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Abstract The Chinese government intends to upgrade its
current provincial carbon emission trading pilots to a
nationwide scheme by 2015. This study investigates two of
scenarios: separated provincial markets and a linked inter-
provincial market. The carbon abatement effects of
separated and linked markets are compared using two
pilot provinces of Hubei and Guangdong based on a
computable general equilibrium model termed Sino-
TERMCo2. Simulation results show that the linked market
can improve social welfare and reduce carbon emission
intensity for the nation as well as for the Hubei-Guangdong
bloc compared to the separated market. However, the
combined system also distributes welfare more unevenly
and thus increases social inequity. On the policy ground,
the current results suggest that a well-constructed, nation-
wide carbon market complemented with adequate welfare
transfer policies can be employed to replace the current
top-down abatement target disaggregation practice.
Keywords linked market, carbon emission trade, Sino-
TERMCo2

1 Introduction

Reducing greenhouse gas emissions is an important
measure in addressing climate change (Yi et al., 2007,
Ren, 2008). China has attached importance to energy
savings and emission reduction. The Twelfth Five Year
Plan of China sets an agenda to use carbon emission
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markets to control carbon dioxide emissions. At the
beginning of 2012, the national government hand-picked
seven provinces and five cities as first-stage carbon
emission trading pilots (IOSCPRC, 2011). These pilots
are responsible for initiating intra-regional trading markets
by the end of 2013 and up-scaling the regional markets
towards a nationwide market from 2015 onwards (Su et al.,
2012). This study investigates the impact of linking two
such pilots, namely Hubei and Guangdong, in order to gain
insights on the benefits and obstacles of combining
domestic carbon markets in China. The most significant
benefit of linking carbon markets is derived from higher
economic efficiency as this scheme allows abatement to be
carried out in lower cost regions and thus enhances trading
parties’ welfare (Nordhaus and Boyer, 1999).

The most significant potential obstacle of linking
markets concerns equity. The combined carbon markets
may distribute welfare gain unevenly across different
regions and players within regions. The uneven distribu-
tion is straightforward in partial equilibrium analysis. In a
partial equilibrium analysis all parties would be better off
from emissions trading but regions with steeper marginal
abatement cost curves will gain more than the other regions
(Flachsland et al., 2009; Chen et al., 2013). This is going to
cause trouble when regions are looking for comparable
gains from the combination. Moreover, since more
developed regions generally have steeper marginal abate-
ment curves (Stern et al., 2011), linking carbon markets
might widen regional income inequality. Adopting general
equilibrium analysis, however, reveals more complicated
and in-depth welfare distribution mechanisms (Wei et al.,
2009; He and Li, 2010; Li et al., 2010; Chen and Chen,
2011a, b, 2013a, b). First, general equilibrium analysis
could model an economy in richer detail. A computable
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general equilibrium (CGE) model can distinguish between
labor and capital, commodities and industries, exports and
imports, consumers and investors and so forth (Chen et al.,
2012; Yang and Chen, 2011). Polices that benefit a
province at the macro level do not necessarily benefit all
the players within it. For example, an industry whose
production technology is labor-intensive might expand at
the expense of another industry whose production
technology is capital-intensive. Hence, when trading
makes a province to better off, some of the entities within
the province may be worse off.

Second, general equilibrium effects, in particular tax
interaction effects and terms of trade effects, may
significantly influence welfare distribution (Babiker et
al., 2004). The tax interaction effects transfer welfare from
permit-selling regions to permit-buying regions. When
carbon markets are linked, permit-selling regions will
experience higher carbon prices. In the presence of pre-
existing tax distortions, higher carbon prices generate
negative tax interaction effects and exacerbate the pre-
existing tax distortion (Lipsey and Lancaster, 1956). After
linking, permit-buying regions will experience lower
carbon prices and reduce negative tax interaction effects,
thus ameliorating the pre-existing distortion. Previous
numerical CGE studies have shown that when the pre-
existing tax distortion is large, it could dominate the
direction of welfare changes (Babiker et al., 2004; Webster
et al., 2010).

The terms of trade effects, on the other hand, are likely to
‘transfer’ welfare from permit-buying regions to permit-
selling regions. After linking, permit-selling regions will
face higher carbon costs and permit-buying regions will
face lower carbon costs. Hence, permit-selling regions are
more likely to experience improvements in terms of trade
whereas permit-buying regions are more likely to experi-
ence deteriorations in terms of trade. However, the
direction of welfare transfer represented by the terms of
trade effect may not be ambiguous. Babiker et al. (2004)
proposes that it is possible for permit-selling regions to
experience a negative terms of trade effect due to the loss
of cost competitiveness they enjoy in autarky, although
numerical simulation has not been able to confirm this
hypothesis. Li and Huang (2005) use a CGE model to
assess the potential ‘transfer’ impact of the international
emissions trading market. Moreover, as Webster et al.
(2010) explains, the magnitude of the terms of trade effect
also hinges on factors such as the share of trade in a
region’s GDP and the substitutability between domestic
and imported goods as well as how far the autarky carbon
prices are from the uniform carbon price in an integrated
carbon market. Nevertheless, Webster et al. (2010)
demonstrates the impact of terms of trade effect can be
large as supported by a strong correlation between terms of
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trade gain and welfare gain in a numerical simulation.

There are also several studies focusing on carbon
emission evaluation based on other perspectives. Liang
and Wei (2012) use a CGE model to analyze the impact of
the carbon tax. Zhang et al. (2011) and Hubacek et al.
(2012) use LEAP model and IPAT framework, respec-
tively, to evaluate the effect of different scenarios of carbon
emissions. Lin et al. (2011) use the DEA method to
measure the environmental and energy performance during
the economic development process in 30 provinces.

The above analysis shows that the magnitude and
direction of welfare distribution to different regions upon
linking carbon markets can be uncertain. While the tax-
interaction effects and terms of trade effects both bear
significant impacts but potentially act in opposite direc-
tions, it is possible for some permit-selling regions and
some permit-buying regions to be worse off'). This has
been shown in previous numerical simulations (Babiker et
al., 2004; Lokhov and Welsch, 2008; Webster et al., 2010).
Hence, if some entities are set to be worse off upon joining
an integrated carbon market, it will impede the linking of
existing pilot markets.

