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Most economic analyses of climate change have focused on the aggregate impact on
countries of mitigation actions. We depart first in disaggregating the impact by sector,
focusing particularly on manufacturing output and exports. Second, we decompose
the impact of a modest agreement on emissions reductions—17 percent relative to
2005 levels by 2020 for industrial countries and 17 percent relative to business-as-
usual for developing countries—into three components: the change in the price of
carbon due to each country’s emission cuts per se; the further change in this price due
to emissions tradability; and the changes due to any international transfers (private
and public). Manufacturing output and exports in low carbon intensity countries such
as Brazil are less affected. In contrast, in high carbon intensity countries, such as
China and India, even a modest agreement depresses manufacturing output by 3–3.5
percent and manufacturing exports by 5.5–7 percent. The increase in the carbon price
induced by emissions tradability hurts manufacturing output most while the real ex-
change rate effects of transfers hurt exports most. JEL codes: F13, F18, H23, Q56

The focus of discussions on climate change mitigation has been on how much
emissions should be cut and how developing countries should be compensated
for any cuts they make. Accordingly, much of the literature has focused on the
aggregate costs to countries of mitigation actions, and the transfers that would
be necessary to maintain welfare in the poorer parts of the world. However,
the structural implications of these actions have received less attention.
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In this paper, we seek to make a twofold contribution. First, on policy, we
isolate the impact of three distinct actions—emissions reductions per se, emis-
sions tradability, and transfers. The policy disaggregation is useful because
each dimension of policy may have different effects and, moreover, affect dif-
ferent countries differently. For example, the impact of emissions reductions
varies across countries depending on the carbon intensity of their production.
Furthermore, the transfers that arise from tradability themselves have structural
consequences and need to be evaluated.1 Second, on outcomes, we focus on
manufacturing exports as well as on manufacturing output both in the aggre-
gate and in selected sectors. We focus on the manufacturing sector and sub-
sectors because policy-makers in developing countries may—for political and
other reasons—seek to preserve output and export capacity in these sectors.

The literature on the costs of climate change mitigation is voluminous and
includes a number of important contributions (Cline 2007, Nordhaus 2007,
Stern 2007, UNDP 2007, World Bank 2009). This literature recognizes that a
regime that favors static efficiency through uniform global prices can be in-
equitable and therefore typically recommends financial and technology trans-
fers to alleviate the adverse effects on developing countries (Stern 2007 and
World Bank 2009). Hardly explored is the potential tension between static effi-
ciency and dynamic effects, stemming from changes in the composition of
output and exports in developing countries as a result of uniform global prices.
The fact that transfers can themselves accentuate this tension through real ex-
change rate effects, while acknowledged (Strand 2009), has also not been fully
explored.

Hence, for many of the vital policy questions that are the subject of this
paper, there are today no good answers based on empirical research. An econo-
metric approach seems handicapped by the absence of past events and our in-
ability to construct experiments which are comparable with the policy changes
of greatest interest. We therefore use a multicountry, multisector CGE model
to derive our quantitative estimates. In situations of simultaneous policy
changes of the kind that we consider in this paper, in which there could be sig-
nificant interaction among the policies of different countries, and where we are
interested in quantifying the effects of policy change on output and trade in dif-
ferent sectors of the economy, a computable general equilibrium (CGE) ap-
proach seems appropriate.

We focus on the case where developing countries cut their emissions by 17
percent by 2020 relative to projected business-as-usual (BAU) levels (China
already plans a 20 percent cut in energy intensity), and industrial countries to
cut their emissions by 17 percent in 2020 relative to 2005 levels (reflecting the
EU’s plans). We also consider a broad range of other scenarios.

1. The relevant literature relating to public external transfers is Elbadawi (1999), Prati and Tressel

(2006), and Rajan and Subramanian (2011). The analogue for private capital inflows is Prasad and

others (2008).
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Our main empirical findings, which come with a number of important
caveats we discuss in Section IV, are the following. Some currently high carbon
intensity countries/regions (such as China, India, Eastern Europe and Central
Asia, and the Middle East and North Africa) will experience substantial reduc-
tions in manufacturing output and exports from emissions reductions per se.2

For a subset of these countries, especially China and India, these effects will be
aggravated by emissions tradability (especially on manufacturing output) and
transfers (especially on manufacturing exports). For this subset, the negative
effects will be substantial not just for carbon-intensive manufacturing but also
other manufacturing sectors.3 These effects would be aggravated if these devel-
oping countries pursued more ambitious emissions targets. There could also be
transitional dislocation costs as resources are reallocated across sectors.

In contrast, the manufacturing sector in low carbon intensity countries (such
as Brazil and Latin America) will be less affected by actions related to climate
change. In the case of sub-Saharan Africa, effects might even be positive, al-
though any boost to manufacturing exports could be reduced through transfers
and the consequent real exchange rate effects.

These findings could have implications for the positions that countries will
adopt in international negotiations. Amongst economists there is a strong con-
sensus that the best way forward is to get a uniform global carbon price—
either via a common global tax or international emissions trading—supplemen-
ted with financial transfers to address the equity dimension of climate change.
This article of faith in the policy community was captured by the Financial
Times in its leader of November 3, 2009, when it asserted that the price of
carbon, “ . . . must be high and the same everywhere. . . . In the actual world, a
global scheme of tradable emissions quotas is the best solution.” However, pol-
icymakers in high-carbon intensity countries may resist this prescription
because it would imply a contraction in manufacturing output and exports.

This paper is organized as follows. In section II, we describe the emissions
reductions scenarios that we believe have the greatest relevance for policy, and
briefly discuss the positions that the United States and European Union (EU)
have taken on a key issue, the international tradability of emissions rights. In
section III, we present the results of our quantitative simulations of each of the
scenarios. Section IV provides a concluding assessment of the implications of
our result.

2. The different country groupings in the model are EU27 with EFTA, United States, Japan,

Republic of Korea, Rest of high income Annex 1, Rest of high income, Brazil, China, India, Russia,

Rest of East Asia, Rest of South Asia, Rest of Europe and Central Asia, Middle East and North Africa,

sub-Saharan Africa, Rest of Latin America and the Caribbean.

3. The different sectors in the model are Crops, Livestock, Forestry, Coal, Crude oil, Natural gas,

Other mining, Processed food, Refined oil, Chemicals rubber and plastics, Paper products, publishing,

Mineral products n.e.s., Ferrous metals, Metals n.e.s., Transport equipment, Motor vehicles and parts,

Transport equipment n.e.s., Other manufacturing, Electricity, Gas distribution, Construction, Transport

services, Transport n.e.s., Sea transport, Air transport, Other services.
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I . T H E S C E N A R I O S

Our basic scenario is one where high income countries cut their emissions by
17 percent by 2020 relative to levels in 2005, and developing countries cut
their emissions by 17 percent by 2020 relative to levels in business-as-usual.4

These modest cuts reflect broadly the pledges made by the major countries
after Copenhagen to the UN’s Committee of the Parties (COP-15) as part of
the Copenhagen accord. Our assumption is exactly the U.S. commitment. The
EU’s unconditional offer is 20–30 percent reduction below 1990 levels by
2020, of which about 7.7 percent has been achieved already. Its more ambi-
tious 30 percent offer is conditional on other countries raising their emissions
targets. China’s and India’s COP-15 commitments are difficult to quantify but
should not be too far off our assumption.5 We also consider a range of cuts by
developing countries to test the robustness of our results.

