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Abstract

We study the impact of China’s proactive carbon reduction actions, as marked
by the proposed Dual Carbon Targets, on the asset prices in China’s equity
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markets. Our findings indicate that the proposal of Dual Carbon Targets has
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led to significant changes in the risk-return profile of low-carbon assets, while
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We find that certain low-carbon assets exhibit significantly abnormal excess
returns after the proposal of Dual Carbon Targets. Utilizing an effective
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1. Introduction

While countries around the world are concerned about climate change and pro-
pose corresponding carbon emission reduction measures in response to the Paris
Climate Agreement, an increasing number of investors are realizing that risks
and opportunities from its systematic shifts have become apparent. China, as the
world’s largest carbon emitter and second-largest economy, has actively partici-
pated in global climate cooperation and submitted its national voluntary emis-
sion reduction targets to the Secretariat of the United Nations Framework Con-
vention on Climate Change. Consequently, tremendous investment opportuni-

ties may arise as China’s economic development mode gradually transforms into
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a low-carbon economic development model. Particularly, since General Secre-
tary Xi announced at the 75th UN General Assembly on September 22, 2020,
that “China will increase its Nationally Determined Contribution, adopt more
powerful policies and measures, strive to peak carbon dioxide emissions before
2030, and aim for carbon neutrality before 2060,” the attention of many interna-
tional investors has turned to China, which has seen significant achievements in
the new energy sector in recent years, particularly in wind and solar energy. In-
stitutional investors such as BlackRock, Aberdeen Standard, and Baillie Gifford
have already invested in China’s new energy-related industries'.

Following the proposal of the Dual Carbon Targets (DCT) by the Chinese
leader, all sectors of the government actively responded to the call by launching
a series of relevant policies and measures aimed at promoting energy conserva-
tion and emission reduction by high-carbon emissions enterprises across the
country. Appendix A lists several policy measures and events in response to the
DCT, which demonstrates the Chinese government’s efforts to promote a transi-
tion to a low-carbon development model. As financial practitioners, we have
reasons to believe that initiatives to mitigate carbon emissions in the context of
China’s Dual Carbon Target will bring new investment opportunities for inves-
tors. On the one hand, green and low-carbon firms will receive more policy
support at the national and local levels, and their eco-friendly products will be
favored by consumers, particularly those enterprises with technologies that re-
duce greenhouse gases. On the other hand, the DCT’s introduction has signifi-
cantly accelerated China’s economy’s shift towards a low-carbon model. Many
carbon-intensive firms are now exposed to more stringent policy supervision
risks (Carbone et al., 2021). Additionally, with changing investor preferences
(Giglio et al., 2021), numerous assets may face the risk of becoming stranded af-
ter revaluation (Campiglio et al., 2023). Under these circumstances, many in-
vestors urgently need to redirect their assets into low-carbon sectors to avoid or
hedge against climate risks. In this context, new investment opportunities may
arise in green and low-carbon assets. So, this paper aims to explore how China’s
stock markets respond to climate risks and examine if the DCT’s introduction
could bring new investment prospects for investors.

Our empirical findings reveal that the introduction of the DCT and the sub-
sequent series of carbon mitigation actions have not significantly changed the
risk-return profile of high-carbon assets. This indicates that investors who hold
carbon-intensive equity assets face the risk of potential asset stranding but are
not adequately compensated for the risk in China’s stock markets. Simultaneously,
we examine low-carbon assets and discover statistically significant abnormal re-
turns and an increase in their risks compared to the Pre-DCT period. This find-
ing indicates the possibility of a “green premium” existing in China’s equity
markets. Finally, to further investigate how investors could manage climate transi-

tion risks, we utilize the effective portfolio technique. Our findings indicate that

Thttps://www.cs.com.cn/xwzx/hg/202103/t20210303_6143146.html.

DOI: 10.4236/0jbm.2023.116175

3214 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2023.116175
https://www.cs.com.cn/xwzx/hg/202103/t20210303_6143146.html

Z.W.Yu

amid the Chinese government’s proactive efforts to mitigate carbon emissions,
an efficient portfolio will increase allocation towards low-carbon assets to achieve
higher portfolio returns. This finding implies that portfolio decarbonization can
contribute to investors in response to climate transition risks.

This paper contributes to the existing literature in two aspects. Firstly, this
paper supplements previous empirical research on financial markets’ responses
to the low-carbon transition, as well as the empirical evidence of green pre-
miums in China’s equity market. Our findings can help investors in assessing
portfolio decarbonization risks in China’s stock markets, and provide valuable
insights for individual investors, fund managers, and institutional investors to
comprehend the current changes in the risk-return profiles of high-carbon and
low-carbon assets.

Secondly, we study the impact of proactive carbon emission reduction policies
implemented by the Chinese government on the risk-return profile of high- and
low-carbon assets. Our findings provide empirical evidence for policymakers to
evaluate the impact of past carbon mitigation actions in the financial market and
contribute to the follow-up of policies by policymakers to support a sustained
and steady transition toward a low-carbon economy. Finally, our findings imply
that China’s economy is presently in the process of transitioning to a low-carbon
economy, necessitating policymakers to strengthen supervision of low-carbon
related sectors to prevent the emergence and bursting of a “green bubble” during
this process.

The remaining content in this paper is structured as follows: Section 2 presents
a review of the related literature, while Section 3 details the methodology. Sec-
tion 4 outlines the data and preliminary analysis, followed by Section 5 which
presents the empirical results. Finally, Section 6 concludes and provides a brief

discussion of the results.

2. Related Literature

The literature that closely relates to our research can be divided into three as-
pects. The first aspect is about the responses of financial markets to the low-carbon
transition, i.e., the ongoing debate around the carbon premium and the green
premium. The second is the application of portfolio analysis methods in the
process of discovering and evaluating these premiums. The last is a brief over-
view of the event study methodology.

