Rest of ADC 
(incl. RSA)**47 

xad  ADC  1267 2.61% 1.35% 4.09%  2.90% 

Rest of ODC  xod  ODC  1055 4.12% 2.08% 4.06%  3.08% 

LDC*  xldc  LDC  493 4.41% 2.45% 4.35%  3.40% 

World  world    26967 2.03% 1.47% 2.41%  2.19% 

*  Business as usual (BAU) target for 2020 
**  Reduction target of 15% in 2020 
***  Individual reduction target in 2020 

                                                 
46 Includes, for example, Israel, Chile, Singapore, Taiwan, or Serbia and Montenegro. 
47 Includes, for example, Malaysia, Iran, Colombia, or Venezuela. 
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Table A 2: Overview of Copenhagen Accord and policy scenarios 

Target Base year
Reduction 

below 1990/ 
BAU

Weak 
Pledges

Ambitious 
Pledges

30%‐Annex 
I

40%‐Annex 
I

Australia ‐5% up to ‐15% or ‐25% 2000 13%/ 1%/ ‐11% 13.0% ‐11.0% ‐28.0% ‐41.0%

Canada ‐17% 2005 3% 3.0% 3.0% ‐27.0% ‐39.0%

EU 27 ‐20%/ ‐30% 1990 ‐20%/ ‐30% ‐20.0% ‐30.0% ‐28.0% ‐38.0%

Japan ‐25% 1990 ‐25% ‐25.0% ‐25.0% ‐25.0% ‐35.0%

Norway ‐30%/ ‐40% 1990 ‐30%/ ‐40% ‐30.0% ‐40.0% ‐25.0% ‐36.0%

Federation ‐15%/‐25% 1990 ‐15%/ ‐25% ‐15.0% ‐25.0% ‐47.0% ‐53.0%

Switzerland** ‐20%/ ‐30% 1990 ‐20%/ ‐30% BAU BAU ‐22.0% ‐32.0%

Ukraine BAU BAU ‐62.0% ‐66.0%

USA ‐17% 2005 ‐4% ‐4.0% ‐4.0% ‐28.0% ‐39.0%

Rest AI BAU BAU BAU BAU

Brazil ‐36.1% ‐38.9% ‐15.0% ‐15.0%

China ‐1.1% ‐9.3% ‐15.0% ‐15.0%

India ‐4.6% ‐10.5% ‐15.0% ‐15.0%

Mexico ‐30.0% ‐30.0% ‐15.0% ‐15.0%

South Africa ‐34.0% ‐34.0% ‐15.0% ‐15.0%

South Korea ‐30.0% ‐30.0% ‐15.0% ‐15.0%

** As of  11 March 2010 targets for Switzerland and Belarus were not yet announced at the UNFCCC homepage and are therefore not included in this 
analysis

* Countries are modelled as one group (Rest of Annex I)

Reduce national greenhouse gas emissions by 30 % from the BAU 
emissions by 2020

Copenhagen Accord

It is anticipated that these actions will lead to an expected reduction 
of 36.1% to 38.9% of the projected emissions of Brazil by 2020

Lower CO2‐emissions per unit of GDP by 40‐45% by 2020 compared 
to the 2005, increase the share of non‐fossil fuels in primary energy 
consumption to around 15% by 2020 and increase forest coverage by 
40 million ha and forest stock volume by 1.3 billion m3 by 2020 from 

the 2005 level.

Reduce the emissions intensity of its GOP by 20‐25% by 2020 in 
comparison to the 2005 level. The emissions from agriculture sector 

will not form part of the assessment of emissions intensity. 

Annex I countries

Non‐Annex I countries

Scenarios

Mexico aims at reducing its GHG emissions up to 30% with respect to 
the business as  usual  scenario  by  2020,  provided  the  provision  of 

adequate  financial  and technological support from developed 
countries as part of a global agreement. 

South Africa reiterates that it will take nationally appropriate 
mitigation action to enable a 34% deviation below the 'Business As 

Usual' emissions growth trajectory by 2020.
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Table A 3:  Equivalent Variation in 2020 (in millions 2004$) 

 Pledges Annex-I 
Region Weak Ambitious 30% 40% 
Australia ‐2572.6  ‐4575.1 ‐6282.2  ‐8542.7 
Japan 1469.6  2689.1 4860.1  3238.1 
Canada ‐1779.8  ‐2416.4 ‐5594.9  ‐8892.7 
USA 397.4  7447.0 ‐8019.1  ‐26551.5 
EU27 16191.0  21029.5 34854.1  41862.9 
Switzerland ‐165.5  ‐254.6 ‐878.0  ‐1174.5 
Norway ‐2438.0  ‐3910.1 ‐5363.5  ‐7109.0 
Russia ‐1580.1  ‐4812.3 ‐11945.3  ‐24580.8 
Ukraine 1420.1  2622.6 2927.6  3199.9 
China 24930.0  47874.1 83153.3  152146.1 
Korea 1603.6  2845.2 7323.4  10900.8 
India 12323.3  22973.3 36457.1  58036.4 
Mexico ‐3552.0  ‐4954.5 ‐3555.6  ‐3242.6 
Brazil ‐2356.6  ‐3871.1 ‐607.5  331.7 
Indonesia ‐1728.0  ‐2422.2 ‐3039.5  ‐3601.2 
Argentina ‐232.1  ‐462.2 ‐701.0  ‐911.3 
Turkey ‐9.8  141.0 338.9  622.3 
Egypt ‐368.9  ‐494.4 ‐611.8  ‐722.4 
Rest AI ‐1179.2  ‐1738.0 ‐2239.9  ‐2682.9 
Rest Non AI  ‐19943.3  ‐30568.7 ‐41732.2  ‐53737.1 
Rest of ODC ‐8321.4  ‐12990.9 ‐17884.4  ‐23011.0 
Rest of LDC 321.4  4372.2 16834.2  29742.4 
Global ‐3214.8  ‐5167.7 ‐7197.6  ‐9397.4 
 
 




