:' frontiers ‘ Frontiers in Environmental Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Muhammad Mohiuddin,
Laval University, Canada

REVIEWED BY

Yuhong Xu,

Soochow University, China
Yan Zeng,

Sun Yat-sen University, China

*CORRESPONDENCE
Lin Zheng,
zhenglin@mail.sdufe.edu.cn

SPECIALTY SECTION
This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

RECEIVED 11 July 2022
ACCEPTED 25 July 2022
PUBLISHED 26 August 2022

CITATION
An Q, Zheng L, Li Q and Lin C (2022),
Impact of transition risks of climate
change on Chinese financial

market stability.

Front. Environ. Sci. 10:991775.

doi: 10.3389/fenvs.2022.991775

COPYRIGHT

© 2022 An, Zheng, Li and Lin. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Environmental Science

Tvpe Original Research
PUBLISHED 26 August 2022
Dol 10.3389/fenvs.2022.991775

Impact of transition risks of
climate change on Chinese
financial market stability

Qiguang An, Lin Zheng*, Qingzhao Li and Chengwei Lin

School of Statistics and Mathematics, Shandong University of Finance and Economics, Jinan, China

Transition risks caused by climate change are becoming an important issue in
finance research. In this study, we first construct the transmission mechanism of
“climate change—-change in investor attention—financial stability” and analyze
the impact of transition risks on Chinese financial market stability. Second, we
construct a Climate Change Index (CCl). The CCl depicts changes in investors'’
attention to the transition risks of climate change based on the Baidu Index. We
also use the dynamic factor model (DFM) to construct a Financial Stress Index
(FSI) that describes the Chinese financial market stability. The FSI can also
effectively identify financial events within the sample interval. We then use the
TVP-VAR model to empirically analyze the impact of the transition risks of
climate change on Chinese financial market stability. We present the following
results: in the short and medium terms, more financial market pressure will be
caused by an increase in the CCI. In the long run, the impact of an increase in
CCl on Chinese financial market pressure is uncertain. Finally, we present
valuable countermeasures and suggestions from the different perspectives
of investors, financial institutions, and regulators.

KEYWORDS

climate change, the Baidu Index, financial stress index, dynamic factor model,
TVP-VAR model

1 Introduction

In recent years, climate change has been considered as one of the most important
factors affecting the stability of financial markets. It has received increasing attention from
the international community. Francois Villeroy de Galhau, the governor of the Bank of
France, noted that risks arising from climate change could jeopardize the role of central
banks in price and financial stability. In severe cases, these risks can even threaten the
economy of society. He named the risks caused by climate change the “green swan”. The
2019 International Monetary Fund’s Global Financial, 2005 Stability Report explored the
relationship between climate change and financial stability (IMF, 2019). In 2020, the Bank
for International Settlements reported that risks arising from climate change may have
extreme and wide-ranging impacts. Under extreme circumstances, these risks may trigger
systemic financial risks (Bolton et al.,, 2020).

Several studies have been conducted in various countries on the potential financial
risks of climate change (Wang, 2021). The Bank of England began to assess the risk
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exposure of the banking and insurance markets caused by climate
change. In addition, the BoE estimated the resilience of financial
markets to climate risk through a scenario simulation. Under the
Financial Stability Framework, the Federal Reserve announced
that it would monitor and assess the vulnerability of financial
markets to climate risks. At the 2021 Financial Street Forum
meeting, Yi Gang, the governor of the People’s Bank of China,
emphasized that “To manage climate-related transition risks, the
People’s Bank of China is organizing climate risk stress tests.
Financial institutions should actively assess and manage related
risks through environmental risk analysis”. Therefore, assessing
the impact of climate change transition risks on financial market
stability will not only help financial markets pay more attention
to transition risks, but also provide theoretical support for
financial regulatory authorities to supervise the stability of the
financial market.