Firstly, the question of how financial markets react to the low-carbon transi-
tion is currently a topic of debate among scholars, with two prevailing views: the
carbon premium and the green premium. According to Bolton and Kacperczyk
(2020), investing in carbon-intensive assets can achieve higher returns. This view
is referred to as the “carbon risk premium” or “carbon premium” (Daumas,
2021), which suggests that the current financial markets have effectively priced
carbon emission risks. However, Gorgen et al. (2020) argue that investing in

low-carbon assets can yield higher returns instead. This view can be referred to
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as the “green premium” (Daumas, 2021) or “low-carbon premium” (Bernardini
et al., 2021; Duan et al., 2020) and implies that current financial markets are in-
efficient and mispriced when it comes to assets related to climate risks (Daumas,
2021).

The “Carbon premium” view holds that investors are at least partly factoring
in the risks associated with compensating for fossil exposure by demanding
higher premiums when purchasing assets (Daumas, 2021). Many scholars have
offered explanations for the existence of carbon premia on companies with high
carbon emissions, including the risk of asset write-downs (Bernardini et al.,
2021), the threat of technology substitution from clean energy enterprises (Bol-
ton & Kacperczyk, 2020), and the risk of cash flow constraints (Zhang & Gre-
gory-Allen, 2018). Empirical evidence supporting the carbon premium argu-
ment shows that firms with greater total carbon emissions tend to yield higher
returns, as found by (Bolton & Kacperczyk, 2020, 2021).

However, the “Green premium” view argues that, on average, low-carbon as-
sets generate superior investment returns compared to high-carbon assets (Ra-
vina & Hentati Kaffel, 2019). Thus, investors may earn higher returns by holding
more low-carbon assets. Existing empirical testing of the green premium view
can be classified in two ways. The first way involves examining market ineffi-
ciencies: low-carbon portfolios evaluated with classical asset pricing models
outperform the market portfolio and exhibit saliently positive intercept terms
(“alphas”), as shown by studies from Cheema-Fox et al. (2019), Lautsi (2019),
and Daumas (2021). The second way involves adding factors related to carbon
emissions based on mimicking portfolio analysis methods, which eliminates the
significance level of the aforementioned “alpha” term and thus verifies the exis-
tence of the green premium. In previous literature, scholars have confirmed the
existence of the green premium by constructing carbon-emission-related factors,
such as the efficient-minus-inefficient factor (In et al., 2017), the brown minus
green factor (Gorgen et al., 2020), and the low-carbon portfolio minus high-carbon
portfolio factor (Bernardini et al., 2021).

Secondly, in the process of discovering and evaluating the carbon premium
and green premium, scholars have used various portfolio analysis methods. They
constructed different investment portfolios to compare the average investment
returns of high-carbon and low-carbon assets. Appendix B summarizes several
previous main findings on the carbon premium and green premium in the cli-
mate finance field that employ various portfolio analysis methods.

Thirdly, scholars always use the event study approach to analyze the effects of
green and low-carbon announcements, policies, and major events on the stock
markets (Pham et al., 2019; Ramiah et al., 2016; Ramiah et al., 2013). It is worth
noting that the event study method we refer to is that employs dummy variables
in regression models, which is based on the Chow test (Chow, 1960). Monaste-
rolo and de Angelis (2020) improve this approach and examined the stock mar-
ket’s response to carbon emission risks from the investor’s perspective, and find

that investors increasingly view low-carbon assets as attractive investments.
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To the best of our knowledge, previous literature has not studied the impact of
DCT on the pricing of financial assets and how investors respond to climate
transition risks in the context of the DCT. In this paper, we contribute to filling
this knowledge gap by studying with the perspective of the event study, i.e. add-
ing a dummy variable to the robust financial asset pricing models to measure the
impact of DCT on asset pricing. Moreover, with the efficient portfolio analysis
approach, this paper explored how investors make scientific investment deci-
sions in order to manage the climate transition risks against the backdrop of the
DCT.

3. Methodology

3.1. Asset Pricing Analyses: Exploring Whether the Introduction
of the Dual Carbon Targets Has Changed the Risk-Return
Profile of Assets

We first use the following extended market model to explore the impact of the
DCT and subsequent proactive carbon reduction actions on the risk-return pro-

file of assets:
Yite =9 +u,d, +Biym,t +Yiym,tdt +& (1)

where 'y, is the portfolios i excess return at period 4 Y, is the market excess
return in period 4 g, is an ii.d. error term with E(‘Si't ) =0. d, isthe dum-
my variable, which assigns the value of 1 after the announcement of the DCT,
otherwise is 0.

Next, to further verify the variations of risk-return profiles of different indices
after the DCT was proposed, we apply the Fama-French five-factor model (Fama
& French, 2015).

Yie =0 +u,d, +Biym,l +Yiym,tdt +5,SMB, + h HML, + LRMW, +¢,CMA + &, ()

where y,, and y_ . represent the excess returns of portfolio /and the market,
respectively, in period # d, is the dummy variable. In addition, SMB is the size
factor, HML is the value factor, RMW is the profitability factor, and CMA is the
investment factor, more detailed information about those factors can refer to
Fama and French’s papers (Fama & French, 1993, 2015).

Our research methodology is based on the Chow test, which allows us to eva-
luate the presence of a structural break within a given sample time period
(Chow, 1960). In this paper, we focus on the regression coefficients and signi-
ficance levels of d, and its interaction term. The intercept dummy variable
(W, ) represents the mean change in the abnormal return of portfolio 7 after the
DCT was introduced, and the slope dummy variable (y; ) denotes the overall al-
teration in the systematic risk of portfolio 7after the DCT was proposed.

Finally, we acknowledge the well-known statistical limitations of the CAPM
framework (Sharpe, 1964) and the regression models employed in our study.
These limitations stem from assumptions such as the absence of autocorrelation,

independence between the market index regressor and the stochastic compo-
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nent, and the hypothesis of homoskedasticity (Monasterolo & de Angelis, 2020).
To address these concerns, we introduce Heteroskedasticity and Autocorrelation
Consistent (HAC) standard errors to interpret possible autocorrelation and he-
teroskedasticity (Andrews, 1991; Zeileis, 2004, 2006).

