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Abstract

A large share of global carbon emissions arises in the production of goods that
are consumed in a different country. The flow of carbon embodied in trade is highly
asymmetrical. At the same time, trade is highly and persistently unbalanced in value
terms, too. Prominently, the two countries with the largest net ex- and imports
of carbon (China and the US) have at the same time consistently been among the
countries with the largest trade surplus and deficit, respectively. We investigate the
effects of global trade imbalances on carbon emissions around the world. To this
end, we use a Ricardian quantitative trade model including sectoral input-output
linkages, trade imbalances, and carbon emissions from fossil fuel combustion. For
every individual country, the emission effect of removing its trade imbalance depends
on the carbon intensities of its production and consumption patterns, as well as on its
fossil resource abundance. The simultaneous removal of all global trade imbalances
is found to lower world carbon emissions by by 0.62 % or 184 million tons of carbon
dioxide. Out of all individual countries’ imbalances, eliminating the Qatari trade
surplus and the US trade deficit would lead to the largest environmental benefits in
terms of lower global emissions.
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1 Introduction

In 2016, the two countries with the largest trade deficits in the world (the United States
and the United Kingdom) were at the same time the countries with the largest (US) and
third-largest (UK) net imports of carbon emissions. China, on the other hand, had both
the largest trade surplus and by far the largest amount of net exports of carbon emissions.
The second largest net carbon exporter (Russia) also had a large trade surplus (8th largest
in the world). Of course, there are other examples, like Germany and Japan that have
large trade surpluses and are strong net carbon importers, or India, that has a large trade
deficit but exports way more carbon than it imports. Still, the question arises whether
global trade imbalances allow specialization and consumption patterns that magnify the
global carbon footprint.

The question is not straightforward to answer. First off, maybe the United States and
China are net importer and net exporter of carbon only because they are net importers
and exporter overall, respectively. The data can give an answer to this if we consider the
embodied emissions per dollar of exports and per dollar of imports, i.e. the ex- and import
carbon intensities. Focusing on the two most prominent examples for now, it turns out
that Chinese exports are about twice as carbon-intensive as its imports, while US exports
are only about half as carbon-intensive as its imports. This pattern magnifies these coun-
tries’ imbalances in embodied emissions in comparison to their trade value imbalances. It
further suggests that there may be scope for lower overall emissions if a trade re-balancing
limited the United States’ possibility to buy more of its “dirty” imports than it sells com-
parably “clean” exports and put a constraint on China to act as the world’s supplier of
carbon-intensive products. However, eliminating trade imbalances would reshuffle trade
and production all around the world and we cannot rule out a-priori that some of China’s
“dirty” production will end up in countries that produce the same products with an even
larger use of fossil fuels and hence higher emissions. Therefore, if we want to know the
“carbon footprint of global trade imbalances”, we need to simulate the balancing of all
current accounts in a quantitative model.

Beyond the differences in production vs. consumption carbon intensity, the previously
mentioned role of Russia as a large net exporter points to an additional important dimen-

sion: the role of trade in fossil fuels. A considerable share of Russian exports is the sale



of fossil fuels. The fact that the production of fossil fuels is itself carbon intensive shows
up in the Russian carbon trade balance, the fact that the burning of these fossil fuels in
their destination countries will cause additional emissions does not. The possibility to
run a trade surplus enables fossil fuel exports like Russia to focus its production on fossil
fuel extraction to a larger extent than they could if they had to align their production
more strongly with their own consumption patterns. Global trade imbalances can there-
fore have important implications for fossil fuel supply, which also have to be taken into
account in quantifying the imbalances’ carbon footprint.

