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Abstract

Consolidating and expanding poverty alleviation while si-
multaneously reducing carbon emissions has become one
of the main issues facing China. The Chinese Certified
Emission Reduction (CCER) trading programme is an
important supplementary mechanism to China's carbon
trading market. Based on the data of 1782 counties in
China from 2006 to 2017 and a difference-in-differences
model, this study investigates the rural poverty reduction
effect of CCER trading. We find that: (1) during the sam-
ple period, CCER trading has increased the per capita net
income of rural residents by at least 2.5% or 187.5 RMB
(about 27.8 USD or 39.3 AUD) per year. (2) The poverty re-
duction effect of CCER trading in poor counties is greater
than that in nonpoor counties. (3) Some relevant hetero-
geneous effects are also measured. We find that CCER
trading of hydropower projects has played a significant
poverty reduction effect; the poverty reduction effect is
further enhanced when the county has additional CCER
projects; we also identify regional differences with CCER
trading having a greater poverty reduction effect in the
western and central regions. (4) Compared with the im-
plementation of the CCER project, trading the emission
reductions generated by the CCER project has brought
more significant poverty reduction effects.
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1 | INTRODUCTION

Since the implementation of reform and opening up in 1978, China has experienced rapid
economic and social development and has made remarkable achievements in poverty reduc-
tion (Huang et al., 2020; Liu et al., 2020). Poverty Alleviation: China's Experience and
Contribution, released by China's State Council, states that by the end of 2020, 98.99 million
people in rural areas who were living below the current poverty threshold had been moved
out of absolute poverty.! However, not only has economic development reduced poverty in
China, but it has also brought serious environmental problems. As per its history of high-
carbon fossil energy consumption and its sloppy development pattern (Adams, 2004; Shan
et al., 2016), China has become the world's largest emitter of carbon dioxide (BP, 2022; Zhang
& Cheng, 2021). In the context of global advocacy for low-carbon development, China is seek-
ing a green development path that can further reduce poverty while simultaneously yielding
ecological benefits.

Carbon trading is a market-based approach to reducing greenhouse gas emissions cost-
effectively and has become China's national strategy for controlling greenhouse gas emissions
(Jiang et al., 2018; Liu & Zhang, 2021). In January 2018, the National Development and Reform
Commission of China (NDRC) issued the Ecological Poverty Alleviation Work Plan. This plan
seeks to reform the voluntary greenhouse gas emission reduction trading programme (i.e. the
Chinese Certified Emission Reduction [CCER] trading) to increase the support the programme
provides for poor areas. Hence, an important but unanswered question is, ‘does CCER trading
in the carbon market help reduce rural poverty in China?” Exploring this question can provide
insights for developing countries and newly industrialised countries to practice low-carbon
poverty reduction. Particularly in the context of the Paris Agreement, ninety six countries
have adopted carbon trading as an important policy tool to achieve their emission reduction
commitments (World Bank, 2019), and these countries must simultaneously pursue economic
development.

China's carbon trading programmes can be divided into two categories, allowance trad-
ing and Chinese Certified Emission Reduction (i.e. CCER) trading. In allowance trading,
enterprises trade carbon allowances that are set and allocated following a ‘Cap and Trade’
type structure (Ross Lambie, 2010; Yan et al., 2022). The CCER programme is supple-
mentary to the allowance market; enterprises can offset their carbon dioxide emissions
by purchasing CCERs, which are generated from emission reduction projects (Galinato
et al., 2011; Ye et al., 2021). The background of the CCER programme is shown in Note Al
in Appendix Sl.

Most studies on carbon trading have focussed on the emission reduction effect (Cui
et al., 2021; Liu, Woodward, & Zhang, 2021), but few studies have focussed on carbon
trading's effect on poverty. Zhang and Zhang (2020) explore the poverty reduction effects
of allowance trading in China's carbon trading market using a sample of 30 provinces.
However, existing studies only examined the poverty reduction effect of allowance trading;
the effect of CCER project trading remains to be examined. Moreover, existing studies only
use provincial data (Zhang & Zhang, 2020), which makes it difficult to capture possibly
important county-level variation. Few studies focus on the CCER mechanism in the carbon
market (Congetal., 2021; Yeet al., 2021), probably because CCER tradingis a supplementary

1Poverty can be divided into absolute and relative poverty (Decerf, 2017). Absolute poverty is poverty on the material level, which
means that income cannot meet the needs of survival (Allen, 2017), and relative poverty is based on comparing the living standard
of the poor with that of the less poor members of society (Peng & Mao, 2022). Compared with absolute poverty, which focusses on
the basic needs of low-income groups, relative poverty focusses more on the inequalities in the distribution of wealth, income and
power (Wan et al., 2021). China's poverty reduction achievements and official poverty alleviation standards refer to absolute
poverty. This paper takes China as the background, and to be consistent with the official standards of the Chinese government,
rural poverty in this paper also refers to absolute poverty measured by per capita net income of rural residents.
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mechanism to the carbon market. Also, the CCER programme originated late, and consid-
ering the small trading volume and the lack of standardisation of several projects in the
CCER programme, the NDRC has suspended new CCER project applications since 2017,
which results in a lack of continuity of data (Li, Ye, et al., 2019). Given the problems with
the CCER programme, it is necessary to determine whether CCER trading can achieve the
desired poverty reduction effect. Numerous authors have explored the poverty reduction
effects of implementing carbon reduction projects, such as Clean Development Mechanism
(CDM) projects (Du & Takeuchi, 2019; Mori-Clement, 2019) and Photovoltaic (PV) projects
(Li, 2019; Li et al., 2020). Focussing solely on the implementation of carbon reduction proj-
ects fails to recognise the effect of the market mechanism. By studying CCER projects, we
are able to look at the effects of carbon reduction projects on poverty and the trading that
is behind those projects.