3.2. Portfolio Analysis: How Should an Effective Investment
Portfolio Adjust Its Asset Allocation in the Context of the Dual
Carbon Targets?

We first construct efficient portfolios and compare the alteration in the move-
ment of the portfolio’s efficient frontier before and after the DCT period. Next,
we apply the global minimum variance (GMV) portfolio strategy to gain how
could an efficient portfolio re-adjust its asset allocation in the context of the
DCT, by comparing the changes in the weights of high- and low-carbon assets in
the GMV portfolio before and after the proposal of the DCT. More formally, we
define the weights in the GMV portfolio as a vector w™ such that

minw'Zw, (3)

w

Restricted by the following conditions
IRUEEE @

where wis an n-dimensional vector of portfolio weights, ¥ denotes the cova-
riance matrix of the returns on the n indices in the GMV portfolio. In addition,
the constraint of Equation (4) excludes the possibility for investors to hold short
positions in the GMV portfolio.

The reason why we employ the global minimum variance portfolio strategy is
that it can circumvent the extreme sensitivity of the portfolio weights in tradi-
tional Markowitz optimization to the estimation error of the expected return
(Best & Grauer, 1991; Bodnar & Schmid, 2008; Chopra & Ziemba, 2013; Marko-
witz, 1952). Wied et al. (2013) proposed a solution utilizing the GMV portfolio
at the leftmost point of the mean-variance efficient frontier, which has the
unique attribute of not requiring any expected return input. Bodnar and Okhrin
(2013) conducted a study on whether investors could utilize the GMV portfolio
and found that investing in the GMV portfolio is statistically feasible for inves-
tors with a wide range of risk aversion coefficients.

In terms of carbon emissions, we believe that there is a strong correlation be-
tween high-carbon (low-carbon) assets and similar high-carbon (low-carbon)
assets. Moreover, to circumvent the impact of erroneously estimated expected
returns on traditional Markowitz optimization, we argue that opting for the
GMYV portfolio analytical technique is a more suitable approach for our study
than choosing the optimal portfolio.

4. Data and Preliminary Analysis
4.1. Data

Since there is currently no standardized classification system for “high-carbon”
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and “low-carbon” sectors in China, and detailed carbon emission data for listed
companies is still unavailable, we employ Monasterolo and de Angelis’ (2020)
approach to proxy high-carbon and low-carbon emissions intensity asset classes
using index assets and distinguish them according to keywords. For the selection
of the high- and low-carbon indices, we select them by the keywords inputted in
Wind and the CHINA SECURITIES INDEX website?.

Regarding the high-carbon indices, we select the industry index according to
the keywords, like “coal”, “oil & gas”, “energy”, and “steel”, and select the repre-
sentative industry index within high carbon emissions in combination with the
White paper on China’s Policies and Actions on Climate Change’. As to the
low-carbon indices, there are few eligible indices when we apply keywords such
as “low carbon”, “new energy”, and “ESG & environmental” to select the indus-
try index. Thus, we use these keywords to select theme indices related to low-carbon
to proxy low-carbon assets. We selected five representative high- and low-carbon
indices, respectively. Appendix C lists the index we choose and its representa-
tive industry or theme.

We access daily frequency data of these indices and the risk-free return data
from the RESSET database, covering the period from January 1, 2016 to October
29, 2021* Furthermore, we collect the data of Fama-French’s five factors from
the CSMAR database.

4.2. Preliminary Analysis

Figure 1 shows the Pearson correlation plots of high- and low-carbon indices
before and after the introduction of DCT. We discover that the correlation be-
tween high-carbon indices and low-carbon indices has decreased since the DCT
was proposed.

Table 1 shows the results of statistical analysis for low carbon and high car-
bon indices. As to high-carbon indices, there is no obvious impact on their mean
return since the DCT was introduced, but the standard deviation of almost all
indices has changed significantly since the DCT was introduced. Regarding
low-carbon indices, we note that after the DCT was proposed, three low-carbon
indices show prominent differences in the mean at least at the 10% significance
level. Moreover, these indices also show that the Post-DCT period standard dev-
iation is significantly different compared to the Pre-DCT period standard devia-

tion.

5. Results

5.1. The Impacts of Carbon Reduction Actions on High-Carbon
Assets

Table 2 reports the changes in the risk-return profile of five selected representa-

tive high-carbon indices. The left panel A reports the results of the extended

2See https://www.csindex.com.cn/#/indices/family/list.
3See https://www.mee.gov.cn/zcwj/gwywij/202110/t20211027_958030.shtml.
“Data from RESSET (https://www.resset.com/) database.
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Table 1. Preliminary analysis considering the different categories of indices.

Before the DCT After the DCT
Names Class

Mean Stddev  Sharpe Mean Stddev  Sharpe
SSE Energy Index HC —0.0003 0.0139 -0.0701 0.0011  0.0204***  0.1410
CNI Oil & Gas Index HC —0.0006 0.0125 -0.1134 0.0010 0.0174*** 0.1383
CSI All Share Electric Utilities Index HC -0.0004 0.0111 -0.0811 0.0017  0.0267***  0.1533
CSI Coal & Consumable Fuels Index HC -0.0002 0.0181 —-0.0400 0.0011  0.0218*%*  0.1945
CSI Steel Index HC —0.0004 0.0166 —0.0662 0.0011  0.0165%**  0.1369

CSI China Mainland Low Carbon Economy Index LC 0.0001 0.0146  —0.0007  0.0027* 0.0219***  0.3378

CSI New Energy Index LC 4.00E-05 0.0171 —-0.0062  0.0031* 0.0247*** 0.3674

CNI ESG 300 Index LC 0.0003 0.0133 0.0272 0.0003 0.0122 0.0421

CSI Atmospheric Protection Index LC  -0.0006 0.0178 -0.0949  0.0003 0.0176*  0.0267

CSI Environmental Protection Industry Index LC  -0.0002 0.0157 —0.0498 0.0024** 0.0206*** 0.3112

Notes: The sample data covers the period from January 1, 2016 to October 29, 2021. Where the DCT denotes the Dual Carbon
Targets that were announced on September 22, 2020. “Mean” and “Std dev” denote the daily mean return, the standard deviation
for the index in the period before the DCT was proposed, and after it. The asterisk in the mean column denotes the significance
level of the two-sample t-test for the sample means before and after the DCT was proposed. The asterisk in the “Std dev” column
indicates the significance level of the test of Levene’s Test for the variance on the sample variances before and after the DCT was
proposed. Respectively, “***” denotes significance at 1% level; “**” denotes significance at 5% level; “*” denotes significance at
10% level.