In recent years, climate finance has been an important topic
in finance research. Extensive studies have been conducted by
institutions and scholars (Zhang et al., 2022). Carney divided
climate risks into three categories: physical risks, transition risks,
and liability risks (Carney, 2015). Because liability risks are often
caused by physical risks, more scholars classify the impact of
climate change on financial stability into two parts: physical risks
and transition risks (G20 Green Finance Research Group, 2017;
Chen et al,, 2021). This study divides climate risks into physical
and transition risks (Ma and Qin, 2021). Physical risks mainly
include two categories: One refers to the influence of financial
stability caused by extreme weather events such as hot waves,
floods, and earthquakes induced by short-term climate change.
The second category refers to the fundamental changes in
environmental parameters. These changes are due to long-
term changes in environmental conditions, such as average
surface temperature and sea level elevation, as a result of
climate change. Transition risks refer to changes in corporate
operation methods and asset value levels, which in turn affect
financial market stability. These changes are typically caused by
green emission reduction policies, low-carbon technologies, and
market preferences.

The impacts of climate change risks on financial markets are
as follows:

First, physical risks change investors’ attention and behavior
by impacting the operating conditions of enterprises and
financial institutions, thereby influencing the financial market
(Alfieri et al., 2016; Zanardo et al., 2019). Krogstrup and Oman
(2019) pointed out that physical risks, such as sea-level rise, will
cause real estate depreciation and increase the risk of mortgage
loan portfolios. This affects investors’ capital investment and
asset levels, leading to growing risks in real estate and banking
markets. Bernstein et al. (2019) find that investors’ attention to
global warming leads to fluctuations in property prices.
Specifically, property prices, which are under the threat of the
rise in sea level, are about 7% lower than those without threats.
Furthermore, Wang et al. (2021) found that the level of financial
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development affects the marine system. For example, in China,
the financial development of eastern and southern marine
economic circles has a more significant positive impact on
improving marine industrial efficiency.

Second, transition risks change investor attention by
triggering fluctuations in asset prices, which then affect the
stability of the financial market. Barro (2015) pointed out
negative correlations between the optimal environmental
investment level and the probability and typical size of
(2019) noted that the
uncertainty of climate-policy implementation will change the

environmental disasters. Barnett
subjective discount rate of investors and have a negative impact
on oil spot prices and the value of oil firms. Furthermore, this
increases the probability that oil reserves will become stranded
assets. Based on a new systemic risk perspective that includes
climate-policy uncertainty, Hsu et al. (2022) proved that the
implementation of policies, such as environmental penalties, will
lead to a decrease in corporate value as carbon emissions
increase. Wang and Yi (2022) pointed out that the scale of
financial industry development is positively related to
emission quantity and negatively related to emission intensity.
Given these circumstances, investors would change their
investment decisions.

From the above research, we can conclude that climate
change often affects the stability of financial markets by
changing investor attention (individual and social investors).
Many studies have found that online big data based on
keyword searches can accurately reflect changes in investors’
attention (Costola et al., 2021). Da et al. (2015) first proposed a
Google search index to represent changes in investor attention. In
China, because Baidu is the largest online search engine, the
Baidu Index is often used to measure changes in investors’
attention in the Chinese market. Yu and Zhang (2012) and
Zhao et al. (2013) used the Baidu Index to represent investor
attention and studied the impact of investor attention changes on
the Chinese stock market. Wang et al. (2018) used the Baidu
Index to analyze the link between investor attention and the
Chinese stock index futures market. Liang et al. (2022) found that
investors’ trading behavior characterized by the Baidu Index can
greatly improve the prediction accuracy of China’s gold price
volatility. Yang and Guo (2019) and Xiong et al. (2020) proposed
that the Baidu Index can effectively reflect changes in investor
attention and analyze its connection with the Chinese financial
market.