This study attempts to quantitatively explore the impact
of connecting regional pilot carbon markets in the context
of Hubei and Guangdong. The analysis provides policy
makers insight on how different regions and entities are
likely to be affected as well as identifying the underlying
factors for these impacts. We employ a bottom-up, multi-
regional, static CGE model of China to do the analysis. The
rest of this paper is organized as follows: section 2 explains
the model and the simulation design; section 3 sets out an
overview of Hubei and Guangdong; section 4 interprets the
simulation results; and section 5 draws policy implications.

2 Model and simulation

2.1 A multi-regional CGE model for China
(SinoTERMCo02?)

We employ a bottom-up, multi-regional, static CGE model,
namely SinoTERMCo2. SinoTERMCo2 is a special
version of SinoTERM (Horridge and Wittwer, 2008),
which in turn adapts from the generic TERM model
(Horridge et al., 2005). A typical top-down model such as
CHINAGEM (Mai et al., 2012) allocates national outputs
to each region according to their respective regional output
shares, while goods that belong to the same commodity
category all have the same basic prices, regardless of their
origin. This allows a national shock to have an impact on a
particular region, but it does not allow the simulation of a
regional shock that only impacts the price of the goods
within that region. Being a bottom-up model however,

1) However, it is impossible for all regions to be worse off since the overall welfare change must remain positive.

2) “TERM?” refers to “The Enormous Regional Model”.
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TERM treats each region of the country as if it is an
individual “economy”. Under this setup, goods that belong
to the same commodity category but are produced in
different regions can have different prices. Thus by using a
TERM-inspired model we could observe issues about
differential prices in electricity and other traded goods
across provinces.

We upgraded SinoTERM to SinoTERMCo2 in two
aspects. First, we updated the database. The SinoTERM
database is based on the 2002 input-output tables. We
updated SinoTERMCo2 by using the 2007 China input-
output tables for 31 provinces. This update makes
SinoTERMCo2 a much closer representation of China’s
economic structure than its predecessor. Second, we added
a carbon dioxide emissions trading and accounting
module. Our carbon emissions trading module is adapted
from the method used in McDougall and Golub’s (2007)
revised version of the GTAP_E model (Burniaux and
Truong, 2002).

We created the provincial level carbon dioxide emis-
sions account by putting data from various sources into the
following formula:

E; = 0; x 4; X B, (1

where E; is the amount of carbon emissions generated by
energy product i; Q; is the total consumption of energy
product i; 4; is an emitting factor based on energy content
and B; is a factor that converts from standard quantity units
to energy units. We obtained the data for £; from the 2007
China input output table for 30 provinces and 42
industries. We obtained data for 4; from the IPCC emitting
factors for different energy products; and data for B; from
the China Energy Statistical Year Book. Appendix 1
summarized the data for 4; and B,.

2.2 Deriving absolute emissions reduction targets

The level of emissions reduction designed for each carbon
market is critical since it determines the level of stringency
of each scheme. In the absence of official emission caps we
assume each provincial carbon market adapts a target that
is comparable to its provincial intensity-based emissions
reduction target. We convert these intensity-based targets
to absolute targets through Egs. (2) — (6):

ETys = 100 x (EBys—EP)s5)/EB;s, 2)
EBs = Eyo x (1 + EG)’, 3)
EPy5 = YBys5 x El,y x (1—EIT}s), @)
YBis = Yio x (14 YG)’, (5)

1) We assume that the GDP variance before and after mitigation is negligible.

ElLg = Ei9/ Y10 (6)
The meanings of the variables are shown in Table 1.

Table 1 Meanings for variables in equations

Variable Meaning

ETys Absolute emissions reduction target, 2011-2015 (%)
EB;s BAU emissions in 2015

EP;s Policy emissions in 2015

E Emissions in 2010

EG Annual emissions growth rate, 20112015
YBs BAU GDP in 2015

ElL, Emissions intensity of GDP in 2010

EIT\s Intensity-based emissions reduction target, 2011-2015
Yo GDP in 2010

YG Annual GDP growth rate, 20112015

By substituting and rearranging Eqgs. (2) — (6), we obtain
Eq. (7)]):

ETys = [(1 + EG)’— (1 + YG)°

x (1-EITs5)]/(1 + EG)’. (7)

Equation (7) indicates that the absolute emissions reduc-
tion target (ET;s) can be converted from three factors.
First, ET}s is negatively related with GDP growth rate
(YG). According to the 12" FYP for Guangdong and the
12" FYP for Hubei the expected annual GDP growth rate
(YG), between 2011 and 2015, are 8% and 10%,
respectively. Second, ET;s is positively related with the
intensity-based emissions reduction targets (EI7Ts) for the
two provinces. According to the State Council’s “12" FYP
— Controlling Green House Gas Emissions Plan”, the
targeted emissions intensity reduction for Hubei and
Guangdong is 17% and 19.5%, respectively.

Third, ET|5 is positively related to the rate of emissions
growth (EG). In this case we do not have official targets or
expectations for EG on the provincial level. However, we
know that the elasticity of energy consumption (EEC) with
respect to GDP in 2010 is 0.80 and 0.79 for Hubei and
Guangdong, respectively. And we also know the GDP
growth rates in 2010 (YG ) are 10% and 8% for Hubei and
Guangdong, respectively. From these numbers we infer
that the growth rates of energy consumption in 2010 are
7.97% and 6.35% for Hubei and Guangdong, respectively.
Then we assume that growth rates of emissions between
2011 and 2015 are the same as the growth rate of energy
consumption in 2010. In other words, we assume that EG
18 7.97% and 6.35% for Hubei and Guangdong, respec-
tively. Hence, with the three variables on the right hand
side of Eq. (7) given, we derive the left hand side of
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Eq. (7), ET;s, to be 8.09% and 13.07% for Hubei and
Guangdong, respectively. Table 2 summarizes the values
we used for the derivation of ETs.

Table 2 indicates that, based on the historical GDP
growth rate, the elasticity of energy consumption and the
12™ FYP emissions intensity targets, if others being equal,
Guangdong’s absolute emissions reduction target
(13.07%) is more stringent than Hubei’s (8.09%).

2.3 Simulation scenarios

We devise two simulation scenarios, namely NoLink and
Link. Scenario NoLink simulates the impact of using a
province-wide carbon market (as the single tool) to achieve
the assigned provincial emissions reduction targets for
Hubei and Guangdong, respectively. Under this scenario,
emission permits are not allowed to be traded between the
two provinces. Each province thus internally discovers the
implied price of a unit of carbon emissions within that
province. Due to the various differences between the two
provinces, the two carbon markets will issue different units
of permits, result in different levels of abatements, and
discover different carbon prices.