In addition to emissions cuts, insofar as recent initiatives can be projected
forward, they envisage international tradability of emissions rights. In the
United States, bills in the House and Senate differ slightly. The House version
would limit the amount of total emissions rights that are internationally trad-
able to a maximum of one-half of the 2 billion tons of CO2 that can be traded,
with the remaining half being traded domestically. In the Senate version, a
maximum of one-quarter of the 2 billion can be traded internationally.6

The Council of the European Union has also moved in favor of international
tradability. It would like to see “preferably by no later than 2015, a robust
OECD [Organisation for Economic Co-operation and Development]-wide
carbon market through the linking of cap-and-trade systems which are compar-
able in ambition and compatible in design, to be extended to economically
more advanced developing countries by 2020.”7

In order to capture the effects of both emissions cuts and tradability, we
consider four variants of the basic scenario (see Table 1). First, where cuts are
implemented but emissions are not tradable and there are no international
transfers (NTER). Second, where cuts are complemented with emissions trad-
ability which leads to a uniform global carbon price, but abstract from the

4. This would entail agreeing on a hypothetical baseline for emissions. However, what matters most

is the binding of emissions themselves at some level that would yield a positive carbon tax.

5. China’s commitment is this: “China will endeavour to lower its carbon dioxide emissions per

unit of GDP by 40-45 percent by 2020 compared to the 2005 level, increase the share of non-fossil fuels

in primary energy consumption to around 15 percent by 2020 and increase forest coverage by 40

million hectares and forest stock volume by 1.3 billion cubic meters by 2020 from the 2005 levels.”

India’s commitment is: “India will endeavour to reduce the emission intensity of its GDP by 20 to 25

percent by 2020 in comparison to the 2005 level. The emissions from the agriculture sector will not

form part of the assessment of emissions intensity.” See http://www.climateactiontracker.org/ for details

of each country’s commitment.

6. The Senate version also has a stipulation that, after 2018, 1.25 international offset credits would

be required to equal one allowance of domestic offset credit.

7. See http://www.consilium.europa.eu/uedocs/cms_Data/docs/pressdata/en/envir/106429.pdf.
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implied private transfers (TER1); this scenario is equivalent to a uniform
global carbon tax regime where the taxes are retained domestically rather than
being transferred across countries. The third scenario differs from the second
in allowing for private transfers (TER), and this represents what will actually
happen with full tradability of emissions; this scenario is equivalent to a
uniform global carbon tax regime with revenues transferred across countries.
Finally, we consider a scenario where supplementary public transfers are made
to compensate developing countries so that they attain the same welfare levels
as in the business-as-usual case (TERWMT). This last scenario might not seem
realistic given the political infeasibility of generating support for large public
transfers to countries such as China and India. But we use this scenario primar-
ily as an illustrative benchmark and also to see the impact on some of the
poorer countries in sub-Saharan Africa, for whom large public transfers remain
politically feasible.

I I . Q U A N T I F Y I N G E C O N O M I C E F F E C T S U N D E R C O O P E R A T I V E

R E D U C T I O N S

The quantitative results presented in this paper rely on a specific CGE model
that has been developed at the World Bank, known as the Environmental

TA B L E 1. Scenarios for Cooperative Emissions Reductions

Description of Scenarios

Target Emissions Cuts

TransfersHigh Income
Low and Middle

Income

Both industrial and developing
countries reduce emissions but
emissions rights are not
tradable (NTER)

17% relative to
2005
emission
levels

17% relative to
business-as-usual
levels

No

Both industrial and developing
countries reduce emissions;
emissions rights are tradable;
but we abstract from private
transfers (TER1)

17% relative to
2005
emission
levels

17% relative to
business-as-usual
levels

No

Both industrial and developing
countries reduce emissions and
emissions rights are tradable
(TER)

17% relative to
2005
emission
levels

17% relative to
business-as-usual
levels

Yes, through
emissions trading

Both industrial and developing
countries reduce emissions;
emissions rights are tradable;
and transfers offset welfare loss
from emissions reductions
(TERWMT)

17% relative to
2005
emission
levels

17% relative to
business-as-usual
levels

Yes, through public
transfers and
emissions trading

300 T H E W O R L D B A N K E C O N O M I C R E V I E W



Impact and Sustainability Applied General Equilibrium Model, or the
ENVISAGE model.8 The primary purpose of the ENVISAGE model is to assess
the growth and structural impacts for developing countries from climate
change itself and policies to address climate change—either unilaterally or in
an international agreement.

Any quantitative analysis in this field will be conditional on assumptions
regarding exogenous developments (for example, the future cost of alternative
technologies), key parameter values (for example, intra-fuel substitution elasti-
cities) and model specification (for example, carbon tax revenue recycling).
Our quantitative exercise is meant to be illustrative of the signs and broad mag-
nitudes of effects rather than to be taken as definitive in any way. The reader
should nonetheless keep in mind certain caveats regarding the model and its
results.

First, and foremost, the model is not equipped to quantify any of the welfare
benefits from emissions reductions per se and does not account for emissions
related to forestry.9

Second, the modeling does not take into account any preexisting subsidies or
other distortions in developing country energy markets whose elimination
could provide opportunities for emission abatement. The OECD (2009) has
calculated the fuel subsidies in a number of developing economies. Most of
these are consumption rather than production subsidies and, although they
vary across fuel types and income groups, their average value is relatively low
(for example, less than 3 percent for China). But eliminating these subsidies
will have positive welfare consequences—because distortions rise proportional-
ly to the square of the subsidy rate—that our results do not incorporate. The
IEA has estimated in its recent World Energy Outlook that eliminating subsid-
ies alone could reduce global emissions by 10–15 percent.

Third, the model is not able to represent the full range of available alterna-
tive technologies, and so may tend to exaggerate the output and trade
responses as energy prices rise with emission limits. But some features of the
model may limit the biases on this score. We allow for exogenous improve-
ments in manufacturing energy efficiency through the accumulation of more
advanced capital stock. Also, the current version of the ENVISAGE model
does allow for limited substitution between technologies. For example, it
allows for switching to alternative (and cleaner) technologies in the power

8. The model has several distinguishing features: a focus on developing countries and significant

sectoral disaggregation, an integrated climate module that generates changes in global mean temperature

based on emissions of four greenhouse gases, and economic damage functions linked to changes in

temperature. A description of the model and the key assumptions are provided in van der Mensbrugghe

(2010).

