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Abstract:

The allowances in an emission trading system (ETS) are commonly allocated for free to the sector,
e.g., in the form of output-based allocation (OBA). The reason is the risk of carbon leakage exposure
such as relocation of emission-intensive and trade-exposed industries (EITE). A prime example of
this is the EU ETS, where the policymakers have stated that they will continue this practice. However,
lately a third approach, combining OBA with a consumption tax, has been proposed to mitigate
carbon leakage, and it has been shown to have an unambiguously global welfare improving effect.
This paper presents the potential outcome of climate policy, by examining the Nash equilibrium of a
policy instrument game between regions who regulate their emissions separately. In particular, we
investigate the case when a policymaker can choose to supplement her ETS with OBA and/or with
a consumption tax, based on another policymaker’s optimal choice for her ETS. We show analytically
the optimal rate of OBA and consumption tax in the presence of a climate polices in another region.
Finally, we present the results from a numerical simulation in the context of the EU ETS and the

Chinese ETS.
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1. Introduction

In the aftermath of the 2015 Paris climate agreement, most countries have strengthen their
promise, alongside the European Union (EU), to tackle climate change. Many of these countries’
nationally determined contributions (NDCs) includes a plan for establishing a market-based
mechanism, or carbon trading system (Andresen et al. 2016). Among these countries are the world’s
largest energy consumer and greenhouse gas (GHG) emitter, China. The policymakers in these
countries are well aware that unilateral action leads to carbon leakage, such as relocation of emission-
intensive and trade-exposed industries (EITE). The affected industries in these regions claim that the
emission restrictions raise their production costs, resulting in a competitive disadvantage on the world
market. With production and hence emissions increasing in other regions, the policymaker achieves
lower emission level locally but risks losing jobs and industry to the unregulated regions, as well as
higher foreign GHG emissions (Taylor 2005)." Most studies suggest a carbon leakage in the range of
5-30% (Bohringer et al. 2012; Zhang 2012), with a somewhat higher rate for the EITE industry
(Fischer & Fox 2012).

Since carbon leakage is a concern in the public debate on policy decisions, the policymakers
have either excluded the EITE sector from regulation or found other anti-leakage solutions. In the
EU emission trading system (ETS) for instance, the sectors that are regulated and “exposed to a
significant risk of carbon leakage”, are given a large number of free allowances.” Similatly, the
allowances for the EITE sector in China’s ETS will also be allocated for free (Xiong et al. 2017). To
mitigate the leakage and limit the number of free allowances, the allocation is typically based on
benchmarks or requirements such as activity level or production output, to sustain emission reduction
incentives per unit of output (Neuhoff et al. 2016b). Free allowance allocation based on output is
often referred to as output-based allocation (OBA) (Bohringer & Lange 2005).

While OBA could mitigate carbon leakage, it ends up stimulating too much output of the EITE
goods. The reason is that OBA works as an implicit production subsidy, and as a consequence the
incentives to substitute from carbon-intensive to less carbon-intensive products are weakened.
Furthermore, with uncertainty about leakage exposure for the sectors, policymakers may also

overcompensate the sector with allowances.* Recently a third approach has been proposed.

"The leakage mainly occurs through either: i) the fossil fuel markets, or ii) markets for EITE goods. This paper focuses
on leakage in the latter case.

2Other important contribution to the theoretical literature on leakage are Markussen (1975), Hoel (1996) and Copeland
(1990).

3In phase 3 (2013-2020) the commission estimates that 43% of the total allowances will be handed out to industrial
installations exposed to a significant risk of carbon leakage (EU 2017)

4Sato et al. (2015) concludes that in the EU ETS “vulnerable sectors account for small shares of emission”, and Martin
et al. (2014) finds for the same market that the current allocation substantially overcompensates for a given carbon
leakage risk.



Particularly, Bohringer et al. (2017b) shows that it is welfare improving for a country, which has
already implemented a carbon tax along with output-based rebating (OBR) to EITE goods, to
introduce a consumption tax on top of the same EITE goods. Kaushal and Rosendahl (2017) also
shows that it is welfare improving under certain conditions for a single region to introduce a
consumption tax on EITE goods when the OBA is already implemented jointly in two regulating
regions for the same EITE goods. Both Béhringer et al. (2017b) and Kaushal and Rosendahl (2017)
find that the consumption tax has an unambiguously global welfare improving effect. Whereas some
instruments may not be politically feasible,” a consumption tax does not face the same challenge
(Neuhoff et al. 2016a). Moreover, if the tax is set equal to the OBA “benchmarks”, the administrative
cost of supplementing a consumption tax will likely be limited (Ismer & Haussner 2016; Neuhoff et
al. 2016b).

This paper builds on the theoretical model and findings in Kaushal and Rosendahl (2017).
However, while their paper considers two regulating regions that have a joint emission trading system
with OBA to the EITE-goods, this paper examines the case when two regions regulate separately.
Specifically, we present a non-cooperative game of policy instruments with the optimal choice of
climate policy for one region based on climate policy choice by another region. Further, whereas only
one region imposes a consumption tax in the 2017 paper by Kaushal and Rosendahl, we look at the
case where both of the regions can choose to supplement their emission trading system with either
OBA alone or OBA combined with consumption tax. The current situation, in which there are many
separated carbon emission trading systems, motivates this approach. For instance, the EU/EEA
countries have an emission trading system with climate target for 2030 and 2050, while the Chinese
emission trading system is set to launch in 2018 after several local district pilot projects which started
around 2013 (Xiong et al. 2017). Once they are both running simultaneously, the EU ETS and the
Chinese ETS will be the world's largest emissions trading systems in terms of regulated emissions
(Bohringer et al. 2018).

We first show with an analytic analysis that the effect on the optimal OBA in one region, of
increasing OBA or consumption tax in another regulating region, is generally ambiguous. Further, we
also find that the effect on optimal consumption tax in one region, of increasing OBA or consumption
tax in another regulating region, to be ambiguous but likely reduced under certain conditions. The
terms-of-trade effects are uncertain and can possibly alter these conclusions. Next, we supplement

the analytical findings with a stylized numerical simulation model calibrated to data for the world

SAnother suggested second-best policy instrument for anti-leakage is Border Carbon Adjustments (BCAs), with charges
on embedded carbon imports and refunds on export. Studies have shown that BCA may outperform OBA with
reducing carbon leakage (Bohringer et al. 2017a; Fischer & Fox 2012; Monjon & Quirion 2011). However experts do
not agree on whether or not it is compatible with WTO rules (Horn & Mavroidis 2011; Ismer & Haussner 2016;
Tamiotti 2011)



economy. Like Kaushal and Rosendahl, we divide the world into three regions with three goods.
Mainly, we are interested in the game of policy instruments between EU ETS and the Chinese ETS,
as both markets are planning a variant of OBA for the emission-intensive goods in their upcoming
phases. The numerical results show that both regions would choose a combination of different policy
instruments, depending on certain conditions. Moreover, the results shows that it is welfare improving
and leakage minimizing for both regions to introduce a mixture of OBA and consumption tax on the
EITE goods.

While our analytical model is based on Kaushal and Rosendahl, there are some important
differences. First, we numerically examine the case for three different regions, where two of the
regions have an emission trading system. Second, while Kaushal and Rosendahl consider OBA and
some shares of consumption tax based on OBA, this paper considers more policy combinations with
different allocation factors for both OBA and consumption tax. Last, this paper focuses on the non-
cooperative policy instrument game of optimal climate policy for two regulating regions with separate
emission trading systems, whereas Kaushal and Rosendahl look at two regions that are involved in a
joint emission trading system and only one of them considers imposing a consumption tax.

We introduce a theoretical model in section 2, and analyze the effect of optimal OBA and
consumption tax in the presence of a climate policy in another region. In section 3, we transfer the
analysis to a non-cooperative policy instrument game, with a stylized CGE multi-region multi-sector
numerical model. The numerical model is based on the theoretical model in section 2 and calibrated

to data for the world economy. Finally, section 4 concludes.

2. Theoretical model

The model builds on the framework in Bohringer et al. (2017b) and Kaushal and Rosendahl
(2017). However, we also include a broader range of policy combinations across regions, and extend
the model to examine the optimal OBA and consumption tax between two regions.

Consider 3 regions, j = {1,2,3}, and three goods x, y, and z. Good x is emission-free and
tradable, y is emission-intensive and tradable (EITE) (e.g. chemicals, metal and other minerals), and
Z is emission-intensive and non-tradable (e.g. electricity and transport). While produced in different
regions, the same types of goods are assumed homogenous with no trade cost (for x and Y).
Relocating production of the y good may occur due to trade exposure, and thus OBA is considered

for this sector. The market price for the goods in region j are denoted p*/, p¥/ and p?. The



representative consumer’s utility in region j is given by u/ (J?j v, 7 ), where the bar indicates
consumption of the three goods. The utility function follows the normal assumptions.®

We denote the production of good x in region j as x/ = xV + x?/ + x3/ where xY is
produced goods in region j and sold in region i, and similarly for the y good. The production cost of

goods in region j is given by ij(xj), Cyj(yj’eyj) and Czj(Zj,ezj), where e and e# is the

. . . . . . . . . . . X
emission from good y and z in the region j. The cost is assumed increasing in production, i.c., Cy’

i zj ac*l j : . L
C;] , ¢l > 0 (where o c;’ etc.). Further, the cost of producing good y and z is decreasing in

emissions, ie., ¢’ ¢? <0 with strict inequality when emission is regulated, cost is twice
) ) e » e q y b

differentiable and strictly convex. All derivatives are assumed to be finite.