We use a Ricardian trade model along the lines of |Eaton and Kortum| (2002). In order
to capture countries’ full embedding into global value chains, we include a sectoral input-
output structure as in (Caliendo and Parro (2015). Additionally, we incorporate carbon
emissions from fossil fuel combustion with varying carbon intensities for different types of
fossil fuels. Together with the input-output structure, this allows a fine-grained consider-
ation of embodied carbon flows and a clean distinction of countries’ territorial emissions
and carbon footprints. As an environmentally extended version of [Caliendo and Parro
(2015), the model is closely related to the contributions by (Caron and Fally| (2020) and
Shapiro| (2020), which in turn are the latest additions to a young, but growing literature
incorporating emissions into structural gravity models (Egger and Nigail [2015; Shapiro,
2016; Larch and Wanner, 2017, [2019; [Shapiro and Walker, [2018)).

We use the quantitative framework for two types of counterfactual analyses. First, we
eliminate individual countries’ trade imbalances, altering the rest of the world’s surpluses
and deficits only to the extent necessary to ensure that global supply equals global de-
mand. We calculate both how the country’s territorial emissions and footprint react to the
elimination of the trade imbalance and how global emissions are affected. We use these
country-level re-balancing exercises to identify patterns in countries’ consumption habits
and production specialization, as well as resource abundance that determine which im-
balances are particularly problematic in terms of their effect on global emissions. Second,
we simulate a global re-balancing in which all countries’ surpluses and deficits are jointly
erased. This allows us to assess whether the current pattern of trade imbalances around
the world is in fact partly responsible for the high level of global carbon emissions. In

addition to insights on the level of global emissions, this counterfactual is also informative



concerning the distribution of carbon emissions across the globe and how this is shaped by
trade imbalances. Our exercises come with one important disclaimer. Unlike a growing
literature on the sources of trade imbalances (cf. |Davis and Weinstein, 2002; Barattieri,
2014; Reyes-Heroles, 2016; |Eugster, Jaumotte, MacDonald, and Piazzal, 2020; [Felbermayr
and Yotov, [2021)), our paper purely examines the consequences of their removal, stand-
ing in the tradition of |Dekle, Eaton, and Kortum| (2007, 2008)). To this respect, we do
not point towards a policy that would eliminate the imbalance, but we can calculate the
magnitudes of the long-run adjustments that such a policy would entail.

Until now, the role of trade imbalance in shaping global emission patterns has received
little attention. In their recent handbook chapter, (Copeland et al.| (2021)) briefly refer to
imbalances as one factor that could contribute to the outsourcing of emissions. Li, Chen,
Li, Li, and Chen (2020) consider embodied energy in the US-Chinese bilateral trade im-
balance, showing that the United States implicitly net import large amounts of energy
from China.

The remainder of this paper is structured as follows. Section [2| presents a collection of
stylized facts about global trade imbalances in terms of both values and embodied emis-
sions, their interrelation with one another and with the countries’ resource abundance.
Section [3] lays out the quantitative model and section [4] introduces the data used for the
quantification. In section [ we present the results of the counterfactual exercises. Section

[6l concludes.

2 Trade Imbalances and Embodied Emissions:

A Look at the Data

In this section, we take a look at the data and establish seven stylized facts about value
and embodied emission trade imbalances across countries and time. While not novel in-
dividually and in part very straightforward, the aim of this collection of stylized facts is
to motivate that trade imbalances have the potential to play an important role in shaping

the level and distribution of global carbon emissions.

Stylized fact 1: A considerable share of global emissions is embodied in products that



are traded internationally.

Figure 1: Share of Global CO2 Emissions Embodied in Trade, by Year

The rst fact is important to establish the relevance of international trade in determining
emission patterns around the world. If carbon emissions were overwhelmingly associated
with products that are produced and consumed in the same countries, this would limit the
role trade imbalances can play for carbon emissions. Figure 1 shows the share of carbon
emissions embodied in international trade over time. It is calculated by dividing the em-
bodied emissions in products that are traded internationally by global carbon emissions.
The embodied emissions of traded goods include the emissions of their entire global value
chain, including electricity and other intermediates, as well as their inputs and inputs to
inputs, etc. Each dot represents one year for a period from 2000 to 2014.