9. The analysis similarly ignores co-benefits that could arise from a reduction in carbon intensity—

notably a decline in local emissions such as particulate matter, sulfur, etc.
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sector, albeit in limited fashion.10 The model also allows for some substitution
to natural gas in the transportation sector, but not to biofuels and only to a
limited extent to electricity (to the extent some modes of public transportation
already rely on electricity).

The limited possibilities for technological substitution may not be unrealistic
given that our horizon is relatively short-term: we are projecting economic
magnitudes for 2020, about 10 years out from today. Also, the emission taxes
and the consequential price changes in our model are relatively small. For
example, in the most extreme scenario, when both high and low income coun-
tries reduce emissions, the overall price of energy rises by 41 percent in China
and 26 percent in India. These prices are not large enough to induce large tech-
nology switching responses. For example, Birdsall and Subramanian (2009)
find that it took the oil price shock of the 1970s—which involved a quadru-
pling of energy prices—to induce a small response in energy efficiency in pro-
duction and an even more modest response on the consumption side.

Fourth, the numerical analysis presented below focuses exclusively on
carbon emissions. These emissions alone are estimated to be responsible for
some 71 percent of total greenhouse gas emissions (in units of carbon equiva-
lent) without deforestation and around 60 percent including deforestation.11

The results are likely to vary if other greenhouse gases are taken into account
in any emission reduction scenario. A voluminous report in the Energy Journal
concluded that taxes on carbon equivalent emissions would be lower in a
multi-gas environment, with the mean tax on carbon equivalent emissions
some 48 percent lower in 2025 than when considering carbon-only emis-
sions.12 Marginal abatement curves for the other gases are considerably differ-
ent and it may not necessarily be the case that they are significantly less steep
in developing countries than in developed countries.

10. The current electricity technologies include five activities—coal, oil and gas, hydro, nuclear, and

other (essentially renewable). The five activities are aggregated together to ‘generate’ a single electricity

commodity distributed to households and producers. The ‘aggregator’ (for example the electricity

distribution sector) chooses the least cost supplier subject to a CES aggregation function (that is

calibrated to base year shares). Thus the coal producer will see a decline in demand relative to other

producers—particularly hydro, nuclear and other—when subject to the carbon tax. The amount of the

shift will depend on both the overall demand elasticity as well as the base year share. In the current

baseline, these shares are fixed at base year levels. It is clear that there are nonprice factors that are

pushing these shares in one direction or another and we are witnessing rapid rises (from a very low

base) in renewable technologies (notably wind and solar). In the model, and in reality, expansion of

hydro is limited to physical potential. We make no effort to model changes in the share of nuclear

power. In addition, the model ignores one potentially significant change in power generation and that is

the introduction of carbon capture and storage (CCS) for coal and gas powered thermal plants.

However, CCS is unlikely to become a major technology before 2020 (though its anticipation could

affect investment decisions in the near term). CCS may also be a feasible technology in some other fossil

fuel–dependent sectors such as cement and iron and steel production.

11. See Metz and others 2007.

12. See Weyant and others 2006.
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Analytical Intuition

It may help to spell out the intuition for some to imagine the results in a world
where there are just two countries, one rich and one poor. Assume that initially,
the price of emissions is zero in both countries, and in each country the equilib-
rium is where the marginal benefit of emissions equals the zero price of emissions.
The implications of a global agreement to cut emissions in each country can be
considered in steps. First, a cut implemented either through a cap or through
taxes will result in an increase in the price of emissions in each country, with a
larger increase in the price in the rich country, if we assume that it is required to
make bigger cuts than the poor country and that emissions are not traded. These
emissions reductions would imply certain cuts in output in each country.

Next, we allow international emissions tradability, which leads to arbitrage
and the establishment of a uniform global price of emissions. Given our
assumptions about the relative size of initial cuts, the result of tradability per
se will be a rise in the price of emissions in the poor country and a decline in
the rich country. In the latter, the sale of emission rights implies that output
falls further whereas in the rich country, the purchase of emission rights means
that output expands, so that the overall reduction in output is less than that
due to emissions reductions per se. In other words, tradability accentuates the
emission reduction-induced output cuts in the poor country and ameliorates
the output cuts in the rich country.

Of course, world output and welfare expand because the gains in the rich
country outweigh the losses in the poor country. Tradability ensures a more ef-
ficient allocation of world resources. Furthermore, tradability ensures that the
loss in output for the poor country will be more than compensated by the fi-
nancial transfers that will automatically occur as a result of tradability.

In addition to the negative impact on aggregate economic activity, emission
cuts and the tradability of emissions can also affect the composition of eco-
nomic activity. Consider an economy that produces manufactured goods (M)
and other tradable goods (A) and, in the initial equilibrium, exports M and
imports A. We have seen above that emission cuts combined with tradable
permits lead to a contraction in the “emission endowments” of developing
countries. If the production of M is energy intensive relative to the production
of A (as is suggested by Table 6, which provides data on carbon intensity of
the different sectors across the world) then, with unchanged world prices, this
contraction is likely to lead to a cut in M output and increase in A output
(which follows from the Rybczynski Theorem). But international prices are
likely to change. If M were to become relatively more expensive (because at the
global level, supply of relatively energy-intensive goods will decline), then the
change in prices is likely to encourage the country’s production of M. If the
country’s production of M is energy intensive relative to the rest of the world,
then it is likely that the Rybczynski effect will dominate the relative price
effect, and the share of M in total output will contract.
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In this new equilibrium, without any transfers, the economy attains a lower
level of welfare. Transfers from the rest of the world, in the form of payments
for emission rights, could of course lead to an outward shift in the economy’s
“budget constraint” and compensate partially or entirely for the loss in welfare.
Emissions cuts and tradability of emission rights will also have dynamic effects
through transfers and changes in the composition of economic activity. If a sig-
nificant proportion of the transfers is invested in enhancing the economy’s pro-
ductive capacity, then it is conceivable that any contraction could be eventually
offset. But if transfers are mostly devoted to maintaining consumption, then the
economy would suffer a durable contraction in productive capacity.

The Role of Abatement Costs

Even within developing countries, the impact of emission reductions is likely to
differ across regions because abatements costs will vary. Marginal abatement
costs are best captured by linking the implied carbon tax to different levels of
emissions reductions effort. For any given level of emissions reductions, carbon
taxes will depend on three factors. First, the greater the technological substitu-
tion possibilities between inputs including energy, the lower will be the carbon
tax. Second, the greater the carbon intensity of production, the greater the pos-
sibility of achieving further efficiency and hence the lower the carbon tax will
have to be. If a country is already green, it will be more difficult to squeeze out
efficiency gains; put differently, higher carbon prices will be required to do so.
Finally, the higher the initial price of energy, the higher the tax to achieve a
given emissions reduction. This latter follows from the fact the emissions
reductions are measured in percent, and the required outcome is some percent
increase in the price of carbon. The greater the initial price, the larger the tax
will have to be to achieve this given percent reduction in prices.