Using panel data of 1782 county-level administrative regions in China from 2006 to 2017,
this paper empirically investigates the poverty reduction effect of CCER trading using a
difference-in-differences (DID) model. We answer the following questions: Has CCER trading
reduced rural poverty in China? Has this effect differed between poor and nonpoor counties?
Has the effect of CCER trading on rural poverty varied with the type, number, emission reduc-
tion scale and distribution region of the CCER project? Finally, is there a difference between
the poverty reduction effect of implementing the CCER project and the poverty reduction
effect of CCER trading?

Compared with existing studies, the contributions of this paper are as follows. First, this
paper looks specifically at the poverty reduction effect of carbon trading, which can pro-
vide empirical evidence for China and other developing countries to realise the ‘win-win’ of
carbon reduction and poverty alleviation by market means. Second, unlike the existing lit-
erature that focusses mainly on allowance trading, this paper focusses on CCER trading. It
is important to examine the poverty reduction effect of the CCER programme because
compared with allowance trading, it has a broader poverty reduction coverage and a clearer
poverty reduction mechanism.> Third, poverty levels vary significantly between counties
within a single province's poor area; the existing studies are mainly at the provincial and
city level, making it difficult to reveal the real poverty reduction effects of carbon trading
at the county level. By using Chinese county-level data, this paper adresses the variation in
poverty levels among counties.

2 | DATA AND METHODS
2.1 | Data

Considering that new CCER applications have been suspended since 2017, our sample interval
is considered only until 2017. Using panel data of 1782 county-level administrative regions in
China from 2006 to 2017, this paper explores the poverty reduction effect of CCER trading in
China's carbon trading market, and the data are described below.

’Regarding poverty reduction coverage, allowance trading is limited to the seven pilot areas with relatively developed economies
and does not cover poor areas outside the pilot. CCER projects, on the contrary, are widely distributed throughout China and are
more representative of poor areas. In fact, China's poor areas are so widely distributed that most of them are not located in the
seven pilots. These poor areas are the focus of China's poverty eradication efforts. In terms of poverty reduction mechanism, in
allowance trading, the trading parties are the emission control enterprises in the pilot; thus, the capital flow only exists between
the emission control enterprises in the same pilot. In CCER trading, its trading parties are the emission control enterprises and the
CCER project suppliers from all over China; thus, through CCER trading, funds can flow from the emission control enterprises to
the project suppliers to achieve poverty reduction.
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TABLE 1 Categories of CCER projects.

Counties in

Sample CCER  Proportion of sample with
CCER project type Overall CCER in this paper samples projects
Wind power 90 61 67.8% 42
PV 48 23 47.9% 16
Biogas 41 41 100.0% 47
Hydropower 32 27 84.4% 28
Biomass 17 14 82.4% 14
Waste disposal 9 2 22.2% 2
Gas power generation 9 5 55.6% 3
Waste heat and geothermal 3 2 66.7% 2

utilisation
Others 5 2 40.0% 7
Total 254 177 70.0% 154%
County with CCER projects County without CCER

County type (Treatment group) projects (Control group) Total
Poor county 74 605 679
Nonpoor county 80 1023 1103
Total 154 1628 1782

Since some counties have multiple types of projects, the sum does not equal to 154.

2.1.1 | CCER projects

The related information and data of CCER projects are from the Chinese Certified Emission
Reduction Exchange Info-Platform.’> The 254 CCER projects published in this platform
cover 213 counties. There are missing data in the China County Statistical Yearbook and sta-
tistical yearbooks of various provinces; for example, the per capita net income of rural resi-
dents at the county level is not disclosed in Qinghai, Tibet, Guangdong and Sichuan.* Hence,
after excluding the counties with missing data, our sample finally contains 177 CCER pro-
jects covering 154 counties, and the categories of CCER projects are shown in Table 1. Table 1
and Figure Al in the Appendix Sl show that these 177 sample CCER projects account for
70% of all CCER projects, and the economic and geographical distribution of the sample
CCER projects is similar to that of the overall CCER. That is, CCER projects in our sample
are representative of the overall CCER programme in terms of type, economic distribution
and geographic distribution.

As noted above, before a project can be traded in the CCER programme, it must be estab-
lished (i.e. built or implemented) and certified by the programme. The projects in our dataset
were developed between 2006 and 2015, with an average date of 2011. Trading, however, did
not start until 2014 and has occurred in only 154 counties, 151 with an initial trade in 2014 and
the remaining three counties with the first trade in 2015. We consider two different treatment
dates: the year when trading occurred (Sections 3 and 4.1) and the year when the project was
implemented (Section 4.2).

Shttp:/ledm. ccchina.org.cn/ccer.aspx

“The provinces with missing values are not concentrated in economically developed or economically backward range (Figure Al),
and thus, we believe that these sample misses are less likely to bias our results.
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2.1.2 | Nationally designated poor counties

In 2012, China's State Council Leading Group Office of Poverty Alleviation and
Development released the List of 832 Poverty-stricken Counties in China based on county-
level indicators that are highly correlated with poverty, such as per capita net income of
rural residents, per capita GDP and per capita local government revenue. There are 679
poor counties in our sample, of which 74 poor counties contain CCER projects, and the
sample distribution is shown in Table 1. It can be seen that among the 1782 counties consid-
ered in this paper, the 154 counties containing CCER projects are the treatment group, and
the remaining 1628 counties are the control group, which contain 74 and 605 poor counties,
respectively.