As Figure 1 shows, 25 to 29 percent of global CO2 emissions are embodied in international
trade. While some important sources of carbon emissions such as heating are necessarily
local, a considerable share of emissions is embodied in products that are shipped inter-
nationally. Note that the range of values slightly deviates from Copeland, Shapiro, and
Taylor (2021), who already establish this stylized fact and report a range from 24 to 35
percent between 1995 and 2009. This deviation is not surprising because we use a newer
WIOD release (Timmer, Los, Stehrer, and De Vries, 2016).In 2014 (i.e. the last year

WIOD is also the data source of all stylized facts in section 2, despite stylized fact 7.



Figure 2: Bilateral Flows of Embodied CO2 Emissions in International Trade, 2014

covered in this data set), the share of global CO2 emissions that were embodied in inter-

national trade was 26 percent.

Stylized fact 2: Embodied emissions in international trade are highly asymmetric.

Bilateral ows of embodied CO2 emissions for the six countries with the largest absolute
imbalance of embodied carbon emissions in trade, plus an aggregated Rest of the World ,
are depicted in Figure 2. The height of a country's box on the vertical axis relates to the
corresponding total embodied emissions in their exports (left) and imports (right) in 2014.
China, Great Britain, India, Japan, Russia and the USA account together for 66% of total
embodied carbon emissions in exports and for 53% of total embodied carbon emissions
in imports. For individual countries, the contrast can be very stark: while China exports
2158 megatons, it only imports 842 megatons of embodied CO2. For the US, the pattern
is similarly extreme, but in the opposite direction. Their exports embody 453 megatons,
while the embodied emissions in their imports amount to 1286 megatons of CO2. As the

US, Great Britain and Japan are both net importers of embodied CO2, while India and
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Figure 3: Embodied CO2 Emissions Imbalance in International Trade, by Year

Russia are net exporters. Russia is also the country with the largest share of net exports
to total exports in embodied emissions, which amount to 68 %, followed by China with

60 %. Figure 2 implies large gaps between territorial emissions, which stem from the
production of goods, and carbon footprints, which account for the embodied emissions in

consumed goods.

Stylized fact 3: The asymmetry in traded emissions is highly persistent.

Figure 3 depicts the imbalance of traded CO2 emissions embodied in exports and imports
for the same countries as in Figure 2, but for the whole period from 2000 to 2014 rather
than for just one point in time. All individual countries keep their role as a net ex- or
importer of embodied emissions throughout the period. The United States are by far the
largest net importer of emissions in all years and China overtakes Russia as the main net
carbon exporter in 2003 and then takes a clear lead for all later years. This persistence
magni es the importance of understanding the role that the trade imbalances play in
shaping global emissions. If trade imbalances contribute to a production and consump-
tion pattern around the world that goes in hand with higher carbon emissions and this

pattern persists over time, the resulting additional emissions will add up over time.



Figure 4: Bilateral Trade Flows, 2014

Stylized fact 4: Trade is highly asymmetric in value terms, too.

Figure 4 shows bilateral trade ows of goods and services of the six countries with the
world's largest absolute trade imbalances. The height of a country's box on the vertical
axis relates to their total exports (left) and imports (right) in billions of USD in 2014.

It hence reproduces Figure 2, substituting embodied emissions for values. Even though
the asymmetry in value trade is not as drastic as in embodied emissions trade, the value
imbalances are substantial, too. China, Germany, South Korea, Netherlands, Russia and
USA account together forXX % of total exports andXX % of total imports. China has

a trade surplus of 583 bn USD, followed by Germany (390 bn), South Korea (135 bn), the
Netherlands (124 bn), and Russia (114 bn). The USA have the largest trade de cit with
481 bn USD. Even though this stylized fact is well-established, we restate it here because
it takes center-stage in our analysis which asks whether these well-known imbalances have

an additional, so far overlooked environmental implication to them.