To see the role of abatement costs in determining the impact of emissions
reductions, it is convenient to divide countries into three categories depending
on their carbon intensity (Table 6): China and India for the high carbon inten-
sity group (which also includes Russia and the rest of Eastern Europe and
Central Asia) all with economy-wide carbon intensities higher than 500 tons
per million dollars), and possibly the Middle East and North Africa (at 380
tons per million U.S. dollars).13 Brazil represents the relatively low carbon in-
tensity group (which also includes the rest of Latin America) with economy-
wide carbon intensities lower than 200 tons per million U.S. dollars. Finally,
there is an intermediate group, which includes sub-Saharan Africa (SSA), the
rest of South Asia (SA), and the rest of East Asia (EA), with economywide
carbon intensities between 280 and 332 tons per million U.S. dollars.

13. More detailed data on carbon intensities is available in Mattoo and others (2009). Production

could be relatively carbon intensive in developing countries for these broad GTAP categories both

because individual products are produced more carbon-intensively and because the broad product

categories include more carbon-intensive products.
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Marginal abatement costs are greatest for Brazil, which has the lowest
carbon intensity of production (largely a result of its efficient sources of
energy) and lowest for China, which has the highest carbon intensity of pro-
duction. But it is worth noting that India, despite being relatively dirty in terms
of carbon intensity, has in fact higher abatement costs than Sub-Saharan
Africa. The reason is that energy prices on average are higher in India than in
Sub-Saharan Africa. Using base year data—which is largely composed of infor-
mation from the International Energy Agency and other sources—the average
price of refined oil and electricity is some 42 and 80 percent, respectively;
higher in India. All else equal, this would tend to require a higher carbon tax
for the same mitigation effort. These differences are at the heart of understand-
ing the changes in output, exports, and their composition between the different
groups of countries. The actual results will, of course, incorporate not just
static differences but also dynamic changes to these various economies that will
see changes in average carbon intensity, energy prices and economic
‘flexibility.’

Category 1: High Carbon Intensity Countries (China, India, Russia, Eastern
Europe and Central Asia, and the Middle East and North Africa)

We consider the impact on this group of countries in each of the four scenarios
described in Section II. In the first scenario, when cuts are implemented
without the possibility of international trade in emission rights (the “NTER”
scenario), our simulations suggest that the average carbon price in high income
countries rises to US$260 per ton of carbon and to US$40 per ton of carbon in
low and middle income countries (LMICS) (Table 2).14 Aggregate welfare
would fall by 1.0 percent relative to the baseline in all LMICs, and by about
0.6 percent in the high income countries (Table 3).

The net impact on measured welfare will depend on a number of elements,
but for some countries a key factor will be the change in the price of primary
energy. For net importers of primary energy, the price of which declines in the
presence of a carbon tax, the impact is reflected in a net positive terms of trade
gain. The reverse effect occurs for net exporters of primary energy. For
example for China and India, the reduction in the import bill is between
US$1-2 billion in 2020 when taking only the price impact into account.15 For
these two economies, this represents between 0.02 and 0.08 percent of their
baseline real income, with the lower percent gain prevailing for China. Thus
the terms of trade impact counteracts to some extent the real income loss suf-
fered by raising the carbon tax. Net energy exporters witness a terms of trade
loss—for example, between US$3-5 billion for Russia (depending on the

14. All prices are measured in terms of 2004 U.S. dollars per ton of carbon. The price per ton of

CO2 can be obtained by dividing the carbon price by approximately 4 (or, more precisely, by 44/12�
3.67).

15. The terms of trade impact in dollar terms is calculated as the change in the world price (relative

to the baseline) multiplied by the average of the ex ante and ex post trade volumes.
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scenario). This translates into a significant welfare loss for Russia of between
0.23–0.35 percent, because its economy is reliant on energy exports.

Manufacturing exports decline by 2.1 percent in China and 3.5 percent in
India. The corresponding declines in manufacturing output are 1.3 percent and
1.6 percent, respectively (Table 3).16 The main reason for these declines is that
manufacturing is the most carbon-intensive sector, after the energy sector itself,
and so is worst hit by carbon price increases.

In the second scenario (TER1), tradability leads to a uniform global carbon
price (of US$62 per ton (Table 2)) but we abstract from the private transfers
that would result from tradability. Recall that this scenario is equivalent to a
uniform global carbon tax regime where the taxes are retained domestically
rather than being transferred across countries. In this case, welfare losses in-
crease substantially, especially for China from 0.8 percent to 1.7 percent, and

TA B L E 2. Impact on Emissions Reductions

Scenario
World
Total

High
Income

Countries
United
States

EU27
with
EFTA

Low and
Middle
Income

Countries China India Brazil
Sub-Saharan

Africa

% Change in Emissions Relative to Business as Usual (BAU) in 2020
NTER 221.5 230.0 233.5 229.9 217.0 217.0 217.0 217.0 217.0
TER1 221.5 210.5 211.8 28.1 227.5 233.8 223.8 28.3 228.8
TER 221.5 210.5 211.9 28.2 227.5 233.8 223.8 28.3 228.8
TERWMT 221.5 210.7 212.0 28.4 227.4 233.8 223.7 28.3 228.7
% Change in Emissions Relative to 2005
NTER 35.6 213.4 217.0 217.0 82.6 132.9 110.8 12.7 47.1
TER1 35.6 10.7 10.0 8.9 59.4 85.8 93.7 24.6 26.2
TER 35.6 10.6 9.9 8.7 59.5 85.9 93.6 24.5 26.2
TERWMT 35.6 10.5 9.8 8.4 59.7 85.9 93.7 24.5 26.4
Implied Emissions Tax in dollars per ton of carbon
NTER 109.0 259.6 250.2 339.1 40.4 25.3 41.6 157.3 33.5
TER1 62.2 62.2 62.2 62.2 62.2 62.2 62.2 62.2 62.2
TER 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5
TERWMT 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

Notes: NTER: Both industrial and developing countries reduce emissions by emission rights are
not tradable. TER1: Both industrial and developing countries reduce emissions; emission rights are
tradable, but we abstract from private transfers. TER: Both industrial and developing countries
reduce emissions and emission rights are tradable. TERWMT: Both industrial and developing
countries reduce emissions; emission rights are tradable; and transfers offset welfare loss from
emissions.

16. Russia is an exception in this group of countries because it’s manufacturing output and exports

increase in the NTER scenario (see supplementary results online at www.worldbank.org/trade). The

reason is that when all countries cut their emissions, there is a significant contraction in global demand

for energy; energy accounts for a large share of the Russian economy (53 percent of its exports and 24

percent of its output, as shown in supplementary results online at www.worldbank.org/trade, the

contraction in demand induces a significant shift in resources away from Russia’s energy sector and

towards other sectors, including manufacturing.

306 T H E W O R L D B A N K E C O N O M I C R E V I E W

http://esa.un.org/unpp/
http://esa.un.org/unpp/
http://esa.un.org/unpp/
www.worldbank.org/trade
www.worldbank.org/trade
www.worldbank.org/trade


for India from 0.6 percent to 0.9 percent (see scenario TER1 in Table 3).
Manufacturing output declines further to 2.9 and 2.6 percent, respectively, in
China and India.