Supply and demand give us the following market equilibrium conditions:
Xt +x2+ = xt x4
VAV Ay =yl 4y 4y? M
7z =7,
2.1. Climate policies

We now assume that regions j = 1,2 have already implemented a cap-and-trade system,

regulating emissions from production of the goods y and z:
El =eY +e%,

where E7 is the binding cap on total emission in region j. The emission price t/ is determined through
the emission market. We assume that the two regions can choose whether to implement OBA or not
to producers of the EITE good y, in order to mitigate carbon leakage to region 3, i.e., there is no
climate policy imposed in region 3. With OBA the producers in sector Y receives free allowances in

proportion to their output, which we denote $/ to production of good y in regions j = 1,2. The

region determines s’/ with the share @/, such that s/ = a/t/ (e /y j), where the number of free
allowances to producers of the y good equals the total emissions from this sector times the subsidy

share. With a’/=1, we have the special case of 100% allocation of free allowances to this sector. Since

good z is not trade-exposed, there is no OBA to producers of this good.

& Twice differentiable, increasing and strictly concave, i.e., the Hessian matrix is negative definite and we have a
local maximum.



Regions 1 and 2 can also choose to combine OBA with a consumption tax v/ on consumption
of the y good, }7j. The regions determines v/ as a fraction of OBA rate s/, i.e., v/ = )/ij, where )/j
is the fraction of OBA rate in region j.

The competitive producers in region j=1,2,3 maximize profits 7/:’

3
Max, .y} = Z[pxixij] — ¢ (x))

i=1

3
Max, i, ) = Z[(pyi +s))yl] = ¥ (y),e¥)) — tieV]

i=1

Max,j ,.j 7 = [p?z) — ¢4 (2),e?) — tVe].

zle

We have t3 = s3 = 0, since region 3 does not undertake any environmental policy. Assuming
interior solution, we have the following first order conditions:
x1 — X2 — X3 — X1 _ X2 _ X3
pm =P =D =0 =6 =G
y1 1 _ ,,y2 1 _ ,,¥3 s
p’ - +s p’c+s p’°+s Cy

p¥l 4 52 = p¥2 4 52 = p¥3 4 52 = ¢)?

y
p*=c)’
p? =c; @
I =cl=—tt PP ==t =B =0

The interior solution it requires a global price for each of the two tradable goods x and y, since

both are homogenous with no cost of trade:

px prj’ py Epy]

The representative consumer in region j maximizes utility given consumption prices and an
exogenous budget restriction M7:

Ll = uj(fj’)—,j’z—j) - Aj(pr]' + (py + vj)}—,j + pZZ_j — MJ')

We get the following first-order conditions when differentiating the Lagrangian function:

oL

9k _J_x— 2L
- =U; — P 0’6371'

. . o
=u;—(p” +v/) =0, S =u; —p? =0, )

7To simplify notation, we replace Y3—; x/ with x/ in the equations.



assuming an interior solutio, and normalized the utility functions so that A/ = 1.
The regions have a balance-of-payment constraint, i.e., the import expenditures from other
regions must equal export revenues. Assuming one global price for each of the tradable goods, we

have from (2) that

p’(y/ =) +p*(x/ = %) = 0. @

2.2. Second-best OBA policy and consumption tax in region 1

To better understand how the sensitivity of optimal OBA and consumption tax in region 1 is
affected in the presence of region 2’s climate policy, we first present the optimal rate of OBA and
consumption tax in region 1 when policies are kept fixed in the other regions. The analyses and results
in this section are well-known and discussed in for instance Bohringer et al. (2017a) and Kaushal and
Rosendahl (2017).°

We assess the different combinations of climate policies in the two regions, by specifying the
welfare function in region j as:

Wi =w(x),5,20) — c¥(x)) — Vi (y),e¥) — c¥(2),e¥) — T/ (e + €Y% + ¥ + e?t + e72 + e73),(5)

where 7/ is the valuation in region j of reduced global emissions, i.e., the Pigomvian tax.” Hence, the
Pigouvian tax can be different from the permit price t/. The welfare function consists of a utility of
consumption; costs of production; and costs of emissions. Given that an emission trading system has
already been implemented for regions 1 and 2, we want first to derive the optimal level of OBA in
region 1.

We differentiate (5) with respect to s, subject to (4), and assume that all other policy
instruments are kept fixed. The expression for the optimal level of OBA subsidy s in region 1, is

then:

gy 1 2eY3 9v3  9e?3 9z3 apY 3 ap* ~

1*=L) [_1( 9y’ _) WY 1 o1y, 0P 1_1]

s = (G T (5795 T as) T O 7D +55G=3D ()
— \ )

\ J

Y

Y
(a) (b) (c)
The first term (@) is positive as an introduction of s* will implicitly subsidize the production of

good y in region 1 and consequently increase the production of y*.

8 See appendix A for derivation
9 The Pigouvian tax is defined as the global marginal external costs of emissions. For the analytical results, it does not

matter whether 7/reflects the global or only domestic costs of global emissions.



Part (b) describes the emission effect in region 3. As the market price of good y falls because

of lower production cost and reallocation of production back to region 1, emissions associated with

3ay

de
» 357 9T < 0. How this affects the emissions related to

the same good in region 3 also declines

production of good z in region 3 is uncertain. However, it seems likely that term () is negative as the

second order effect on good z is presumably dominated by the first order effect on y. Hence,

emissions in region 3 declines with s*:"

0eY3 9y3  9e?30z3 )
(6y3 dst + dz3 9s? <0. (7)

In the last term, the consumption of good y increases with s, since the price related to the

same good decreases, i.e. < 0. The consumer now buys less of the relatively expensive good X,

dop
b a 1
op* . . .
and therefore % < 0. Term (¢) captures the terms-of-trade effects for region 1, and is ambiguous. If

we assume however that this term is zero, then we can elaborate that s* > 0 if the leakage is positive,

and s1= 0if the leakage is non-positive. As a result, if region 1 is a net-importer of good y, then s 1>
apY . . . .
0, because % < 0 and result in leakage reduction. If region 1 is a net-exporter of good y, then the

sign of s is ambiguous.

Thus, the optimal second-best OBA policy is in general ambiguous. However, if we assume that
region 1 is a net-importer of good y, then the optimal OBA policy in region 1 is positive.

Region 1 can also supplement their OBA with a consumption tax vl in the presence of an
emission trading system in region 2. By differentiating (5) with respect to v instead, we arrive at a
result very similar to Bohringer et al. (2017b):

1y~ 1 x 3 eZ3
= (3) [ im0t - SR - e (e S )| @

J
Y ! Y T

(d) (e) 0] (9)

The first term () is negative since a consumption tax in region 1 will decrease consumption of
good y in the same region. Henceforth, terms inside the bracket with negative (positive) sign tends to
increase (decrease) the optimal v

(¢) reflects the correction by the consumption tax of an implicit OBA subsidy, which causes too

much consumption of this good. The term is negative since a consumption tax in region 1 reduces

10'The numerical simulation in the context of EU ETS and Chinese ETS confirms that part b) is negative.



the demand for good y. As a result, the global market price and hence production of good y falls in

all the three regions.
The next term (f) is the familiar terms-of-trade effect for the region. We know that FIEERN 0,
from our previous discussion. With good y now being relatively more expensive than good x for

. . . . op* .
consumers in region 1, the demand, and hence price, increases for good x, 6_11:1 > 0. Whether (f) is

negative or positive will depend on whether region 1 is a net exporter or importer of the two goods.
As a net exporter of good X and net importer of good Y, the term becomes negative.

The emission effect in region 3 is captured in the last term (g). Global demand and the market

d0eY3 ay3
> 9y3 ov?

price of good y drops, hence emissions related to producing in region 3 also decrease

The effect on good Z in region 3 is ambiguous. However like in term (b), also here it seems likely that

emissions in region 3 decline when the consumption tax is imposed on good y in region 1 (Kaushal

& Rosendahl 2017):

¥3 3.,3 z3 5.3
(G vt * o) <0 0

Hence, in general the sign of the optimal consumption tax is ambiguous. However, if region 1
is a net exporter of the X good and net importer of the y good, then the optimal consumption tax in
region 1 is unambiguously positive in the presence of an emission trading system in region 2.

In the following two sections, we will first show how the optimal OBA rate in region 1 is
affected by the presence of climate policy in region 2, and then how optimal consumption tax in
region 1 is affected by the presence of climate policy in region 2. The sensitivity for the optimal OBA
and consumption tax rate with respect to carbon policies in region 2 is inspired by the model set-up
in Bohringer et al. (2017a). They investigate how carbon taxes in an open economy combined with
OBR performs in the presence of carbon policies in a large neighboring trading partner.

We consider the optimal OBA and consumption tax rate in region 1 with the following two
outcomes: i) region 2 supplements the emission price t? with OBA s2, and ii) the s2 is supplemented
by a consumption tax v? on consumption of the ¥ good. Furthermore, in the spirit to make the
theoretical analysis more informal, we leave out the terms-of-trade effect from the expression of

optimal OBA and consumption tax rate and focus on the leakage effect.



2.3. Second-best OBA policy in region 1, in the presence of climate policy in region 2

1
We simplify the notation from (6) and (8) in the following discussion by writing % =Y,

de¥3 y3 9e?3 23 v . 1
PR and ool = 65 and same for the derivative with respect to v*. In (6) and (8) we

presented the first order derivative with respect to s* and v!, which we describe as the first order
effect. The second order effect is then the second derivative of these with respect to either s% and V2,
Furthermore, the main assumption in the following discussion is that lower (higher) quantity of
respectively domestic production and consumption leads to reduced (stronger) effect of s and v, as
we look at the effect of these policies on the corresponding quantity. The same reasoning applies to
impacts on leakage too, where both s and v reduces leakage.