Scenario Link simulates the impact of using an
integrated carbon market between Hubei and Guangdong
(also as the single tool) to achieve the assigned emissions
reduction targets for the two provinces combined. Under
this scenario, emission permits are allowed to be traded
between the two provinces, i.e., the link is bilateral and
direct. Hence the permit prices will converge to a single
price between the two regions, although it is still possible
for the two provinces to issue different units of permits and
result in different levels of abatements.

3 An overview of Hubei and Guangdong

The choice for studying a link between Hubei and
Guangdong’s carbon markets is arbitrary. In reality the

Table 2 Values for Eq. (7)

integration would be more than just these two provinces.
We could have simulated the integration of all the 7 pilot
carbon markets, or simulated the integration of all the 31
provinces in the country. However, for simplicity, we
decided to just combine two. The results will preserve the
essence of a larger-scope integration. That being said,
studying the connection between Hubei and Guangdong is
a reasonable choice since these two provinces are different
in some key aspects.

First, Hubei and Guangdong are at different stages of
development. Table 3 presents an overview of the two
provinces. On one hand, sitting in the geographical centre
of China, Hubei’s GDP is less than a third of Guangdong’s,
whereas its population is more than half of Guangdong’s.
The Economist (2011) compares Hubei’s GDP per capita
as that of Angola’s in 2010. On the other hand, being
adjacent to Hong Kong, Guangdong boosts the largest
population and the highest GDP in China. The same survey
(Economist, 2011) presents Guangdong’s GDP per capita
as that of Kazakhstan’s, in 2010".

The sectorial composition of the two provinces also
reveals differences in the stage of development. As it is
shown in Table 4, despite having a similar-sized primary
industry, Guangdong’s secondary industry is more than six
times larger than Hubei’s, while the former’s service
industry is also more than three times the size of the
latter’s.

Second, Hubei and Guangdong also have different
expenditure patterns. Table 5 shows that consumption as a
share of GDP is larger in Guangdong than in Hubei.
Regional trade significantly contributes to regional GDP in
both provinces—both Hubei and Guangdong are net
regional importers. However, international trade contri-
butes much more significantly to GDP in Guangdong than
in Hubei.

Third, the emission patterns of the two provinces are
also different. Tables 6 and 7 show the 2007 carbon
dioxide emissions by fuel and by industry in Hubei and
Guangdong, respectively. In terms of emissions from fuel,

Province YG EITs EEC YGyo EG ETs
Hubei 10% 17% 0.80 10% 7.97% 8.09%
Guangdong 8% 19.5% 0.79 8% 6.35% 13.07%
Table 3 An overview of Hubei and Guangdong, 2010

GDP Population GDP per capita
Province 100x10° CNY Closest to 10,000 Closest to CNY Closest to
Hubei 15,967 Nigeria 5,728 Italy 27,906 Angola
Guangdong 45,473 Indonesia 10,441 Philippine 44,736 Kazakhstan

Sources: China data online (2012) for data; The Economist (2011) for country comparison.

1) After adjusting for purchasing power.
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Table 4  Sector composition (x 10° CNY), 2007 both provinces rely predominately on coal, with coal
Province Primary Secondary Tertiary contributing 70% and 65% of total carbon emissions in
Hubei 230 908 250 Hubei and Guangdong, respectively. The main difference
Guangdong 71 5714 1,570 is the reliance on gas: gas contributed to less than 0.7% of

emissions in Hubei, whereas it contributed to more than
Source: SinoTERMCo2 database. 89% of emissions in Guangdong.

Table 5 GDP expenditure (x 10° CNY), 2007

Province C I G RExp RImp Exp Imp NMar Stock
Hubei 375 369 135 634 -900 66 —-55 12 14
Guangdong 1,281 839 312 2,309 -3,249 2,910 —-1,580 -301 37

Notes: C denotes private consumption, I denotes investment, G denotes government consumption, RExp denotes export to other provinces, RImp denotes import from
other provinces, Exp denotes export abroad, RImp denotes import from abroad, and NMar denotes net margin.
Source: SinoTERMCo2 database.

Table 6 Carbon dioxide emissions (10,000 tonne), Hubei 2007

Hubei Coal Petroleum Gas Total

MetalSmelt 4,384.6 679.5 12.9 5,076.9
ElecSteam 4,635.8 14.7 4.8 4,655.3
NonMetalMine 3,961.5 302.2 18.5 4,282.2
Chemical 2,712.2 931.9 27.2 3,671.3
TransWarehse 38.8 2,434.7 0 2,473.5
Contruction 279.3 348.9 0 628.3
Agriculture 116 387.1 54 508.5
HotelsDining 255.4 172.8 12.7 440.9
FoodTabaco 189.5 239 2.2 430.7
GenerlSpelEqp 152.4 193.8 41.1 387.3
Other industries 800.8 1,502.6 44.5 2,347.8
Private consume 985 118.1 529.7 1,632.8
Total 17,526.3 7,207.2 169.2 24,902.6

Source: SinoTERMCo2 database.

Table 7 Carbon dioxide emissions (10,000 tonne), Guangdong 2007

Guangdong Coal Petroleum Gas Total

ElecSteam 11,514.8 1,205.2 150.7 12,870.8
NonMetalMine 2,711.5 412.8 462.4 3,586.7
Chemical 530.7 1,290.5 662.7 2,483.9
MetalSmelt 1,540 354 213.5 2,107.5
TransWarehse 0.9 1,988 0.3 1,989.2
Contruction 1,091.1 92.1 43.6 1,226.9
Textile 514 72.4 253 611.8
HotelsDining 375.8 54.3 19.8 449.9
CrudeOilGas 73.4 340.3 0.6 4143
GenerlSpelEqp 52.7 201.1 134.1 387.9
Other industries 374.7 1,558 673.4 2,606.1
Private consume 567.1 896.7 863.3 2,327

Total 18,779.7 7,568.6 2,386.5 28,734.9

Source: SinoTERMCo2 database.
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Table 8 Top ten emission intensive industries, 2007
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Hubei Guangdong

Industry tonne/10,000 CNY Industry tonne/10,000 CNY
NMetalProdt 11.741 NonMetalMine 4.751
ElecSteam 10.469 ElecSteam 4.656
MetalSmelt 7.665 NMetalProdt 2.652
Chemical 4227 MetalSmelt 0.981
TransWarehse 3.211 CrudeOilGas 0.952
CrudeOilGas 1.868 TransWarehse 0.911
MetalMine 1.773 PaprPrntCult 0.51
NonMetalMine 1.704 Chemical 0.427
HotelsDining 1.466 Post 0.427
PetrlRefCoke 1.123 Textiles 0.329

Source: SinoTERMCo2 database.