At present, monitoring and measuring the volatility of a
country’s financial market is of great significance for preventing
the occurrence of systemic financial risks. These three methods
are often used to measure fluctuations in the financial market.
The first is the signalling approach, also known as the empirical
approach, which is used to evaluate the possibility of another
outbreak of systemic risk in countries where there has already
been a financial crisis. Appropriate early warning indicators and
models were selected using this approach based on the outbreak
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of a financial crisis (Duca and Peltonen, 2011). The second
method was the model method. By establishing GARCH,
CoVaR, and other models, it predicts the possibility of
financial crisis outbreaks (Girardi and Ergiin, 2013). The third
method is the stress index method, which analyzes the financial
stress value to evaluate the financial stability level. Because China
has never experienced a financial crisis and the prediction results
of the model method will be affected by the parameter settings,
the stress index method is more suitable for measuring Chinese
financial market stability. In 2011, Illing and Liu (2006)
established a Canadian composite FSI to reflect the stability of
the Canadian financial market. Canadian FSI includes banking,
foreign exchange, bonds, and stock markets. Chinese scholars
have begun extensive research on FSI. For example, Liu and Fang
(2012) used the CDF-credit aggregate weighting method to
construct a model system for measuring Chinese FSI in four
major markets: banking, stock, foreign exchange, and insurance.
Xuand Chen (2015) adopted the CRITIC empowerment method
to measure Chinese financial stress from the banking, stock, real
estate, and external market perspectives. Based on the principal
component analysis method, Tao and Zhu (2016) constructed a
comprehensive systemic FSI including stocks, bonds, currencies,
foreign exchange, real estate, financial institutions, and
government departments. They also identified the status and
inflection points of the FSI, effectively linking macro-prudence
with micro-prudence. Li and Liang (2021) used an empirical
cumulative distribution function method to measure financial
market stability. They used daily indicator data, which, to some
extent, overcomes the lag problem of previous financial systemic
risk monitoring.

It has been documented that the mechanism of transition
risks caused by climate change affects financial stability.
However, the role of investor attention has not been
thoroughly analyzed. Moreover, the excessive adoption of
static weights in the FSI synthesis process makes it difficult to
effectively reflect the dynamic characteristics of the financial
market. Under these circumstances, the main marginal
contributions of this study are as follows. (i) Based on the
comprehensive literature on climate finance and transition
risks, we propose a transmission mechanism of “climate
change-change in investor attention-financial stability”. We
analyzed the impact of the transition risks of climate change
on financial market stability. (ii) From the perspective of
transition risks, we use the term frequency-inverse document
frequency (TF-IDF) method to analyze the text of the white paper
“China’s Policies and Actions on Climate Change”. In addition,
we combined the textual analysis results with the Baidu Index to
construct the CCI. CCI is the core variable that describes the
change in investor attention caused by transition risks. (iii) We
use DFM to construct the FSI, which includes six financial
submarkets (stocks, bonds, banking, foreign
exchange, and real estate markets). (iv) The TVP-VAR model
was used to quantitatively study the impact of climate change

insurance,
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transition risks on financial market stability. The impact of
stability includes two aspects: direction and extent.

2 Transmission mechanism

The transition risks of climate change may result in
the
enterprises, number of insurance claims, and scale of stranded

fluctuations in production and sales capacity of
assets. These changes affect investors’ attention and behavior,
which further affects financial market stability. In this study, we
the of

change-change in investor attention-financial stability” and

construct transmission  mechanism “climate
analyze the impact of transition risks caused by climate

change on financial market stability (see Figure 1).

2.1 The transmission mechanism of green
emission reduction policies to financial
market stability

To achieve the “dual carbon” goal, the Chinese government
have promulgated a series of green emission reduction policies.
Chinese regulatory agencies have also promulgated green
the of
enterprises. These policies and measures have heterogeneous

regulatory measures to guide transformation
impacts on the operational levels of different enterprises.
Furthermore, it affects the financial market and economy
(Wang et al, 2020). the
development of low-carbon the

production and operation of carbon-intensive enterprises are

For example, it promotes

enterprises. However,
under significant pressure. As one of the important reference
factors in investors’ investment processes, the rate of return has a
direct impact on investor behavior. Its fluctuation will result in a
change in investors’ behavior in financial markets, such as stocks,
bonds, insurance, and real estate, increasing pressure on the
financial system. Unlike traditional policies, which only consider
economic development, the green emission reduction policy also
considers other aspects, such as sustainable development. Hence,
implementing green policies has a more complicated impact on
the financial market.

First, under the strong support of green emission reduction
policies, new energy-related industries are key to future
digital
transformation are general trends in the industrial field.

investments. Low-carbon  innovation  and
Investors will obtain higher yields by investing in green
industries such as new energy. Thus, they buy a large number
of stocks in related industries, such as power equipment and new
energy in the stock market, resulting in an increase in their stock
prices. According to statistics, in 2011, the market value of power
equipment and new energy industry stocks rose by as much as
92.22%, ranking first in the CITIC industry. In addition, the

increasing number of carbon taxes and implementation of
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FIGURE 1

“Climate change—change in investor attention—financial stability” transmission mechanism.

carbon trading policies will also change investors’ preferences.
Under these new policies, investors would prefer stocks and
bonds issued by new energy companies, which affects the stability
of the financial market.