The total differentiation of (6) with respect to s% and v? and inserting for s1, gives us:
p g > g

dst= (0 (e ) (02 0eB)) o o fond (0 ) (061 0eB)) o g
yi\os2 \y: =~ s ds?  9s? ye\ovz\y¢ * i vz ov? ’
I\ T Y 4 k T Y g ! ’

J L

(h) (i) 0) (h) (k) D

where we first consider only an OBA policy in region 2, such that ds? > 0 and dv?* = 0.
We initially know that (3) is positive since y& > 0, see (6) term (@). The bracket in term (i) is

familiar from (6) term () and is the emission effect in region 3 of introducing s*, which is negative.
ayd . . . . ..
Though 352 1S More uncertain, we can elaborate that while the first order effect is positive, the second

order effect would likely be negative. s2 reduces the production cost of y?in region 2, and p” and
y1 are most likely reduced. Hence, the effect of s* on y! would be eased. The magnitude of this
effect would depend on region 2 and its y sectors size, its cost structure and demand responsiveness
as well. Hence, term (z) is ambiguous but likely positive.

The last term (7) captures the emission effect in region 3, and is the derivative of (5) in (6) with
respect to s2. s will reduce the emission leakage from region 2 to region 3, but how significant this
would impact the leakage reduction done by s? is ambiguous. However, the negative effect of s* on
emissions in region 3 would likely be moderated as the leakage is likely smaller with s2, indicating that
term (7) is positive. With a negative sign in front of (j), the term is negative. Therefore, the effect on
the optimal level of st of an increase in 52 is ambiguous.

Now we introduce a carbon consumption tax while keeping s fixed in region 2, ( dv? > 0).
The bracket inside of term (&) is negative from our previous discussion. We know that v? reduces the

demand of y in region 2, and thereby the production of y in all regions drops. Hence, the effect of

10



st on y! would be eased and term (k) then becomes positive (two negative factors). The magnitude
of v? would again depend on region 2’s size, initial demand and responsiveness.

From (6) in term (b), we know that the first order effect in term (/) is negative. Since v? reduces
the leakage from region 2, the likely outcome would be that the effect of s on emissions in region 3
are reduced. Hence, term (/) is likely positive, similar to term (j).

With a negative sign in front of (), we find the overall effect on the optimal s of either

increasing s% or v2 to be ambiguous.

2.4. Optimal consumption tax in region 1, in the presence of climate polices in region 2

We now test the sensitivity of optimal consumption tax rate in region 1 with respect to carbon
policies in region 2, by holding OBA rate s fixed. We total differentiate (8) with respect to s% and

v?2, and insert for v1:

3 _ 1,1, -1(,YV3 3
d‘[)l _ _1—1 Sla_y,}+ 1 aeg + 6353 _ a_y,} STy +T (ev +€-5 ) dsz
=W a5z T U\ 52 ds2 ds2 i
e ) L s

(m) (n) (o) (‘;;)

3,z
e () N

ov? ov? ov? ov? iz

(m) (q) (r) (s)

T L

First, we let ds? > 0 and dv? = 0. The term (%) outside of the main bracket is negative from our
discussion of (8) term (), as consumption tax reduces the demand for good y.

In term (n), the first order effect is negative from the discussion of (8) term (¢). The second
order effect by s2 is less obvious. The introduction of s2 reduces the production cost of y? and
thereby lowering the price p¥ and production of y1. Thus, it is reasonable that this term would be
positive, as lower y 1 could mean less negative effect of v! on the production of the same good.

In the next term (o), we know from (8) term (g) that our first order effects is negative, and that
v! reduces the leakage from region 1. s reduces the leakage from region 2. Since there is less leakage
to region 3 with both s2 and v, term (s) would likely be positive (the negative effect is dampened).

In the bracket of term (p), we recall that both term (g) from (8) and y; is negative. With the
numerator and denominator being negative, this part becomes positive. Outside of the bracket, the
first order effect is negative as V' reduces the demand for y in region 1. When it comes to the second
order effect s? reduces p”, and reduced price of good y increases ¥ to some extent. Since the
quantity of demanded y in region 1 is higher in the presence of 52, it could indicate that the effect of

v on ! is more negative in the presence of s2. Hence, term (p) is likely negative. So with a negative

11



sign in front of (p), the term becomes positive and we find the overall effect on the optimal level of
v! of an increase in s% to be ambiguous but likely negative.

Assume now that region 2 imposes a consumption tax while keeping the other instrument fixed.
In term (g) we know that y,+ is negative. v* reduces the demand for y in region 2, which reduces the
price of the same good and hence the production of y. Hence, while the term is ambiguous, if we
follow the same reasoning as in (#), then the term could likely be positive, i.e., v? could reduce the
negative effect of v! on production of y*.

In term () the first order effect inside the bracket is negative from (8) term (g). v? reduces the
leakage to region 3 and hence probably also from region 1 and 2. Thus, the term (7) is ambiguous but
likely be positive since v! now has less negative effect on the emission in region 3.

The bracket inside of term (s5) is knowingly positive from our earlier discussion. We know that

_ _ . . oy . .
v? reduces J1, and that reduced ¥ in region 1 and 2, reduces p”. So although % is ambiguous, we
could use the same way of reasoning as we did for term (p). Hence, as p¥ decreases with v?, causing

_ . . . 1 . Oy}
71 to increase, we likely expect v! to have a more negative effect on ¥, i.e. 22 < 0. Hence, the last
ov?

term (5) is negative and with the negative sign in front the whole term is likely positive. Therefore, our
analytical result suggest that the effect on the optimal v! of increasing v? is ambiguous but likely
negative.

In general, (11) shows the effect of optimal v? is ambiguous but likely negative with increasing
s% and v?, ie., (dv'/dv?, dv'/ds? < 0). The overall ambiguous results from chapter 2.3 and 2.4
however, strongly suggests that a numerical simulation is essential to give more robust results. In the

next chapter, we present the numerical simulations based on the theoretical model from section 2.1,

and the paper by Kaushal and Rosendahl (2017).

3. Numerical analysis

Numerical simulations are useful for examining the ambiguous outcomes from the theoretical
analysis. The main purpose for this analysis is to assess the Nash equilibrium outcomes in a non-
cooperative game of policy instruments. Particularly, we are interested in a non-cooperative game of
policy instruments in a world economy consisting of a Chinese and a European Union ETS, where
each region can choose to have a different variant of OBA or carbon consumption tax for the
emission-intensive and trade-exposed goods. The choice of climate policy in both regions are based
on the following indicators: 7) region maximizes regional welfare, 7z) region minimizes leakage rate 7)

region maximizes global market share of good Y, i) region maximizes global market share of good x,

12



and ») different combination of 7) to 7z). The motivation for looking at a policy instrument game with
different indicators is that a region’s choice may be limited when making policy decisions. For
example, policymakers could be influenced by strong lobbying groups who are more concerned for
their global production share than regional welfare. Or, the EITE good could be of a substantially
large share for the region, resulting in less flexibility for ambitious climate policies (Sterner & Coria

2012).

3.1 Model summary

The numerical simulation model is based on the Computable General Equilibrium (CGE)
model in Kaushal and Rosendahl (2017), with the assumption of the following three regions: the
European Union (EU)", China (CHN) and rest of the world (ROW). As in the theoretical model in
section 2, we find the same three goods in the different regions: a carbon free and tradable good x,
carbon-intensive and tradable good y, and carbon-intensive and non-tradable production z. These
goods are produced and consumed in all of the three regions, and they can only be used in the final
consumption. We also include a fourth production sector, fossil energy production f, which can only
be used in energy related production y and z, and cannot be traded between regions'. The tradable
goods are assumed homogenous with a global price and no transportation cost.

Capital, labor, fossil energy and resources are the input factors in production. Moreover, capital,
labor and fossil energy are mobile between sectors but immobile between regions. The resource is
only used in the fossil energy production and is immobile between regions. The producers minimizes
the cost subject to technological constraints, by combining the use of input factors. We desctibe the
production of X, y, Z as a two level CES cost function, with the demand sensitivity for capital, labor
and fossil energy input. The two level CES cost functions for f consists of capital, labor and resoutce
instead. At the top level, we have the CES with substitution between energy/resource and value-
added (capital and labor) composite. At the second level, the CES between value-added composite
includes the substitution between capital and labor". Moteover, the emission is proportionally related
to the use of energy as input for production. Thus, emission reduction in the sectors are either
through; i) substituting energy with value-added composite, or ii) scaling down the production output.

We define the final consumption in each region by a representative agent who maximizes utility

subject to a budget constraint. The budget constraint is determined by the monetary value of regional

11 This includes all the 28 EU member states plus Iceland, Norway, and Liechtenstein.
12 Hence in accordance with the theoretical model, we focus on the carbon leakage related to the competitive channel.
13 See appendix B for summary of the CGE model and nesting in different sectors.
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endowment of capital, labor and resource, and net revenues from emission regulation'’. The agent’s

utility is given as a constant-elasticity-of-substitution (CES) combination of final consumption goods.

3.2 Calibration procedure and dataset

The calibration procedure is based on standard method in applied general equilibrium
simulations, where the exogenous parameters are defined by base-year data information. Like in
Kaushal and Rosendahl, the other parameters are either estimated from other different studies,
calibrated based on simulations of a well-established CGE-model (Bohringer et al. 2017b; Bohringer
et al. 2018).

The numerical model is based on the World Input Output Database (WIOD), with data base-
year from 2009." The empirical data from the WIOD is then reconstructed, which is based on 43
regions and 56 sectors with related CO»-emission from each sector, and we merge them into the three
regions and four sectors; X, ¥, Z, and f'°. The emissions level in sector x is set equal to zero, and thus
follow the same assumption from the theoretical analysis that there are no carbon related emissions
in this sector'’. Next, we measure the net exports in the tradable sectors in the base-year and
incorporate the balance of payment constraint in the numerical model, by measuring the domestic
production and consumption in each region. The calibrated z sector is non-tradable in the theoretical
model, yet consists of multiple sectors with limited trade in the dataset. Thus, we assume that
produced and consumed quantity in the same region is equal.

The utility maximizing agent in each region is assumed to have a CES utility function calibrated
to the share form, with exogenous parameters set to base-year shares from WIOD data. Like

Bohringer et al. (2017b) and Kaushal and Rosendahl (2017) , we set the substitution elasticity of 0.5

between goods X, y and z, with perfect substitution between locally produced and imported goods.