Fourth, in general, Hubei is more emissions intensive
than Guangdong. Hubei’s emissions intensity of GDP
(0.41 tonne per 1,000 CNY) is much higher than of
Guangdong (0.12 tonne per 1,000 CNY). Hubei’s emission
per capita (4.66 tonne per capita) is also higher than
Guangdong’s (3.29 tonne per capita). Table 8 shows the
same pattern on the industry level: the 10 most carbon
intensive industries are ‘dirtier’ in Hubei than in
Guangdong (Appendix 2 shows emissions intensity of all
industries).

However, there are nevertheless some similarities
between the two provinces. First, despite Guangdong’s
private consumption being almost three times as large as
that of Hubei, their emissions from private consumption do
not differ by a large margin. Second, both provinces’
emissions are highly concentrated in a few emission-
intensive industries. The top five carbon emitting indus-
tries contribute 76% and 74% to the total emissions in
Hubei and Guangdong, respectively. Therefore, it is
expected that the introduction of a carbon price would
impact particularly these emission-intensive industries.

4 Simulation analysis

4.1 Macro level provincial impacts on Hubei and
Guangdong

Under both Scenario NoLink and Scenario Link, carbon
markets increase the cost of carbon emitting activities — be
it for industrial production or household consumption. This
brings about a general increase in the price level and a
general fall in real GDP. The fall in real GDP is
accompanied by a general decline of economic activities

on both the demand and supply side of the economy. These
declines are shown in Table 9. On the demand side, the
higher cost of production deters investment. The general
increase in output price reduces the price-competitiveness
of Hubei’s and Guangdong’s output thus hindering their
export. The weakening demand in the two provinces also
constrains their import. Household consumption falls as
income decreases. Although it does not fall as much as
GDP does since the permit selling income is assumed to be
recycled back to consumers”. A notable exception is that
Hubei’s consumption increases after linking, a point we
will address in the following subsection (Section 4.2). On
the supply side, the dampened investment reduces capital.
Labor also moves out of these provinces due to the decline
of real wage offered.

Under the NoLink Scenario, the decline of economic
activities is uniformly larger in Guangdong than is the
decline in Hubei (Table 9). This implies that under the
current provincial emission intensity targets, Hubei’s
abatement target is less stringent than Guangdong’s. As
it is shown in Table 10, the permit price in Guangdong is 7
times higher than in Hubei.

The simulation results suggest linking improves effi-
ciency for the two provinces when they are considered as a
single bloc. The last column of Table 10 shows combina-
tion increases real GDP and real consumption and reduces
average abatement cost for the bloc. This confirms the
result that prevails in both partial equilibrium and general
equilibrium analysis, that connecting carbon markets
unambiguously improves overall efficiency.

However, the linkage has different implications to each
individual province. Upon the linking, each province now
has two abatement options. They can choose a combina-
tion of “self-abatement” and “purchased-abatement”,

1) Giving all revenues back to consumers might not be the most realistic assumption, since in reality the revenues can be used for various purposes, e.g.
compensating emissions-intensive, export-oriented/import-competing industries, reducing other pre-existing taxes, restoring budget deficit, or investing in

R&D.
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Table 9 Provincial macro variables (% change)
NoLink Link
Hubei Guangdong Hubei Guangdong
C —-0.16 -0.32 0.02 -0.19
I -1.96 -3.42 -4.29 -1.27
G 0.00 0.00 0.00 0.00
X —-0.47 —-0.73 -1.39 -0.23
M -0.95 -0.71 -2.02 -0.32
GDP -1.13 -2.13 -2.57 -0.76
Lab -0.46 —1.39 —1.15 -0.48
Cap -1.80 -2.75 -3.92 —1.01
Real wage -0.75 -1.68 -1.32 —-0.66
Pgdp 0.28 0.82 0.91 0.27
CPI -0.01 0.36 0.17 0.11
Pexp 0.12 0.18 0.35 0.06
Pimp 0.00 0.00 0.00 0.00
Source: SinoTERMCo2 simulation results.
Table 10 Welfare change and abatement cost
Scenario Unit NoLink Link Link—NoLink
Hubei Guangdong BLOC Hubei Guangdong BLOC Hubei Guangdong BLOC
Real GDP 10m. y —-734 —5,446 -6,180  —1,666 —1,943 —-3,608 -931 3,504 2,572
change
Consumption 10m. y —58 —415 —474 9 —240 -231 67 176 243
change
Permit-selling 10m. y 372 2,791 3,163 784 1,050 1,834 412 -1,741 -1,329
revenue
Abatement 10m. t 2.4 4.1 6.4 2.4 4.1 6.4 0.0 0.0 0.0
Self-abatement 10m. t 2.4 4.1 6.4 4.7 1.8 6.4 23 -23 0.0
Purchased- 10m. t 0.0 0.0 0.0 -23 23 n.a. -23 2.3 n.a.
abatement
Permit price y/t 15.4 103.4 n.a. 359 359 n.a. 20.5 -67.6 n.a.
Permit trade 10m. y 0.0 0.0 0.0 82.2 -82.5 n.a. 82.2 -82.5 n.a.
income
Average abate- y/t 310 1,341 961 703 478 562 393 —-863 —-399
ment cost

Note: million (m); CNY (y); tonne (t), BLOC: sum of HB and GD.
Source: SinoTERMCo2 simulation results.

which means to pay the other province for the abatement
activities to be carried out by the seller of the emission
permits. Therefore the linkage will reallocate emitting
activities between the two provinces. As the pre-linking
permit price differential gives it a competitive edge in
“producing” abatement, Hubei will become the net permit
seller once the two carbon markets integrate. We see in
Table 10 that under Scenario Link, Guangdong’s emissions
reduction target will be achieved by 44% of self-abatement
and 56% of purchased abatement. On the other hand, also
under Scenario Link, Hubei’s emissions reduction target

will be achieved by 196% of self-abatement and —96% of
purchased abatement. Hence after linking there will be a
reallocation of emitting activities from Guangdong to
Hubei.