Table 2. Changes in risk-return profiles of high-carbon assets.

Panel A Panel B
Names
~ A s i p2 - A - i p2
o M Bi i AdjR 0 M Bi Ti Adj.R
SSE —0.0004 0.0012  0.9753*** —0.0814 —0.0004*%*  0.0009 1.0487*** 0.0018
0.52 0.74
EnergyIndex  (0.0002)  (0.0011) (0.0229)  (0.1138) (0.0001)  (0.0007) (0.0183)  (0.0745)
CNI Oil & —0.0006**  0.0014 0.8417*** —0.0926 —0.0007%**  0.0012 0.8668*** 0.0299
0.50 0.64
GasIndex  (0.0002)  (0.001)  (0.0236)  (0.116) (0.0002)  (0.0008)  (0.0209)  (0.0914)
CSI All Sh
ARSNATE ) 0004%¢  0.0013  0.81410%* —0.1814* ~0.0005°* 0.0013  0.7700**  0.0593
Electric Utilities 0.55 0.65
ndex (0.0002)  (0.001)  (0.0226)  (0.0963) (0.0001)  (0.0008) (0.0198)  (0.0802)
CSI Coal &
—0.0002 0.0016 1.1635%**  —0.0616 —0.0001 0.0012 1.2293%** 0.1126
Consumable 0.44 0.64
(0.0003) .0014) (0.0274)  (0.1367) (0.0003)  (0.0009) (0.0275)  (0.0948)
Fuels Index
—0.0004 0.0012 1.1089***  —-0.1076 —-0.00029 0.0008 1.1095%**  0.08355
CSI Steel Index 0.51 0.66
(0.0003) 0.0012) (0.0285)  (0.1485) (0.00025) (0.00096) (0.0263) (0.1024)

Notes: The left panel A shows the regression results using the extended market model. The right panel B shows the regression
results using the Fama-French five-factor model. In addition, HAC robust standard errors in parenthesis. “***” denotes signific-

€y

ance at 1% level; “**” denotes significance at 5% level; denotes significance at 10% level.
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Figure 1. Pearson correlation coefficients plots. (a) Pre-DCT; (b) Post-DCT.
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market model, and the right panel B shows the results of the Fama-French
five-factor model. For brevity, we only report a few key coefficients.

As to high-carbon indices, we find that the estimated results of [i; and 7,
in Table 2 are not significant for any index, at least at the 5% significance level.
This means that the introduction of the DCT and its related policy measures do
not substantially alter the risk-return profile of the high-carbon assets in Chinese
stock markets. Regarding the reasons why the risk-return profile of high-carbon
assets does not experience significant changes, we propose three possible expla-
nations.

Firstly, power companies and energy companies are often in high-carbon
emission industries, and their demand price elasticity is weak. Therefore, these
companies can offset the adverse effects of related policies by raising prices to
pass on the additional costs of the policies to consumers (Ramiah et al., 2013).
Secondly, considering the actual situation in China, where many large-scale
electric utilities and energy companies are state-owned (Zhang & Gregory-Allen,
2018), we speculate a more possible reason is that the Chinese government has
provided subsidies or credit support to high-carbon emission enterprises as part
of their active efforts to promote energy conservation and carbon emissions re-
duction. Thus, the adverse effects of carbon reduction policies on these enter-
prises could be offset. Finally, according to Giglio et al. (2021) and Semieniuk et
al. (2021) reviews, we believe that the risk-return profile of the high-carbon as-
sets didn’t change, which may be due to current investors’ insufficient under-

standing and response to carbon risks (Duan et al., 2020).

5.2. The Impacts of Carbon Reduction Actions on Low-Carbon
Assets

Table 3 reports the changes in the risk-return profile of five selected representa-
tive low-carbon indices. Panels A and B report the results of the extended mar-
ket model and the Fama-French five-factor model respectively.

Regarding the return profile changes shown in Table 3, we discover three in-
dices (CSI China Mainland Low Carbon Economy Index, CSI New Energy In-
dex, and CSI Environmental Protection Industry Index) in both Panel A and
Panel B that show positive and significant [i, estimates at the 5% significance
level. Furthermore, it is noteworthy that the @, estimators for these indices
were insignificant. This indicates that before the introduction of the DCT, none
of these indices had any noticeable abnormal returns. The introduction of the
DCT, along with relevant policies and measures subsequent, has resulted in
low-carbon indices showing stable and positive abnormal returns. We define the
positive abnormal returns on low-carbon assets as low-carbon abnormal returns
(LCARs).

We argue that the LCARs shown in low-carbon assets can be attributed to the
DCT and the series of related policies that followed its introduction. First, as the

government’s policies have tilted towards the low-carbon field, the resistance in
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Table 3. Changes in risk-return profiles

of low-carbon assets.