4 The net revenues from emission regulation consists of emission price plus consumption tax, minus the cost of OBA
15 The model is implemented as a Mixed Complementatity Problem in GAMS, using the PATH-solver.

16 See appendix C for mapping of WIOD sectors.

17 Sector x accounted for 14-15% of the global CO2 emissions in 2009, according to the dataset.
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Production | Consumption CO:;
(billion $) (billion ) (billion ton)

xEU 25066 24 610 -
yEU 5025 5111 0.90
ZzEU 1998 1998 1.78
XCHN 9059 8786 -
yCHN 5030 5020 2.11
ZCHN 949 949 3.60
xROW 51101 51 830 -
yROW 14271 14 194 4.21
ZROW 4871 4871 8.24

Table 1: Base-year WIOD data values and calibrated parameters in the numerical model

3.3 Climate policy strategies and scenarios

In the following, we will consider that j = {CHN, EU}, and that calibrated base-year data from
2009 is the business-as-usual scenario. The first policy strategy (t/) is where the region j implements
an emission trading system with full auctioning. The EU ETS was already in place in 2009 with the
average ETS price of €13 per ton CO,. Thus, the considered case is where an additional emission
reduction target of 20 percent is set relative to the base-year emission in the EU ETS"™. The
assumption is not unreasonable since the EU has set new and more ambitious targets for 2030 and
2050 (Andresen et al. 2016). China however, did not have an active emission trading system in 2009.
Also here, the emission reduction target is set to 20 percent relative to base-year emission.

The next policy strategy is where region j allocates a number of allowances for free to the
emission-intensive and trade-exposed (EITE) industries ¥, i.e. OBA (s7). The allowances in this sector

are allocated with the allocation factor a’ , ranging from 20% to 100% allocation for the industries
. Jo— e eyj . . .
based on output, i.e., s = a’t yi) In accordance with the theoretical analysis, sector z does

not receive allowances for free.

The last policy strategy considered is where region j supplement the OBA with a consumption
tax. Under this strategy, the consumption tax ranges from 20% to 100% as a fraction of the OBA rate
s/ , l.e., vl = )/j s/ , where yj is the fraction of OBA rate in region j. Hence, different combinations

of OBA allocation and consumption tax can be achieved.

18 The reported permit price in this chapter comes in addition to the price of €13 per ton CO2 in 2009.
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In line with the theoretical model, the welfare in each region consists of the regional utility and
global emission reduction. We use the regional emission price t/ under the first policy strategy, to
calculate the benefit of global emission reduction felt by each region under different policies. Since
there are two emission trading systems in our model that are not linked, the emission price in each
region is therefore different. Further, the main assumption is that negative global emission caused by

one regions action, is beneficial for the other region as well.

3.4 Numerical simulations and the optimal strategies

We investigate the optimal climate policy strategy for each region by looking at the following
key indicators: 7) maximizing regional welfare, 77) minimizing leakage rate /) maximizing global market
share of y, 7v) maximizing global market share of x, and ») a combination of indicators 7) — 7). We
assume a simultaneous non-cooperative game with two players, the EU and China, who choose their
climate policy based on the specific key indicators above. The optimal climate policy for each region
in this game, or Nash equilibrium outcome, would then be the best choice they make given the other
region’s choice (Varian 2010). To simulate all the outcomes for the different combination of policies,

the model is run 961 times. The pay-off matrices are listed in Appendix D.
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Figure 1: EU’s welfare effect with different combinations of policies in EU and China.

Results from figure 1 and 2 shows the effect on welfare in EU and China in the presence of

different combinations of policies, i.e., indicator 7). In figure 1 (figure 2) policy choices by EU (China)
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are on the horizontal axis, while policy choices by China (EU) are listed on the right side. Z£U and
tCHN is the scenario with only emission price in EU and China respectively. s and v with percent
values is the correspondingly allocation factor in sector y of OBA, and consumption tax rate as a
fraction of OBA". The result shows that the optimal strategy when both regions maximizes welfare
is to supplement OBA with a consumption tax on the EITE good, i.e., our Nash equilibrium. This
outcome is in line with previous results (Kaushal and Rosendahl 2017) since a consumption tax
reduces the leakage and thereby increases the regional welfare. The Nash equilibrium outcome is
5409 Vg0y, for China and Sggo, V1009, for EU. A likely reason for the lower optimal OBA in China, is
their higher emission intensity in sector y. Further, EU is the only net exporter of good x. Therefore,
the higher consumption tax rate is optimal in the EU. The emission price in region j without any
supplementing policies, are equal to the valuation of reduced global GHG emissions in the same
region, i.e., t/ =1/, For j = {CHN, EU}, the numerical simulation suggests tC¢HN = ¢78.39 and tEY
= $99.64. The figures further shows that if one region’s policy is kept fixed, the local welfare increases
when another region introduces a combination of OBA with a consumption tax. The main driver for

the welfare increase here, is the reduction in leakage rate which benefits both regions.
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Figure 2: China’s welfare effect with different combinations of policies in EU and China.

19 So with Sggo, V1009, We have @ = 0.8 and v = 5.
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The theoretical analysis in section 2 suggested in general ambiguous effects on the optimal OBA
and consumption tax, when another region implements OBA or OBA with a consumption tax. In the
numerical simulation however, we find the optimal rate of OBA and consumption tax for both
regions. The result suggests that the optimal rate is unaffected by an introduction of supplementing
policy in the other region. The largest welfare change compared to the BAU scenario for China is
approximately 0.6%. In this case, China’s optimal policy is S4q0,Vgog, meanwhile EU’s is S1999,V100%-
The largest welfare change for EU is around 0.4%, if they choose SggoyV1009 and China choose

5100%V100%- Thus, the result suggests that the optimal strategies in this Nash equilibrium game are

dominant strategies.
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Figure 3: Leakage rate with different combinations of policies in EU and China.

40

35

Leakage rate (% change from BAU)
= [
o w

5]

0

-10

Figure 3 shows the leakage rate from the regulated regions EU and China, presuming that the
they minimize leakage rate as their indicator, i.e., indicator 7). The leakage rate is measured as the
change in foreign emission over the change in the regulating region’s emission, where the BAU
emission is the baseline.”’ A positive (negative) number results in a positive (negative) leakage rate.
Given no energy trade in our model, leakage only happens through the market for EITE-goods ().
The figure illustrates an outcome with 100% OBA and consumption tax to at least 100% of OBA for

both regions, i.e., S100%V100%. 1he consumption tax reduces demand for good y and thereby

20 Since the regulated regions are only concerned of the increase in emissions in the unregulated region, we express the

FROW ) i i
where EJ = e¥” + %,

leakage rate as m,
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production and emissions in the unregulated region. Hence, in Nash equilibrium given indicator z),
both region supplements the 100% OBA with 100% consumption tax on the EITE good. The highest
leakage rate of around 40% is obtained when no complementing policies are introduced in the
regulating regions. The lowest leakage rate is obtained in the Nash equilibrium, around -8% leakage
rate. The results shows that a combined effort to mitigate leakage from regulated regions, results in a
higher global emission reduction.
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Figure 4: EU’s global market share of good y with different combinations of policies in EU and China.

In accordance with earlier papers, we referred to OBA as an implicit production subsidy for
sector . If the region’s main indicator had been to maximize the net production of good y, the result
would consequently also have been to supplement their ETS with 100% OBA. A more interesting
approach is to observe the global market share of good y, since the producers could compromise on
at least maintaining the market share as the net global demand for good y declines. Figure 4 and 5
shows global market share of good y for EU and China (respectively). The highest market share of
sector Y is obtained when the region allocates at least 100% OBA to the producer of EITE-good,
which is also the Nash equilibrium in this game. Hence, given indicator /), the regions would
supplement their ETS with at least 100% OBA. The market share in the Nash equilibrium is
approximately 22.13% for China and 21.8% for EU. The highest market share a region can achieve is
when only that region supplements the ETS with OBA. Hence, this strategy for EU and China, is also
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a dominant strategy. The market shares for both regions are higher than a situation without any climate

policy. In the BAU scenario, the result suggests a market share of 20.7% for both regions.
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Figure 5: China’s global market share of good y with different combinations of policies in EU and China.

If both regions maximize global market share of good X, indicator 72), the results shows that the
they would not supplement their ETS. The emission price increases the production cost for the
producer of good Yy and z. More demand shifts towards the relatively cheaper good x, and thereby
the production of the same good increases as well. In this Nash equilibrium, the regions achieves a
higher market share of good x (12.3% for China and 31.5% for EU) than the BAU scenario (10.7%
for China and 29.7% for EU). The share of good x for one region increases as the other region
supplements her ETS to at least 100% OBA. Further, the share falls somewhat if the other region
introduces a consumption tax on top of the OBA. The strategies in this Nash equilibrium outcome is

also the dominant strategies for the regions.

EU
7) 7) 71i) )
) | Csig™vig™, sgo vice (s v, stgovioe) | (sig " veg™, sign) | (sig"vge",t"")
crnN 1 (siod"vige', a0 vigo (g0 vio0', Stoovioe) | (Sigo' vion'Sian) | (sigo vige',t™")
i) (sf00"» 580 V100 (sigo’, ST0v1c0 (sigo’» S1g0 (sfgo’, t*")
) (L™, sgo' vigg (£, 700100 (£, s (G )

Table 2: Summary of the Nash equilibriums based on indicators 7) — ).
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In table 2, we present all the Nash equilibrium outcomes from the numerical analysis, as well as
the outcomes with other combinations of indicators. EU’s indicators are listed on the right side, and
China on the left. The numerical analysis showed that the region’s strategy in the Nash equilibrium
outcome is also the dominant strategy for the region. This is noticeable in table 2 as well. That is,

given an indicator, the region choses the same strategy no matter what the other region choses.