Not only the emitting activities will be reallocated, but
the prices of the emitting permits will also converge to a
new level under a single carbon market. This new price
will sit between the two single market prices (see Table
10). Under Scenario Link, Guangdong will face a carbon
price that is 67.5 CNY per tonne lower than under Scenario
No-link; whereas Hubei will face a carbon price that is 20.5
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CNY per tonne higher than under Scenario NoLink. Hence
marginal abatement cost will increase in Hubei but
decrease in Guangdong.

The effects of the reallocation of emitting activities and
the convergence of permit price together ‘transfer’
economic activities from Hubei to Guangdong. Both the
reallocation of emitting activities and the convergence of
permit price have positive impacts on Guangdong’s
economy, for the province will carry out less abatement
at a lower price. In contrast, both the reallocation of
emitting activities and the convergence of permit price
have negative impact on Hubei’s economy, for the
province will commit more abatement at a higher price.
As a result, the relative general decline in economic
activities between Hubei and Guangdong are reversed.
Table 10 shows that after combination real GDP falls by
9,310 million CNY or 163 CNY per capita in Hubei but
increases by 35,040 million CNY or 371 CNY per capita in
Guangdong. Table 9 also shows Hubei registers larger
declines than Guangdong in all areas except for real
consumption.

The simulation results also demonstrate that the
economic gain in real consumption is distributed unevenly.
As compared to a no carbon market, Hubei’s consumers
benefited more than Guangdong’s in an integrated market,
since real consumption change is positive for Hubei and
negative for Guangdong. However comparing with
separated carbon markets, Hubei’s consumer actually
gain less than Guangdong’s. As shown in Table 10, that
after linking real consumption increases by 670 million
CNY or 11.76 CNY per capita in Hubei and 1,760 million
CNY or 18.63 CNY per capita in Guangdong. Hence
Guangdong’s consumers on average benefit more than
Hubei’s consumers.

The above results should concern Hubei’s governors
when considering combining their carbon market with
Guangdong’s. If Hubei’s governors are concerned about
Hubei resident’s living standards, they might seek to
ensure Hubei’s per capita real consumption increases as
much as it does in Guangdong. If Hubei’s governors are
concerned about provincial GDP or GDP per capita
figures, they might oppose combining Hubei’s carbon
markets with Guangdong’s.

4.2 Decomposing changes in real consumption

Perhaps the most important simulation result is the increase
in consumption for both Hubei and Guangdong after
combining markets. In this section we identify the driving
factors for this result. First we decompose contributions to
changes in real consumption. In our model Eq. (8) holds:

C =07, 3

Eq. (8) specifies that nominal consumption (C) is a fixed
proportion (0) of nominal household income (V). Lineariz-
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ing Eq. (1) gives Eq. (9),
Clpe +x.) = Y (a+y), ©)

where p, and x, are percentage changes in CPI and real
consumption respectively, and o and y are percentage
changes in 0 and Y respectively. Since o = 0, rearranging
Eq. (9) gives Eq. (10):

Xe =Y—Pec- (10)

Our model specifies nominal household income (Y) by
Eq. (11):

Y=N+L+K+ PM+ PMTRD, (11

where N, L, K, PM, and PMTRD represent nominal income
from land, labor, capital, permit-selling within the
province, and permit-selling to other provinces. Lineariz-
ing Eq. (11) gives Eq. (12):

y=38,Xw, X8 Xw XS Xw, xS

pm X me

(12)

where S,,, S, Sk, S, and S, denote the share of each
income source in total housechold income, and w,,, w;, wy,
Wy and w4 represent the percentage nominal change in
each income source.

Thus substituting Eq. (12) into Eq. (10) gives Eq. (13):

X Spmtrd X Womtrd

Xe =8 X wp+ S X wp +8, X w, + 8, X Wy,
13)

Table 11 summarizes values for Eq. (13) for Hubei and
Guangdong under both scenarios. The contribution from
permit-selling stands out as the sole/largest positive driving
factor to change in real consumption. Under Scenario
NoLink, Hubei sells fewer permits at a lower price; under
Scenario Link, however, it sells more permits at a higher
price. This extra permit-selling income, both within Hubei
and Guangdong, led to the increase in real consumption in
Hubei after combining emission trading markets. In fact,
thanks to recycling permit-selling income to consumers,
real consumption does not fall as much as real GDP. This is
an important finding since it suggests real consumption
(welfare) could fall far more than the current levels if
permit-selling revenues were not recycled directly to
consumers.

We decompose contributions to changes in real GDP
from both the income side and expenditure side. In our
model we have GDP from the income side (Y;,.) composed
as Eq. (14):

=+ Spmtrd X metrd —Pe-

Yie = A+ L+ K + N + ProdTax + ComTax,  (14)

where A, L, K, N, ProdTax, and ComTax denote
technology, labor, capital, land, production tax, and
commodity tax, respectively. Linearizing Eq. (8) give
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Table 11 Contribution to percentage changes in real consumption
NoLink Link

Real Consumption Hubei Guangdong Hubei Guangdong
X, -0.16 -0.32 0.02 -0.19
S; X wy —1.08 -2.27 -2.04 -0.87
Si X wy -0.18 -0.41 -0.38 -0.15
S, X w, 0.00 0.00 0.00 0.00
Sy X W 1.13 2.74 2.37 1.03
Spmird X Womird 0.00 0.00 0.25 ~0.08
~Pe 0.01 -0.36 -0.17 -0.11
houslack —-0.03 —-0.03 -0.01 -0.01
Sum RHS -0.16 -0.33 0.02 -0.19

Note: Houslack is a slack variable; it is used to allow regional consumption to accommodate regional consumption with national constraint.

Source: SinoTERMCo2 simulation results.

Eq. (15):
(15)

Yine = ZSixi’
1
where S; denotes the weight of component i in GDP and x;
denotes the percentage change of component / in real
terms.
The GDP from the expenditure side (Yeyp,) function is
written as Eq. (16) in our model:

Yop = C+I+G+E~M,+E-M
+ NetMar + Q (16)

where C, I , G, X, M,, X, M, NetMar, and Q denote
consumption, investment, government spending, regional
export, regional import, international export, international
import, net margin, and stock, respectively. Linearizing Eq.
(16) gives Eq. (17):

Yexp = Zij‘a
J

where S; denotes the weight of component 7 in GDP and x;
denotes the percentage change of component i in real
terms.

Combining Eq. (15) and Eq. (17) and moving the real
consumption term S, x, to the left-hand-side we obtain Eq.

(18):
Sexe =D Sxi=) S

where u denotes components on the GDP expenditure side
other than consumption.