Panel A Panel B
Names
. n “ ., A “ ~ L)
;i i Bi Yi Adj.R o Hi Bi Yi Adj.R
CSI China
Mainland Low 5E-05 0.0022**  1.0651*** 0.3695*** 0.00013  0.00216** 0.94167*** 0.37463***
0.632 0.720
Carbon Economy (0.0002)  (0.0011)  (0.023)  (0.127) (0.00018) (0.00093) (0.01842) (0.09721)
Index
CSI New Energy  1E-05 0.0026**  1.2197*%%* (.3913**%* 0.00021 0.0025%*  1.0467*** 0.48165***
0.615 0.725
Index (0.0003)  (0.0012)  (0.0275)  (0.1423) (0.00021) (0.00107) (0.02035) (0.11256)
CNI ESG 300 0.0002**  —0.0003 1.0676*** 0.1345*** —0.00001 —0.00016 1.02657*** 0.03886
0.914 0.935
Index (0.0001)  (0.0004) (0.0114)  (0.0395) (0.0001)  (0.00027) (0.01063) (0.03077)
CSI Atmospheric —0.0006* 0.0006 1.1474*%%*  —0.2282* —0.00066** 0.00077 0.95998*** 0.20461**
. 0.532 0.707
Protection Index  (0.0004)  (0.001)  (0.0319)  (0.1256) (0.00028) (0.00075) (0.02308) (0.09024)
CSI
Environmental —0.0003  0.0023** 1.1594*%* (.2288** —0.00013 0.00218** 0.98526*** 0.38***
. 0.673 0.787
Protection (0.0002)  (0.001)  (0.0218)  (0.1138) (0.00014)  (0.0009) (0.01667) (0.09431)

Industry Index

Notes: The left panel A shows the regression results using the extended market model. The right panel B shows the regression

results using the Fama-French five-factor model. In addition, the value in parenthesis is HAC robust standard errors. “***” de-

notes significance at 1% level; “**” denotes significance at 5% level;

[}

denotes significance at 10% level.

the business process of enterprises was reduced, and the non-operating costs of
the low-carbon enterprise are lowered. Second, these enterprises with low-carbon
properties can obtain more subsidies related to green and low-carbon develop-
ment from the government or credit support from banks to a certain extent.
(E.g., in Appendix A, the People’s Bank of China proposed to tilt more financial
resources toward green and low-carbon sectors on March 21, 2021). Third,
against the backdrop of the government’s proactive carbon reduction, consum-
ers will increase demand for green and low-carbon products, which could pro-
mote the development of low-carbon companies. Finally, investors become op-
timistic about the prospects of green, low-carbon, and new energy-related com-
panies, and the increasing investment demand drives asset prices to rise.

With regard to the risk profile changes for low-carbon indices, we note that,
overall, the ¥, estimators for low-carbon indices are positive and significant.
This suggests that the investment risks in low-carbon assets have increased since
the introduction of the DCT. As for its causes, we propose two possible explana-
tions. First, the bankruptcy rate of green low-carbon companies is high, and the
development of the low-carbon sector has largely been driven by the support of
central or local government policies in the past. However, uncertainty remains
in the stock market regarding whether government policies will continue to fa-
vor low-carbon industries in the future. Second, there may be a risk of the asset
bubble in green and low-carbon assets. Semieniuk et al. (2021) indicate in their

review that according to Schumpeter’s theory, the structural change risks of the
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financial sectors mainly originate from sunrise industries, i.e., the emerging
low-carbon sectors. As the Chinese economy transitions towards low-carbon,
the green low-carbon industries will evolve into emerging sunrise industries,

thereby posing a risk of a “green bubble”.

5.3. GMV Portfolio Analysis: Shall We Implement the
Decarbonization Portfolio Strategy?

5.3.1. The Evolution of the Efficient Frontier

Figure 2 shows the efficient frontier of our efficient portfolio constructed using

the indices we selected. We divide the efficient frontier into a Pre-DCT efficient

frontier and a Post-DCT efficient frontier according to the introduction of the

DCT. By comparison, we can infer the efficient frontier in the Post-DCT period

has an upward movement relative to that in the Pre-DCT period.

Efficient Frontier
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Figure 2. A comparison is made between the efficient frontier before and after the DCT
was introduced. The efficient frontier of the efficient portfolios, consisting of the same
indices, moved after the introduction of the DCT, which resulted from the re-optimization
of Markowitz’s portfolio. (a) Pre-DCT; (b) Post-DCT.
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Firstly, starting from the GMV portfolio point at the beginning of the efficient
frontier, we can observe that the overall return of the efficient frontier, which
consists of the same indices, is higher in the Post-DCT period than in the
Pre-DCT period. Secondly, we can compare the portfolio returns on portfolio
variance between 1.10 and 1.30 in the period before and after the DCT was pro-
posed. We can find that in the Pre-DCT period, the maximum return for effi-
cient portfolios is not exceed 0.04. However, in the Post-DCT period, the mini-
mum return for efficient portfolios has surpassed 0.05. This indicates that after
the DCT was proposed, the risk-return profile of certain assets changed, as we
assessed in the asset pricing analyses above. Therefore, efficient investment
portfolios need to readjust the asset weights in portfolios in order to still gain the

highest return in the same risk status”.

5.3.2. The Evolution of Asset Weights in the Global Minimum Variance
Portfolio

Figure 3 shows the proportion of different indices in the GMV investment
portfolio for the sample period before and after the DCT was proposed. We note
that the weights of low-carbon assets increase remarkably in the Post-DCT pe-

riod. Overall, the percentage of low-carbon assets surge from zero to 63.96% of

100%

5.17%
CSI Environmental Protection
90% Industry Index
CSI Atmospheric
80% Protection Index
CNI ESG 300 Index
70%
73.23% 58.79% CSI New Energy Index
60%
CSI China Mainland Low
50% Carbon Economy Index
CSI Steel Index
40%
0.30% CSI Coal &Consumable
30% Fuels Index
18.94% CSI All Share Electric
20% Utilities Index
# CNI Oil&Gas Index
10%
u SSE Energy Index
0%
Pre-DCT Post-DCT

Figure 3. Changes in indices weights in the GMV portfolio before and after the DCT was
introduced. Assets in the high-carbon class are represented by brown dots while assets in
the low-carbon class are represented by green lines.

