
Climate change: who will take the heat

Hélène Olliviera, Gal Hochmanb, David Zilbermanc

aDept. of Agricultural and Resource Economics, University of California, 207 Giannini

Hall, Berkeley, CA 94720-3310. E-mail: helene.ollivier@berkeley.edu
bDept. of Agriculture, Food, and Resource Economics and Rutgers Energy Institute,

School of Environmental and Biological Sciences, 55 Dudley Road Room 116, Cook

College, Rutgers, The State University of New Jersey, New Brunswick NJ, 08901.

E-mail: gal.hochman@rutgers.edu
cDept. of Agricultural and Resource Economics, University of California, 207 Giannini

Hall, Berkeley, CA 94720-3310. E-mail: zilber11@berkeley.edu

DRAFT: PLEASE DO NOT QUOTE

Abstract

Climate change policies can regulate greenhouse gases (GHG) at a variety
of points in the product cycle of fossil fuels: from fossil fuel suppliers based
on the carbon content of extracted fossil resource to �nal emitters at the
point of energy generation. This paper develops a general equilibrium model
with trade between fossil resource abundant countries and capital abundant
countries to show that the distributional impacts of a climate policy di�er de-
pending on where emission rights are allocated along the GHG supply chain.
The allocation of rights among di�erent entities along this supply chain im-
pacts both factor prices and each country's endowments, hence it impacts the
trade equilibrium. We provide an illustration of the distributional impacts
of climate policy in the FPE equilibrium by comparing four allocation rules
that are based on grandfathering or on equity concerns.
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1. Introduction

According to the Stern review (Stern, 2007), to stabilize world climate,
the amount of carbon dioxide equivalent (CO2e) by volume in the earth's at-
mosphere should not exceed 550 parts per million (ppm).1 This corresponds
to cuts in global emissions �ows of at least 30%, and most likely, closer to
50% by 2050. Since carbon emissions result from the use of fossil resource
(oil, gas and coal), emission cuts must lead to a reduction in the amount of
fossil resource extracted. Most emissions trading programs implicitly assume
that a cap on emissions is equivalent to a cap in fossil fuels extraction. How-
ever, fossil resource endowments are not evenly distributed, and allocating
emission rights along the GHG supply chain may have implications for the
international incidence of the economic burden of a given climate policy.

This paper uses an international trade lens to focus on the distributional
implications of a global climate agreement. The model represents a world
economy comprised of two countries or regions: North is capital abundant
and South is fossil resource abundant. Each country can produce a non-
traded intermediate product, electricity, which requires fossil resource and
capital, and a manufacturing good whose production requires energy and
capital.2 Greenhouse gas emissions arise when producers burn fossil fuels for
energy generation. Countries trade in both the industrial good and in the
fossil resource.

The paper shows that South will likely su�er and North will likely bene�t
from a global climate policy that regulates GHG emissions, whereas South
can bene�t from a global climate policy that regulates fossil resource sup-
ply. In fact, we compare a regulation that imposes a cap on fossil resource
extraction whereby allocating extraction rights to resource suppliers with
a regulation that imposes a cap on the burning of fossil resource whereby
allocating emissions rights to electric facilities. This dichotomy can also be
referred to as 'upstream' versus 'downstream' regulation (Bushnell & Mansur,
2011), where regulation targets either the polluting input or the emissions
related to its consumption.3 The reason why allocating rights along the GHG

1Concentrations are currently around 430ppm CO2e, and are rising at around 2.5ppm
CO2e per annum (Stern, 2007).

2A majority of the emissions in developed countries occur in non-traded sectors, such
as electricity, transportation, and residential buildings (Aldy & Stavins, 2011).

3Bushnell & Mansur (2011) compares the cost-e�ectiveness of upstream versus down-
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supply chain induces di�erent impacts is that the climate policy a�ects the
relative factor price and each country's resource endowments. By reducing
the aggregate fossil supply, the climate policy raises the price of the fossil
resource while lowering the price of capital, which can bene�t the fossil sup-
pliers as long as their resource endowment does not decrease dramatically.
The tradable permit system also creates a new asset, emission permits, and
by doing so, it induces excess supply on the fossil resource market, which
transfers wealth away from fossil suppliers toward electric utilities.

To illustrate how distributional impacts vary with the allocation rule,
we compare four rules that partially rest on the grandfathering approach
where precedence endows rights. The �rst rule allocates extraction rights in
proportion to historical resource endowment.4 By reducing fossil resource en-
dowment evenly across countries, this rule provides an interesting benchmark
because the relative income loss is the same across countries. The second rule
allocates emission cuts in proportion to prior income, which leads to a heav-
ier economic burden on North compared to South. Assuming that North is
richer than South, equity recommends imposing a heavier burden on North.
The third rule thus imposes all emission cuts onto North, with a similar logic
to the Kyoto Protocol. Finally, the fourth rule allocates emissions rights to
electric facilities in proportion to their prior use of the fossil resource. North-
ern use of fossil resource might be larger than Southern use because trade
in the fossil resource may cancel out the initial di�erence in fossil resource
endowment. We use a numerical example to illustrate the impacts of the
four allocation rules on fossil resource suppliers, on capital owners and on
consumers within each country.

Much of the climate change literature has a welfare economics emphasis,
evaluating alternative regulation and incentives to alter the behavior of eco-
nomic agents that produce greenhouse gas (GHG) emissions (Nordhaus &
Yang, 1996). We owe a large intellectual debt to Copeland & Taylor (2005)
who presented a trade theory view of the Kyoto Protocol. They showed that

stream regulation in a partial equilibrium framework where �rms can reduce their emissions
either by using less polluting inputs or by using an end-of-pipe technology. The authors
emphasize di�erences in terms of transaction costs, leakage and o�sets.