In Table 12, the sum of S,.00%pr0d aNd SicomXicom
represents tax interaction effects. After combining markets

(17)

(18)

resulting in a higher carbon price, the already negative tax
interaction effect on Hubei worsens by 0.39 percentage
points (from —0.29 to —0.68).The negative tax iteration
effect on Guangdong softens by 0.34 percentage points
(from —0.51 to —0.17). This shows a lower carbon price
ameliorates the pre-existing distortion. Also in Table 12,
the sum of the trade contributions (—S,x, + S,,x,, — SesXer
+8S,,%,-) represents the terms of trade effect. Upon
linkage, the positive terms of trade effect for Hubei
strengthens by 0.37 percentage points (from 0 to 0.37),
reflecting an improvement in terms of trade. The positive
terms of trade effect for Guangdong shrinks by 0.77
percentage points (from 1.13 to 0.36), reflecting a
deterioration in terms of trade. Overall, upon linkage, the
combined effects of tax interaction and terms of trade
contribute negatively to Hubei and Guangdong by 0.02
and 0.43 percentage points, respectively.

Comparing the contribution of capital and investment
after linking, the combined contribution from the general
equilibrium effects is moderate. This result should be read
with caution, since in this simulation we adopt a long-run
closure that controls real return to capital at its base year
level while allowing investment to move in fixed
proportion with capital employment. This makes real
investment volatile”. Indeed, our results support the
general finding in the literature that equilibrium effects
are significant in welfare distribution. It is the fact that tax
interaction effects and terms of trade effects cancel each
other that moderates their combined effects.

4.3 Industry level impacts on GD and HB

On the industry level, the impact of combining the two
carbon markets follows the macro level impacts. The

1) When experimenting with a ‘short-run’ closure (in which on a national level, real rate of return is allowed to deviate from base year while real wage is fixed,
employment will become the driving factor that determines GDP from the production side), we find contribution to GDP from investment significantly

reduce.
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Table 12 Summarizes Eq. (18) for the two provinces under both scenarios

) NoLink Link

Real Consumption Hubei Guangdong Hubei Guangdong
S.x, —-0.09 —-0.16 0.01 —-0.09
A 0 0 0 0
8%, 0.00 0.00 0.00 0.00
Six; -0.21 -0.46 -0.52 -0.16
Sixy —-0.63 -1.13 —-1.36 —-0.42
SiprodXprod -0.02 —-0.03 —-0.05 —-0.01
SicomXicom -0.27 -0.48 —-0.63 -0.16
—Sax; 1.11 1.12 2.43 0.42
—8gxg 0.00 0.00 0.00 0.00
=8,%, —-0.03 —-0.06 -0.07 —-0.02
—S.x, 0.05 0.82 0.14 0.26
SXm —-0.08 -0.44 -0.17 -0.19
—SeXer 1.22 1.46 2.84 0.58
S X -1.19 -0.71 —2.44 -0.29
— S Xnmr —0.04 ~0.23 ~0.15 ~0.08
Sum RHS -0.09 -0.14 0.02 -0.09

Source: SinoTERMCo2 simulation results

industrial activity levels in Hubei generally decline against
the industrial activity levels in Guangdong. Appendix 3
compares the impact of combining markets on different
industries in the two provinces.

Despite the improved conditions for Guangdong’s
industries, we observe under both scenarios an overall
general decline of industrial activity levels in both of the
provinces (see Appendix 3). The industries that face the
largest decline are those with the highest carbon emission
intensities (see Figs. 1 and 2). In both of the provinces the
number of such industries is low. The majority of the
industries have a carbon emission to output ratio of less
than one tonne per CNY. Only three industries (non-
metallic products, electricity and steam and non-metallic

153
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Fig. 1 Industrial output and emission intensity, Hubei.
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Fig. 2 Industrial output and emission intensity, Guangdong.
mining) in Guangdong, and five industries (transportation,
chemical, metal smelting, non-metallic products, and
electricity and steam) in Hubei have an emissions intensity
of output more than 2 tonne per CNY. Hence the negative
impact of the carbon market is severe on these few
industries.

On top of the correlation between carbon intensity and
output level, we also observe that industries with similar
levels of carbon intensity may face significantly different
impacts on their output levels. Five factors could explain
such ‘anomalies’.

First, the upstream and downstream connections play an
important role. An industry may not produce a high
volume of carbon dioxide emissions itself but it may be a
key player along one or more emission-intensive indus-
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tries’ production chains. In other words, the output of such
industries complements those carbon intensive products.
Therefore, when the activity level of the emission-
intensive industries falls, it reduces the activity level of
its complementary industries. For example, the metallic
mining industry in both provinces has low emissions
intensity, but since the majority of its outputs go to an
emission intensive industry, namely metallic smelting, the
activity level of metallic mining falls more than industries
of similar emission intensities.

Second, producers face a lower labor cost relative to
higher capital cost. This outcome derives from our
assumptions on the labor and capital markets. We assume
on the national level that the labor market tends to
converge to full employment, and that real wage moves to
accommodate the policy impacts. Conversely, the capital
market tends to converge to a long-term real rate of return,
and the level of capital moves to accommodate any policy
impacts. The carbon price increases the expenditure price
(Pgdp) relative to the production cost (Pprim). Since the

real rate of return (Q/Pgdp) to capital cannot react to
mitigate this wedge, it leads to an increase in cost of capital
to producers (Q/Pprim). This leads to a) a decrease in the
marginal productivity of capital (MPK), which in turn
reduces the capital-labor ratio, given that employment is
relatively fixed by the national assumption. This reduction
in capital-labor ratio reduces b) the marginal productivity
of labor and therefore reduces producers’ marginal labor
cost.

1 (Q/Pprim) = (Q/Pgdp) x (Pgdp/Pprim) |
= a)(Q/Pprim) 1= MPK(K | /L)

= b)(W /Pprim) |= MPL(K | /L)

a).b) = (Q/W) 1

Thus in Eq. (19), a) and b) together means capital cost
become relatively higher than labor cost, this is good for
the labor intensive industries and bad for the capital
intensive industries. Hence, we observe on the top left
corners of Fig. 1 and Fig. 2 an activity level increase for a
small number of industries. Such industries, including
education, agriculture, and public administration, are very
labor intensive industries.