We realize that each policy after the DCT proposal may have a different impact on the risk-return
profile of different assets in the portfolio, which in turn will cause the portfolio to adjust dynamically
accordingly. However, our target is to identify the overall adjustment trend of the efficient portfolio
in the context of a series of policy measures implemented during the sample period following the
DCT proposal. Therefore, we assume that there is only one efficient portfolio adjustment during the
post-DCT sample period to ascertain the long-term adjustment trend of the efficient portfolios.
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the total assets in the Post-DCT period. This indicates that if investors aim to
implement an efficient investment portfolio strategy to earn higher investment
returns in the context of the DCT, they should consider increasing the weight of
low-carbon assets in their investment portfolio.

To sum up, we argue that investors can apply a decarbonization portfolio
strategy to earn higher investment returns by reallocating their portfolios and
assigning greater weight to the low-carbon assets, against the backdrop of the
Chinese government’s proactive actions to reduce carbon emissions.

To solve the potential concern that the weight changes of low-carbon assets
may be determined by the CNI ESG 300 index, we remove this index and
re-constructed the portfolio with the remaining indices. Then, we re-examine
the weight changes of high-carbon and low-carbon assets before and after the
introduction of the DCT. This finding was reported in Appendix D and we ar-

gue our conclusion still holds.

5.4. Robustness Checks

In this section, we provided supplementary analyses aimed at verifying the ro-
bustness of our findings over the sample period. These included efforts to ac-

count for the impact of the pandemic and firm-level portfolio analysis.

5.4.1. Containing the Influence of the COVID-19 Pandemic

As our sample period cover the period of the COVID-19 pandemic, the reliabil-
ity of our findings may be impacted. We attempt to take the pandemic into the
Fama-French five-factor model to control the pandemic to solve this concern.
We use the daily new confirmed cases in China as a proxy of the pandemic, and
get this data from the R package of nCov2019° (Wu et al., 2021). After we apply
the log first-order difference on pandemic data for stationary, the starting date of
the pandemic data was January 23, 2020. We take that date as the occurrence
point of the pandemic, and the missing data of the pandemic before that day
were filled with zeros, indicating that the pandemic had not yet occurred. More
specifically, we apply Equation (5) to regress and report the results in Table 4.

Yie =04 +1dy +Bi Yo + iV dy + 5SMB, + HML, + LRMW,

5
+C,CMA + m,Pandemic +¢; , (5)

In Table 4, we observe that the regression results for the dummy variables do
not substantially differ from the results shown in Table 2 and Table 3. This im-

plies that our previous findings are robust and not affected by the pandemic.

5.4.2. Firm-Level Portfolio Analysis

We select high-carbon (brown) stocks and low-carbon (green) stocks according
to the keywords we used to select indices and combine the company’s main
business. We exclude the service sectors such as finance, tourism, and retail to

select a total of 28 representative stocks covering power, fossil energy, new energy,

%See https://github.com/YuLab-SMU/nCov2019/.
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Table 4. Changes in risk-return profiles of high- and low-carbon assets after controlling the pandemic.

Names

SSE Energy Index

CNI Oil &Gas Index

CSI All Share Electric
Utilities Index
CSI Coal & Consumable
Fuels Index

CSI Steel Index

CSI China Mainland Low
Carbon Economy Index

CSI New Energy Index

CNI ESG 300 Index
CSI Atmospheric
Protection Index

CSI Environmental
Protection Industry Index

Class

HC

HC

HC

HC

LC

LC

LC

LC

LC

I N ~ ~ -2
Q; ;i B; Yi U Adj.R
—0.00049*** 0.00098 1.04953%** 0.00166 0.01026
0.747
(0.00019) (0.00071) (0.01822) (0.07456) (0.00662)
—0.00076*** 0.0013 0.86749*** 0.02979 0.00916
0.641
(0.0002) (0.0008) (0.02102) (0.09154) (0.00596)
—0.00057*** 0.00136 0.76999*** 0.05935 —0.00061
0.652
(0.00016) (0.00085) (0.01995) (0.08031) (0.00621)
—0.00021 0.00127 1.23086%** 0.11226 0.02115**
0.650
(0.0003) (0.00097) (0.02716) (0.09481) (0.00919)
—0.00031 0.00081 1.11036%** 0.08334 0.01078
0.661
(0.00025) (0.00096) (0.02651) (0.10241) (0.01248)
0.00009 0.00218** 0.94397*%** 0.37402**%* 0.03144
0.720
(0.00018) (0.00093) (0.01844) (0.09733) (0.02883)
0.00017 0.00252%* 1.04883*** 0.48109**%* 0.02925
0.725
(0.0002) (0.00108) (0.02084) (0.11274) (0.02984)
—0.00001 —0.00016 1.02625%** 0.03895 —0.00432
0.935
(0.0001) (0.00027) (0.01057) (0.03075) (0.00692)
—0.00069** 0.00079 0.96143*** 0.20423** 0.0198
0.707
(0.00027) (0.00075) (0.02312) (0.09025) (0.03466)
—-0.00013 0.00218** 0.98537*** 0.37997**%* 0.0015
0.786
(0.00014) (0.0001) (0.0167) (0.09436) (0.01349)

Notes: “HC” means high-carbon asset classes and “LC” means low-carbon asset classes. HAC robust standard errors in parenthe-

sis. Respectively, “***” denotes significance at 1% level; “**” denotes significance at 5% level;

v}

denotes significance at 10% level.

and pollution abatement sectors, including 14 high-carbon and 14 low-carbon
stocks. The details of those companies are in Appendix E. Next, we access daily
return data from the CSMAR database for each stock from January 2016 to April
2022 and remove all missing values. To mitigate the potential impact of the cor-
relation in carbon emissions among these assets on portfolio optimization and
align with the preceding analysis and align with the preceding analysis, we con-
tinue to utilize the GMV portfolio analysis technique. Figure 4 presents the
weights of individual stocks in the GMV portfolio before and after the DCT was
proposed.