Second, in the process of implementing green emission
reduction policies, green bonds have attracted the attention
from a large number of many investors (Bachelet et al.,, 2019;
Gianfrate and Peri, 2019; Flammer, 2020). In 2017, the China
Securities Regulatory Commission issued the “Guiding Opinions
on Supporting the Development of Green Bonds”. In 2021, the
People’s Bank of China, the National Development and Reform
Commission, and the China Securities Regulatory Commission
jointly promulgated the “Catalogue of Green Bond Support
Projects (2021 Edition)". It further clarifies the criteria for the
identification of green bonds in China and strengthens the
supervision of green bonds. It has won a respectable
reputation. In addition, it lays a strong foundation for the
standardized development of green bonds in the future.
Moreover, more investors are attracted to investing in green
bonds. According to statistics from the People’s Bank of China,
the scale of the Chinese green bond market has expanded rapidly
in recent years. By the end of 2020, the stock of green bonds
reached 813.2 billion yuan, ranking second in the world.

Third, in the process of promoting the green emission
reduction policy, as an important part of the financial market,
the investment business in the insurance market will inevitably
be affected by transition risks. The responsibility report issued by
the Insurance Association of China emphasized that insurance
institutions should actively develop liability insurance products
in the field of environmental protection. Insurance institutions
should also increase their investment and financing support for
energy conservation, environmental protection, and new energy-
related industries. Among them, environmental pollution
liability insurance is the most relevant to a low-carbon
transition. By paying premiums to the insurer, insured
enterprises use environmental liability insurance to transfer
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the risk to the insurance company after a pollution accident.
This leads to an increase in underwriting risk in the insurance
market. Under the guidance of green emission reduction policies,
insurance institutions are gradually shifting their investment
focus from the traditional energy fields to the energy
conservation,  environmental  protection, and  cleaner
production fields. There will be more investment focused on
low-carbon sectors. Under the supervision of regulators and the
media, if insurance companies still focus on high-carbon areas in
the investment process, they will suffer reputation damage.
Therefore, investment is reduced, increasing the volatility of
the insurance market.

traditional industries

Finally, as with  high

consumption and high emissions, the steel and cement

energy

industries will be subject to stricter control during the low-
carbon transition. The Ministry of Ecology and Environment
of the People’s Republic of China issued the “Guiding Opinions
on Strengthening the Prevention and Control of Eco-
environmental Sources for High Energy Consumption and
High Emission Construction Projects”. The study emphasizes
that to achieve carbon peak and carbon neutrality goals, it is
necessary to change the development model of cement and the
other “two high” industries. This adjustment increases the cost of
the cement and other building materials. This will not only affect
its profits, but also squeeze the profits of the closely related real
estate industry. Moreover, this leads to less investment in the real
estate sector by investors and adversely affects home sales. Thus,
the real estate market is under great pressure.

2.2 The transmission mechanism of low-
carbon technologies to financial market
stability

Transition risks arising from the transition to low-carbon
technologies can also impact investor behavior, thereby affecting

frontiersin.org
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financial market stability. Low-carbon technologies are currently
divided into three main categories. The first is carbon reduction
technology. It mainly refers to the reduction in the carbon
emission level of high-energy-consuming and high-emission
industries through cogeneration and waste heat utilization.
The second is a carbon-free technology. It refers to the
development of clean energy, such as wind energy, solar
energy, biomass energy, etc., and would help in achieving the
goal of zero carbon emissions. The third is decarbonization
technology, which mainly refers to carbon capture and storage
(CCS) technology. First, CCS separates carbon dioxide from
industrial emissions. Then, it stores and transports carbon
dioxide to places isolated from the atmosphere (such as the
seabed and under-ground). During this process, the goal of
decarbonization was achieved.

Carbon reduction technologies are mainly used in high-
carbon enterprises in the low-carbon transition process.
Consider the power industry as an example: The market
installed
capacity has declined annually. The power industry is

share of Chinese traditional thermal power
actively exploring and developing new thermal power
technologies, including flue gas purification and coal
conversion. During this process, successfully transformed
enterprises continue to attract investment from investors
and obtain funds for further research and development.
They can also use funds to repay their bank loans.
Enterprises that experience failure face the risk of a large-
scale withdrawal of capital by investors. This makes it more
difficult for them to repay their bank loans. The bank market
liquidity risk increases (Delis et al., 2019).