Stylized fact 5: Value trade imbalances are persistent, too.
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Figure 5: Trade Imbalance, by Year

Figure 5 shows the annual trade imbalance in value terms of the same countries as in
Figure 4 for the period 2000-2014. Similarly to the embodied emissions imbalances over
time shown in Figure 3, a highly persistent pattern emerges. Though the uctuations are
somewhat larger, again none of the individual countries considered switches between net
ex- and net importer status. The United States consistently run the by far largest trade
de cit. China overtakes Germany as the world's largest net exporter in 2006 and keeps
this rst rank throughout the remaining period, though the gap to other countries is not

as large in net value exports as in net carbon exports. If trade imbalances were a short-
lived phenomenon, potential emission implications would be of little concern. This year's
surpluses would turn into next year's de cits and a specialization pattern made possible in
one year that leads to particularly high carbon emissions would be followed by a di erent
pattern that would imply comparably low emissions. The persistence implies, however,

that a high-emission global imbalance distribution could be a sustained phenomenon.

Stylized fact 6: The value trade imbalances and the relative carbon intensities of exports

vS. imports are correlated.

In order to assess whether global trade imbalances are likely to drive world emissions up

or down, we need to know which countries are running the de cits and which countries are
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Figure 6: Correlation of Trade Imbalances and Carbon Intensities of Exports vs. Imports,
2014

running the surpluses. If countries that sell less carbon-intensive products internationally
than they buy were the surplus countries, imbalances might actually be environmentally
bene cial. As Figure 6 makes clear, however, the opposite is true: the imbalances are
positively correlated with the relative carbon-intensity of exports. Countries supplying
dirty goods to the rest of world, while importing comparably clean products, tend to
run surpluses. On the other hand, the countries exporting relatively cleanly tend to run
de cits. Most clearly and most importantly, this pattern is evident for the United States
and China, as we already brie y discussed in the introduction. The (imperfect) separation
into clean de cit and dirty surplus countries strongly suggests that today's global trade
imbalances contribute to upholding a trade pattern that implies higher carbon emissions

than would prevail in a world of balanced trade.

Stylized fact 7: Many large fossil resource exporters are consistently running strong

trade surpluses.

The relative carbon intensity of a country's production vs. consumption is not the only

dimension that determines how the country's trade surplus or de cit impacts carbon
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Figure 7: Trade Imbalance of the 10 Largest Fossil Exporters, 2014

emissions. Importantly, international trade is not only about products of varying carbon
intensities, but it's also about the products use of whicltausescarbon emissions, namely
fossil fuels. If countries that are rich in fossil resources run trade surpluses, this has
the potential to drive up the global supply of fossil fuels and in turn the global level of
emissions. As Figure 7 shows, this is exactly the case for many of the world's largest
fossil fuel exporters: Out of the top ten, eight countries have a trade surplus in 2014,
which are partly huge in relation to these countries' overall GDPS. It seems, therefore,
that current global trade imbalances contribute to high carbon emissions in a second way,
namely by fostering the global supply of fossil fuels.

To sum up, we have shown that international trade is highly unbalanced both in value
and in embodied emissions terms. While this need not be bad news for global emission
levels, the fact that there are positive associations between running a trade surplus and
both exporting fossil-fuel intensive products and exporting fossil fuels, there is strong
reason to suspect that the today's global imbalances are indeed driving up global carbon
emissions and given the persistence of the observed imbalances will continue to do
so. To quantitatively assesghe carbon footprint of global trade imbalancefiowever, we

need to take into account the equilibrium adjustments that would result from a global

2Based on GTAP 10. Fossil exports are calculating by summing up the export values of theoal, oil
and gas sectors.

3Qatar's trade surplus is as high as 42 % of their GDP, followed by Kuwait (33 %), Saudi Arabia (21
%) and Russia (9 %).
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rebalancing. In the following section, we present a model that will allow us to simulate

such a rebalancing.