As shown in Figure 4, the weight of all low-carbon (green) stocks in the over-
all portfolio increased from 49% before the DCT period to 68% after the propos-
al of DCT. This indicates that the adjustment strategy of the GMV portfolio,
which represents efficient portfolios, increases the proportion of low-carbon as-
sets in the entire portfolio after the DCT was introduced. Thus, according to the
results of the firm-level portfolio analysis, an efficient portfolio should increase
the allocation of low-carbon assets to cope with climate transition risks in the

context of the DCT. This implies that our previous conclusion still holds.
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Technology (LC)
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Figure 4. This figure displays changes in the weight of individual stocks within the GMV portfolio, with
green or near-green hues indicating low-carbon stocks and brown or near-brown hues indicating high-carbon
stocks. (a) Pre-DCT; (b) Post-DCT.
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6. Conclusion

The response of financial markets to the low-carbon transition varies across
countries depending on unique characteristics, sensitivity, and historical period,
which is an open and interesting question for current and future research. This
study examines how China’s equity investors can adjust their portfolios to man-
age climate transition risks against the backdrop of China’s proactive carbon mi-
tigation efforts. To precisely define China’s proactive carbon reduction efforts,
we use the Dual Carbon Targets proposal as a symbolic starting point. Based on
robust asset pricing models, we introduce the dummy variable to evaluate the in-
fluence of the Dual Carbon Targets and subsequent relevant policies on the
risk-return profiles of high-carbon and low-carbon assets. Finally, we utilize the
global minimum variance portfolio technique to compare the weight changes of
high-carbon and low-carbon assets before and after the introduction of the Dual
Carbon Targets, to ascertain an effective portfolio strategy for coping with cli-
mate transition risks.

This paper draws two main conclusions. Firstly, the risk-return profile of
high-carbon assets has not shown significant changes in light of China’s proac-
tive measures to reduce carbon emissions. This implies that investors holding
carbon-intensive assets under the current Chinese government’s carbon mitiga-
tion efforts may be exposed to potential stranded risk (Daumas, 2021) in the fu-
ture, without being compensated for this risk through the so-called “carbon
premium”, at least for the time being. Secondly, in the context of China’s proac-
tive efforts to reduce carbon emissions, low-carbon assets show positive abnor-
mal returns while their risks simultaneously increase. This indicates that the
green premium or low-carbon premium exists in the Chinese equity market,
thus investors who hold more low-carbon assets are more likely to achieve high-
er investment returns.

Our findings indicate the existence of a green premium in China’s stock mar-
ket, which suggests that climate change risks are currently a concern for numer-
ous investors. This discovery aligns with prior studies, such as Ardia et al. (2022),
Faccini et al. (2021), and Pastor et al. (2021a) they show that with climate-related
policies releasing and climate concerns increasing, green or low-carbon assets
can provide higher investment returns for it can hedge climate risks and meet
investors’ tastes. Although we believe that gradually shifting assets to low-carbon
sectors is a new investment opportunity to achieve higher revenue until the
equilibrium (Pastor et al., 2021b) is reached, we also acknowledge our concern
about the possibility of bubbles forming in certain green assets due to the rising
risks.

Our study still has several remaining limitations, one of which is that the cur-
rent approach of using keywords is only applied for assets in industries with very
high or very low carbon emissions or intensive sectors, but may not be suitable
for assets in the medium zone of carbon emissions regarding climate risk pric-

ing. Furthermore, achieving the Dual Carbon Targets will require decades of ef-
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fort. The response of China’s stock markets to climate risks may evolve in stages
as the economy gradually transitions towards a low-carbon economy. This paper
just represents an early attempt to explore the response of China’s stock markets
to climate risks against the backdrop of the Dual Carbon Targets. In order to
understand how China’s stock markets respond to climate risks and determine
effective measures for investors to manage climate risks at various stages of the

low-carbon transition, much more research needs to be conducted in the future.
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Appendix
Appendix A

Series of policy measures or events in response to the “Dual Carbon Targets”.

Time

2020-10-29

2020-12-30

2021-02-01

2021-02-08

2021-02-09

2021-02-22

2021-03-15

2021-03-18

2021-03-22

2021-05-31

2021-05-19

2021-06-25

2021-07-16

2021-08-05

2021-10-13

2021-10-24

Relevant Policy or Event

“Proposal of the Central Committee of the Communist Party of China on
Formulating the Fourteenth Five-Year Plan for National Economic and
Social Development and the Vision for 2035”

Central Economic Work Conference: Do a good job of carbon peaking
and carbon neutralization

Trial operation of the Ministry of Ecology and Environment’s “Carbon
Emissions Trading Management Measures (Trial)” Ministry decree

Central Bank: gradually establish a climate and environmental
information disclosure system for financial institutions

China issues its first carbon-neutral bond

The State Council issued the “Guiding Opinions on Accelerating the
Establishment and Improvement of a Green, Low-Carbon and Circular
Economic System for Development”

Central Finance and Economics Committee meeting focuses on carbon
neutrality

Improve the carbon-neutral debt mechanism to help achieve the 30 x 60
goal

People’s Bank of China: Leverage more financial resources to lean towards
green and low-carbon industries

The Ministry of Environment issued a document to strictly control high
energy consumption, high emission projects

The Ministry of Ecology and Environment issued the “Carbon Emission
Rights Registration Management Regulations (Trial)”

Monetary Policy Committee of the People’s Bank of China: Studying the
establishment of carbon emission reduction support tools

The national carbon market officially launched the online transaction

The Ministry of Finance is leading the drafting of the “dual carbon” fiscal
support policy

Go all out to achieve the goal of carbon neutrality and no new overseas
coal power projects

Notice of the State Council on Issuing the Action Plan for Carbon
Peaking Before 2030

Note: These relevant policies and measures are derived from

[http://www.greenfinance.org.cn/more.php?cid=21]

[https://www.mee.gov.cn/zcwj/gwywij/]

[http://www.tiki-toki.com/timeline/entry/1054822/-/].

DOI: 10.4236/0jbm.2023.116175

3233 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2023.116175
http://www.greenfinance.org.cn/more.php?cid=21
https://www.mee.gov.cn/zcwj/gwywj/
http://www.tiki-toki.com/timeline/entry/1054822/-/

Z.W.Yu

Appendix B

Asset pricing applications of portfolio analysis methods in climate finance.