2.1.3 | Poverty indicators and control variables

China's current official poverty alleviation standard is the annual per capita net income of
rural residents of 2300 RMB (about 341 USD or 483 AUD), which was decided by the
Chinese government at the Central Work Conference on Poverty Alleviation and Development
on 29 November 2011. Meanwhile, the most important indicator for China's State Council
Leading Group Office of Poverty Alleviation and Development to identify poor counties
is the per capita net income of rural residents, which was even the only indicator before
2011.° Hence, the per capita net income of rural residents is the most important indicator
for determining China's poverty alleviation standards and identifying poor counties.
Combining with existing studies (Du & Takeuchi, 2019; Zhang, Wu, et al., 2020), this paper
selects the per capita net income of rural residents as the dependent variable and the fol-
lowing five county characteristics as control variables: fiscal structure, production of oil
crops, industrial structure, the total capacity of agricultural machinery and education
level. In the robustness test, this paper uses per capita county GDP and per capita county
local government revenue as the substitute variables of poverty indicators, which are newly
added by the Chinese government after 2011 to identify poor counties. Data on per capita
net income of rural residents are obtained from each province's statistical yearbooks from
2007 to 2018, and data on control variables are from the China County Statistical Yearbook
from 2007 to 2018. The definition of variables and descriptive statistics are shown in
Table 2.

2.2 | Methods

This paper uses a DID model to assess the poverty reduction effects of CCER trading.
This model, which is widely used in research on policy evaluation, controls for the ex
ante differences of research subjects and effectively identifies policy effects (Drysdale &
Hendricks, 2018; Greenstone & Hanna, 2014). The DID estimator contains two time pe-
riods, ‘pre’ and ‘post’, and two groups, ‘treatment’ and ‘control’. A DID estimate is the
difference between the change in outcomes before and after treatment (difference one) in
the treatment versus control groups (difference two; Goodman-Bacon, 2021). That is, by
comparing the per capita net income of rural residents in the treatment group (counties
with CCER projects) and the control group (counties without CCER projects) before and

SFor details, please see List of 832 Poverty Counties in the Country, http://www.gov.cn/gzdt/2012-03/19/content_2094524.htm

®For detailed criteria for setting national poor counties, please refer to the following website, http:/www.gov.cn/gzdt/2013-03/04/
content_2344631.htm

O pUe SWB L 83895 *[7202/70/9T] uo ARigi8uIuo 1M ‘A VHE1T NOSTIM OLT YLOSINNIW 4O ALISHIAINN AQ STSZT'68v8-L9FT/TTTT 0T/I0pAW00 A8 1M Aslq 1 puIjuo//Sdny wouy pepeojumod ‘€ ‘€202 '6878L9%T

35US0 17 SUOLLLLIOD BAIEa1D a|gealdde au Aq pauenob ae sspie O 88N J0 sajn. Joy Ariqi auluo A3|IMm uo


http://www.gov.cn/gzdt/2012-03/19/content_2094524.htm
http://www.gov.cn/gzdt/2013-03/04/content_2344631.htm
http://www.gov.cn/gzdt/2013-03/04/content_2344631.htm

14678489, 2023, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12515 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and C: wiley te and- on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

m ‘A[oA10adsal ‘sanunos
©) Jooduou pue sanunod 100d [BUOTIBU JO SI[QRLIBA AWWNP 1. L00dU0N PUR 1004 $3sdyjuaied Ul dI8 [9A] AJUNOD 1B PAIISN[I IR JBY) SIOLId PILPURIS ISNQOY 10> dy ‘S0'0> A T0°0> Tysese :21ON
m 6560 LS6°0 $56°0 656°0 LS6'0 §56°0 paavnbs-y paisnipy
N LEL'SI LEL'SI LEL'SI LEL'SI LEL'SI LEL'SI SUONDA1SGO
A A Hol UOISY (A AD2L
A A A A A A A 42K
A A A A A A A Guno)
(L£00) (L£00) (000°0) (L£00) (L£00) (000°0)
P (6 #1678 #xxCPL'8 #8878 +++187'8 wexlVL'8 Jupjsuo)
(€81°0) (10z°0) (#81°0) (€0z'0)
#xx£55°0 #:xE1L°0 #:xELS0 #:x6EL°0 247 npT
(L00°0) (L00°0) (L00°0) (L00°0)
+£+8€0°0 #0900 #£x6£0°0 #:+1L0°0 1m0 3y
(0£0°0) (1£0°0) (0£0°0) (1£0°0)
#£+80C°0 #::SLT0 #x+80C°0 #x+SLT°0 Lusnpuy
(€00°0) (#00°0) (€00°0) (#00°0)
100°0 +£800°0 100°0 #8000 doiD)10
(000°0) (000°0) (000°0) (000°0)
#xx100°0— #1000~ ##100°0— #xx100°0— aoupulf
(110°0) (110°0) (€10°0)
€100— #7000~ #+LT0°0— ATDD wA00duoN
(910°0) (910°0) (L10°0)
#xC90°0 #0800 #£x960°0 YADD A00d
(010°0) (110°0) (¢10°0)
#£SC0°0 #x£620°0 +x+9€0°0 dIDD
9) () (2] ©) @ Q)]
2WOUIDANY Dd[qeLIeA u-—@—u:omOQ
M ‘Surper) YD Jo s1095j0 uononpar L3180 € A19V.L
-




HAS CARBON TRADING REDUCED POVERTY IN CHINA | 445

after the CCER transaction time, the causal effects of CCER trading on poverty allevia-
tion can be effectively identified. Hence, this paper contains not only the sample after the
CCER transaction but also the sample before the CCER transaction, and the DID model
is as follows.

5
Rurallncome;, = ay + PCCER;, + Z VX + 1+ 1+ €y M
k=1

where CCER,;, is the dummy variable, representing whether there is a CCER transaction in
county i in year ¢. Since the first CCER transaction occurred in November 2013, we do not
expect policy effects until 2014. We set the time of policy intervention to 2014, with CCER;, = 1
if county i contains CCER projects and year ¢t > 2014, and CCER;, = 0 otherwise. Since three
counties established CCER projects in 2015 and these projects participate in trading since
2015, CCER,;, = 1for these three counties when ¢ > 2015. The model also includes five control
variables x;;,(k =1,2, ---,5): Finance, OilCrop, Industry, AgPower and EduLevel. County
and time fixed effects, that is ; and u,, are also included in the model, controlling unobserv-
able confounders that vary with the county but not with time, and unobservable confound-
ers that vary with time but not with the county, respectively. In addition, to control
unobservable confounders that vary both over time and over the region, this paper also
controls interactive fixed effects of time and region (East, Central and West regions).’
Finally, € is the error term.