Allowing private transfers (along with tradability), as expected, alleviates the
welfare declines seen in the non-tradability scenario (see scenario TER in
Table 3).17 However, it magnifies the impact especially on manufacturing
exports via exchange rate appreciation. For example, China’s manufacturing
exports fall by 4.3 percent, and India’s by 5.3 percent. The pure effect of the
private transfers (the difference between the TER1 and TER scenarios) is to
induce a further decline in exports amounting to 1.4 percent for China and 0.9
percent for India.18 It must be emphasized here that while these changes appear
small, they are small in large part because the emissions reductions effort by all

TA B L E 3. Impact on Welfare, Manufacturing Output, and Exports

Scenario
World
Total

High
Income

Countries
United
States

EU27
with
EFTA

Low and
Middle
Income

Countries China India Brazil
Sub-Saharan

Africa

% Change in Welfare
NTER 20.7 20.6 20.6 20.6 21.0 20.8 20.6 20.5 21.0
TER1 20.4 20.1 20.1 0.0 21.2 21.7 20.9 20.2 20.9
TER 20.4 20.2 20.3 20.2 20.8 20.8 20.6 20.3 20.7
TERWMT 20.3 20.5 20.5 20.6 0.0 0.0 0.0 0.0 0.0
% Change in Output of Total Manufacturing
NTER 20.8 20.7 21.0 20.5 21.0 21.3 21.6 20.4 1.1
TER1 20.8 0.1 0.0 0.3 22.0 22.9 22.6 0.2 0.4
TER 20.7 0.3 0.4 0.3 22.2 23.2 22.7 0.2 0.3
TERWMT 20.7 0.6 0.7 0.6 22.5 23.5 23.0 20.1 0.1
% Change in Exports of Total Manufacturing
NTER 21.5 21.6 21.8 21.4 21.4 22.1 23.5 21.0 3.6
TER1 20.9 0.2 0.1 0.7 22.0 22.9 24.4 0.8 1.5
TER 20.9 0.7 1.3 1.3 22.7 24.3 25.3 1.0 1.0
TERWMT 20.9 1.8 2.3 3.0 23.9 25.6 27.3 20.3 20.5

Notes: Changes are expressed relative to business-as-usual in 2020. NTER: Both industrial
and developing countries reduce emissions by emission rights are not tradable. TER1: Both indus-
trial and developing countries reduce emissions; emission rights are tradable, but we abstract
from private transfers. TER: Both industrial and developing countries reduce emissions and emis-
sion rights are tradable. TERWMT: Both industrial and developing countries reduce emissions;
emission rights are tradable; and transfers offset welfare loss from emissions.

17. The magnitude of this effect depends of course on the quota allocation scheme.

18. In our model, exchange rate appreciation effects from transfers arise mainly from the condition

that the external accounts must be balanced, which is a plausible description of long run equilibrium.

Are these effects from transfers plausible? In the case of China, for example, the results suggest that a

transfer of about 1.8 percent of GDP would depress manufacturing export growth by about 0.5 percent.

This is well within the range obtained from econometric estimates: Rajan and Subramanian (2011) find

that a 1 percent increase in the aid-to-GDP ratio tends to reduce overall manufacturing growth by close

to 1 percent.
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countries is very modest, reflected in the fact that the global price of CO2
increases by about US$17 per ton. (In Mattoo and others 2009, we show that
declines are substantially larger with more ambitious emissions reductions of 30
percent for both groups instead of the 17 percent assumed here.)

The other high carbon intensity countries in regions such as the Middle East
and North Africa and Eastern Europe and Central Asia suffer output and
export reductions, due to the emissions reductions just as in China and India.
But the former group does not suffer much from emissions tradability and the
implied private transfers. The magnitude of transfers will depend on the wedge
between the domestic carbon price prevailing after emission cuts and the
uniform global price that will prevail with tradability. For the Middle East and
North Africa and Eastern Europe and Central Asia, the former is close to the
latter, so that tradability leads to a small price change and hence also to a
small private transfer.

If developing countries were to receive additional official transfers to com-
pensate for the loss of welfare caused by emissions reductions, then the ex-
change rate appreciation effects would be even stronger (see scenario
TERWMT in Table 3). Manufacturing exports would decline by 5.6 percent
and 7.3 percent, respectively for China and India. The corresponding figures
for manufacturing output are 3.5 percent and 3.0 percent, respectively. As we
mentioned earlier, these transfers are unlikely to materialize for the larger
developing countries but cannot be ruled out for poorer countries. To maintain
welfare, the EU, Japan, and the United States would be required to make total
transfers (public and private) equal to about 0.5 percent of their GDP.

In sum, emission limits with tradability create a dilemma for this group of
countries: tradability leads to a contraction in the manufacturing sector, and
the more the country seeks to maintain welfare, the higher the price it will pay
in terms of further contraction of this sector.

Generalizing the Results to Other Scenarios

Are these results unique to the assumptions we have made about the extent of
emissions reductions by developing countries? In Figures 1–3, we show the
consequence of replicating the analysis described above for a range of emissions
reduction by developing countries—from no emissions reduction (relative to
BAU) to a 40 percent cut—keeping the emissions reduction by high income
countries fixed at 17 percent below 2005 levels. For China, for example, we
find results consistent with the findings described earlier.

Several features are noteworthy about these figures. First, as expected, the
greater the emissions reductions by these countries the greater the decline in
their manufacturing exports and output. More interesting are the respective
consequences of tradability and transfers which are captured by the gap
between the different lines in the graph.

For exports, significant adverse impacts arise from the exchange rate effects
of transfers (see in Figure 1 the difference between TER1, which involves no
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transfers, and TER, which allows private transfers, or TERWMT, which
allows also public transfers). The incremental effect of private transfers
increases with the level of emissions reductions (gap between TER and TER1
scenarios widens).19 Note that a 40 percent emissions reduction relative to
BAU still represents an increase in emissions relative to 2005. If developing
countries had to start ensuring even stabilization of carbon emissions by 2020,
the implied effects on manufacturing exports, based on extrapolating the
trends shown in Figure 1, would be enormously large.

For output, the significant adverse effects arise from the economy-wide
carbon price-increasing effects of tradability (see in Figure 1 the difference
between NTER, which assumes emissions are not tradable, and TER1, which
assumes emissions are tradable). In fact, even if China made no cuts in emis-
sions but bound emission levels at BAU levels and allowed international trad-
ability, each would see a decline in manufacturing output of about 1.0 percent.

Category 2: Low Carbon Intensity Countries (Brazil and Latin America)

The effects on the manufacturing sector of low carbon intensity countries from
policy actions related to climate change are likely to be different from those on
high carbon intensity countries. There are two counteracting factors. On the
one hand, any change in the price of carbon affects manufacturing output and
competitiveness less in these countries because of their low carbon intensity.