4 Similarly, "historic catch" is an important criterion for distributing quotas in interna-
tional �sheries management (Ringius et al., 2002), or in allocating water rights (Schoengold
& Zilberman, 2007). Within OPEC, "historic production volume" serves a similar function
(Gault et al., 1999).
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unilateral emission reduction in the rich North can lead to self-interested
emission reduction in the unconstrained poor South, and that a wide-range
of treaty-imposed emission reduction rules (such as uniform reductions across
countries) can be e�cient when there is trade in goods. We relax the assump-
tions that pollution is an input in elastic supply (Copeland & Taylor, 2003)
and that the supply of pollution depends on each country's environmental
policy. Rather, emissions are generated by the use of fossil resource, and
the climate policy a�ects the distribution of fossil endowments across coun-
tries. The decomposition of the world into net fossil resource importers and
net fossil resource exporters can be found in Strand (2011) who argues that
fossil fuel importers prefer to use a carbon tax instead of a cap-and-trade
regime because the tax extracts more rents and lowers the price of o�sets. In
contrast to that dynamic partial equilibrium analysis, our model re�ects the
general equilibrium e�ect of the climate policy on factor prices and on eco-
nomic sectors in each country, and it emphasizes the distributional issues of
the climate policy across countries in a static framework. Our model can also
shed some light on the distributional consequences of a U.S. cap-and-trade
program between "low carbon" states and "coal abundant" states. Cragg &
Kahn (2009) emphasize an endowment e�ect in the U.S., that is, the high-
est carbon emissions per capita are observed in regions that depend on coal
for their electric generation; and those regions are mostly poor, rural and
conservative, hence they are voting against any carbon policy. Our model
suggests that the coal abundant states may su�er the most under speci�c
climate policies.

The paper is organized as follows. Section 2 presents the economic struc-
ture of the model, and section 3 the trade equilibrium under laissez-faire.
Section 4 compares the distributional impacts of a downstream and an up-
stream regulations. Section 5 provides concluding remarks.

2. The model

Consider a world economy consisting of two regions, North and South,
both of which are endowed with capital and fossil resource.5 We index by

5Because there are no scale economies (with the assumption of perfect competition)
and because strategic trade behaviors that in�uence the terms of trade are ruled out, one
could interpret a country as a large region comprised of many similar small countries.
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"*" the variables corresponding to South.6 Following the Heckscher-Ohlin-
Samuelson (HOS) framework, North and South di�er in their relative factor
endowments. Denote by K (resp. K

∗
) and R (resp. R

∗
) Northern (resp.

Southern) endowments in capital and in fossil resource. The fossil resource
may be crude oil, natural gas or coal. We assume that the resource endow-
ment is given and extraction is costless. North is capital abundant while
South is resource abundant, and their national endowments are su�ciently
similar (to avoid complete specialization in trade):

Assumption 1. R/R
∗
< K/K

∗
.

The capital abundant North can re�ect the situation of developed countries,
whereas South corresponds to developing countries which are abundant in
fossil resource (e.g., Middle Eastern countries and Russia). Assuming a con-
stant stock of fossil resource implies that the analysis is only relevant for
the near future where major fossil resource suppliers can sustain a constant
level of production. Dynamic issues that would require the modeling of the
dynamic extraction of fossil resource are thus abstracted from.

Each economy is composed of two sectors: energy production (E) and
manufacturing (Y ). Only the energy sector uses fossil resource (R) as an
input. The burning of fossil fuels generates greenhouse gas (GHG) emissions
that drive anthropogenic climate change.7 Both sectors use capital (K) as an
input, and the manufacturing sector substitutes capital for energy. Energy is
thus an intermediary good as in Vanek (1963). We build on the evidence of
high transportation costs for electricity to assume that energy is a non-traded
good in our model. However, fossil resource can be traded internationally.

More speci�cally, the energy sector uses capital, KE, and fossil resource,
RE, which are both necessary factors. The production function of electricity
is given by

E = Rα
EK

1−α
E . (1)

The parameter 0 < α < 1 indexes the fossil resource use. The burning of fossil
resource RE generates Z = Z (RE) units of GHG emissions, with Z ′ > 0.
GHG emissions harm all consumers, whatever their location, but there is no

6Most of the computations are made for North but are valid for South unless otherwise
indicated.

7The primary source of the increased atmospheric concentration of carbon dioxide since
the preindustrial period are fossil fuels (Solomon et al., 2007).
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cross-sectoral externality. As pollution is transboundary, consumers' utility is
a�ected by world pollution, Zw, the sum of Northern and Southern emissions:
Zw = Z + Z∗. The energy product, e.g. electricity, is both an intermediate
product that enters into the production process of manufacturing and a �nal
good directly consumed by consumers.

The manufacturing sector Y requires capital KY and electricity EY as in-
puts. Assuming constant returns to scale, the industrial production function
is given by

Y = K1−µ
Y Eµ

Y . (2)

where 0 < µ < 1 indexes the use of energy.8 Given the vertical structure of
production (electricity being an input in the industrial sector), manufactur-
ing is more capital intensive than energy generation. We assume that the use
of energy for manufacturing production does not emit additional GHG. Emis-
sions are embodied in industrial products because their production requires
electricity and producing electricity requires the burning of fossil fuels.

Denote by r (resp. r∗) and s (resp. s∗) the national prices of capital
and fossil resource. In perfect competition, electric facilities and industrial
producers make no pro�t at equilibrium. Given constant returns to scale,
the total cost of the representative �rm in the electricity sector is given by

CT (E) ≡ min
RE ,KE

{
sRE + rKE : E = Rα

EK
1−α
E

}
,

which corresponds to the following unit-cost function

cE(r, s) = κEs
αr1−α, (3)

where κE ≡ α−α(1 − α)α−1 is an industry-speci�c constant parameter. De-
noting by pE the market price of energy, the production cost divides among
the inputs following the Euler's rule, i.e. we have:

sRE = αpEE (4a)

rKE = (1− α)pEE. (4b)