3 Model

We use a Ricardian quantitative trade model a la Eaton and Kortum (2002, henceforth
EK), which incorporates a sectoral structure with input-output linkages, trade imbal-
ances, and carbon emissions from fossil fuel combustion. It closely follows the sectoral
extension of EK by Caliendo and Parro (2015, henceforth CP), but additionally includes
carbon emissions from fossil fuel combustion in the production of other goods or for nal
consumption. As an environmental extension of the framework by CP, the model is also
closely related to Shapiro (2020) and Caron and Fally (2020).

As our focus is on the e ect of changes in trade imbalances (as in Dekle, Eaton, and
Kortum, 2007, 2008), we will keep the expressions as simple as possible by not considering
taris as in CP or other policy variables that would allow explicit climate policies (such

as a carbon tax).

3.1 Preferences

There is a set of countrieN , denoted byi and n, one set of fossil fuel sectors, denoted by
f 2F andg 2 F, andJ other sectors, denoted by 2J andk 2 J . In each sector, there
is a continuum of goodd & 2 [0; 1]. Households inn obtain utility from consumption C

according to the following two-tier Cobb-Douglas utility function:

f

Y Z 1 nY Z 1 _ _ h
Un = exp InCy(!")d!' exp InC,(!Hd
f2F 0 j2J 0
_ _ P _

where is the constant sectoral expenditure share and! + i23 h=1. Note that the
choice of a lower-tier Cobb-Douglas instead of a more general CES utility function does
not a ect any results and is solely motivated by the attempt to keep parameters to the
necessary minimum (see Eaton and Kortum, 2012, for the corresponding comparison in
the one-sector EK framework). While the aggregation of utility from di erent varieties

within one sector is the same for all countries, expenditures shamesoss sectors vary

11



between countries, allowing for di erently emission-intensive consumption patterns. This
exibility is crucial as the trade de cit or surplus of a country that consumes a lot of fossil
fuels or products that require high fuel input in production will have di erent emission
implications than the de cit or surplus of a country with a high share of clean services

expenditure.

3.2 Production

Goods are produced using labour and composite intermediate input bundlesn from
the fossil fuel sectors and from all other sectors. Countries di er in their productivity for
di erent goods from the continua, inversely captured by the input requiremend, and the

input cost shares . The production technology is Cobb-Douglas:

. g Y o Y K
G = an () T () 7 mp(t!) " ma(t)) "
f 2F k23
f fy 1 o Y o ¥ i fy b
()= a(t’) (') [maCt 91" UM CRD B
g2F j23
i j P fij P ki = f P g;f P if =
with i+ o+ 4 o' =land ;+ o 3+ 5, § =1 andthe

intermediate input bundles are themselves Cobb-Douglas composftes

Z, Z,

m =exp Ind,(!")d!" and ml =exp Ind,(!!)d!’;
0 0

whered, (! f) and d,(! ) are the demand for the speci c varieties f and! ! as interme-
diate inputs. Unit costs (which equal the price due to perfect competition and constant
returns to scale) in the regular and the fossil fuel sectors are given laya,(! ') and

ca,(! '), where the cost of the input bundles are given by

. . i Y f I{j Y K ri1<2J'
G, = nlwa]” Pn Po " 1)
f2F k2J
f f f Y g;f Y . #]f
¢ = nlwil" [PJ]° Po " 2)
g2F j2d

“Note that just as in the utility function, this could be generalized to a CES composite without
changing any of the nal results.
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. 0
where | = (1) »

fii Q
n

oy (K) ", w denotes the wageP the price

ror (1))

of a composite intermediate bundle, and f = ( ! ;QQZF( gfy & QjZJ ity
Input requirement coe cients are assumed to be drawn from a type-Ill extreme value
(Weibull) distribution, i.e. Pr[a(!!) al=1 exp( (A{ a) j) (and accordingly in the
fossil fuel sectors), wherd is a location parameter capturing the absolute advantage and

is a dispersion parameter (inversely) capturing the extent of comparative advantage
di erences?®