FIGURE 1. Impact on China’s Manufacturing Exports and Output of
Emissions Reductions by All Developing Countries (percentage change relative
to BAU in 2020)

Source: Authors’ analysis based on data described in the text. Note: Emissions reductions by
high income countries are fixed at 17 percent below 2005 levels.

19. The magnitude of transfers for any country is the product of the international price of carbon

and its own sales/purchases of emissions. The international price rises with deeper emissions cuts by

developing countries. The sales/purchases will depend on the wedge between the domestic and

international price of carbon. In the case of China, this wedge narrows more gradually—and hence the

volume of its emissions sales declines gradually—because of its greater carbon intensity.
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Brazil’s carbon intensity in manufacturing, for example, at 168 U.S. dollars per
ton (Table 6), is about one-quarter and one-third of China’s and India’s, re-
spectively. On the other hand, as discussed above in the section on abatement
costs, reductions in emissions require progressively higher carbon price
increases in these countries, in large part because their production is already
relatively clean and it is harder for them to squeeze out deeper and deeper
reductions. For example, to achieve a 5 percent reduction, Brazil’s carbon price
would need to be US$43; but to achieve a 17 percent reduction in emissions,
Brazil’s carbon price would need to increase to US$157 per ton of carbon,
about four times the required level in India, and six times the required level in
China (Table 2).

When only small cuts are made in emissions reductions by developing coun-
tries, the positive effect on Brazil’s manufacturing sector of its relatively low
carbon intensity dominates the negative effect due to its higher carbon price
(see NTER in Figure 2). But when larger cuts are made, the converse is true—
the large increases in carbon price overwhelm the benefits of low relative
carbon intensity—so that Brazil’s manufacturing exports and output decline. If
trade in emissions rights is allowed, Brazil enters the market at low levels of
emissions reductions as a seller but at higher levels of emission reductions as a
buyer—like the high income countries. The result in the latter situations is a
decline in the carbon price toward the global uniform price and private out-
flows, both of which benefit the manufacturing sector (see TER1 and TER in
Figure 2).

Category 3: Intermediate Carbon Intensity Countries (Sub-Saharan Africa,
Rest of South Asia, and Rest of East Asia)

The impact on sub-Saharan Africa, South Asia, and East Asia is broadly inter-
mediate between those on the high and low carbon intensity economies, and

FIGURE 2. Impact on Brazil’s Manufacturing Exports and Output of
Emissions Reductions by All Developing Countries (percentage change relative
to BAU in 2020)

Source: Authors’ analysis based on data described in the text.
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we focus here on sub-Saharan Africa.20 The sub-Saharan African manufactur-
ing sector actually expands if all developing countries cut their emissions by 30
percent (see NTER in Figure 3). The reason is primarily sub-Saharan African
countries’ low carbon intensity in manufacturing, which combined with the
lower emissions tax consequent upon emissions reductions, actually improves
competitiveness relative to other countries.

However, if sub-Saharan African countries receive large public transfers to
compensate for loss in welfare (1.5 percent), then they could experience an
adverse export effect from an exchange rate appreciation. The negative effect
of public transfers (the gap between TER and TERWMT in Figure 3) on manu-
facturing exports could be close to 1.5 percent—unless these transfers were suc-
cessfully invested in ways that enhanced productivity in manufacturing or
reduced trade costs.

Changes in the Composition of Manufacturing

It is clear that the bigger impacts are in energy intensive manufacturing, but coun-
tries may also be interested in the impacts on other manufacturing sectors (which
includes clothing, electronics and transport equipment).21 The trade-off between
carbon and long-run growth effects could be different between these sectors. For
example, if the dynamic growth effects are less strong in energy intensive sectors
than in other manufacturing sectors, and if the latter are not substantially affected
by emissions reductions and emissions tradability, international commitments on
emissions reductions should raise fewer growth concerns.

FIGURE 3. Impact on sub-Saharan Africa’s Manufacturing Exports and
Output of Emissions Reductions by All Developing Countries (percentage
change relative to BAU in 2020)

Source: Authors’ analysis based on data described in the text.

20. East Asia resembles Brazil in that emissions reductions require a high carbon price due to their

already relatively clean production. Therefore, emissions trading leads to a decline in the carbon price

which benefits manufacturing.

21. While we make a distinction between energy-intensive and other manufacturing, we could also

distinguish between heavy and light manufacturing.
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In countries like China and India, the impact of emissions reductions and
tradability on the category “other manufacturing” will also be substantial
(Tables 4 and 5). Output will decline by 2.2 percent and 1.5 percent, respective-
ly for the two countries, and exports by close to 3 percent for both countries.
For other countries such as Brazil, East Asia, and sub-Saharan Africa, the impact
on the output of other manufacturing sectors will be relatively modest. It is note-
worthy that exchange rate effects will remain strong for exports of other manu-
facturing sectors in China, India, and sub-Saharan Africa. For China and India,
the effect of private transfers per se is to induce a decline in exports of 1.5 and
1.0 percent, respectively. For sub-Saharan Africa, the effect of private and public
transfers is to induce a 2.3 percent decline in other manufacturing exports.

Overall, the preceding results suggest that the effects on manufacturing
output and exports may differ across developing countries. High carbon inten-
sity countries (China, India, Eastern Europe and Central Asia, and the Middle
East and North Africa) will see a larger negative impact on both manufacturing
output and exports than low carbon intensity countries (Brazil, Latin America,
East Asia). Some high carbon intensity countries (especially China and India)
may also be resistant to emissions tradability because of the further negative
impact on output and of the impact of the resulting private transfers on manu-
facturing exports. Low carbon intensity countries will not be averse to emis-
sions tradability on these grounds. For sub-Saharan African countries, a
potential negative effect could stem from the effect of public transfers on
manufacturing exports, unless these transfers could be successfully invested in
ways that enhanced productivity in manufacturing or reduce traded costs.

The Implications of Endogenous Technological Change

In all the estimates thus far, we have assumed a worldwide autonomous energy
efficiency improvement (AEEI) of 1 percent per annum in each of the
scenarios—business-as-usual, as well as the different policy scenarios. But it is
possible, indeed quite likely, that some endogenous technological improvements
will be induced by the emissions reductions actions undertaken pursuant to any
future climate change agreement. In order to assess the robustness of our results,
we assume that the climate mitigation actions described in Table 1 will induce a
further improvement in energy efficiency of 50 percent relative to the baseline
(i.e., the AEEI parameter is set at 1.5 percent per annum) in developing countries
relative to the business-as-usual scenario starting in the first policy year, 2012.22

We do not consider any costs that may be associated with the higher AEEI.
As expected, energy improvements do mitigate some of the adverse impacts

on manufacturing output and exports. For example, in the case of China,

22. In principle, some energy efficiency will also be induced in industrial countries. But the

emissions reductions will imply a much greater price increase in developing countries, which combined

with the greater possibilities of adaptation and of reducing x-inefficiency over the time frame we are

considering, imply that efficiency increases are likely to be greater in developing than industrial

countries.