8Our results can be extended to a framework that includes a continuum of industries
with varying energy intensity (Dornbusch et al., 1977). Free trade in both the fossil
resource and industrial goods induce the Factor Price Equalization equilibrium and trade
patterns similar to this version.
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Similarly, the unit-cost function for manufacturing production is:

cY (r, pE) = κY r
1−µpµE, (5)

where κY ≡ µ−µ[1−µ]µ−1 is also an industry-speci�c constant parameter. As-
suming that the market equilibrium price of manufacturing is the numeraire,
the production cost divides among the inputs following the Euler's rule so
that

pEEY = µY (6a)

rKY = (1− µ)Y. (6b)

Assume consumers' preferences are homothetic and identical across coun-
tries. The representative consumer derives positive utility from consumption
and su�ers from global pollution, Zw. Even though our results can be gen-
eralized to homothetic utility functions, we adopt the following consumer's
utility function for analytical convenience:9

U = bY lnDY + bE lnDE −D(Zw), (7)

where DY and DE denote the quantities of manufacturing goods and electric-
ity consumed by the representative consumer, and bY and bE are the corre-
sponding shares of income spent in manufacturing goods and electricity, with
bY +bE = 1. The damage function D(.) is increasing in the worldwide level of
GHG emissions Zw and it can be either linear or convex. The representative
consumer takes her disposable income I as given and maximizes her utility
U subject to the budget constraint DY + pEDE ≤ I. At equilibrium the
consumer's demands satisfy DY = bY I for manufacturing and DE = bEI/pE
for electricity. Hence, expenses must not exceed the national income, which
is given by: I ≡ rK + sR, where

K = KE +KY , (8)

because full employment of capital must be achieved at equilibrium. Because
energy is a non-traded good, the following market clearing condition is always
satis�ed whatever the degree of trade openness:

E = EY +DE. (9)

9This analytic form is commonly used in the literature on trade and the environment
(Copeland & Taylor, 1995).
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Countries can potentially trade in fossil resource as well as in industrial goods
in our framework. Hence, the full employment constraint for fossil resource
would hold at the national level in autarky and at the worldwide level in
trade.

3. Trade equilibrium under laissez-faire

In the absence of climate policy, countries trade according to their com-
parative advantage, and all factors are fully employed. See Appendix A.1
for the condition on comparative advantages. We �nd that the autarky rel-
ative factor price in North is higher than the autarky price in South if and
only if K/R > K

∗
/R
∗
. Given assumption (1), the capital abundant country

has a comparative advantage in producing the goods that are more capital
intensive whereas the fossil resource abundant country has a comparative
advantage in producing the goods that are more resource intensive. Whereas
electricity is non-traded, both the fossil resource and manufacturing goods
can be exchanged internationally. South can thus export fossil resource di-
rectly whereas North exports manufacturing products. Trade liberalization
implies that all traded commodity prices equalize across countries, which
gives the following conditions:

s = s∗ (10)

pµEr
1−µ = p∗µE r

∗1−µ. (11)

Given that pE is a combination of r and s, we obtain the classical result
that factor prices equalize in trade. Even though electricity is non-traded,
its price also equalizes across countries. Since the manufacturing good Y is
the numeraire, we obtain

s = [κY κ
µ
Er

1−αµ]
−1
αµ . (12)

The price of the resource is inversely proportional to the price of capital.
In a diversi�ed trade equilibrium, Northern and Southern consumers de-

mand manufacturing goods such that Y + Y ∗ = bY [I + I∗] and electricity
such that

pE(E + E∗) = bE(I + I∗) + µbY [I + I∗] = [1− bY (1− µ)](I + I∗). (13)

The full employment constraint for the fossil resource holds at the worldwide
level:

RE +R∗E ≤ R +R
∗
. (14)
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Using (4a), (4b), (6a), (6b), and (13) gives the relative factor price at the
trade equilibrium

r

s
=

1− α[1− bY (1− µ)]

α[1− bY (1− µ)]

R +R
∗

K +K
∗ ≡ ω. (15)

As shown in the appendix,

Lemma 1. Under the FPE equilibrium where North and South trade in both
industrial goods and fossil resource, North produces all manufacturing goods
whereas South is a net fossil resource exporter that only produces electricity
to meet its domestic �nal demand.

Proof: see the appendix.
Trade in the fossil resource implies that fossil resource extraction is a third

sector in each economy. The production cost of this extractive industry is zero
because we assume no extraction cost. Given that electricity is non-traded,
both North and South produce electricity, at least to meet their domestic
�nal demand. North also produces all manufacturing goods whereas South
is a net exporter of fossil resource. Hence, South represents the oil exporting
countries in our model.

4. Sharing the burden of climate change policy

Abstracting from coordination failures, large damages from the burning
of the fossil resource could be internalized through a global climate change
policy. Then it will be no longer optimal to fully employ the worldwide fossil
resource endowment. A global climate policy thus translates into making
some assets being idle. A key feature of such a policy is thus how to share
the burden among countries. An upstream regulation that distributes rights
of extraction among fossil suppliers makes the burden sharing salient, whereas
a downstream regulation that distributes rights of emissions transfers asset
values from fossil suppliers to electric utilities. These alternative regulations
have important implications for the international incidence of the economic
burden of a given climate policy.

Assume a maximum level of fossil resource extraction R̃w that would allow
the climate to stabilize, and the aggregate reduction in GHG emissions is

9



determined by R+R
∗−R̃w > 0.10 Holding constant the environmental bene�t

(same reduction in emissions), we compare the impacts on revenues and prices
of a global climate policy that allocates either extraction rights to resource
owners or emission rights to emitters. The climate policy translates either
into a constraint on each country's factor endowments or into a constraint
on the use of fossil resource. Let R̃ denote the extraction quota allocated to
Home and R̃∗ the quota allocated to Foreign, with R̃w = R̃ + R̃∗. Similarly,
let R̃E denote the tradable emission permits allocated to Home and R̃∗E the

permits allocated to Foreign, with R̃w = R̃E + R̃∗E. The tradable permit
system leads to a single price of pollution, and nations are not required to
meet their emission reduction obligations entirely within their borders with
emission trading. We assume that under any allocation rule,

Assumption 2. R +R
∗
> R̃w > max{R̃, R̃∗, R̃E, R̃

∗
E}.