3 | RESULTS
3.1 | The poverty reduction effect of CCER trading

The impact of CCER trading on rural residents' per capita net income is shown in Table 3.
Column 1 controls for county fixed effects and year fixed effects, Column 2 further controls
the control variables, and Column 3 further controls the interactive fixed effects of year and
region based on Column 2.

The DID results suggest that CCER trading significantly alleviates the rural poverty level in
the counties where CCER projects are located. The estimates of Column 3 indicate that the pov-
erty reduction effect of CCER trading is about 0.025; that is, on average, CCER trading increases
the per capita net income of rural residents by 2.5% during the sample period. Since the average
value of per capita net income of rural residents in counties without CCER projects during the
sample period is 7499.86 RMB (about 1112.98 USD or 1571.87 AUD), this indicates that CCER
trading increases the average per capita net income of rural residents by 187.5 RMB (about 27.8
USD or 39.3 AUD) per year. This result, along with Zhang and Zhang (2020), reflects the posi-
tive poverty reduction effect of China's carbon trading market. However, compared with Zhang
and Zhang (2020), who examine the impact of allowance trading using provincial-level data, this
paper has a broader coverage of poverty alleviation and a clearer poverty alleviation mechanism
because it examines CCER trading and uses county-level data.

In Columns 4-6, we decompose the poverty reduction effect of CCER trading between poor
counties and nonpoor counties. Column 6, which includes the full suite of control variables

7Region refers to the eastern, central and western regions of China. The eastern region includes 12 provinces: Beijing, Tianjin,
Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, Guangxi and Hainan; the central region includes
nine provinces: Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan; the western region
includes nine provinces: Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Ningxia, Qinghai and Xinjiang.
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FIGURE 1 Parallel trend test: Estimated coefficients for the event study model with 95% confidence intervals.
[Colour figure can be viewed at wileyonlinelibrary.com]

and fixed effects, is our most conservative specification. We estimate that during the sample
period, CCER trading increases the per capita net income of rural residents in poor counties
by 6.2% on average but has a slight negative, though statistically insignificant, impact on non-
poor counties. One possible reason may be related to the fact that if CCER projects affect per
capita income that is relatively constant across poor and nonpoor counties, this will result in
a larger effect in percentage terms in the poor counties. The average per capita net income
of rural residents in poor and nonpoor counties in the sample is 4872 RMB (about 723 USD
or 1021 AUD) and 9040 RMB (about 1341.54 USD or 1894.66 AUD), respectively. A 6.2% in-
crease in per capita income in the poor counties would equal to 300 RMB (44.52 USD or 62.88
AUD) income; a 300 RMB increase in nonpoor counties is only an increase of 3.3%. Hence,
the marginal poverty reduction effect of CCER trading on poor counties may be greater than
that of nonpoor counties. CCER trading can increase rural incomes, provide seed capital for
rural residents and be an overall multiplier for rural economies in that ‘money begets money’
(Huang, 2018). In contrast, the income of rural residents in nonpoor counties is relatively high,
and their production and business activities mostly rely on the accumulation of their funds
(Wang et al., 2014); the funds brought by CCER trading are likely to be used for nonproductive
projects. Thus, the effect of CCER trading on poverty reduction or income increase in non-
poor counties is significantly lower than that in poor counties.

3.2 | Parallel trend test

The important condition for DID estimates to be unbiased is that the treatment and control
groups meet the parallel trend assumption (Bose & Das, 2017). Without implementing CCER
trading, the trend of the per capita net income of rural residents in the treatment group and the
control group should be parallel, and there should be no systematic differences in pretrends
across the treatment and control groups. Hence, referring to existing research (Greenstone &
Hanna, 2014; Li, Liu, et al., 2019), this paper builds Model 2 based on the event study method
to test the parallel trend assumption empirically.

4 5
Rurallncome;, = a) + Z ﬁ/Treated; + Z VX T 0+ M, E, 2
j==1 k=1
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where Treated’t is the dummy variable for the treatment group in the /' year before and after

the CCER trading.® The variable g, represents the difference in poverty between the treatment
group and the control group in the ]{ year before and after the CCER trading.

Figure 1 plots the estimation results at 95% confidence intervals and shows that the treat-
ment and control groups meet the parallel trend assumption. Specifically, from the results
of the full sample (the red legend in Figure 1), when j < 0 (2006-2012), g, is insignificant and
approaches 0 (the mean value of f;'s is 0.0004), with no discernible trend over time. A signifi-
cant difference in the pretreatment period was detected only in 2007; this indicates no signifi-
cant difference in the poverty level between the treatment group and the control group before
the CCER trading, supporting the parallel trend assumption. The values for §; in the post-
treatment period are strikingly different. After the CCER trading (2014-2017), the B; values
are significantly positive, indicating that since the CCER trading, the per capita net income of
rural residents in the treatment group is significantly higher than that in the control group. In
addition, the f; values also show an increasing trend when j > 0; this suggests both that CCER
trading has a sensitive and significant poverty reduction effect and that the poverty reduction
effect of CCER trading has been increasing over time.

We also test parallel trends in the sample of poor and nonpoor counties, and the results are
shown in the blue and grey legends in Figure 1, respectively. It can be seen that when j < 0 (2006—
2012), 85.71% and 71.42% of the p; values are insignificant in poor and nonpoor counties, respec-
tively, and 75% of them are s1gn1flcant1y positive in poor and nonpoor counties when j > 0. This
indicates that samples for poor and nonpoor counties also satisfy the parallel trend assumption.