3.5 Sensitivity analysis

To check to what degree the numerical results are robust, we now examine the effects of
changing some of the main assumptions. We first relax the assumption that goods produced in
different regions are homogenous, and assume that domestic and foreign goods are distinguished by
origin. Next, we keep the same assumptions from our base case simulation, but assume that the
substitution elasticity for the representative agent is set to 2. Finally we test for a Pigouvian tax being
higher than the emission price.

First consider the heterogeneous goods approach by Armington (1969) when relaxing the
assumption that good produced in different regions are homogenous, and distinguish between
domestic and foreign produced goods (“Armington goods”). We keep the same assumption at the
top level of the utility function, when substituting between the goods x, ¥ and z. At the second level,
we include substitution between domestic and imported goods x and y, and finally at the third level

we distinguish between the origins of the foreign produced goods.”

EU
7) 7i) 71) )
i) | (s{ah viga'» StooVioo (Sc0 vido'» S1o0Vicn (ST00V100: 5100 (s100v100, t*Y)
crnN % | (siaq"vied", staovico (Sc0 vido'» S1o0Vicn (S50 vio0'» 5100 (sfgo vivo - t™")
1) (S50 STo0 V100 (S50, STo0 V100 (ST50'» Sto0 (sia» t"Y)
) (¢S, sFoovIg (t°HN, soovIg (N, 70 (tCHN, B0

Table 3: Summary of Nash equilibriums based on indicators 7) — ), assuming Armington goods.

In table 3 we show the different Nash equilibriums, with the assumption of Armington goods.
The welfare effects under all combinations of policies are higher with Armington goods than with the
homogenous goods. Mainly this is a result of further limited leakage than with homogenous goods,
and hence the global benefits of emission reductions are bigger. Compared with table 2 the only
different strategy in a Nash equilibrium outcome, is when the region maximizes welfare. The new

outcome is (s{EVviLhY, sEHvES), which is also the dominant strategy for both regions in this game.

2l We assume a substitution of elasticity at the top level of 0.5 (as before), at the second level of 4, and at the third level
of 8. The heterogeneous goods case transforms into the case of homogenous goods with an infinite Armington elasticity
setting on the second and third levels.
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The welfare improves monotonically with the consumption tax to at least 100% of the OBA rate for
both regions, with Armington goods. With indicator 7), 7i) or zv) assuming Armington goods, the
results shows the same outcome as table 2. Further, like in the base case simulation the strategy choice

in the Nash equilibrium outcomes are also dominant strategies for the region.

EU
7) 7i) 711) )
) | (sig™ved™, sgovige) | (s ved™ sigovive) | (sig™ver™, sige) | (sig™wved™, tBY)
can |7 | (sioq'vige', séo vige) | (sioo'viga' Sicovisn) | (Sioo'vica'»Sioe) | (sigo vigo',t™")
Z) (sf50", 60 vigo (sf50", STo0Vio0 (sfs0". 1o (sfgo", t)
) (£, sgo' vigg (£, sTo0vio0 (™, s700 (LCHN, eBY)

Table 4: Summary of Nash equilibriums based on indicators 7) — ), of alternative substitution elasticity.

We go back to the homogenous good assumption for the next tests, and in table 4 we list the
outcome when assuming different substitution elasticity for the representative agent. The tests are
conducted with substitution elasticity change in all three regions, and the substitution elasticity listed
in the table is 2. With higher elasticity for the representative agent, the Nash equilibrium outcome
given indicator [) is (sf(’,m v, sEY vféjo). That is somewhat lower OBA than in the base case
simulation for EU, and a lower consumption tax rate for China. With higher substitution elasticity,
the emission price in both regions are lower. However, the difference is bigger in EU then China
when comparing with base assumption. Thus, a lower optimal OBA in EU. The welfare improvement
compared to BAU scenario are in general higher with higher substitution elasticity. However, the
leakage rate is now less of a concern. We can see from table 4 that the tests support the findings from
our analysis in section 3.4 for indicator #), zi) and 7»). Moreover, the strategies in the Nash equilibrium
outcome, are dominant strategies for the region.

The theoretical analysis in section 2.2 also discussed the possibility of the Pigouvian tax being
different from the emission price observed under the scenario without supplementing policies to the
ETS. We have assumed that the two are equal in the benchmark simulations. In the EU Emission
Trading System for instance, the emission price have been fairly low over the last years. Thus, one
could argue that the Pigonvian tax is higher than the current CO; price. We test for a Pigouvian tax that
is 50 % higher (in EU and China) than the estimated carbon price from section 3.4. The increased
Pigouvian tax does not alter our main result from section 3.4. The benefits of the climate policy,

however, is now bigger as global emission reductions would have a greater impact on welfare.

22



4. Concluding remarks

As rest of the world closely follows the unilateral initiatives by EU and China, the policymakers
in these markets are well aware that their unilateral action leads to carbon leakage without a global
initiative to reduce emissions. There are many different approaches in the economic literature to
mitigate carbon leakage. A very common anti-leakage solution in emission trading systems is output-
based allocation (OBA) to emission-intensive and trade-exposed (EITE) industries. OBA, however,
works as an implicit production subsidy to domestic production of EITE goods. Hence, an approach
to supplement OBA with a consumption tax on all use of EITE goods have been proposed.

In this paper we have examined the choice of a climate policy instrument for a region, in the
presence of another region’s climate policy. First we showed analytically that the effect on the optimal
OBA and optimal consumption tax for a country is ambiguous if another country introduces an OBA
or a consumption tax. However, we also showed that under certain conditions the optimal
consumption tax for a country is reduced, if another country introduces an OBA or a OBA and
consumption tax. Next, we examined the choice of policy instrument for two separate countries with
a stylized numerical model calibrated to real world data, where we considered the situation of the EU
ETS and the Chinese ETS. The results showed that depending on certain conditions, the countries
would choose different variation of policy combinations. In the context of maximizing welfare and
minimizing leakage rate, both countries would implement a consumption tax on top of the OBA.
Further, the numerical results showed that the strategies in all the Nash equilibrium outcomes were
also the dominant strategy for the region.

The tax implementing countries were consistently better off in terms of welfare and leakage
rate. Thus, the paper conclude that complimenting output-based allocation with a consumption tax is

ikely a strong policy strategy to mitigate carbon leakage, even in the presence of other region’s climate
likely a strong policy strategy to mitigate carbon leakage, the p f other region’s climat

policy.
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Appendix A, Dertvations

Al: Region welfare maximization with output-based allocation

By differentiating the regional welfare (5) with respect to output-based allocation, we get
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Recall (4), further we differentiate (4) w.r.t. consumption tax, remembering the product rule:
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Recall the constraint on emission in region j = {1,2}, E/ = e¥/ + e . By differentiating this w.r.t the

consumption tax, we have that:
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A2: Region welfare maximization with consumption tax

By differentiating the regional welfare (5) with respect to consumptions tax, we get
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=px(———>+(py+v1)a—il—(py+sl)a—il+t1< + >

vl ov? vl = ovl

L 0eYl  ge¥? 0e¥?® Qde?t 0e?? 0e*
t [6171 + vt + ovl + ov? + ov? + E)vl]

Recall (4), further we differentiate (4) w.r.t. consumption tax, remembering the product rule:
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dapY

1 o™

E;OA—75+Py<

solving this for p*

ay' oy’
vl ovl

1 -1
P11 x Qf___gf_
+avl(x *)+p <6v1 vt

oyt

X

ayl ap” 1 1 ap* 1
y _ _ oap” _
<p (6v1 6v1)+_6v1(y y )4_6v1(x

fl))

p

we insert this into our equation for p*

__(in__éil)
vl ov?

[ y(ayl__ayl) dp” 1_ =1 Qﬂi 1_ =1 |
an B p avl 6171 + avl (y y ) + avl (X X ) 69?1 6x1 s ( y s 1) ay1
ovl __(Q{i__@ﬁi) vt vl Prr Vo0t
[ vl ov? J
oyt de¥t  ge?l
— (nY N7 1 -
G )6v14_t <6v1 + ot
L 0e¥l  9e¥? 9e¥? 0de?l 9e?? (ge?
t ovt  ovl  oJvl  ovl  ovl  ov?
and since

(Qii..@fi) (Qii_____)
vt ov? vl ov?

ox?!

&8 ED
vl ov? vl ov?

We can further simplify:

=1

0x1 Ox1

ayl oyt opY ap* oyt oyt
— Y _ 1_ =1 1_ =1 y Ny 9
p <6v1 351) 3,70 V)t XD+ (7 +v) g - (0 +sH) o
L aey14_6621 L aey14_aey2 0eY? QJe?l Q0e?? 9e*
vt = ovl t vt  ovl  ovl  ovl  ovl  oOv?
oyt oay' oay' oy'\ oap” ap* oyt ay?!
— Y _ _ 1_ =1 1_ =1 19V 49
p <6v1 6v14_6v1 ov? 4_6v1(y )+_6v1(x ¥)+v vt S vt
L 6ey14_6e21 L 6ey14_0621 0eY? Qge?? QgeY3 Qge*
vt = ovl t vt  ovl  ovl  ovl  oJvlt  ov?
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Recall the constraint on emission in region j = {1,2}, E/ = e¥/ + e . By differentiating this w.r.t the

consumption tax, we have that:

OFE/ B deYl  de?