This assumption allows both countries to have some fossil resource being
extracted or some emission permits under the climate policy. One country
cannot receive all extraction quotas or all emission permits.

4.1. Comparing upstream vs downstream regulations

We have three main results that stem from comparing the redistributive
impacts of an extraction rights regulation with a tradable permit system.

First, the tradable emission permit system imposes a heavy burden on
fossil resource suppliers. In our model, only electric utilities are responsible
for emissions when they burn fossil fuels for electricity generation. Then each
government can decide whether it allocates the permits to electric utilities
free of charge or whether it puts the permits up for auction.11 Let s̃ and
s̃∗ denote the (auction) price of the permits in each country. Given that
permits can be exchanged on international markets, we have s̃ = s̃∗ at the
equilibrium. Because the climate policy aims at reducing the use of fossil

10R̃w can result from the maximization of the global social welfare or from a scien-
ti�c consensus on a level of carbon dioxide concentration that would limit the risk of a
catastrophic outcome.

11 Whether the emission permits are allocated for free to electric utilities or whether
each government put the permits up for auction, the di�erence is that the value of the
permits is captured either by the utilities or by the government. The national income
of each country is, however, the same in both cases. In most cases today, �rms receive
permits free of charge (Muller et al., 2011).
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resource in the energy sector, utility companies demand R̃w in equilibrium
but fossil resource suppliers can supply up to R + R

∗
. Allocating emissions

rights results in excess supply on the resource market, hence

Proposition 1. Fossil resource suppliers lose all their rents under the trad-
able permit system because the price of the resource approaches zero (i.e.,
the marginal cost of extraction) when the climate policy allocates rights to

emitters and reduces the aggregate use of the fossil resource to R̃w < R+R
∗
.

This result rests on the discrepancy between the limited demand for fossil
resource and the unconstrained supply of the resource. In our static model,
the resource can be supplied up to its aggregate endowment but climate
policy reduces the consumption of the resource. Proposition 1 states that
the tradable emission permit system expropriates the fossil resource owners.
Hence, it imposes a heavy burden on South which is a net resource exporting
country. This suggests that net fossil resource exporters (e.g., Saudi Arabia or
Western coal abundant states in the U.S. such as Montana) are likely to reject
any global climate policy that allocates emission permits. Compensating
them from the loss in their asset values might be necessary to reach an
international agreement on climate change.

Second, an upstream regulation could by contrast bene�t to fossil re-
source suppliers. Introducing an extraction right regulation implies a change
in factor endowments and a change in the trade equilibrium, namely, in the
relative factor and commodity prices. In fact, substituting R̃ and R̃∗ for R̄
and R̄∗ into (15) gives the new relative factor price. Hence, we can de�ne

r/s ≡ ω(R̃w), where ω′(R̃w) > 0. The climate policy imposes a reduction in
the aggregate resource endowment to stabilize the climate, it thus reduces
the relative factor price r/s. Using (12) implies that the fossil resource price
change is inversely proportional to the capital price change. The climate pol-
icy induces a decrease in r and an increase in s. The latter could bene�t the
fossil suppliers if it outweighs the reduction in their fossil resource endow-
ment. Assuming an in�nitely small reduction in the aggregate fossil resource,
the impacts of the climate policy on Southern income can be approximated
by

dI∗

dR̃w
=

dr

dR̃w
K
∗

+
ds

dR̃w
R
∗

+ s
dR
∗

dR̃w
. (16)

The distributional impacts of the climate policy has two components: �rst
the third term in the RHS of (16) corresponds to the endowment e�ect, which
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is the impact of a decrease in the national resource endowment holding factor
prices constant; second the �rst two terms in the RHS of (16) correspond to
the scarcity e�ect, which arises from the change in factor prices induced by
the decrease in the aggregate resource endowment. South being abundant
in the resource, we expect that the scarcity e�ect that a�ects its income is
positive since the relative price of its abundant factor increases.

Proposition 2. South bene�ts from an extraction rights regulation if the
scarcity e�ect outweighs the endowment e�ect, i.e., if and only if

dR
∗
/dR̃w ≤ ω′(R̃w)[−αµK∗ + (1− αµ)R

∗
/ω(R̃w)].

Proof: see the appendix.
The changes in factor prices a�ect all economic agents' revenues. Capital

owners su�er from a loss in their asset values holding their stock of capital
constant. By contrast, fossil resource suppliers could bene�t from an increase
in the price of the resource if the latter outweighs the loss in endowment. At
the aggregate level, South can bene�t from the extraction rights regulation
if the reduction in fossil endowment is lower than the threshold given in
proposition 2.

Northern income is a�ected by the extraction rights regulation likewise
to (16). The scarcity e�ect arises from the change in factor prices while the
endowment e�ect corresponds to the reduction in Northern fossil endowment.
Because North is capital abundant, its scarcity e�ect rests more on the de-
crease in the returns on capital than on the increase in the resource price.
As shown in Appendix A.3, the scarcity e�ect is negative if and only if