3.3 | Robustness test

To verify the validity of the results, we also conducted a series of robustness tests. First, our
estimates may suffer from self-selection bias. To control for self-selection, referring to Wen
et al. (2022), Zhang, Guo, et al. (2021) and Zhu et al. (2019), we re-estimate the DID model
with a balanced sample of cities obtained using two matching methods: Propensity score
matching (PSM) and Mahalanobis distance matching (MDM). After creating a balanced
sample using both PSM-weighted DID and MDM-DID, we still find that CCER trading
significantly alleviates poverty (Note A2 in Appendix SI). The second concern is whether
the estimated effect results from spurious correlation driven by accidental factors, so we
also use two placebo tests to investigate this issue (Note A3 in Appendix S1). Third, we are
concerned about whether per capita net income of rural residents truly represents poverty.
According to the Identification of National Key Counties for Poverty Alleviation and
Development and Counties in Contiguous Special Hardship Areas, two additional statistics
are strong indicators of poor counties: per capita county GDP (PerGDP) and per capita
county local government revenue (PerRevenue). Here we test whether CCER trading also
leads to improvements in these alternative two poverty-related indicators (Note A4 in
Appendix S1). In addition, we replace the control group in this paper to further refine the
poverty reduction effect. The control group was replaced from 1628 counties that do not
participate in CCER trading to 328 counties with CCER projects but do not participate in
CCER trading (Note A4 in Appendix S1). Finally, our estimates might capture the effects
of other clean and low-carbon projects implemented during the same period. CDM and PV
projects are typically clean and low-carbon projects in China (Liu, Huang, et al., 2021; Xie

8The first CCER trading occurred in November 2013, so we consider 2013 as the base year (i.c. Treatedi? is excluded).

*http://www.gov.cn:8080/gzdt/2013-03/01/content_2343058.htm
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et al., 2014). Hence, to exclude the interference of CDM projects and PV projects in the re-
sults of this paper, we further control CDM projects and PV projects in our model (Note AS
in Appendix SI). All these results are consistent with the magnitudes in Table 3, supporting
the conclusion that our results are robust.

4 | ADDITIONAL IMPACTS
4.1 | Heterogeneous effects of CCER projects
4.1.1 | Effects of different types of CCER projects

We use 177 CCER projects in our analysis, which can be divided into nine categories according
to the types of project emission reduction activities, as shown in Table 1. Our analysis above finds
that CCER trading significantly reduces poverty. We now evaluate whether that effect varies by
project type. We evaluate that interacting the CCER variable with dummy variables for the fol-
lowing project types: Wind, PV, Biogas, Hydropower and Biomass, which together represent 95%
of all projects in our data (Table 1) and a composite category, Others, which combines all other
types including waste disposal, gas power generation, waste heat and geothermal utilisation.

Column 1 in Table 4 shows that CCER trading for hydropower significantly alleviates rural
poverty in the counties where the projects are located. Specifically, CCER*Hydropower is sig-
nificantly positive at the 5% level, which suggests that CCER trading for hydropower projects
raises the per capita net income of rural residents in the counties where the projects are located
by 8.5%. Considering that hydropower projects have a certain negative impact on the ecological
environment (Auestad et al., 2018), most emissions exchanges restrict CCER trading from
hydropower projects. Only the three exchanges in Shanghai, Hubei and Sichuan did not com-
pletely restrict hydropower projects (Table Al). There are several possible explanations for the
significant hydropower results in the context of the unpopularity of hydropower projects in
most exchanges. First, this may be related to the fact that hydropower projects are mainly lo-
cated in Sichuan and Yunnan. These provinces not only have the highest installed hydropower
capacity and generation capacity in China (Li, Chen, et al., 2018)!° but also have more poor
counties; this could lead to a relatively large marginal poverty reduction effect from hydropower
CCER trading. Second, the hydropower CCER trading volume is large in the three exchanges
that do not place restrictions on hydropower projects. In particular, the Sichuan emissions ex-
change, which ranks fifth in CCER's cumulative trading volume, not only does not place any
restrictions on hydropower projects but also allows individual trading. This result is also in line
with existing studies. For example, Mori-Clement (2019) estimates the poverty reduction effect
of Brazil's CDM projects and finds that of the four types of projects, hydropower, biomass,
landfill gas and methane avoidance, only the hydropower type of CDM projects achieved pov-
erty reduction. Table 4, Column 1, shows our most conservative specification.”

4.1.2 | Effects of different numbers of CCER projects

Since our analysis covers 177 projects in 154 counties, several counties have more than one
project. In our sample, 21 counties have more than one project; on average, there are 1.15

Yhttps://mews.bjx.com.cn/htm1/20170911/849086.shtml ; https://news.bjx.com.cn/htm1/20131016/465612.shtml

!"Table A7 presents the full specification results, and in that case, CCER trading for wind power is also likely to have a 3.7%
poverty reduction effect.
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TABLE 4 Impact of different types, numbers and scales of CCER projects.
Dependent variable: Rurallncome
(O] 2 3 @
CCER*Wind 0.026
(0.021)
CCER*PV 0.030
(0.030)
CCER¥*Biogas —-0.003
(0.012)
CCER*Hydropower 0.085%*
(0.035)
CCER*Biomass 0.033
(0.024)
CCER*Others 0.007
(0.026)
CCER*One-project 0.021*
(0.011)
CCER*Multi-project 0.046*
(0.024)
CCER 0.025%* 0.025%*
(0.010) (0.010)
CCER*ExpectedCO, 0.002
(0.010)
CCER*RealCO, -0.013
(0.010)
County FE Y Y Y Y
Year FE Y Y Y Y
Control Variables Y Y Y Y
Year FE*Region FE Y Y Y Y
Observations 18,737 18,737 18,737 18,737
Adjusted R-squared 0.959 0.959 0.959 0.959

Note: (a) Robust standard errors that are clustered at county level are in parentheses; ***p <0.01, *¥p <0.05, *p <0.1. (b) This table
includes the full suite of control variables and fixed effects and is our most conservative specification. For complete results, please
refer to Tables A7-A9. (c) Variables Wind, PV, Biogas, Hydropower and Biomass are dummy variables for wind power, PV, biogas,
hydropower and biomass, respectively; variable Others is a dummy variable that contains four project types: waste disposal, gas
power generation, waste heat and geothermal utilisation, and others. (d) Variables One-project and Multi-project are dummy
variables, which respectively indicate whether the number of projects is 1 and greater than 1. (e) Variables ExpectedCO, and

RealCO, represent projects' expected CO, emission reductions and projects' actual emission reductions, respectively.