312 T H E W O R L D B A N K E C O N O M I C R E V I E W



TA B L E 4. Change in Output by Sector (percent)

High
Income

Countries
United
States

EU27
with
EFTA

Low and
Middle Income

Countries China India Brazil
Sub-Saharan

Africa

NTER
Agriculture 21.3 22.2 21.1 0.2 0.5 0.0 21.6 0.3
All energy 29.6 214.8 27.5 26.2 25.3 25.8 25.3 24.0
All manufacturing 20.7 21.0 20.5 21.0 21.3 21.6 20.4 1.1
Energy intensive

manufacturing
21.3 23.3 20.5 20.8 20.6 21.7 21.0 3.7

Other
manufacturing

20.4 0.1 20.6 21.1 21.7 21.6 20.1 20.1

Other industries 20.7 21.3 20.3 20.8 20.8 20.6 20.4 20.8
Service 20.3 20.3 20.5 20.4 20.6 20.5 20.5 20.1
All goods and

services
20.8 21.2 20.7 21.2 21.3 21.4 21.0 20.2

TER1
Agriculture 21.3 22.1 20.8 0.3 0.7 20.1 21.6 0.6
All energy 23.5 25.9 21.9 28.3 211.3 29.0 22.6 24.5
All manufacturing 0.1 0.0 0.3 22.0 22.9 22.6 0.2 0.4
Energy intensive

manufacturing
1.1 0.1 1.5 24.1 24.9 24.8 0.4 0.6

Other
manufacturing

20.3 0.0 20.4 21.0 21.9 21.4 0.1 0.3

Other industries 20.2 20.4 0.0 21.4 22.1 21.2 20.2 21.2
Service 20.1 20.1 20.1 20.7 21.4 20.8 20.3 20.2
All goods and

services
20.2 20.3 20.1 22.0 22.8 22.2 20.4 20.5

TER
Agriculture 21.1 21.5 20.7 0.3 0.7 20.1 21.3 0.6
All energy 23.5 25.8 21.9 28.3 211.2 28.9 22.5 24.5
All manufacturing 0.3 0.4 0.3 22.2 23.2 22.7 0.2 0.3
Energy intensive

manufacturing
1.2 0.4 1.6 24.3 25.1 25.0 0.4 0.5

Other
manufacturing

20.2 0.4 20.3 21.2 22.2 21.5 0.1 0.3

Other industries 20.3 20.5 20.1 20.9 21.3 21.0 20.2 21.0
Service 20.1 20.1 20.2 20.6 21.0 20.7 20.3 20.2
All goods and

services
20.2 20.3 20.1 21.9 22.8 22.2 20.4 20.5

TERWMT
Agriculture 20.6 20.8 20.5 0.3 0.7 0.0 21.4 0.5
All energy 23.4 25.8 21.9 28.2 211.1 28.9 22.6 24.2
All manufacturing 0.6 0.7 0.6 22.5 23.5 23.0 20.1 0.1
Energy intensive

manufacturing
1.5 0.7 1.9 24.6 25.3 25.4 0.1 0.2

Other
manufacturing

0.1 0.7 0.0 21.5 22.5 21.8 20.1 0.1

Other industries 20.5 20.7 20.5 20.2 20.5 20.5 0.1 20.4
Service 20.2 20.2 20.3 20.3 20.7 20.5 20.2 0.0
All goods and

services
20.1 20.3 0.0 21.9 22.7 22.1 20.4 20.4

Notes: Changes are expressed relative to business-as-usual in 2020. NTER: Both industrial
and developing countries reduce emissions by emission rights are not tradable. TER1: Both indus-
trial and developing countries reduce emissions; emission rights are tradable, but we abstract
from private transfers. TER: Both industrial and developing countries reduce emissions and emis-
sion rights are tradable. TERWMT: Both industrial and developing countries reduce emissions;
emission rights are tradable; and transfers offset welfare loss from emissions.
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TA B L E 5. Change in Exports by Sector (percent)

High
Income

Countries
United
States

EU27
with

EFTA

Low and
Middle Income

Countries China India Brazil
Sub-Saharan

Africa

NTER
Agriculture 24.1 24.4 27.7 21.7 2.5 2.0 24.2 1.1
All energy 212.1 223.3 28.4 28.2 28.1 4.8 22.3 24.4
All manufacturing 21.6 21.8 21.4 21.4 22.1 23.5 21.0 3.6
Energy intensive

manufacturing
23.3 28.4 20.2 0.2 2.0 22.2 23.2 9.2

Other manufacturing 20.9 0.9 22.0 21.9 22.9 24.0 0.0 20.5
Other industries 24.5 21.2 22.6 0.6 20.7 20.7 23.8 0.0
Services 21.9 22.6 22.8 2.9 3.6 3.1 26.6 2.8
All goods and

services
22.2 22.9 22.2 21.7 21.8 21.8 22.4 20.3

TER1
Agriculture 24.5 24.4 26.4 21.7 11.8 4.1 24.3 2.2
All energy 25.0 210.5 20.8 24.1 28.1 20.2 24.2 22.3
All manufacturing 0.2 0.1 0.7 22.0 22.9 24.4 0.8 1.5
Energy intensive

manufacturing
3.2 0.6 5.9 27.5 212.5 211.0 1.7 1.4

Other manufacturing 21.1 20.1 21.8 20.4 21.1 22.0 0.4 1.6
Other industries 22.7 21.6 22.6 21.3 21.4 24.1 21.6 23.3
Services 21.5 21.5 22.1 2.2 4.8 6.2 23.0 0.9
All goods and

services
20.6 21.0 20.3 21.7 22.4 22.3 21.4 20.5

TER
Agriculture 23.4 23.2 25.3 21.3 8.6 2.4 23.6 1.6
All energy 24.6 29.7 20.9 24.3 29.1 20.2 23.6 22.3
All manufacturing 0.7 1.3 1.3 22.7 24.3 25.3 1.0 1.0
Energy intensive

manufacturing
3.8 1.6 6.3 28.1 213.8 211.5 1.8 1.0

Other manufacturing 20.5 1.1 21.1 21.1 22.6 23.0 0.6 1.0
Other industries 22.1 20.6 22.1 21.3 22.4 24.2 21.2 23.4
Services 21.2 20.8 21.9 1.7 3.4 5.3 23.0 0.3
All goods and

services
20.1 0.1 0.1 22.3 23.9 23.1 21.0 20.8

TERWMT
Agriculture 21.6 21.7 22.5 22.1 6.6 20.8 23.6 20.2
All energy 24.0 29.0 20.1 24.6 29.4 20.4 23.8 22.1
All manufacturing 1.8 2.3 3.0 23.9 25.6 27.3 20.3 20.5
Energy intensive

manufacturing
4.8 2.5 7.9 29.3 215.0 212.9 0.5 20.2

Other manufacturing 0.6 2.1 0.7 22.4 23.9 25.3 20.7 20.7
Other industries 21.0 0.5 20.9 21.8 23.0 24.7 21.7 23.9
Services 20.6 20.2 20.8 0.5 2.2 3.5 24.4 21.1
All goods and