Importantly, the production structure implies that countries not only di er in their

productivities, but also in the extent to which they rely on fossil fuel inputs in producing
di erent goods. Just as the di erences in the greenness of consumption, this can have
important implications for how a country's trade surplus/de cit a ects global emissions:
it can enable dirty (i.e. fossil fuel intensive) producers to serve a larger share of global
demand or it can help them cover more of their own demand with cleaner products from
abroad. Note also the two-layer structure of comparative advantage: the probabilistic
EK notion of comparative advantage determines which countries produce which products
within sectors and additionally, comparative advantagacross sectors as determined by
sectoral productivities and input costs determines which countries specialize into produc-
tion in which sectors. In one important dimension, countries can specialize in producing
fossil fuel intensive goods vs. products that rely on less fossil fuel inputs with di erent
implications for the consequences of the countries' trade imbalances on emissions. In a
second dimension, countries can specialize in ordinary goods or in fireduction of fos-
sil fuels. If countries of this latter (fossil resource abundant) type run a trade surplus,
this increases global fossil fuel supply and hence drives up global emissions, pointing to a

potentially problematic role of imbalances of fossil fuel exporters.

SNote that both EK and CP equivalently have countries draw productivities from a type-Il extreme
value (Frechet) distribution instead. We follow Eaton and Kortum (2012) here and use the original
Ricardian technology measure of input requirements.
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3.3 International Trade
3.3.1 Gravity

Both consumers and producers source the goods they buy from the lowest-cost supplier.

International trade faces iceberg trade costd, and t'., i.e. t units have to be shipped
to deliver one unit fromi to n. The cost distributions for country i delivering goods to
country n depend oni's productivity and input costs, as well as on bilateral frictions

betweeni and n and are given by
Prici('’) c=1 e @9 and Prici('’) =1 e ®u9

with Al = Al=tl.d) and AT, = AT=(t!.c'). Country i is hence likelier to be able to
provide goods at a low price ta if (i) its overall productivity in the respective sector is
high (large A), (ii) its input costs are low (small ¢), and/or (iii) its trade costs with n are
low (small t).

Under perfect competition, producers price at their costs. The price at which con-
sumers and producers in countryy end up buying a good is the minimum price across
the bilateral cost distributions just shown. The resulting price distributions inherit the

Weibull form from the technology and cost distributions and are given by:

FiM=1 e®P' and Fi(p=1 e ®w

with " "
#ioi #_
oox X oo
AL = (An) and Af = (Ani)
i2N i2N

f

The As summarize how the three price in uences (technology, input costs, and geography
as captured by the trade costshll around the world shape the price level in a country.

Speci cally, we can obtain sectoral price indices by integrating over the price distributions:

Z, n_ | w1
Pl=exp  In(p)dFi(p) =% and pf=2PC=0)

0 n An

where" = 0:5772::: is Euler's constant. Note that the possibility of non-tradable sectors

is implicitly also captured. In these non-tradable sectors, trade costs are prohibitively
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high (t. = 1 ) and the price hence simpli es toP) = exp( "= 1)=Al .

Country n's total spending on goods from sectgr and on fossil fuels arex ) and X .
The shares of these expenditures that are spent on goods and fossil fuels from country
equals the share in which is the lowest supplier and is given by a sectoral version of the
EK gravity expressiort:

. b Py
jzx%i: A_Jn' and - AL'

ni X# Ajn ni xrf1 A_L

(4)

International trade links carbon emissions across countries in a direct and an indirect
way. Directly, countries with a comparative advantage in fossil fuel intensive goods will
specialize in the production of these goods, emit more GQand tend to implicitly export
more emissions to other countries than importing from them. Indirectly, emissions in
di erent countries are additionally linked because the fossil fuels causing them are them-
selves traded. Lower (higher) demand for fossil fuels in one country will drive down (up)
the price for fossil fuels and hence incentivize other countries to produce more (less) fossil

fuel intensively.