(1− αµ)R/αµK < ω(R̃w), (17)

where the LHS is similar to Northern autarky relative factor price for bY = 1.
Trade increases the relative factor price r/s in North, which implies that
condition (17) can hold for a high r/s in trade despite the counteracting
in�uence of the climate policy. If the scarcity e�ect is negative, Northern
income is reduced by the climate policy whatever the reduction in fossil
resource endowment. If the scarcity e�ect is positive, the same condition
as in proposition 2 holds for Northern income to increase, but North being
capital abundant makes it unlikely. Hence, North is more likely to lose from
the extraction rights regulation than South.
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Third, North could bene�t from a tradable permit system. Under a down-
stream regulation, proposition 1 states that the fossil resource suppliers lose
all their asset values because the price of the resource approaches zero. Elec-
tricity generation now requires three inputs: capital, fossil resource and emis-
sion permits. Under the zero-pro�t condition in the energy sector, the rev-
enue from output is thus distributed among capital and emission permits at
equilibrium. Given s̃ = s̃∗ and (11), trade in industrial goods and in emission
permits leads to the FPE equilibrium. At equilibrium, the price of the fos-
sil resource under the extraction rights regulation is the same as the price of
emission permits: s = s̃. This result arises from the environmental target be-
ing identical under both types of regulation: R̃w = R̃+ R̃∗ = R̃E + R̃∗E. The
di�erence between upstream and downstream regulations rests in who re-
ceives the asset value associated to s. Under the extraction rights regulation,
fossil resource suppliers sell their assets at price s whereas under the tradable
permit system, electric utilities buy and sell emission permits at price s where
permits are either freely allocated or auctioned initially. Hence, the impacts
of the downstream regulation are similar to the scarcity and endowment ef-
fects that appear in the context of the extraction rights regulation, except
that fossil endowments are replaced by emission permits quota. In the trad-
able permit system, assumption 1 on factor abundance di�erence becomes
irrelevant because the value of the stock of fossil resource is zero. Rather,
the allocation of emission permits across countries will determine national
incomes and the patterns of trade. The comparative advantages are now
determined by the relative abundance in capital and in emissions permits in
each country.

Lemma 2. The tradable permit system can reverse the comparative advan-
tages of each region if and only if R/R

∗
< K/K

∗
< R̃E/R̃

∗
E.

Given that North is capital abundant in laissez-faire, the downstream regu-
lation that leads to a reversal in comparative advantages must allocate much
more emission permits to North than to South. Northern emission quota
could even be larger than its fossil resource endowment, which would lead to
a positive endowment e�ect. Hence,

Proposition 3. North bene�ts from the tradable emission permit system if
and only if

i/ the sum of the endowment and scarcity e�ects is positive when com-

parative advantages remain the same as in laissez-faire: −dR/dR̃w +
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ω′(R̃w)[−αµK + (1− αµ)R/ω(R̃w)] ≥ 0;

ii/ or comparative advantages are reversed.

The proof can be derived from Appendix A.3 for North. If comparative
advantages remain the same as in laissez-faire, the scarcity e�ect is likely to be
negative in North given (17), which would require that the endowment e�ect
is positive for Northern income to increase. When comparative advantages
are reversed, North becomes emission permit abundant while keeping its large
stock of capital. It implies structural changes that cannot be approximated
by derivation. Because the reversal in comparative advantages might require
a strong positive endowment e�ect in North, and because the scarcity e�ect
becomes positive if North is emission permit abundant, North will bene�t
from the climate policy.

Finally, the aggregate climate policy burden is the same under the up-
stream and downstream regulations. The aggregate income loss is given by

d(I + I∗)

dR̃w
=

dr

dR̃w
(K +K

∗
) +

ds

dR̃w
(R +R

∗
) + s

d(R +R
∗
)

dR̃w
.

As in the Heckscher-Ohlin-Samuelson framework, changing the allocation of
factors across countries does not modify the relative factor price (15), which
only depends on aggregate endowments. Because the relative factor price
is the same under the upstream and downstream regulations and because
the environmental target is also the same, one regulation is not more cost
e�cient than the other. However, the two regulations di�er in their distri-
butional impacts and allocates bargaining powers di�erently to North and
South. Propositions 1 and 3 state that South will likely su�er and North
will likely bene�t from the tradable permit system. By contrast, proposi-
tion 2 states that South can bene�t from an extraction rights regulation.
If reaching an agreement among Northern and Southern countries require
monetary transfers to mitigate the adverse impacts of the climate policy, our
results imply that transfers from North to South would be necessary under
the tradable permit system whereas transfers from South to North could be
implemented under the upstream regulation.

Changing the allocation of factors across countries, however, a�ects their
relative income. Assuming that North is richer than South in laissez-faire
implies R

∗ −R < ω(K −K∗), which, using (15), simpli�es to
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Assumption 3.

R
∗

R
<

[2α(1− bY (1− µ))− 1]K
∗

+K

K
∗

+ [2α(1− bY (1− µ))− 1]K
,

where the RHS is lower than K/K
∗
. Hence, a necessary condition for North

being richer than South is that North owns a higher share of the aggregate
capital endowment than Southern share of the aggregate fossil resource en-
dowment. Substituting either R̃∗/R̃ or R̃∗E/R̃E for R

∗
/R into assumption (3)

gives the condition for North to remain richer than South under the climate
policy. North remains richer than South when the relative emission permits
quota or the relative extraction quota is equal to or lower than the initial rel-
ative fossil resource endowment. If the climate policy is biased toward South
so that the di�erence in emission permits or extraction quota across countries
exceeds the initial endowment di�erence, then South can become richer than
North. This income gap reversal makes the cooperative agreement on the
climate policy very unlikely.

4.2. Comparing di�erent allocation rules

To illustrate the previous results with speci�c endowment e�ects in each
region, we compare four allocation rules: i/ grandfathering based on his-
torical extraction; ii/ grandfathering based on prior income; iii/ the rich
world takes the cuts; iv/ grandfathering based on prior consumption. The
�rst three rules allocate extraction rights whereas the fourth rule allocates
emission permits.

Grandfathering based on extraction. Denote by θR ≡ R/(R + R∗) Northern
share of the aggregate resource endowment, and by 1 − θR Southern share.
Assuming the burden of each region is proportional to its share of resource
endowment, this extraction-based grandfathering rule implies

R̃ = R− θR[R +R
∗ − R̃w] = θRR̃

w,

R̃∗ = R
∗ − (1− θR)[R +R

∗ − R̃w] = (1− θR)R̃w.

Because R̃/R̃∗ = R/R
∗
, this allocation rule leaves the comparative advan-

tages of each country una�ected. Both Northern and Southern resource
endowments decrease by the same amount, which is equal to (R + R

∗ −
R̃w)/(R +R

∗
). Hence,
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Proposition 4. By reducing resource endowments evenly across countries,
the extraction-based grandfathering rule imposes the same welfare loss on
North and South.