Author/Year/ Assets
Publication Covered fields

Hsu et al. (2021)

) All areas
Working Paper

Firms participating
in Chinese Shenzhen
Pilot ETS system

Zhang and Gregory-Allen (2018)
Theoretical Economics Letters
Firms covered by

W t al. (2020
en etal.( ) Chinese Shenzhen

E E i
fiergy Econommics Pilot ETS system
In et al. (2017) International
Association for Energy All areas
Economics (Singapore Issue)
GO t al. (2020
Orge,n etal. ( ) All areas
Working Paper
Ravina and Hentati Kaffel (2019)
. All areas
Working Paper
Cheema-Fox et al. (2019)
. All areas
Working Paper
Halcoussis and Lowenberg (2019)
The North American Journal of All areas
Economics and Finance
Monasterolo and de Angelis Renewable energy,
(2020) Ecological Economics ESG, and Fossil
Péstor et al. (2021a)
. All areas
Working Paper
Bernardini et al. (2021)
Journal of Sustainable Finance & Utilities
Investment
Reboredo and Ugolini (2022)
International Review of Financial All areas
Analysis
Boermans and Galema (2019)
All areas

Ecological Economics

G hical
eographica Analysis
coverage/

] method
Period
US Portfolio

(1990-2014)  analysis

hi
China Portfolio
(Jun. 2013- Iysis
Aug.2015) S

China Portfolio
(2013-2018)  analysis

US (Jan. 2005- Portfolio
Dec. 2015)  analysis

Global Portfolio
(2010-2018)  analysis

EU ,
Portfolio
(Jan. 2008- .
analysis
Dec. 2018)
US Portfolio

(2010-2016)  analysis

US (January 4,

Portfolio
2010-July 3, .
analysis
2017)
EU & US

(1999-2018, Portfolio
depending on analysis
stock indices)

US (Nov. 2012- Portfolio

Dec. 2020)  analysis

EU Portfolio
(2008-2016)  analysis

EU&US  Portfolio
2013-2018  analysis

Dutch Portfolio
2009-2017  analysis

Results

Pollution premium.

High-carbon firms are more exposed to
the policy regime shift risk and are
therefore expected to earn a higher
average return than low-carbon firms.

No saliently positive carbon premium.
And find a negative premium on “very
dirty” portfolios.

Carbon premium.
The carbon premium has had a steady
upward trend after 2014.

Significant abnormal returns (alpha).
Low-carbon portfolios perform
outperform high-carbon ones.

Low-carbon portfolios outperform
high-carbon portfolios.

Green premium.
Green premium is highly statistically
significant.

Significantly positive alphas were detected.
Investment strategies that aggressively
reduce carbon emissions are found to
perform better.

The low-carbon portfolio generally earns a
slightly higher rate of return than the
overall market.

Low-carbon assets become more attractive
after the Paris Agreement.

Green stocks typically outperform brown
stocks when climate concerns increase.

Significant low-carbon premium.
Low-carbon portfolios perform better than
high-carbon portfolios.

Stocks with lower exposure to transition
risk earned higher investment returns.
Stock prices do not fully capture the
potential climate transition risks.

Decarbonization portfolios have no excess
return performance.

Notes: High-carbon (low-carbon) means high (low) CO, total emissions levels or emission intensity. When we refer to the portfo-

lio analysis method, we mean the method of comparing the performance of various portfolios.
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Appendix C

The specific industry or theme can be represented by the index we choose.

R tati
Class Index name . epresentative
industry (theme)
SSE Energy Index Energy
CNI Oil & Gas Index Oil and gas
High Carbon
CSI All Share Electric Utilities Index Utility
CSI Coal & Consumable Fuels Index Coal
High Carbon CSI Steel Index Steel
CSI China Mainland Low Carbon Economy
Low carbon
Index
Low Carbon CSI New Energy Index New energy
CNI ESG 300 Index ESG
CSI Atmospheric Protection Index Air pollution treatment
Low Carbon  CSI Environmental Protection Industry Index Environmental

Appendix D

The weights of high-carbon indices assets and low-carbon indices assets in the
GMV portfolio after we removed the ESG 300 index. Assets in the high-carbon
class are represented by brown dots while assets in the low-carbon class are

represented by green lines.

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

Pre-DCT Post-DCT

11 CST Atmospheric
Protection Index
= CSI New Energy Index

= CSI China Mainland Low
Carbon Economy Index

= CSI Steel Index

# CSI Coal &Consumable
Fuels Index

. CSI All Share Electric
Utilities Index

# CNI Oil&Gas Index 26.77% 33.16%
@ SSE Energy Index

15.54%

22.96%

0.29%

73.23% 28.05%
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Appendix E

Catalogs and categories of stocks.

High Carbon

Stock name

Hunan Valin Steel

Shanxi Coking Coal

Huaneng Power
International

Sinopec

Yankuang Energy
Guanghui Energy
Conch Cement
Liuzhou Iron & Steel
China Shenhua Energy

Shaanxi Coal Industry

China Oilfield Services
PetroChina

China Coal Energy

Datang International
Power Generation

Chinese
abbreviation

L SN

L P AR

HEREE P

HEA L

JHICRENE

IR

WER B 2

SRR

BRPE I
HhfE i A

A A3

Low Carbon
Stock name Ch1n.es.e
abbreviation
Tianjin Zhonghuan
)7 £A0n8 R 4
Semiconductor
Ja Solar Technology mm R
EVE Energy feeh8 R
Beiiing Orici " ‘
eijing Originwater KA
Technology
Shenzhen Inovance § N
AR

Technology

Sungrow Power Supply FH 6 Ha 5

Wuxi Lead Intelligent ..
o e S
Equipment
CATL TR AR
Beijing Capital
NS - 2
Eco-environment Protection
Tongwei share A
China Yangtze Power KILH )
Longji Green Ener N
¥ 7
Technology
Chinese nuclear plant W E %
High-energy environment e IR
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