Carbon-free technologies represented by energy vehicles
are becoming increasingly popular in the automotive
industry. Taking Tesla as an example, thanks to the
transformation dividend brought about by technological
changes, the global delivery of energy vehicles produced
by the company continues to rise. Adam Jonas, an analyst at
Morgan Stanley, expects Tesla EVs to account for 30% of the
global EV sales market by 2030. Optimistic estimates of
Tesla’s future development will attract more investors,
which is conducive to further increasing the market value
of Tesla’s stock. Moreover, thanks to the development of
carbon-free technology, Tesla Inc. Earned $1.58 billion in
revenue in 2020 alone by selling its carbon emissions shares
in the carbon trading market. This revenue is twice as much
as its annual net profit ($721 million). Tesla will further
invest in the field of new energy research and development.
This contributes to the fact that it attracts more investors
with environmental, social, and governance (ESG) concepts
in the stock market and improves its competitiveness. The
credit rating of Tesla’s corporate bonds is conducive to
increasing the yield of corporate bonds to attract more
investment. Competitiveness in the bond market has also
been enhanced.
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To date,
technology. This is considered the most effective way to slow

CCS is the representative decarbonization

global warming in the future. This huge potential has attracted
significant investments. Microsoft announced a US$ 1 billion
investment in CCS in 2020. The annual global CCS financing
amount is expected to increase by more than 118% by 2021 over
2020. This significantly enhances the market attractiveness of
listed CCS-related companies. Meanwhile, it stimulates investors
to invest heavily in the stocks of such companies. Finally, the
volatility of financial markets increases.

2.3 The transmission mechanism of
market preference to financial market
stability

First, in the low-carbon transition process, green and low-
carbon assets are increasingly favored by the market. Carbon-
intensive assets are sold on a large scale. For a long time, the impact
of the low-carbon transition process on traditional markets has not
been reflected in market valuation. Therefore, fossil fuels and other
high-carbon industries have overinvested. With the continuous
advancement of the low-carbon transition, market preferences
have gradually changed. A change in market preferences means
that consumers become more conscious of products related to
concepts such as green, low-carbon, and environmental
protection. It is becoming increasingly difficult for high-carbon
products to attract consumers. This leads to changes in low-carbon
and carbon-intensive assets. Specifically, a large number of high-
carbon and stranded assets depreciated sharply. The HSBC report
points out that investors play an important role in the development
of high-carbon industries. When pressure on high-carbon
the

allocation of funds. Thus, they can invest in green products

industries increases, investors can promptly adjust
with greater development prospects and market potential. In
the development field, changes in the direction of capital
investment lead to fluctuations in the prices of stocks and
bonds in related fields. Price volatility increases financial market
stress. However, the global distribution of fossil fuels is uneven.
The oil reserves in the Middle East are higher than those in the
Asia-Pacific region, so changes in the price of stranded assets will
have different impacts in these regions. When investors sell
stranded assets on a large scale, they trigger fluctuations in the
economic levels of the different countries. Consequently, the global
trade pattern will change, and the volatility of the foreign exchange
market will be aggravated.

With the continuous promotion of ESG investment, the
market prefers environmentally friendly and sustainable
brands. Therefore, companies with excellent ESG performance
are more likely to attract investment (Gorgen et al., 2020). This
will lead investors to invest funds in more environmentally
friendly green brands, improve their credit ratings, and help

them obtain bank loans. Simultaneously, by incorporating ESG
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TABLE 1 FSI indicator system.