CCER projects per county in the treatment group. It is possible that the more projects a
county has, the greater the poverty reduction effect of CCER trading in that county will
be. Using the interaction terms between the variable CCER and the dummy variables (One-
project and multi-project), this section will test whether additional projects have a positive
effect. Variable One-project represents whether the number of projects in a county is 1,
whereas Variable multi-project represents whether the number of projects in a county is

greater than 1.
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Column 2 in Table 4 shows that regardless of the number of CCER projects in a county,
CCER trading has a significant rural poverty reduction effect on the county. This effect is
further enhanced when the county has additional projects. As shown in Column 2, when the
county has one CCER project and multiple CCER projects, the coefficients are 0.021 and
0.046, respectively; this may be because the more CCER projects owned by a county, the more
projects and CCERs are involved in the transaction, and the greater the poverty reduction
effect achieved through the transaction.

4.1.3 | Effects of different scales of CCER projects

CCER projects require a project design document (PDD) that reports the project's expected
annual CO, emission reductions. Furthermore, the CCER project monitoring report estimates
and reports the actual CO, emission reductions. Since different CCER projects have differ-
ent CO, emission reduction scales, projects with larger emission reduction scales may have
a larger poverty reduction effect. To investigate this issue, we add the interaction term be-
tween the variable CCER and dummy variables representing projects' CO, emission reduc-
tions, which can be divided into expected and actual emission reductions to Model 1, that is
CCER*ExpectedCO, and CCER* RealCO,. We examine whether the poverty reduction effect
of CCER trading varies with a project's scale, in terms of either expected or monitored reduc-
tions. The results are shown in Columns 3 and 4 in Table 4.

We find that neither the projects' expected emission reductions nor the actual emission
reductions significantly affect the poverty reduction effect of CCER trading. Specifically,
Column 3 shows that projects' expected emission reductions do not significantly affect the pov-
erty reduction effect of CCER trading. This result is consistent with Chen and Wan (2019), who
find that CDM projects with a large scale of expected emission reduction do not have strong
emission reduction effects. They believe this may be due to the exaggeration of the projects'
expected emission reduction scale in the declaration to increase the pass rate of CDM projects.

In Column 4, we include the interaction term, CCER* RealCO,, and find that it is also in-
significant. This suggests that the insignificance of the coefficient on CCER* ExpectedCO, is
unlikely to be due to exaggerating projects' expected emission reduction scale; neither the ex-
pected nor the actual emission estimates significantly change the poverty-reducing effect of
CCER trading. We believe that the insignificant results of the projects' emission reduction
scale may be related to the CCER trading rule of emissions exchange. The exchanges require
that the CCERs available for trading only account for 5%-10% of the carbon allowances. This
may result in the emissions reductions (i.e. CCERs) generated by the large-scale project that
may not be sold in full, leaving CCERs in an oversupplied state in the market. In other words,
there is a cap on how many CCERs can be sold regardless of the scale of the project, diminish-
ing if not eliminating the impact of project scale in the generating county.

414 | Effects of different regions of CCER projects

Due to China's vast territory, the economic development level and natural geographical
conditions of the eastern, central and western regions are quite different (Cheng et al., 2020;
Zhang, Liu, & Su, 2020). In particular, the types of CCER projects that each region is good
at developing are different due to natural constraints, and thus, the poverty reduction effects
of CCER trading may vary in different regions. Hence, this section investigates whether the
poverty reduction effect of CCER trading is heterogeneous by region using the interac-
tion terms of the CCER and the dummy variables for three major regions: East, Central
and West, representing 21.5%, 30.5% and 48% of all projects, respectively. Furthermore, we
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TABLE 5 Impact of different regions of CCER projects.

Dependent variable: Rurallncome

Treated = eastern Treated = central Treated = western
region region region
6)) 2 3) @
CCER¥*East —0.062%**
(0.017)
CCER*Central 0.0571%**
(0.015)
CCER*West 0.061%**
(0.016)
CCER¥* Poor —-0.015 0.082%** 0.092%*
(0.032) (0.025) (0.020)
CCER*Nonpoor —0.074%** 0.030%* —-0.018
(0.018) (0.015) (0.014)
County FE Y Y Y Y
Year FE Y Y Y Y
Control variables Y Y Y Y
Observations 18,737 17,510 17,539 17,968
Adjusted R-squared 0.957 0.956 0.956 0.956

Note: (a) Robust standard errors that are clustered at county level are in parentheses; ***p <0.01, *¥*p <0.05, *p <0.1. (b) This table
includes the full suite of control variables and fixed effects and is our most conservative specification. (c) Variables East, Central
and West are dummy variables for eastern, central and western regions, respectively. (d) Since this table is based on three major
regions, there is no need to control Year FE*Region FE.

divide the treatment group into eastern, central and western regions and use the interac-
tion terms between CCER and the dummy variables for county types (i.e. poor county and
nonpoor county) to investigate the heterogeneous poverty reduction effects across regions
and county types. It can be seen from Column 1 in Table 5 that the poverty reduction ef-
fect of CCER trading mainly occurs in the central and western regions. The CCER trading
increases the per capita net income of rural residents in the central and western regions by
5.1% and 6.1%, respectively, while it reduces the per capita net income of rural residents in
the eastern region by 6.2%.