services
0.9 1.0 1.7 23.4 25.1 24.9 21.8 21.4

Notes: Changes are expressed relative to business-as-usual in 2020. NTER: Both industrial
and developing countries reduce emissions by emission rights are not tradable. TER1: Both indus-
trial and developing countries reduce emissions; emission rights are tradable, but we abstract
from private transfers. TER: Both industrial and developing countries reduce emissions and emis-
sion rights are tradable. TERWMT: Both industrial and developing countries reduce emissions;
emission rights are tradable; and transfers offset welfare loss from emissions.
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manufacturing output declines by 2.2 percent (compared with 3.2 percent
without the improvement in energy efficiency) and manufacturing exports
decline by 3.5 percent (compared with 4.3 percent without the energy effi-
ciency improvement). For India, the magnitudes are similar: output and
exports decline by 1.3 percent and 3.7 percent (compared with 2.7 and 5.3
percent, respectively in the absence of energy efficiency improvements).23 Thus,
while there is some amelioration, the overall adverse impact of climate change
actions remains substantial. It is worth noting that the magnitude of relief will
actually be lower than these numbers if we bear in mind that improvements in
technology are themselves not costless.

Cost of Dislocation

Thus far, we have focused on the impact of emissions reductions on the com-
position of output and exports. There are also likely to be dislocation costs as
resources are reallocated across sectors, and the nature of these dislocations
will differ between high and low income countries. For example, in the US and
EU, all nine manufacturing sectors in our model are likely to expand as a result
of international tradability of emissions; in contrast, in China, eight of the nine
sectors are expected to see a decline in output (refined oil, chemicals, rubber
and plastics, paper products and publishing, mineral products, ferrous metals,
other metals, transport equipment, and other manufacturing). In India, seven
out of the nine sectors are likely to see a decline in output. If some factors are
sector-specific and imperfectly mobile (which is assumed away in the model),
then the transition to any new equilibrium could lead to at least temporary un-
employment. The irony is that high income countries, which typically have
better social protection mechanisms, are less likely to need to deal with the
contraction of tradable sectors.

I I I . C O N C L U S I O N

With an increasing number of countries accepting the need for action to
address climate change, both the prospects for and the impact of cooperative
emissions reductions are receiving significant attention. This paper has
attempted, and provided a methodological tool, to quantify the impact of co-
operative policy actions related to climate change on the manufacturing sector
in developing countries. We have departed from the existing work on climate
change in two ways. First, we have disaggregated the policy actions into emis-
sion reductions per se, international emissions tradability, and international
transfers. Second, in terms of outcomes, instead of focusing on aggregate
output, we quantify the effects on manufacturing output and exports.

23. Details of the estimates under this scenario of endogenous technological improvement are

available from the authors upon request.
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Our key findings, which come with all the caveats that we have noted, are
the following. Some currently high carbon intensity countries/regions (such as
China, India, Eastern Europe and Central Asia, and the Middle East and North
Africa) will experience substantial reductions in manufacturing output and
exports from emissions reductions per se. For a subset of these countries, espe-
cially China and India, these effects will be aggravated by emissions tradability
(especially on manufacturing output) and transfers (especially on manufactur-
ing exports). For this subset, the negative effects will be substantial not just for
carbon-intensive manufacturing but also other manufacturing sectors.

In contrast, the manufacturing sector in low carbon intensity countries (such
as Brazil and Latin America) will be minimally affected by the actions related
to climate change. In the case of sub-Saharan Africa, effects might even be
positive, although any boost to manufacturing exports could be reduced
through transfers and the consequent exchange rate effects. Of course, if
private and public transfers are able to raise productivity and reduce trade
costs, then these effects could be offset.

If countries, for political or other reasons, want to preserve manufacturing
capacity, what are their options in a world with emissions reductions? For low
carbon intensity countries, there is not much of a dilemma because the results
suggest that there is limited impact of climate change actions on the manufac-
turing sector. For sub-Saharan Africa, there might be a tension related to trans-
fers which would need to be addressed. But for high carbon intensity countries
(especially China, India, Eastern Europe and Central Asia, and the Middle East
and North Africa), whose manufacturing exports and output will be substan-
tially affected, the choice may be more difficult.

One solution might then be to tax the carbon externality appropriately (by
taking on international obligations on emissions reductions and tradability)
while addressing the manufacturing objective through a combination of pro-
duction subsidies (if the objective is to preserve manufacturing output) or
export subsidies (if the objective is to maintain manufacturing exports). For
developing countries, this solution could encounter two problems. First, World
Trade Organization rules prohibit the use of export subsidies, and production
subsidies can be legally countervailed by trading partners. A second, arguably
bigger, problem is the difficulty of implementing subsidies: the experience with
industrial policies and “picking winners” has highlighted the demanding
requirements for successfully doing so. Thus, if implementation capacity is
limited and countries find themselves in a second-best world, the reconciliation
of the two objectives becomes more difficult.

In this case, an alternative approach would be for countries to use one in-
strument but to strike a balance between the two objectives. So, if countries
cannot implement subsidies to attain the manufacturing objective, they may
choose to allow some increase in carbon prices (consequent upon, say, domes-
tic emissions reductions) but not to allow any further increase (resulting from
emissions tradability). This suggests that selection from the menu of options
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TA B L E 6. Carbon intensity of Different Sectors (tons per million U.S. dollars of output, 2004)

World
Total

High Income
Countries

United
States

EU27 with
EFTA

Low and Middle Income
Countries China India Brazil

Sub-Saharan
Africa

Direct carbon intensity
Agriculture 46 45 57 40 47 82 0 63 15
All energy 758 642 879 485 886 2067 1501 116 727
All manufacturing 46 25 36 18 107 127 111 53 65
Energy intensive 116 62 90 43 279 326 283 141 159
Other

manufacturing
14 8 12 7 31 35 36 8 17

Other industries 13 7 3 6 30 29 13 18 38
Services 36 26 32 21 97 82 68 63 67
Total 92 55 74 40 228 303 250 78 149
Direct plus indirect carbon intensity
Agriculture 168 98 141 74 223 350 301 129 72
All energy 928 729 1016 541 1147 2800 1749 186 823
All manufacturing 187 99 159 62 449 681 518 168 273
Energy intensive 330 172 272 107 811 1163 888 286 505
Other

manufacturing
122 66 111 42 289 459 354 107 156

Other industries 132 60 69 46 342 561 287 89 240
Services 92 67 94 46 242 340 231 101 161
Total 187 109 153 74 479 772 535 149 281
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within the climate change regime itself could be a possibility for high carbon
intensity developing countries.

Of course, any policy choices made by developing countries that depart
from fully taxing the carbon externality could lead to international differences
in carbon prices and make developing countries vulnerable to trade action.
This cost could be minimized if developing countries could persuade their in-
dustrial country partners as part of a comprehensive agreement on climate
change to take either no trade actions or limited actions (described in a com-
panion paper, Mattoo and others 2009).
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