Proof: The relative income is una�ected by the extraction-based grand-
fathering rule, given ω(R̃w) = ωR̃w/(R +R

∗
):

I

I∗
=

ωKR̃w/(R +R
∗
) + θRR̃

w

ωK
∗
R̃w/(R +R

∗
) + (1− θR)R̃w

=
ωK +R

ωK
∗

+R
∗ .•

Proposition 4 indicates that the extraction-based grandfathering rule pro-
vides an interesting benchmark by reducing Northern and Southern incomes
evenly. Any extraction rule that imposes a higher burden on North due to
equity concerns will reduce the income gap and favor South.

Grandfathering based on prior income. Denote by θI = I/(I + I∗) Northern
share of world income in laissez-faire, and by 1−θI Southern share. Assuming
that the burden of each region is proportional to its initial share of world
income, this income-based grandfathering rule implies

R̃ = R− θI [R +R∗ − R̃w]

R̃∗ = R
∗ − (1− θI)[R +R∗ − R̃w].

Equity recommends that the rich country makes a larger abatement e�ort.
The relative reduction in fossil resource endowment is equal to (I/I∗)(R/R

∗
),

which is higher than the relative reduction imposed by the extraction-based
grandfathering rule R/R

∗
given assumption 3. If North is richer than South,

the income-based grandfathering rule is less (more) favorable to North (South)
than the extraction-based rule. Hence, Northern income would decrease more
than Southern income. Southern income can even increase if the scarcity ef-
fect outweighs the endowment e�ect, as shown in proposition 2.

The rich world takes the cuts. Assuming that θI tends toward one implies
that only North must reduce its resource extraction level to ful�ll the global
agreement. Under the rich-world-takes-the-cuts rule, Northern extraction al-
lowance is R̃ = R̃w − R∗, which is positive given assumption 2. The risk of
carbon leakage is abstracted from in our cooperative agreement framework.
Northern income decreases dramatically from the large negative endowment
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e�ect combined with the negative scarcity e�ect. By contrast, Southern in-
come increases because its fossil resource endowment remains the same while
the price of the resource increases. Given assumption 3, an ambitious climate
change policy can reverse the income gap because the relative endowment in-
creases sharply from R

∗
/R to R

∗
/(R̃w −R∗).

Allocating allowances can serve as a wealth transfer mechanism. An even
decrease in the resource endowment leads to the same welfare loss across
countries. An allocation rule that imposes more reduction in fossil resource
extraction to North compared to South thus leads to a larger welfare loss in
North. Because North is initially richer than South, equity recommends to
impose a heavier burden on North. The income-based grandfathering rule
may become a compromise between North and South because it does not
in�ict the largest cost to North while it potentially raises Southern income.

Grandfathering based on consumption. Denote by θRE ≡ RE/(RE + R∗E)
Northern share of the resource use in laissez-faire, and by 1− θRE Southern
share. The consumption-based grandfathering rule allocates emission permits
proportionally to the initial fossil resource use. Northern electric utilities re-
ceive θRER̃

w emission permits whereas Southern utilities receive (1−θRE)R̃w

permits. Given RE = R+XR and R∗E = R
∗−XR, Northern share of emission

permits corresponds to θRE = (R + XR)/(R + R
∗
). The endowment e�ect

is positive in North if and only if R(R + R
∗
) < (R + XR)R̃w, whereas the

endowment e�ect is always negative in South. Large fossil resource imports
are necessary to induce a positive endowment e�ect in North when the cli-
mate policy has an ambitious emission reduction target. Lemma 2 implies
that the climate policy reverses the comparative advantages of each country
if and only if XR > [R

∗
K − RK∗]/(K + K

∗
), which using the equilibrium

value for fossil exports obtained in Appendix A.2 simpli�es to µ > 1/(2−α).
Proposition 3 states that if the positive endowment e�ect in North is suf-
�ciently large to outweigh the scarcity e�ect or to reverse the comparative
advantages of each country, Northern income increases.

The consumption-based grandfathering rule transfers property rights from
the fossil resource suppliers toward the emissions permits holders, which leads
to a potential increase in the resource importing country's income and to a
decrease in the resource exporting country's income.
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4.3. Numerical illustration

To compare the distributional impacts of the four allocation rules among
countries and within countries, we provide a numerical example that illus-
trates the impacts of the climate policy on fossil resource suppliers, capital
owners and consumers in each country. While there is some arbitrariness
in the choice of the parameter values, we use data on U.S. technologies and
preferences, and build two imaginary countries or regions, one being abun-
dant in fossil resource and the other in capital. Assume that α, the output
elasticity of the fossil resource in electricity, is set to 0.805, and that µ, the
output elasticity of electricity in sector Y , is set to 0.624 (Pindyck, 1979).
The share of US income spent in electricity is estimated to be 0.088 in 2007
(EIA, 2009), which corresponds to bE.

12 Imagine two countries that di�er
in their capital and fossil resource endowments: North has three times more
capital than South, while South has 1.4 times more fossil resource: K = 150,
K
∗

= 50, R = 50, and R
∗

= 70. National incomes are thus initially I = 174.7
and I∗ = 129.8, North being 25 percent richer than South. Assume the global
climate policy aims at reducing 16.67 percent of the use of fossil resource,
which result in R̃w = 100. The policy modi�es the trade equilibrium, leading
to a 8.7 percent decrease in the price of capital and to a 9.5 percent increase
in the price of the resource (or of the emissions permit).

Table 1 illustrates the relative change in income for resource owners, cap-
ital owners and consumers computed at equilibrium under the climate policy.
Since the exact resource use in North and South cannot be computed explic-
itly, we compare two values for Northern share of the resource use: either
θRE = 0.77, which implies that North receives 3.5 times more emission rights
than South, thus RE/R

∗
E > K/K

∗
(in Emission Rights 1); or θRE = 0.667,

which implies that North receives twice more emission rights than South,
thus RE/R

∗
E < K/K

∗
(in Emission Rights 2).