Sub-market

Stock market

Bond market

10.3389/fenvs.2022.991775

Indicator

Average price-earnings ratio year-on-year growth
Shanghai Stock Exchange market capitalization (stock) year-on-year
The yield difference between 1-year AAA corporate bonds and 1-year treasury bonds

The yield difference between 1-year CDB bonds and 1-year government bonds
The yield difference between 1-year Treasury bonds and 10-years Treasury bonds

China Bond Composite Index (net worth) Wealth Index year-on-year

Insurance market

Current insurance benefit/minimum 1-year rolling time window

(Net cash inflow in the insurance market minus mean)/standard deviation

Banking market Deposit ratio

One-year deposit rate

Interbank offered rate and risk-free rate spread

Foreign exchange market

Import and export volume year-on-year

The growth rate of foreign exchange reserves month-on-month
The month-on-month growth rate of the real effective exchange rate index

Real estate market

Cumulative year-on-year investment in real estate development

Commodity housing sales year-on-year
The change rate of the real estate index (replace with the change rate of the national housing economic index)

indicators into investment reference decision-making factors,
investors can comprehensively construct investment strategies
to avoid risks. By investing funds in environmentally friendly and
sustainable development enterprises, we can obtain more stable
income. This is beneficial for the sustainable development of the
financial market.

Finally, market preferences are gradually shifting from
traditional to low-carbon consumer goods. For example,
investors prefer plant-based meat and milk. Changes in
consumer market preferences can improve the profitability of
low-carbon consumer-goods companies. With improvements in
profitability, investors will enhance their confidence in the
development of this kind of company. They make additional
investments in these companies. In the stock market, many
stocks of such companies are bought, which raises the stock
price and exacerbates stock market volatility.

Through the above analysis, we find that the transition risks
of climate change directly lead to fluctuations in the stock, bond,
insurance, banking, foreign exchange, and real estate markets
through changes in investor attention and behavior. Investors’
behavior is effective through a complex relationship network
between financial markets. Hence, the transition risks of climate
change will affect the stability of the entire financial system and
even affect the entire real economy.

3 Materials and methods

3.1 Data

In this study, we analyzed the white paper “China’s Policies
and Actions on Climate Change” to select the transition risk of
climate change terms. Then we used Python to obtain the Baidu

Frontiers in Environmental Science 06

Index of PC and mobile terminals from January 2011 to
December 2021 through a web crawler.

In addition, the choice of the basic financial indicator system
is of great significance in accurately measuring the stability of the
Chinese financial market. Based on the transmission mechanism
of transition risks affecting the financial market, we also referred
to Tao and Zhu (2016), Wanyan and Suo (2018), etc. To
construct the financial stress indicator system (see Table 1).
The sample interval was from January 2011 to December
2021, with monthly frequency. The main data sources are the
Wind Financial Database and CEIC China Economic Database.

As presented in the above table, we finally selected six financial
sub-markets of stocks, bonds, insurance, banking, foreign exchange,
and real estate. There are a total of 17 financial indicators to measure
the pressure of the Chinese financial market.

3.2 TF-IDF

Referring to Engle et al. (2020), this paper uses the TF-IDF
textual analysis method to identify keywords related to transition
risks of climate change.

The TE-IDF expresses the white paper content as a vector
composed of n weighted terms and measures its importance by
calculating the TF-IDF value of each term (Huang et al., 2011).
The TF-IDF is formulated as:

TF - IDF((U,) = tf (w,-) X zdf(w,) = tf] (w,-) X 10g< %)

i

1

where w; represents the current term, ¢ f ; (w;) represents how
often w; appears in text j, N represents the total number of all
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texts in the text collection, d f (w;) indicates the number of
texts in which the current term w; appears in the text
collection. After performing the above analysis on all terms,
the TF-IDF value of each term in the white paper can be
obtained.

3.3 Dynamic factor model

This paper uses DFM to construct the FSI. The DFM can be
written in state-space representation as:

2
3)

;ctl =Afi+Aifea+.  +Afi +e
X

ft = Alftfl + A2ft72 +...+ APft*P + U,

gqx1

where x; is a vector of N standardized observable variables and
f is the unobservable g-element vector of common dynamic
factor; the shocks to the observation Eq. 2, e, are the
be
uncorrelated with f; at all leads and lags. It is assumed that

idiosyncratic component, and are assumed to
the elements of e; are weakly correlated weak either cross-
sectionally and serially. At this time, the factors f; describes
the important characteristics of variable cross-covariance. The
key characteristic of this setup is that typically N and be rather
large and g is much smaller. Both processes f; and e, are
second-order stationary. The two error vectors e, {, are
assumed independent.