Third, the trade exposure of an industry also affects the
impact to the industry. On the one hand, as Hubei and
Guangdong’s consumption and investment falls, they are
going to demand less import, this will have a positive
impact on the import-competing industries. On the other
hand, as the outputs of the two provinces become more
expensive, their exports become less competitive in
national and world markets, and this will have a negative
impact on export-oriented industries. Education and public
administration are two industries that export little to other
regions and they gain from limited trade exposure, whereas
industries such as textile and electronic equipment are

(19)

largely exported and they are hit by the weaker export
demands.

Fourth, investment demand falls more than consumption
demand. We observe that in both provinces the fall in
investment is greater than the fall in consumption. This is
partially a reflection that investment is typically more
volatile than consumption, and partially a result of
recycling carbon permit revenues back to consumers. As
a consequence, industries that produce investment goods
(e.g., construction) fall relatively more than industries that
produce consumption goods (e.g., health, sports and
recreation, and tourism).

Fifth, the characteristic of the margin-industries adds
another dimension to consider. We notice that the
transportation industry is relatively emission-intensive in
both of the provinces, but their activity levels do not fall as
much as industries with similar levels of emissions
intensity (e.g., chemicals and coal and mining products).
This is because the transportation industry mainly provides
marginal services that facilitate trade among countries and
regions. Although the level of trade activities decreases,
they do not fall as much as the fall in emission-intensive
activities. This prevents the demand for the transport
industry from falling as much as its high emissions
intensity indicates.

4.4 Nationwide impacts

The key parameter to assess the impact of integrating
domestic carbon markets is the impact on carbon intensity
of GDP, nationwide. We see from the previous analysis that
Scenario Link leads to a smaller reduction in real GDP than
Scenario NoLink. Given that the levels of emissions
reduction are the same, the emissions intensity is also
lower after combining markets. We can expand this
analysis to the national level.

The fall in national real GDP would be smaller after
constructing a nationwide integrating market. This follows
the result that the real GDP of the Guangdong-Hubei bloc
is larger in Scenario Link than in Scenario NoLink. The
higher real GDP within the bloc generates stronger demand
for outputs from other provinces, thus reduces the fall in
real GDP after the combination.

However, the impact on national emissions is less
predictable. On one hand, the relatively higher real GDP
after the link is likely to lead to more economic activity and
therefore more emissions. On the other hand, the relatively
smaller contraction in the Guangdong-Hubei bloc after the
link suggests that the bloc is likely to exert less carbon
leakage to other provinces. Hence, on the national level,
the total emissions level is likely to be determined by two
countering effects: the positive impact on emissions from
the rebound effect and the negative impact on emissions
from carbon leakage. The simulation results show that on
the national level emissions are lower after the link,
suggesting that the negative carbon leakage effect
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Table 13  Key nation-wide indicators
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Real GDP Emissions Emission intensity
NoLink -0.11 —-0.58 —-0.48
Link —-0.06 -0.79 -0.73

Source: SinoTERMCo2 simulation results

dominates the positive rebound effect (see Table 13) on
overall emissions intensity.

The above results suggest that on the national level,
combining these two carbon markets will unambiguously
lead to a further fall in emissions intensity. This is because
real GDP is higher whilst emissions are lower after the
link. This is an interesting finding: it shows it is possible
for each province to meet their original abatement targets
but allow the nation to achieve lower emissions intensity
upon linkage.

5 Policy recommendation

In this study we simulate the impacts of setting up pilot
carbon markets in Hubei and Guangdong, separately and
jointly. It is assumed that the stringency of each province’s
carbon market is proportional to its respective province-
wide intensity-based abatement targets. According to the
results, Guangdong will experience relatively more
economic cost than Hubei when the two provinces
separately commit to emissions trading. This shows that
Guangdong is facing a tougher abatement target. On the
industry level, the carbon market will have the strongest
impact on the most carbon-intensive industries in both
provinces no matter if the markets is separated or
connected. The variances concerning industrial level
impacts are also investigated. Such variances can be
attributed to other mechanisms such as upstream-
downstream linkages. On the national level, the linking
strategy results in higher total GDP and lower total
emissions, leading to a roughly 0.2% reduction in the
overall carbon intensity of GDP.

To summarize, the following insights can be drawn
according to the simulation results. First, it is in the
country’s interest that regional ETS pilots are combined.
This is concluded from the simulation results that when
provincial abatement targets are met, linking carbon
markets further reduces national emissions intensity.
Second, there exist certain degrees of uneven distribution
across the regions. The uneven distribution of welfare,
measured by consumption, is not as significant as that of
economic activities (notice, though, that this result is
largely contingent on the assumption that all permit-selling
revenues are handed back to consumers). Third, general
equilibrium effects do matter as the size of tax interaction
effects and terms of trade effects are non-negligible.

On the policy ground, to support the establishment of a
nation-wide carbon market, China needs to abolish the

current practice of top-down disaggregating national
abatement targets.

The regional abatement targets will be irrelevant in a
well-functioning, nation-wide carbon market. This is
because what a nation-wide carbon market does is to let
the market find the most efficient way of cutting carbon
emissions. In order to do that, a nationwide cap is enough.
The existence of regional abatement targets will not change
the consequence that the least costly abatement option
becomes the reality.

The existence of regional abatement targets makes it
hard to build a nationwide carbon market. Take connecting
Hubei and Guangdong’s carbon markets as an example: if
the two provinces faced the same emissions reduction
targets, Hubei might still export abatement to Guangdong
since Hubei’s economy is relatively more emissions-
intensive. Assigning Guangdong a more stringent abate-
ment target only creates a larger wedge between the two
province’s autarky carbon prices. The equilibrium carbon
price may still be around 36 CNY per tonne in the linking
carbon market. But without the regional abatement targets
there will be much less transitional shock to both
provinces, since their initial conditions wouldn’t have
been so far apart.

However, abolishing top-down abatement target disag-
gregation does not mean the government should give up
the rationale behind disaggregating. As our simulation
results have shown, linking carbon markets is likely to lead
to uneven distribution of welfare and economic activities.
In the absence of a national carbon market, assigning
different abatement targets to different provinces could
also act as a regional policy that protects less developed
regions.

In this regard the government should be clear about its
policy objectives. And it is often better to achieve one
policy objective with one best policy option. There is no
doubt that a nationwide carbon market is the most cost-
efficient way to control carbon emissions. As a result the
government should leave the full market mechanism in
command. Still, the government should also address the
market failures, such as increasing inequality, by supple-
mental policies. For example, it could use permit-selling
revenues to cover part of the social security spending in
less developed regions.