Columns 2—4 show that the poverty reduction effects of CCER trading in poor and nonpoor
counties are heterogeneous across regions. CCER trading produces a significant poverty re-
duction effect in the central and western regions and is mainly concentrated in poor counties.
CCER trading significantly reduces rural poverty in poor and nonpoor counties in the central
region. For the western region, CCER trading in nonpoor counties exerts significant poverty
reduction effects. As shown in Column 4, the coefficient of CCER*Poor is significantly posi-
tive at the 1% level.

This spatial heterogeneity may be related to the different levels of economic development,
project concentration and poverty reduction policies in the three major regions. During the
sample period, the per capita net incomes of rural residents in the eastern, central and western
regions are 9698, 7341 and 6131 RMB, respectively; the regions contain 51, 208 and 420 poor
counties and have received 38, 54 and 85 CCER projects, respectively. Compared with the east-
ern region, the central and western regions have lower incomes and more poor counties. As a
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FIGURE 2 Parallel trend test of implementing the CCER project. [Colour figure can be viewed at
wileyonlinelibrary.com]

result, the poorer regions have more emphasis on poverty reduction and a higher potential for
poverty reduction (Choi et al., 2012; Cong et al., 2021). Hence, CCER trading is more likely to
achieve positive and significant poverty reduction effects in the central and western regions.
In addition, thanks to the natural geographical advantages, the central and western regions
provide suitable conditions for renewable energy development, leading to more CCER projects
in those regions (Lo & Cong, 2017). Overall, therefore, it is not surprising that we find signifi-
cantly positive effects on poverty reduction in the western and central regions but negative
effects in the eastern region.

4.2 | Effects of implementing CCER project

Numerous studies have analysed the poverty reduction effect of implementing carbon re-
duction projects (Liao & Fei, 2019; Mori-Clement, 2019; Pécastaing et al., 2018). They focus
on the implementation or construction of projects rather than the transaction of emission
reductions generated by projects studied in our paper. Generally, CCER projects include
solar and wind energy projects, and solar and wind power generation from CCER projects
will also generate revenue. Hence, could the change in poverty reduction effect be caused by
implementing these CCER projects rather than by CCER transactions? It should be noted
that there are differences between implementing the CCER project and CCER trading in
terms of on whom they focus, when they occur, and their mechanisms for reducing poverty.
The implementation of CCER projects focusses on establishing or constructing CCER pro-
jects, which are distributed from 2005 to 2015 in our sample, while trading refers to the
trade date, either 2014 or 2015. The poverty reduction mechanism of implementing the
CCER project may come from the sale of renewable energy power generation, the promo-
tion of industrial development, the provision of employment opportunities and government
subsidies for the construction and operation of projects. When CCER trading occurs,
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TABLE 6 Poverty reduction effect of implementing CCER projects.

Dependent variable: Rurallncome

() (0] 3
Project 0.025% 0.019 0.015
(0.013) (0.012) (0.011)
Finance —0.001*** —=0.001%**
(0.000) (0.000)
OilCrop 0.008** 0.001
(0.004) (0.003)
Industry 0.276%** 0.209%**
(0.031) (0.030)
AgPower 0.071%** 0.039%**
(0.007) (0.007)
EduLevel 0.744%%* 0.579%*x*
(0.204) (0.185)
Constant 8.741%** 8.279%** 8.486%**
(0.001) (0.037) (0.037)
County FE Y Y Y
Year FE Y Y Y
Year FE*Region FE Y
Observations 18,737 18,737 18,737
Adjusted R-squared 0.955 0.957 0.959

Note: Robust standard errors that are clustered at county level are in parentheses; ***p <0.01, **p <0.05, *p<0.1.

project suppliers can profit from the sale of CCERs in the carbon market, thus creating an
additional poverty reduction effect.'?

In this section, we analyse whether the implementation or construction of CCER car-
bon reduction projects also has a poverty reduction effect. First, we test the parallel trend
between the treatment and control groups. As shown in Figure 2, before the implementa-
tion of the CCER project, there was no significant difference between the poverty level in
the treatment group and the control group. This indicates that the treatment and control
groups meet the parallel trend assumption. However, after the implementation of the CCER
project, the coefficients show an overall upward trend; that is, the per capita net income
of rural residents in the treatment group shows an increasing trend relative to the control
group.

Model 3 is built to test the poverty reduction effect of implementing CCER projects:

5
Rurallncome;, = ay + pProject;, + Z ViXei + 1+ 1+ € ©)
k=1

2For example, in the process of generating emission reductions and exerting carbon emission reduction effects for a CCER project
built in 2010, the emission reductions generated from implementing CCER project were not assigned a commodity value, and its
poverty reduction effect relied mainly on the government subsidies for the project; the project provided employment opportunities
and promoted industrial development, among other ways. When CCER trading was started in November 2013, the emission
reductions generated by the project were given a commodity value and could be sold to enterprises through the carbon market,
and the poverty reduction effect of CCER trading relied mainly on selling the emission reductions to enterprises, thus making
profits.
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where Project;, is a dummy variable, and Project;, = 1 if county i implements or establishes the
CCER project in year ¢, otherwise Project;, = 0.

The estimates of Model 3 are shown in Table 6. It can be seen that the poverty reduction
effect produced by implementing a CCER project is relatively weak. The coefficient on Project
is positive in Columns 1-3, but only statistically significant (at the 10% level) in Column 1.
Although we do not find the strong poverty reduction effects of carbon reduction projects
that have been found in earlier studies (Du & Takeuchi, 2019; Grover & Rao, 2020; Mori-
Clement, 2019), we do find that the implementation of CCER projects contributes to poverty
reduction. However, our analysis suggests that the trading of CCERs brings greater poverty
reduction effects than their implementation.