A finite order VAR(p) model is used to approximate the
dynamics of the latent factors f;, with Ap .. A the g x g
matrices of autoregressive coefficients. Matrices A; contain the

dynamic factor loadings, where j =0,...,r. The term

Xt:Ao'ft"'Al'f:—1+-~~+Ar'ft—r (4)

is usually referred to as the “common component”, which
reduces to Ay - f, in the static case r = 0.

Further, formulas 2, 3 can be recast into a static state space by
redefining the state vector. Let m = max{r + 1, p} and define the
state vector as F; = (f;,..‘,f;_m.'.l)l. When m> p, set Ay =
...=A,, =0 in the companion matrix

A A, Ay
Iq Oq cee Oq

A= 0,
0,
0, 0, I 04

when r+1<m, set A,y =...=A,, =0 in the observation
(loadings) matrix A = (AgA;...A,,). Then the static factor
form of the state-space model is given by the following pair of

equations:
x; =AF; +e; (5)
Nx1
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F, =AF,, +u’ (6)
qrx1
with @ = (3,051 5+, 05x1)".

3.4 TVP-VAR model

Since the TVP-VAR model does not have the assumption of
homoscedasticity and has the characteristics of time-varying
parameters, it can better capture the relationship and
characteristics of economic variables in different eras.
Therefore, this paper chooses the TVP-VAR model to analyze
the impact of changes in investors’ attention to climate change on

FSI. The TVP-VAR model defined as:

Yi=B X+ A Ze t=p+1,...,T @)

where the coefficient 3, the parameters A; and Z; are all time-
varying. X; =1; ® (¥¢-1,. .., ¥i-s), where ® is the Kronecker
product. A; is a lower triangular matrix with a diagonal

element of 1, that is:

1 0 0

ay 1 ... 0

At = . .
Ak kg1 1

We set a; = (a;1,a31,a32, 41 - - > Ak k-1)- It is assumed that
the structural shock vectors are independent of each other and
the parameters in the model follow a random walk process as

follows:

B =B+ Upp A1 = G + [y b = he + iy,

e I 0 0 0
e | 0 % 0 0
w, | N[ %o 0 = 0
e 00 0 3

where X, and g are both diagonal matrices, B,; ~ N (/,1’30,21;0),
~ N(,uu(p 2110)) hs+1 ~ N(#ho) Zh()) and ht = (hlt: cee )hkt),
with hjt = log(a?t), for j=1,...,k, t=s+1,...,n. Before

asi1
using the MCMC algorithm to estimate the model, it is necessary
to set the initial values of the model parameters. Referring to Nakajima
(2011) and Wei et al. (2022), we set thgo = tha, = by, = 05
Spo=Sa0=1x1, Sho = 100 x I, S ~ IW(25,0.011),
(Z2);7* ~ Gamma (4,0.01), (Z3,);* ~ Gamma (4,0.01).

4 Results

4.1 Analysis of the climate change index

We use the TF-IDF textual analysis method to analyze the
white paper “China’s Policies and Actions on Climate Change”.
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TABLE 2 Term with TF-IDF value exceeding 0.05.

10.3389/fenvs.2022.991775

Term Climate Green Low Greenhouse Energy Ecology Carbon Carbon Carbon
change carbon gases emission neutral peak
TF-IDF 0213 0.133 0.114 0.08 0.071 0.063 0.061 0.058 0.056
value
14
13
12
11
10
9
8
FERgdgdooaeFTLooEgsso N2 g8eaaA
- A T - - - R - - IS
SEZESE28883852888R8383882858¢
FIGURE 2
CCl trend.

Referring to Engle et al. (2020), we selected terms with TF-IDF
value exceeding 0.05 (see Table 2).

At the same time, referring to the climate-change-related
vocabulary updated in 2021 in the Oxford English Dictionary, we
added two words “global warming” and “greenhouse effect”.
Finally, 11 climate-related words were identified.