= — 0
vt ov? * ovt
By this assumption, our equation can now be expressed as:
oyt o9y' ay' ay'\ op” TN PR L0yt oyt
_p (avl avl avl_avl +av1(y _}’)-l-avl(x _x)+vﬁ_5ﬁ
1 aey3 aez3
_ R
i [6171 vt
and simplified to
0y’ dy*  ap” op* 9eY3  9e?3
= pl _ o1 1_ =1 P 1 o1y 1
X 6v1+6v1(y }’)+av1(x X)) -1 0v1+av1

And we finally arrive at (8), by moving v on the other side of the equal sign

_1\—1
ayl) [ oyl opY _ ap* _ (6ey3 dy3  09e%39z3 )]
1x 1 1 1 1 1 1
v ——(— st—=—=——0' -y - =D+t =+ 8
avt vl vt (y y ) ovt ( ) dy3 avt 0z3 vl ®
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Appendix B: Summary of the numerical CGE model

Indices and sets:

Set of regions
Set of goods

T (alias j)

Variables:
SIT

SFE
DI
KLI9"
KLF"
A9
IMI”
wr
p9"
PrE
PiL
PkLF

r

Pk

T

Po

ar
P4

ar
Pim

T
Pcoz

r

bw

097"

I

Parameters:

"
OKLE

R CHN, EU, ROW
lg x’ 3Z

Index for regions

Production of good g in T

Production of fossil energy (FE) in r
Aggregated consumer demand of good g in 7
Value-added composite for g in 1
Value-added composite for FE in r
Armington aggregate of g in r

Import aggregate of g in 1

Consumption composite in

Priccofginr

Price of Primary fossil FE inr

Price of value added for g in 7

Price of value added for FE inr
Price of labor (wage rate) in 7

Price of capital (rental rate) in 1

Rent for primary energy resource in
Price of Armington aggregate of g in r
Price of aggregate imports of g in 1
Price of CO2 emission in 7

Price of consumption composite in 1
Output-Based Allocation on g in 1

Consumption tax on g in

Substitution between value-added and energy g in 7
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okL Substitution between value-added g in 1

o) Substitution between value-added and natural resource in FE in r
OIN Substitution between value-added in FE in 1

UA‘J " Substitution between import and domestic g in 7

0, 1511; Substitution between imports from different g in »

oW Substitution between goods to consumption

91‘,9; Cost Share of FE in production of g in 1

91‘?[ Cost Share of labor in production of g in 7

04 Cost Share of natural resource in production of FE in 1

Ol N Cost Share of labor in production of FE inr

GAgr Cost Share of domestic goods g in consumption in 1

9191\; Cost Share of different imports goods g in consumption in
L‘gr Labor endowment in sector g in region r

Lo re Labor endowment in FE in region r

qu ’ Capital endowment in sector g in region 7

K re Capital endowment in FE in region 7

Qo Resource endowment of primary fossil energy in region 7
CO2yax CO; emission allowance in region 7

Kt02 Coefficient for primary fossil energy of CO» emission in region

Zero Profit Conditions
Production of goods except for fossil primary energy:

1
1-ok 1-ok <_—T>
n" = (0FF (phe + oapfo) " + (1= 6 )l 2 por g 007

Sector specific value-added aggregate for x, y and z:
1

_g97 _gr ( r>
my = (0dpr 7o) + (-0 o)) ) = Lk

Production of fossil primary energy:
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_1
Thy = (95}96(1_06) + (1 _ gg)pIQLF(l_JE))<1_”6> >p

Sector specific value-added aggregate for FE:

1
1-of, 1-o] (7)
TkLp = (HZNPZ( o) 4 (1- GZN)p,r(( GLN)) 1-oiy

Armington aggregate except for FE:
1

—_g97 (W
mf" = (07 @7 + vor) (=) 4 (1 - o )pfy ) )V

Import Composite except for FE:

1-9"
1=omy

ar _ ggjr( 9i 4 gr)(l—'fﬂ;) -
Ty = m \P v = Py

VES

Consumption composite:
1

— (er xr(1- O'W)

1-ayy)
WA +oy oy "

w FA

Market Clearing Conditions

Labor:
ondl on
Z LY + Ly pp = Z kror SKL gy pr Ok
7 op.” dp.”
Capital:
ordl on
Z K" + Ky pp = Z KL9" —KL 4 KLF" ’“f
7 opk™ Opk
Primary fossil energy resource:
TS Qr Omtrg r
Qo = Sk oL 1 b
Value-added except FE:
gT
KLIT > §97 gr L pgr
PkL

Value-added FE:
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2 PKLF

+ gzrpzr(l—aﬁz))(m

L Sg
L KLF™
>pg L A9
L IMI"
> piv Lwr
Lo/
Lok’



KLF" > Sk 61‘[_ 1 pk
= FEapr PkLF

Armington Aggregate:
Ty r
A9 = WT Lp?
gr A
op,
Import Aggregate:
gr
T
IM9T > A9" p‘;r 1L p%
M
Supply-demand balance of goods, except FE:
ond" om9l
SQTZAW—A+ZIM~‘”—IM 1 p9r
apgr = apg] p
Supply-demand balance of FE:
ar
SI?;E 2 Z S9" aT[S gr 1 pE‘E
g a(p};E + KE‘OZPCOZ
Demand of goods:
gr Kl gr
DI > AW% + IMgT% L D9"

COz Emission in region:
T T T T
CO2\ax = Kco2SFE L Peoz

Consumption by consumers

PLWT 2 L D L+ Loes |+ k| ) KE™ 4 Ke |+ poT Q5 + PLoaCOZinax = S0 + DTvs™ Ly,
g 9
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Elasticities: OKLE = 0.5 Ok, = 1

Capital Labor

Figure B1: Nesting in production, except for fossil fuel energy

Elasticities: gy = 0.9 ox, =1

%

Resource

Capital Labor

Figure B2: Nesting in production of fossil fuel energy

Elasticity: oy, = 0.5

Consumption goods

Figure B3: Nesting in consumption
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Appendix C: Mapping of WIOD sectors

Model Sectors WIOD Sectors

¥: emission-intensive and tradable goods Oil, Mining and Quarrying; Chemicals and
Chemical Products; Basic Metals and Fabricated
Metal; Other Non-Metallic Mineral; Transport
Equipment; Textiles and Textile Products; Food,

Beverages and Tobacco; Pulp, Paper, Paper

Printing and Publishing
Z: emission-intensive and non-tradable goods Transport Sector (air, watet, rail, road); Electricity
X: emission-free and tradable goods All remaining goods and services

Table C1: Mapping of WIOD sectors to model sectors

Table C1 shows the mapping of the 56 WIOD sectors to three composite sectors in our model.
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Appendix D: Payoff matrices

The table listed below shows the payoffs for China and EU, given the base assumption and particular indicators in section 3.4.

EU

t S20%  S20%v20%  S20%va0% S20%v60% S20%v80%  S20%v100%  S40%  Sa0%v20% Sa0%va0% Sa0%v60% Sa0%v80% Sa0%v100%  S60%  S60%v20% S60%va0% S60%v60% S60%v80% Se0%vi00%  S80%  S80%v20% S80%va0% S80%v60% S80%v80% | Ssowviooss| S100%  S100%V20% S100%Vaow S100%Veo% S100%Vso% S100%V100%