3.3.2 Trade balance

Total expenditures for sectofj and for fossil fuels§ combine expenditure on intermediate

bundles and for nal consumption:

j X j;f X f f X ik k k j
] = )i i J
>(n_ n Xi in+ n >(i in+ nln and
f2F i2N k2J i2N
f X fig X g g X fi] X i f
— ; N .
Xn_ n Xi in+ n Xi in+ nlm (5)
g2F i2N j2d i2N

where the nal absorption|,, consists of labour income (given by the total labour endow-

ment L, times the wage) and the trade de cit O,):

I, = waLp+ Dp: (6)

6As described in EK, this share can be calculated as th@{{)r%bability thati has the lowest costs of de-
livering a good! to n: Prlc,i (') minfcs(!!);s6igl= , ~silexp( (AlsC) "Yld(exp( (AL o D))
(and in the fossil fuel sectors accordingly). To move to EK's explicit gravity equation for trade ows,
multiply the trade shares with the destination country's total sectoral expenditure, solve the market
clearing condition for (Al =d) , substitute the expression into (4) and simplify using (3)
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Trade is multilaterally balanced up to the exogenously given trade de cit:

X X X X X X
xBrhy oxido p= xEe  oxho (7)

n ni
i2N f 2F j2J3 i2N f 2F j2d

International trade allows countries to decouple their production and consumption pat-
terns. They can specialize in producing certain varieties and they can focus their produc-
tion on the sectors in which they have a comparative advantage. At the same time, they
are free to still consume a product basket that is determined by their preferences rather
than their comparative advantage. Just because a country produces a lot of fossil fuels,
it does not have to spend a large share of its income on these fuels. Trade balance puts a
limit to the decoupling: the overall value of produced goods has to equal the overall value
of the purchased ones. If a country wants to export another dollar worth of its products,

it has to also import an additional dollar worth from elsewhere. With trade imbalances,
the limit is softened. Up to the level of the de cit or surplus, they decouple not only
what a country produces and buys, but alsthow much The equilibrium e ects of this
further decoupling on carbon emissions are ambiguous. One country's surplus necessarily
is another country's de cit. A de cit [surplus] will increase [lower] the respective coun-
try's carbon footprint. Globally, de cits in countries with green preferences, relatively
brown production technologies, and large fossil resource endowments will tend to lower
emissions, while de cits in countries demanding fossil-intensive products that produce

with small fossil input shares will tend to increase them.

3.4 Equilibrium

The de nition of an equilibrium closely mimics the expression by CP, slightly expanded

by the presence of the fossil fuel sector.

De nition 1.  For given labour endowments ,,, technology parameterd\l, and Af, trade

f
ni»

coststjni andt ., and trade imbalanced,, an equilibrium is a set of wagew,,, composite

intermediate goods prices®}, and composite fossil fuel price®! that satisfy conditions

1 @).
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3.4.1 Equilibrium in relative changes

Just as in CP, the determination of an equilibrium for a given policy change simpli es if,
following Dekle, Eaton, and Kortum (2007, 2008), equilibrium conditions are re-expressed
in terms of relative changes where possible. Denote values of any variable or parameter
in the baseline equilibrium byx, under the counterfactual scenario by’, and its relative

change by® = x’=x. Then, the equilibrium can be de ned in relative changes as follows:

De nition 2.  Let fw,;P}; P/ g be a baseline equilibrium for global trade imbalancBs,
and fw,; P1% Pf°g be a counterfactual equilibrium for global trade imbalancé,. Then,
fw,; Pl: Pfg satisfy the following equilibrium conditionsg(8) (13):

Cost of the input bundles:

_ h sy h 0w . S B L " B

6 =[™]" P Pa and ¢ =[] " [Ph]" Py P 8)

k=1 j=1

Price indices:

" # 1 " # 1

. X Rl X o
'ﬁrlm = no G | and 'ﬁrf] = ;i C.f 9)

i=1 i=1

i f
A= i and Al = q_ (10)

Total expenditure by country and sector:

X X X
0 . £0 §0 W 0 0 i, 0
Xy =i Xi it I X{ 5+ A, and

i=1 k=1 i=1
X X X

0 _ . fO 0 . 0 IO 0

Xp= 0 Xi ot 3 XOR+ ql, (11)
i=1 k=1 i=1
Final absorption:

In = WoLn + PR, + D, (12)
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Trade balance:
o
i in (13)

3.5 Carbon Emissions

Carbon emissions stem from fossil fuel combustion and are therefore modeled to be pro-
portional to the usage of the fossil fuel composite, either as an intermediate in production
or in nal consumption, weighted by the varying carbon intensities’ of the di erent fossil

fuel types. National emissions are hence given by

! !
X Z X X | COX iy

E, = f Ca(! )+ mf(1 )+ mi(th) di = L (14)
f2F 0 g2F j2J t2F Pn

Note the di erence to Shapiro (2020) who models emissions as being proportional to the
extraction of fossil fuels. Linking emissions to the fossil fuelsageinstead allows us to

precisely track the emergence of emissions along the whole value chain.

3.6 Counterfactual Scenarios

The primary counterfactual analysis will consider the complete elimination of trade im-
balances, i.e. a scenario in whicB, = 0 8 n. Additionally, we will also consider what
happens if only a speci c individual countryn eliminates its de cit or surplus. In this
case, we need to make sure that world trade remains balanced. Speci callynifvas a
surplus country initially, we calculate its share in the surpluses over all surplus countries.
In the counterfactual scenario, we put its surplus to zero and lower all de cit countries'
de cit by n's baseline share of the global surpluses. ifwas a de cit country, we obtain

its de cit share out of all trade de cits and proceed accordingly.

4 Data and Parametrization

To simulate the e ects of a (simultaneous) removal of trade imbalances in general equi-
librium, we need to identify the model parameters. Consumption shares and input coef-

cients ( , , and ), as well as bilateral trade shares (), value added (vL), and initial
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trade imbalances D) are obtained from input-output tables. Sectoral dispersion param-
eters () are estimated based on the gravity equation following from the model. Carbon

intensities of goods from fossil sectors)(are obtained from the literature.

Data Sources

We estimate and calibrate the model using various (standard) data sources. The main
input for our simulation comes from the GTAP 10 database (Aguiar et al., 2019). The
data supplies the model with all information that is needed from input-output tables
(, , ., ,wL, D) for the year 2014” We choose the GTAP database because of
its rich geographical (121 countries and 20 aggregated regions) and sectoral (65 sectors)
coverage. It includes 5 fossil sectors (coal, oil, gas, petroleum and coal products, gas
manufacture and distribution). For a full list of all sectors and countries see Appendix

XX . All following data is concorded to the GTAP sectors and countries/regions.

5 Results

Quantitative trade models a la Eaton and Kortum (2002) allow the investigation of coun-
terfactual scenarios, taking into account full general equilibrium e ects. We use the model
presented in section 3 to conduct scenarios in which we partly of fully re-balance
global trade. We rst simulate the elimination of an individual country's imbalance for
each country separately in turn. Afterwards, we analyze the case of globally balanced

trade, i.e. of a simultaneous elimination of all trade imbalances.

5.1 Balancing Individual Country's Trade Separately

In this section, we conduct a set of counterfactual experiments, in which we always eae
country's trade imbalance to zero. For the removed trade imbalance of a single country the
value of their imbalance is subtracted from the imbalances of the remaining 140 countries

to ensure that world supply still equals world demand. If the single country has a trade

"This is the most recent year for which input-output data for 141 countries/regions is available. We
do not predict baseline values for some future year since this would introduce additional margins of error.
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