Table 1 allows us to further understand the impacts of the di�erent alloca-
tion regimes within each country. The extraction-based grandfathering rule
shares the burden of the climate policy evenly across countries and across
economic agents. Fossil resource suppliers and capital owners su�er from
the same reduction in income in both countries. Imposing a heavier burden
on North than on South, as illustrated by the income-based grandfathering

12Source: U.S. Energy Information Administration:
http://www.eia.gov/emeu/aer/txt/ptb0105.html.
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Table 1: Comparison of the impacts of the climate policy under four allocation rules.

North South
Res. Capital National Res. Capital National

suppliers owners income suppliers owners income
Extraction-based
grandfathering -.095 -.095 -.095 -.095 -.095 -.095
Income-based
grandfathering -.185 -.095 -.128 -.039 -.095 -.054
Rich-takes-all-cuts -.522 -.095 -.228 +.086 -.095 +.042
Emission rights 1 -1 -.095 +.173 -1 -.095 -.951
Emission rights 2 -1 -.095 +.109 -1 -.095 -.588

Note: In Emission rights 1, we assume θRE = 0.77 whereas in Emission rights
2, θRE = 0.667.

rule, implies that fossil resource suppliers's income decreases more (less) than
capital owners' income in North (South). Southern resource suppliers and
Southern consumers bene�t from the rich-world-takes-the-cuts rule whereas
Northern consumers su�er from a large income loss (23 percent decrease) as
well as Northern resource suppliers (52 percent decrease in income). Allo-
cating emissions permits transfers wealth away from fossil resource suppliers
to utilities or to the government. The consumption-based grandfathering
rule allocates more emission permits to North than to South, which leads
to a sharp decrease in Southern income and to an increase in Northern in-
come. When comparative advantages are reversed (as in Emission Rights 1)
especially, the policy nearly expropriates South (95 percent income loss) to
favor Northern consumers (17 percent income increase). When comparative
advantages remain the same as in laissez-faire (as in Emission Rights 2),
Southern income decreases by 58 percent whereas Northern income increases
by 10 percent. The tradable emission system may not be feasible politically
because of the objection of the resource abundant countries. Thus, some
monetary transfers might be necessary to share the burden among fossil sup-
pliers and emitters. Allocating less emissions permits to North and more to
South could also balance the distributional impacts of the climate policy.
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5. Discussion and concluding remarks

This paper illustrates the distributional challenges of a global climate
change policy. Once both resource exporting and resource importing coun-
tries participate into the emission reduction e�ort, the burden sharing agree-
ment has general equilibrium and trade implications that depend on where
emission rights are allocated along the GHG supply chain. The upstream
regulation that allocates extraction rights to fossil resource suppliers (e.g.
oil producers and coal mining companies) is however as cost e�cient as the
downstream regulation that allocates emission permits to emitters (e.g. elec-
tric utilities). This result arises from the fact that each regulation induces the
same aggregate welfare loss to achieve the same aggregate emission reduc-
tion. However, the economic burden of a given climate policy is di�erently
shared among nations. Our model shows that the resource exporting coun-
tries will likely su�er and the resource importing countries will likely bene�t
from the downstream regulation. By contrast, the resource exporting coun-
tries could bene�t from the upstream regulation when its national income
increases thanks to the rise in the fossil resource price. This possibility arises
when the scarcity e�ect (i.e., changes in factor prices) outweighs the endow-
ment e�ect (i.e., reduction in fossil resource endowment). More precisely, our
model shows that reducing evenly the resource endowment of each country
provides an interesting benchmark where all countries su�er the same welfare
loss. Therefore, any allocation rule that limits one country's extraction more
than its trading partner's extraction imposes a higher welfare loss on this
country. Assuming that the capital abundant North is richer than the fossil
resource abundant South, equity recommends to impose a heavier burden on
North. By doing so, the income-based grandfathering rule can, for instance,
become a compromise between North and South.

Allocating emission rights is more common than allocating extraction
rights in the real world. Our model reveals that the tradable permit system
leads to often neglected drawbacks even when the climate policy is imple-
mented cooperatively by resource exporting and resource importing coun-
tries. First, the price of the fossil resource approaches zero (i.e., the extrac-
tion cost) when the emission rights belong to emitters because there is excess
supply on the fossil resource market. This may lead to enforcement di�cul-
ties because lowering the price of the fossil resource creates an incentive for
increasing consumption, i.e., it fosters carbon leakage. Second, by allocat-
ing emission permits, the downstream regulation expropriates fossil resource
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suppliers who often have a large in�uence on policy makers. For instance,
the Australian government is challenged to implement a carbon policy while
the country is exporting coal and depending on it for 80 percent of its en-
ergy generation.13 While some polluting industries will get compensation,
Australia's coal mining companies denounce the nation's carbon policy that
balances the interests of di�erent industries unevenly.14 By contrast, the up-
stream regulation o�ers the opportunity to fossil resource exporting countries
to form a cartel. The global agreement to reduce fossil resource supply raises
the resource price and eventually resource exporting countries' income.

One of the main implications of the model is the potential di�culty in
establishing an agreement to share losses, which makes any solution that
does not require the reduction of fossil resource extraction very appealing.
For instance, the carbon sequestration technology could break down the re-
lationship between the stock of fossil resource that is used and GHG emis-
sions. Through technological change, e.g. carbon capture and storage or
geo-engineering, the use of fossil resource could generate less emissions and
then less radiative force on the climate. Improving energy e�ciency or devel-
oping alternative clean energy can only reduce the welfare cost of the climate
policy by a�ecting the relative factor price. Yet it will not be su�cient to
reduce emissions without a global climate policy imposing a constraint on
the burning of fossil fuels at the aggregate level.