N 014% 0.18% 018% 0.18% 0.18% 0.18% 0.18% 023% 0.23% 023% 023% 023% 023% 030% 030% 030% 030% 030% 030% 041% 041% 041% 041% 041%| 041% | 0.57% 057% 057% 057% 057% 057%
S20% 0.16% 0.20% 0.20% 0.20% 0.20% 0.20% 020% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.32% 032% 0.32% 032% 032% 032% 043% 043% 043% 043% 043%| 043% | 0.59% 0.59% 0.59 % 0.59 % 0.59 % 0.59 %
Syomaon 0.16% 020% 0.20% 0.20% 0.20% 020% 0.20% 025% 025% 0.25% 0.25% 0.25% 0.25% 032% 032% 032% 032% 032% 032% 043% 043% 043% 043% 043%| 0.43% | 0.59% 0.59% 0.59 % 0.59 % 0.59% 0.59 %
Syomaow 0.16% 020% 0.20% 0.20% 0.20% 0.20% 0.20% 025% 0.25% 025% 0.25% 025% 0.25% 032% 032% 032% 032% 032% 032% 043% 043% 043% 043% 043%| 043% | 0.59% 059% 059% 0.59% 059% 0.59%
Sioweo 0.16% 020% 0.20% 0.20% 020% 0.20% 0.20% 0.25% 0.25% 025% 0.25% 025% 0.25% 032% 032% 032% 032% 032% 032% 043% 043% 043% 043% 043%| 043% | 0.59% 059% 059% 059% 059% 0.59%
Syomsonw 0.16% 020% 0.20% 0.20% 0.20% 0.20% 0.20% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 032% 032% 032% 032% 032% 032% 043% 043% 043% 043% 043% | 0.43% | 0.59%  0.59% 0.59 % 0.59 % 0.59 % 0.59 %
Syomvioon 0-16% 0.20% 0.20% 0.20% 0.20% 0.20% 020% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.32% 032% 032% 032% 032% 032% 043% 043% 043% 043% 043%| 0.43% | 0.59% 0.59% 0.59% 0.59% 0.59% 0.59%
Sa0% 0.18% 0.22% 0.22% 022% 022% 022% 022% 027% 0.27% 0.27% 027% 027% 027% 033% 033% 033% 033% 034% 034% 044% 044% 044% 044% 0.44%| 044% | 0.59% 0.59% 0.59 % 0.59 % 0.59 % 0.60 %
Saowaow  0.18%  0.22% 0.22% 022% 022% 022% 022% 027% 027% 027% 027% 027% 0.27% 033% 033% 033% 034% 034% 034% 044% 044% 044% 044% 044%| 044% | 0.59% 059% 059% 0.59% 060% 0.60%
Saowwaox 0.18% 022% 022% 022% 022% 022% 022% 027% 027% 027% 027% 027% 027% 033% 033% 033% 034% 034% 034% 044% 044% 044% 044% 044%| 044% | 0.59% 059% 059% 0.59% 060% 0.60%
Ssomveon  0.18% 0.22% 0.22% 0.22% 0.22% 022% 022% 027% 0.27% 027% 027% 027% 027% 033% 033% 034% 034% 034% 034% 044% 044% 044% 044% 044%| 0.44% | 059% 0.59% 0.59% 0.59% 0.60 % 0.60 %
Sqomeon  0.18% 0.22% 0.22% 022% 022% 022% 022% 027% 027% 027% 0.27% 027% 0.27% 033% 033% 034% 034% 034% 034% 044% 044% 044% 044% 044%| 044% | 0.59% 059% 059% 0.59% 060% 0.60%
Siomioow 0.18% 0.22% 0.22% 022% 022% 022% 022% 027% 027% 027% 027% 027% 027% 033% 033% 034% 034% 034% 034% 044% 044% 044% 044% 044%| 044% | 059% 0.59% 0.59 % 0.59 % 0.60 % 0.60 %
Seo% 017% 021% 021% 021% 021% 021% 021% 025% 025% 0.26% 0.26% 026% 026% 032% 032% 032% 032% 032% 032% 042% 042% 042% 042% 042%| 042% | 0.58% 0.58% 0.58% 058% 0.58%  0.58%
Seomaow  0.17%  021% 021% 021% 021% 021% 021% 026% 026% 026% 0.26% 026% 026% 032% 032% 032% 032% 032% 032% 042% 042% 042% 042% 043%| 043% | 0.58% 058% 058% 0.58% 058%  0.58%
Seowvaon 0.17% 021% 0.21% 021% 021% 021% 021% 026% 0.26% 0.26% 026% 026% 026% 032% 032% 032% 032% 032% 033% 042% 042% 042% 043% 043%| 0.43% | 0.58% 0.58% 0.58 % 0.58 % 0.58 % 0.58 %
Seomeon 0.17% 021% 021% 021% 021% 021% 021% 026% 026% 026% 026% 026% 026% 032% 032% 032% 032% 033% 033% 042% 042% 042% 043% 043%| 0.43% | 0.58%  0.58% 0.58 % 0.58 % 0.58% 0.58 %
Seowsow  0.17% 021% 021% 021% 021% 021% 021% 026% 026% 026% 0.26% 026% 0.26% 032% 032% 032% 032% 033% 033% 042% 042% 042% 043% 043%| 043% | 0.58% 058% 0.58% 0.58% 058%  0.58%
Seoxwvioo 0-17% 0.21% 021% 021% 0.21% 021% 021% 026% 026% 026% 026% 026% 026% 032% 032% 032% 032% 032% 033% 042% 042% 042% 043% 043%| 043% | 058% 0.58% 058% 0.58% 0.58%  0.58%
Sgo% 0.11% 0.14% 0.14% 0.14% 014% 014% 014% 019% 0.19% 019% 0.19% 0.19% 0.19% 0.26% 0.26% 0.26% 0.26% 0.26% 026% 036% 036% 036% 036% 036%| 036% | 0.52% 0.52% 0.52% 0.52% 0.52% 0.52%
Sgoomaon 0.11% 015% 0.15% 0.15% 0.15% 0.15% 0.15% 0.19% 0.19% 0.19% 0.19% 0.19% 0.19% 026% 0.26% 026% 026% 026% 026% 036% 036% 036% 036% 036%| 036% | 0.52% 0.52% 0.52% 0.52% 0.53% 0.53%
Sgowvaow  0.11% 0.15% 0.15% 0.15% 0.15% 0.15% 0.15% 0.19% 0.19% 0.19% 0.20% 0.20% 0.20% 0.26% 0.26% 0.26% 0.26% 026% 026% 036% 036% 036% 036% 037%| 037% | 0.52% 052% 052% 053% 053% 0.53%
Sgoxweo  0-11% 015% 0.15% 0.15% 0.15% 0.15% 0.15% 0.19% 0.20% 0.20% 0.20% 0.20% 0.20% 0.26% 0.26% 0.26% 0.26% 0.26% 026% 036% 036% 036% 036% 037%| 037% | 0.52% 052% 052% 0.53% 053% 0.53%
Sgowvson 0.11% 0.15% 0.15% 0.15% 0.15% 0.15% 0.15% 0.19% 0.19% 0.20% 0.20% 0.20% 0.20% 0.26% 0.26% 026% 0.26% 0.26% 026% 036% 036% 036% 036% 037%| 037% | 0.52% 0.52% 0.52% 0.53% 0.53% 0.53%
Sgowvioow 0-11% 0.15% 0.15% 0.15% 0.15% 0.15% 0.15% 0.19% 0.19% 0.19% 0.19% 0.19% 0.19% 0.26% 0.26% 0.26% 0.26% 0.26% 0.26% 036% 036% 036% 036% 036%| 036% | 0.52% 0.52% 0.52% 0.52% 0.52% 0.53%
Sioox  -0.07% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 001% 001% 001% 001% 0.01% 0.02% 008% 0.08% 008% 008% 0.09% 009% 019% 019% 0.19% 019% 0.19%| 0.19% | 036% 0.36% 0.36% 0.36 % 0.36 % 0.36 %
SiooxVaow -0.07% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.09% 0.09% 009% 0.09% 009% 009% 0.19% 0.19% 0.19% 0.19% 0.19%| 0.19% | 0.36% 036% 036% 036% 036% 0.37%
SiooxVaos -0.06% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 0.02% 0.02% 002% 0.02% 002% 0.02% 0.09% 0.09% 009% 0.09% 009% 009% 019% 019% 0.19% 0.19% 0.20%| 0.20% | 0.36% 036% 036% 037% 037% 037%
Si00%Veos -0.06% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.09% 0.09% 0.09% 0.09% 0.09% 0.09% 0.19% 0.19% 0.19% 0.19% 0.20% | 0.20% | 0.36% 0.36% 0.36% 0.36% 0.37% 0.37%
Si00%Vsos -0.07% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 0.02% 002% 0.02% 0.02% 0.02% 0.02% 0.09% 0.09% 009% 0.09% 0.09% 0.09% 0.19% 0.19% 0.19% 019% 0.19%| 0.19% | 036% 0.36% 0.36 % 0.36 % 0.36% 0.36 %
Sio0%V100% -0.07% -0.03% -0.03% -0.03% -0.03% -0.03% -0.03% 0.02% 0.02% 0.02% 002% 0.02% 0.02% 0.08% 0.08% 0.09% 0.09% 009% 0.09% 0.19% 0.19% 0.19% 0.19% 0.19%| 0.19% | 036% 036% 036% 036% 036% 0.36%

Table C1: China’s welfare effect (change from BAU) with different policy combinations in China (left) and EU (top).




e S20% S20%20%  S20%40%  S20%60%  S20%v80%  S20%v100%  Sao% Sa0%v20%  S40%va0%  S40%ve0%  SA0%v80%  Sa0%v100%  S60% Se0%v20%  Se0%va0%  Se0%ve0%  Se0%v80%  Se0%v100%  S80% Sg0%v20%  S80%va0%  S80%ve0%  Ss0%v80% | S80%v100% |S100% S100%V20% S100%Va0% S100%Ve0% S100%Ve0% S100%V100%
N 019% 021% 021% 021% 021% 021% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 025% 025% 025% 025% 025%| 025%| 0.19% 0.19% 0.19% 019% 019% 0.19%
Sa0% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021% 0.21%
S20%v20% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021% 0.21%
S20%va0% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021% 0.21%
S20%v60% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021% 0.21%
S20%v80% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021% 0.21%
S20%v100% 021% 023% 023% 023% 023% 023% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027% 027%| 027%| 021% 021% 021% 021% 021%  0.21%
Sao% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029%| 029%| 0.24% 024% 024% 024% 024% 0.24%
Sa0%v20% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029%| 029%| 0.24% 024% 024% 024% 024%  0.24%)
Saosvaos 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029%| 029%| 024% 024% 024% 024% 024% 0.24%
S40%v60% 0.23% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29 % 0.29 % 0.24% 0.24% 0.24% 0.24% 0.24% 0.24 %|
Sa0%v80% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029%| 029%| 0.24% 024% 024% 024% 024%  0.24%)
Sa0%v100% 023% 025% 025% 025% 025% 025% 025% 027% 027% 027% 027% 027% 027% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029% 029%| 029%| 024% 024% 024% 024% 024%  0.24%
Sgo% 0.26% 0.28% 0.28% 0.28% 0.28% 0.28% 0.28% 0.30% 0.30% 0.30% 0.30% 0.30% 0.30% 0.31% 0.31% 0.31% 0.31% 0.31% 0.31% 0.32% 0.32% 0.32% 0.32% 0.32% 0.32%| 0.27% 0.27% 0.27% 0.27% 0.27% 0.27 %|
Se0%v20% 026% 028% 028% 028% 028% 028% 028% 030% 030% 030% 030% 030% 030% 031% 031% 031% 031% 031% 031% 032% 032% 032% 032% 032%| 032%| 027% 027% 027% 027% 027%  0.27%
Se0%vaoss 026% 028% 028% 028% 028% 028% 028% 030% 030% 030% 030% 030% 030% 031% 031% 031% 031% 031% 031% 032% 032% 032% 032% 032%| 032%| 027% 027% 027% 027% 027%  0.27%
Se0%v60% 026% 028% 028% 028% 028% 028% 028% 030% 030% 030% 030% 030% 030% 031% 031% 031% 031% 031% 031% 032% 032% 032% 032% 032%| 032%| 027% 027% 027% 027% 028%  0.28%)
Se0%v80% 026% 028% 028% 028% 028% 028% 028% 030% 030% 030% 030% 030% 030% 031% 031% 031% 031% 031% 031% 032% 032% 032% 032% 032%| 032%| 027% 027% 027% 028% 028% 0.28%)
S60%v100% 026% 028% 028% 028% 028% 028% 028% 030% 030% 030% 030% 030% 030% 031% 031% 031% 031% 031% 031% 032% 032% 032% 032% 032%| 032%| 027% 027% 027% 028% 028%  0.28%)
Sso% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036% 032% 032% 032% 032% 032% 0.32%
Sg0%v20% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036% 032% 032% 032% 032% 032% 0.32%
Sg0%va0% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036% 032% 032% 032% 032% 032% 0.32%
Sg0%v60% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036%| 032% 032% 032% 032% 032% 0.32%
Sg0%v80% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036%| 032% 032% 032% 032% 032% 0.32%
Sg0%v100% 030% 031% 031% 031% 031% 031% 031% 033% 033% 033% 033% 033% 033% 035% 035% 035% 035% 035% 035% 036% 036% 036% 036% 036%| 036%| 032% 032% 032% 032% 032% 0.32%
S100% 035% 036% 036% 036% 036% 036% 036% 038% 038% 038% 038% 038% 038% 040% 040% 040% 040% 040% 040% 041% 041% 041% 041% 041%| 041%| 039% 039% 039% 039% 039%  0.39%
S100%V20% 035% 037% 037% 037% 037% 037% 037% 038% 038% 038% 038% 038% 038% 040% 040% 040% 040% 040% 040% 041% 041% 041% 041% 041%| 041%| 039% 039% 039% 039% 039%  0.39%
S100%V40% 035% 037% 037% 037% 037% 037% 037% 038% 038% 038% 038% 038% 038% 040% 040% 040% 040% 040% 040% 041% 041% 041% 041% 041%| 041%| 039% 039% 039% 039% 039% 0.39%
S100%V60% 035% 037% 037% 037% 037% 037% 037% 038% 038% 038% 038% 038% 038% 040% 040% 040% 040% 040% 040% 041% 041% 041% 041% 041%| 041%| 039% 039% 039% 039% 039%  0.39%
S100%V80% 0.35% 0.37% 0.37% 0.37% 0.37% 037% 037% 0.38% 0.38% 0.38% 0.38% 0.38% 0.38% 0.40 % 0.40% 0.40% 0.40% 0.40% 0.40% 0.41% 0.41% 0.41% 0.41% 0.41% 0.41 % 0.39% 0.39% 0.39% 0.39% 0.39% 0.39 %|
SiooxVioow ~ 0.35%  037% 037% 037% 037% 037% 037% 039% 039% 039% 039% 039% 039% 0.40% 0.40% 0.40% 040% 040% 040% 041% 041% 041% 041% 041%| 041%| 039% 039% 039% 039% 039% 0.39%