In the absence of regional abatement targets, it is also
easier to evaluate the actual impact of welfare distribution
by the carbon market. The results will be closer to reality
since they will not be based on the pre-conditions that are
already distorted by regional abatement targets.
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Appendixes

Appendix 1: Data for 4; and B;

Energy product (i) A4, (kgCO,/TJ) B; Unit for B;
Raw coal 94,600 20,908 kl/kg
Washed coal 94,600 26,344 kl/kg
Other washed coal 94,600 8,363 kJ/kg
Briquettes 97,500 8,363 kJ/kg
Coke 107,000 28,435 kJ/kg
Coke oven gas 44,400 16,726 kg/m?
Other gas 44,400 5227 kg/m®
Crude oil 73,300 41,816 kJ/kg
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(Continued) (Continued)

Energy product (i) 4; (kgCO,/TJ) B; Unit for B; Guangdong Hubei
Gasoline 74,100 43,070 kl/kg 30 Trade 0.006 0.024
Kerosene 71,500 43,070 kl/kg 31 HotelsDining 0.14 1.466
Diesel oil 74,100 42,652 kJ/kg 32 Finance 0.013 0.142
Fuel oil 74,100 41,816 kJ/kg 33 RealEstate 0.009 0.137
LPG 63,100 50,179 kJ/kg 34 LeasCrclSrvc 0.074 0.87
Refinery gas 57,600 46,055 kl/kg 35 Research 0.04 0.168
Natural Gas 56,100 38,931 kg/m® 36 SynTechSrve 0.052 0.151
Other Petroleum 73,300 41,816 kl/kg 37 WaterPubSrvc 0.031 0.036
products 38 ResidentSrve 0.076 0.001
dOlI];tesr coking pro- 107,000 33,453 kl/kg 39 Education 0.014 0.177

40 HealthSocPub 0.049 0.137
Source: 1: IPCC; 2: China Energy Statistical Yearbook. 41 CultSpotRecr 0.025 0219

42 PublicAdmin 0.122 0.406
Appendix 2: Emission intensity (/CNY) Source: SinoTERMCo2 database.

Guangdong Hubei

1 AgriAll 0.071 0.221
2 Mining 0 0.929 Appendix 3: Industrial activity level changes (%)
3 CrudeOilGas 0.952 1.868 Guangdong Hubei
4 MetalMine 0.218 1.773 NoLink Link NoLink Link
5 NonMetalMine 4.751 1.704 1 AgriAll 0.86 0.28 0.41 0.92
6 FoodTobcoPro 0.278 0.577 2 Mining -0.77 —0.74 -7 —4.37
7 Textiles 0.329 0.323 3 CrudeOilGas —-3.06 —1.04 -0.78 -1.87
8 ClthShoeLthr 0.155 0.351 4 MetalMine —5.42 —1.99 -3.21 -73
9 SawmilFurnit 0.07 0.241 5 NonMetalMine —12.66 -4.82 -2.59 -5.95
10 PaprPrntCult 0.51 1.063 6 FoodTobcoPro —1.47 —-0.53 -0.31 -0.73
11 PetrlRefCoke 0.053 1.123 7 Textiles -2.37 -0.75 -0.59 -1.33
12 Chemical 0.427 4.227 8 ClthShoeLthr -0.82 —-0.24 -0.37 —-0.81
13 NMetalProdt 2.652 11.741 9 SawmilFurnit -1.48 —-0.51 -0.89 -2.04
14 MetalSmelt 0.981 7.665 10 PaprPrntCult -2.98 —1.04 -1.37 -3.03
15 MetalPrds 0.081 0.435 11 PetrlRefCoke —-2.53 —-0.86 -1.52 -3.59
16 GenerlSplEqp 0.097 0.705 12 Chemcical -3.93 -1.34 —-3.66 —-8.24
17 ComuTransEqp 0.044 0.251 13 NMetalProdt -12.01 —4.28 -7.9 —17.46
18 ElecEquip 0.028 0.212 14 MetalSmelt -7.26 -2.59 -6.39 —14.04
19 ComuntComput 0.018 0.124 15 MetalPrds —2.47 —-0.88 —2.03 -4.49
20 MetrsOffcEqp 0.01 0.185 16 GenerlSplEqp -3.02 -1.13 -2.39 -5.41
21 ArtsCrafts 0.071 0.783 17 ComuTransEqp -1.99 -0.73 —1.34 -3.07
22 Scrap 0.034 0.541 18 ElecGasMach -1.77 —-0.67 —2.42 -5.31
23 ElecSteam 4.656 10.469 19 ComuntComput -0.72 -0.23 —0.65 —-1.42
24 GasSupply 0.054 0.118 20 MetrsOffcEqp ~0.86 -0.28 ~0.93 ~2.05
25 WaterSupply 0.039 0.153 21 ArtsCrafts -1.21 -0.43 —-1.08 —2.49
26 Construction 0.074 0.424 22 Scrap —1.66 —-0.62 -2.02 -4.41
27 TransWarehse 0.911 3.211 23 ElecSteam —12.18 —4.48 -7.67 -16.77
28 Post 0.427 0.917 24 GasSupply —6.64 -2.93 —-0.45 —1.06
29 ComptTrsSrve 0.003 0.043 25 WaterSupply -4.04 —-1.35 —1.42 -3
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26 Construction -3.41 -1.26 —2.04 -4.62
27 TransWarehse -2.93 —-1.01 -1.43 -333
28 Post —1.64 —0.54 —-0.49 -1.13
29 ComptTrsSrve -1.2 —0.46 -0.94 -2.11
30 Trade —1.52 -0.55 -0.9 —-2.04
31 HotelsDining -1.6 —-0.57 -1.03 -2.27
32 Finance -1.47 —-0.56 —-0.95 —2.08
33 RealEstate -0.71 —-0.34 —-0.49 —-1.01
34 LeasCrclSrve -1.19 -0.4 -1.01 -2.35
35 Research -1.16 -0.39 -0.59 -1.37
36 SynTechSrve —1.42 —-0.54 —-0.76 -1.78
37 WaterPubSrve -0.8 -0.3 -0.13 -0.26
38 ResidentSrve -1.31 —-0.52 -0.53 -1.18
39 Education 0.37 0.11 0.17 0.4

40 HealthSocPub —0.66 -0.24 —-0.36 -0.83
41 CultSpotRecr —-0.69 -0.21 —-0.36 -0.82
42 PublicAdmin 0.43 0.15 0.26 0.55

Source: SinoTERMCo2 simulation results.
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