The model could be extended to a dynamic model since extraction of the
fossil resource is a dynamic process. Traditionally, the resource economics
literature studies the non-renewable resource extraction in an optimal con-
trol framework (Withagen, 1994), and the debate on the green paradox re-
veals that a rising carbon tax or subsidizing clean energy may have counter-
intuitive impacts on emissions by accelerating the fossil resource extraction
(Van der Ploeg & Withagen, 2010). The question of the allocation of extrac-
tion or polluting rights remains however crucial at each period.

Appendix A. Appendix

Appendix A.1. Autarky equilibrium and comparative advantages

Under autarky, consumers only have access to domestic goods and pro-
ducers can only use domestic inputs. The equilibrium on the industrial

13See http://www.bbc.co.uk/news/world-asia-paci�c-14096750.
14See http://www.bloomberg.com/apps/news?pid=newsarchive&sid=a.pwSlfhIEc8&refer=environment.
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market implies Y = DY , with DY = bY I. Given (6a) and the market
clearing condition for energy (9), we have pEE = µY + bEI. Using the Eu-
ler equations (4b) and (6b) and the full employment condition (8) gives
rK = (1 − α)pEE + (1 − µ)Y = (1− α(1− bY (1− µ))) I. Similarly, the re-
turns for the fossil resource are sR = αpEE = α[1− bY (1− µ)]I. Combining
all factor returns leads to

r/s =
1− α[1− bY (1− µ)]

α[1− bY (1− µ)]

R

K
. (A.1)

The patterns of trade stem from comparing (A.1) for North and South. We
have r/s < r∗/s∗ if and only if R/K < R

∗
/K
∗
. As a result, North has a

comparative advantage in producing the industrial goods whereas South has
a comparative advantage in producing the resource intensive goods. Given
that electricity is not traded internationally, South is a net exporter of the
fossil resource.

Appendix A.2. Proof of Lemma 1

Using the de�nition of national incomes gives the income gap:

I/I∗ =
ωK +R

ωK
∗

+R
∗ , (A.2)

which depends on factor endowments and on the relative factor price. De-
noting by δY the share of manufacturing goods produced in North, δY ≡
Y/(Y + Y ∗), we can express the income gap as a function of commodities
consumed and exchanged internationally:

I/I∗ =
δY bY (I + I∗)/s−XR

(1− δY )bY (I + I∗)/s+XR

, (A.3)

where XR denotes the fossil resource exported from South to North at the
equilibrium price s. The aggregate income divided by the price of the resource
equals (I + I∗)/s = ω(K + K

∗
) + R + R

∗
. Using (4a) for North and South,

given RE = R +XR and R∗E = R
∗ −XR, gives

R +XR

R
∗ −XR

=
E

E∗
=

bEI + µδY bY (I + I∗)

bEI∗ + µ(1− δY )bY (I + I∗)
, (A.4)
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which gives the level of exported fossil resource

XR =
R
∗
[bEδI + µδY bY ]−R[bE(1− δI) + µ(1− δY )bY ]

1− bY (1− µ)
, (A.5)

where δI ≡ I/(I + I∗). Equalizing (A.2) with (A.3) given (15) and (A.5)
determines the trade equilibrium, i.e., δY ∈ [0, 1]. (A.2) is �xed for any δY .
However, (A.3) varies with δY . We have

d(I/I∗)

dδY
=
bY [ω(K +K

∗
) +R +R

∗
]
{
bY [ω(K +K

∗
) +R +R

∗
]− dXR/dδY

}
{

(1− δY )bY [ω(K +K
∗
) +R +R

∗
] +XR

}2 ,

(A.6)

where

dXR

dδY
=

µbY (R +R
∗
)

1− bY (1− µ)
> 0. (A.7)

The sign of d(I/I∗)/dδY is positive because

[1− bY (1− µ)]bY ω(K +K
∗
) + bY (1− bY )(1− µ)(R +R

∗
) > 0. (A.8)

Thus (A.3) is increasing in δY and it �nds a negative minimum for δY = 0
because

I/I∗|δY =0 = −XR/
[
bY [ω(K +K

∗
) +R +R

∗
] +XR

]
< 0 (A.9)

whereas it �nds a maximum for δY = 1 such that

I/I∗|δY =1 =
[
bY [ω(K +K

∗
) +R +R

∗
]−XR

]
/XR, (A.10)

which is equal to the value of (A.2) because bY I
∗ = sXR when δY = 1.

Hence, the trade equilibrium implies that δY = 1.

Appendix A.3. Proof of Proposition 2

Using (12), we can express r as a function of s. (16) implies that Southern
income increases under the extraction rights regulation if

ds

dR̃w

[
− αµ

1− αµ
ω(R̃w)K

∗
+R

∗
]
≤ −s dR

∗

dR̃w
.
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By de�nition of ω(R̃w), we have

ds

dR̃w
=
−(1− αµ)sω′(R̃w)

ω(R̃w)
.

Southern income thus increases if and only if

dR
∗

dR̃w
≤ ω′(R̃w)

[
−αµK∗ + (1− αµ)R

∗
/ω(R̃w)

]
,

where ω′(R̃w) = [1 − α(1 − bY (1 − µ))]/[α(1 − bY (1 − µ))(K + K
∗
)]. An

increase in I∗ thus requires that the bracketed term is positive, i.e., (1 −
αµ)R

∗
/(αµK

∗
) > ω(R̃w). Because South is fossil resource abundant, its rel-

ative factor price r/s is higher in autarky than in trade. (1−αµ)R
∗
/(αµK

∗
)

is similar to Southern autarky relative factor price if bY = 1. Because ω is
increasing in bY , the RHS is positive.

Similarly, the scarcity e�ect in North is negative if and only if

ds

dR̃w

[
− αµ

1− αµ
ω(R̃w)K +R

]
> 0, (A.11)

which simpli�es to (1 − αµ)R/(αµK) < ω(R̃w). Because North is capital
abundant, its relative factor price r/s is lower in autarky than in trade.
Because (1 − αµ)R/(αµK) is higher than Northern autarky relative factor
price, the sign of the scarcity e�ect is ambiguous.
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