Table C2: EU’s welfare effect (change from BAU) with different policy combinations in China (left) and EU (top).
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= S20% Sa0% S60% Sg0% S100% V0% Vao% Ve0% Vgo% V100%
N 14.90 % 14.73 % 14.51% 14.20 % 13.75% 13.09 % 13.09 % 13.10% 13.10% 13.11% 13.12%
So0% 16.01% 15.83% 15.58 % 15.25% 14.76 % 14.03 % 14.04% 14.04% 14.05% 14.06 % 14.06 %
Sa0% 17.40% 17.21% 16.95% 16.58 % 16.05% 15.24% 15.25% 15.26 % 15.27 % 15.27 % 15.28%
S60% 19.20% 18.99 % 18.71% 18.32% 17.74 % 16.85% 16.86 % 16.87 % 16.87 % 16.88 % 16.89 %
Sg0% 21.57% 21.35% 21.06 % 20.64 % 20.02 % 19.04 % 19.05 % 19.06 % 19.06 % 19.07 % 19.08 %
S100% 24.79 % 24.57 % 24.27 % 23.84% 23.19% 22.13% 22.14% 22.15% 22.16% 22.17% 22.17%
V0% 24.77 % 24.55% 24.25% 23.83% 23.17% 22.12% 22.13% 22.14% 22.14% 22.15% 22.16 %
V0% 24.75% 24.53% 24.24 % 23.81% 23.16 % 22.11% 22.11% 22.12% 22.13% 22.14% 22.15%
V0% 24.73% 24.52% 24.22 % 23.79% 23.14% 22.09% 22.10% 22.11% 22.12% 22.12% 22.13%
Vgoo 24.71% 24.50 % 24.20% 23.77% 23.13% 22.08 % 22.09% 22.09% 22.10% 22.11% 22.12%
V100% 24.69 % 24.48% 24.18% 23.76 % 23.11% 22.06 % 22.07% 22.08 % 22.09 % 22.10% 22.10%
Table C3: China’s market share of good y with different policy combinations in China (left) and EU (top).
t S20% Sa0% S60% Sg0% S100% V0% Vao% Ve0% Vgo% V100%

ok 13.40% 14.68 % 16.37 % 18.69 % 22.03 % 27.01% 26.98 % 26.95% 26.92 % 26.89 % 26.86 %
S20% 13.12% 14.35% 16.00 % 18.27 % 21.55% 26.48 % 26.45% 26.42% 26.39% 26.36 % 26.33%
Sa0% 12.75% 13.94 % 15.52 % 17.73% 20.93% 25.79% 25.76 % 25.73% 25.70% 25.68% 25.65%
S60% 12.27 % 13.39% 14.91% 17.02% 20.12% 24.87 % 24.84 % 24.82 % 24.79 % 24.76 % 24.73 %
S80% 11.64 % 12.68 % 14.08 % 16.07 % 19.01 % 23.60 % 23.57% 23.55% 23.52% 23.49% 23.46 %
S100% 10.78 % 11.69% 12.94% 14.73 % 17.44 % 21.76 % 21.74% 21.71% 21.68 % 21.66 % 21.63%
V0% 10.78 % 11.69 % 12.94% 14.73 % 17.43% 21.75% 21.73% 21.70 % 21.67 % 21.65% 21.62 %
V0% 10.77 % 11.68 % 12.93% 14.72 % 17.42 % 21.75% 21.72% 21.69 % 21.67 % 21.64 % 21.61%
Vo 10.77 % 11.68 % 12.93% 14.71% 17.41% 21.74% 21.71% 21.68 % 21.66 % 21.63% 21.60 %
Vgoo 10.77 % 11.68 % 12.92% 14.71% 17.40% 21.73% 21.70% 21.67% 21.65% 21.62% 21.59 %
V100% 10.77 % 11.67 % 12.92% 14.70% 17.40 % 21.72% 21.69 % 21.66 % 21.64% 21.61% 21.59%

Table C4: EU’s market share of good y with different policy combinations in China (left) and EU (top).
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t 520% S40% S60% S80% 5100% V0% V0% V60% Vgo% V100%
™ 12.30% 12.36 % 12.42 % 12.50 % 12.62 % 12.80 % 12.80 % 12.79% 12.79% 12.79% 12.79%
S20% 12.01% 12.06 % 12.13% 12.21% 12.34% 12.54 % 12.54 % 12.54 % 12.54 % 12.54 % 12.54%
Sa0% 11.63 % 11.69 % 11.76 % 11.85% 12.00 % 12.21% 12.21% 12.21% 12.21% 12.21% 12.21%
S60% 11.14% 11.20% 11.27 % 11.38% 11.53% 11.78 % 11.78 % 11.78 % 11.77 % 11.77 % 11.77 %
Sg0% 10.49 % 10.54 % 10.62 % 10.74 % 10.91 % 11.18% 11.18% 11.17 % 11.17 % 11.17 % 11.17 %
S100% 9.58 % 9.64 % 9.73% 9.84 % 10.02 % 10.32% 10.32 % 10.32 % 10.32 % 10.32 % 10.31%
Voos 9.59 % 9.65 % 9.73% 9.85% 10.03 % 10.32 % 10.32 % 10.32 % 10.32 % 10.32 % 10.32 %
Va0 9.60 % 9.66 % 9.74 % 9.86 % 10.04 % 10.33 % 10.33 % 10.33 % 10.33 % 10.33 % 10.33 %
Vo 9.61% 9.66 % 9.75% 9.86 % 10.04 % 10.33 % 10.33 % 10.33 % 10.33 % 10.33 % 10.33 %
Vgoy 9.61% 9.67 % 9.75% 9.87% 10.05 % 10.34 % 10.34 % 10.34 % 10.34 % 10.34 % 10.34 %
V100% 9.62 % 9.68 % 9.76 % 9.88 % 10.05 % 10.34% 10.34 % 10.34% 10.34 % 10.34 % 10.34 %
Table C5: China’s market share of good x with different policy combinations in China (left) and EU (top).
* S$20% S40% S60% S80% S100% V0% Vao% V60% Vgo% V100%

£ 31.50 % 31.11% 30.65 % 30.00 % 29.07 % 27.67% 27.68 % 27.69 % 27.69 % 27.70% 27.71%
So0% 31.54% 31.20% 30.75% 30.12% 29.20% 27.82% 27.83% 27.83% 27.84% 27.85% 27.85%
S40% 31.64% 31.31% 30.88 % 30.26 % 29.37% 28.01% 28.02% 28.02% 28.03% 28.04 % 28.04 %
Se0% 31.77% 31.46% 31.04% 30.46 % 29.60 % 28.26 % 28.27% 28.28% 28.28% 28.29% 28.30%
Sgo% 31.94% 31.66 % 31.27% 30.72% 29.91% 28.62 % 28.63% 28.63% 28.64 % 28.64% 28.65%
S100% 32.19% 31.93% 31.59% 31.09% 30.34% 29.14 % 29.14 % 29.15% 29.15% 29.16 % 29.16 %
Voo 32.18% 31.93% 31.59% 31.09% 30.34% 29.14 % 29.14 % 29.15% 29.15% 29.16 % 29.16 %
V0% 32.18% 31.93% 31.59% 31.09 % 30.34 % 29.14% 29.14% 29.15% 29.16 % 29.16 % 29.17 %
Veo% 32.18% 31.93% 31.58% 31.09% 30.34% 29.14 % 29.15% 29.15% 29.16 % 29.16 % 29.17%
Vo 3217% 31.92% 31.58% 31.09% 30.34% 29.14 % 29.15% 29.15% 29.16 % 29.16 % 29.17%
V100% 3217% 31.92% 31.58% 31.09% 30.34% 29.14 % 29.15% 29.15% 29.16 % 29.17% 29.17%

Table C6: EU’s market share of good x with different policy combinations in China (left) and EU (top).
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