Existing relevant studies (Li, Zhang, et al., 2018; Zhang, Xu, et al., 2021) show that the
implementation and operation of carbon reduction projects mainly rely on financial subsi-
dies and support policies provided by the central and local governments and face problems
such as large funding gaps and ineffective implementation of subsidies. This makes it diffi-
cult for the current profit distribution mechanism of low-carbon projects to attract local
residents to participate in low-carbon poverty reduction projects such as PV power genera-
tion. In contrast, there is a strong incentive for enterprises to participate in CCER trading
due to the demand for compliance in the pilot allowance market. CCER trading can improve
the efficiency of poverty reduction and motivate project suppliers and enterprises to partici-
pate in the project, thus improving sustainability in reducing poverty. Some regions have
reported economic benefits from CCER trading. For example, the Hubei provincial govern-
ment discloses that agricultural and forestry CCERs in poor areas of Hubei province have
sold a total of 713,000 tonnes, bringing more than 7 million RMB (1.038 million USD or 1.47
million AUD) to poor areas."

Hence, compared with the effect when a CCER is traded, the poverty reduction effect of
implementing a carbon reduction project appears to be relatively weak. The key to generating
sustainable poverty reduction appears to be more associated with selling the emission reduc-
tions generated by projects than with implementing or establishing projects.

5 | CONCLUSIONS

Based on our panel data of 1782 county-level administrative regions in China from 2006 to
2017, this paper investigates the rural poverty reduction effect of Chinese Certified Emission
Reduction (CCER) trading in the carbon trading market using a difference-in-differences
model. The robustness of our results is verified using PSM-weighted DID and MDM-DID,
two placebo tests, alternative dependent variables and control group, and controlling for other
clean and low-carbon projects. We also explore the heterogeneity of the poverty reduction
effects of CCER trading in terms of four aspects: type, number, emission reduction scale and
distribution area of CCER projects. Finally, the differences between CCER trading and imple-
menting CCER projects in terms of poverty reduction effects are examined.

The main conclusions are as follows. First, CCER trading in China's carbon trading mar-
ket has achieved strong rural poverty reduction results. During the sample period, CCER
trading increased the per capita annual net income of rural residents in counties where CCER
projects are located by at least 2.5% or 187.5 RMB (about 27.8 USD or 39.3 AUD) on averagg;
this result is still valid after a series of robustness tests. Second, the rural poverty reduction
effect of CCER trading in poor counties is greater than that in nonpoor counties, increasing
the per capita net income of rural residents in poor counties by 6.2% on average. Third, there
is statistically significant heterogeneity in the effects: CCER trading of hydropower and wind

Bhttp://www.hubei.gov.cn/zwgk/hbyw/hbywqb/201909/t20190917_1412219.shtml
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power has a significant poverty reduction effect; the more CCER projects a county has, the
better the poverty reduction effect of CCER trading for the county; and the poverty reduction
effect of CCER trading is strongest in the western and central regions. However, the scale of
carbon emission reduction of the CCER project does not affect the poverty reduction effect
of CCER trading. Fourth, although both implementing CCER projects and CCER trading
are project-based, they produce different effects on rural poverty reduction. We find that the
effect of trading is stronger than the simple implementation of a CCER project.

Based on the above conclusions, this paper motivates three policy recommendations. First,
our analysis suggests that there is a great potential benefit to restarting the application of the
CCER project, which was suspended in March 2017. In fact, national carbon market docu-
ments released in China since 2021 indicate that CCER trading has been officially included in
the national carbon market,'* and CCER trading is expected to restart in 2023. We have found
that CCER trading can alleviate poverty. Hence, as the programme restarts, China should
focus on maximising its contributions to both carbon neutrality and poverty reduction.

Second, based on our heterogeneous analysis results, we believe local governments can
focus on CCER trading to maximise rural poverty reduction. For example, when constructing
CCER projects, counties should pay more attention to the number of projects than to the scale
of projects' emission reduction.

Third, we believe that China should not only focus on implementing and constructing proj-
ects but also promote the active participation of emission reductions generated by the projects
in carbon market trading. It is unclear why the moment of trading has a stronger effect than
the moment of implementation, that is a question that merits future research. It is worth noting
that after 2020, the focus of the Chinese government shifted from solving absolute poverty to
alleviating relative poverty, and work remains to expand poverty eradication and rural revital-
isation. Our results suggest that CCER trading in the national carbon market can help China
reduce rural poverty.

There is, however, substantial work to be done in the future on this topic. This paper only
considers absolute poverty measured by the per capita net income of rural residents. However,
it does not consider relative poverty that reflects inequality, such as the urban-rural gap.
Addressing relative poverty is essential for China to promote common prosperity for every-
one in long-range objectives. In particular, China's carbon pricing system may also impact
the urban-rural gap (Jia et al., 2022); thus, investigating the impact of CCER trading on the
urban—rural gap is an important issue we need to explore in future. Due to the limited avail-
ability of CCER transaction data and variables related to rural households on the county level,
it is difficult to obtain detailed transaction data for a specific CCER project and rich control
variables. As for future research, we can use more project-level transaction data to identify
the specific features of projects that lead to the greatest benefits and use richer indicators that
are more relevant to rural residents' income as control variables. Finally, understanding why
CCER trading has a stronger effect than implementing CCER projects could help find ways
for carbon reduction policies to make even stronger contributions to reducing poverty.
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“Article 29 of the Measures for the Administration of Carbon Emission Trading issued in January 2021 stipulated that key emitters
can use CCERs to offset the carbon emission allowances each year, with the offset ratio not exceeding 5% of the carbon emission
allowances. In October 2021, the Ministry of Ecology and Environment issued the Notice on the Settlement and Payment of
Emission Allowance of National Carbon Emissions Trading Market in the First Implementation Phase, which clearly states that
emission control enterprises can purchase CCERs in accordance with the relevant procedures to offset the carbon allowance.
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