In addition, extensive literature indicates that network big
data can effectively measure investor attention and other index
variables (Tian et al., 2020). In China, the market share of Baidu
is greater than 90%. The Baidu Index, which is obtained by
weighting and summing the search frequencies of keywords, is
based on the massive search data of Baidu. This fully reflects the
attention and behavior of Chinese investors. Therefore, we use
the Baidu Index to characterize investor attention. To make the
data smoother, we refer to Zhang et al. (2014) to deal with the
Baidu Index as follows:

BDI, = 5! BDI,, = log(Z}" Numberindex;,) (8)

where BDI, is the CCI in period ¢, BDI;; is the Baidu Index
value of the i word after smoothing in period ¢, and
Numberindex;, is the original Baidu Index value of the ith
word in period t. The CCI constructed in this study is the first
quantitative description of Chinese investors’ attention to
climate change. Compared with the CCI constructed by
Engle et al. (2020), whose index is based on Washington

Frontiers in Environmental Science

08

Daily News, the CCI based on the Baidu index can reflect
the changes in investors’ attention more timeously and
comprehensively. The results are shown in Figure 2.

The above figure shows that from January 2011 to March
2019, the value of CCI fluctuated between 8.056 and 9.036. In
April 2019, the CCI rose rapidly to 10.418 and then gradually
declined. In September, it returned to around 9.066. The CCI
experienced small fluctuations and began to gradually increase in
September 2020. This indicates that the risks posed by climate
change in China are receiving increasing attention.

Chinese investors’ attention to climate change was in its
infancy until 2019. Financial investors are not yet fully aware
of the pressure of climate change on the financial market;
hence, the CCI was low. The reason for the rapid rise in the
CCI in 2019 was that the Baidu Index for the word “green”
increased significantly. This may be related to the UN
Climate Summit and World Horticultural Exposition. In
2019, the UN Climate Summit, which highlighted that
“green, low-carbon, environmental protection and energy
saving have become the main theme of the times” stimulated
domestic investors to pay attention to climate finance,
especially the green industry. The Expo theme was “Live
Green, Live Better”. This event drew people’s attention to the
field of green environmental protection. The “green"-related
Baidu Index during the expo increased rapidly. Later, at the
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general debate of the 75th United Nations General
Assembly, China put forward the goal of “carbon peaking
and carbon neutrality” for the first time. Considerable
domestic attention has been paid to the field of climate
change through this debate. CCI gradually increased
simultaneously.

4.2 Analysis of the financial stress index

This paper uses the DFM to construct the Chinese FSL
Referring to Doz et al. (2011), we know that the Two-step
estimation method and QML-EM estimation method can
estimate DFM well. Therefore, this paper calculates the FSI
using Gretl software based on these two estimation methods
(see Figure 3).

From the above figure, we conclude the following. (i) In
2012, China’s financial market pressure increased due to the
European debt crisis and the Chinese domestic local debt
crisis. The FSI showed an upward trend. Subsequently, the
FSI gradually climbed along with the diminishing impact of
the European sovereign debt crisis, and the implementation
of Chinese stability maintenance began to take effect. (ii)
With the advent of the “bull market,” the stress index of the
Chinese stock market has gradually increased. The risk
gradually spreads to other financial markets through the
balance sheet and other channels. The FSI continued to
rise until the Chinese stock price bubble burst in 2015,
when the FSI began to decline. (iii) In 2016, the Chinese
A-share market experienced a circuit breaker and liquidity
risks caused market panic. At the same time, housing prices
in some cities have skyrocketed. This has caused the real
estate market to enter a state of high pressure. The risks
continued to spread among various markets, and the FSI
increased again. (iv) To promote healthy development of the
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financial market, China’s financial sector issued more than
20 important regulatory documents in 2017. Therefore,
2017 was called “the strictest year in history” by the
financial industry. With the gradual implementation of
regulatory policies, China’s FSI has gradually fallen. (v) In
2018, trade friction between China and the United States
continued to intensify. On June 15, the United States issued a
list of additional tariffs. China immediately counteracted
this, and the international trade market became turbulent.
Foreign exchange, banking, and other market risks
immediately increased, resulting in a further increase in
Chinese systemic risks. (vi) In 2020, under the impact of
the COVID-19 pandemic, both financial and real sectors
suffered a huge blow. The FSI rose again.

The analysis above shows that the FSI established in this
study can effectively identify financial market stress events in the
region. It can also help monitor and evaluate the operations of the

Chinese financial market.

4.3 Analysis of the TVP-VAR model

4.3.1 TVP-VAR model establishment and
simulation

According to the analysis of the Chinese FSI, the FSI shows
different fluctuation trends at different stages. The TVP-VAR
model abandons the assumption of homoscedasticity, so it can
well-reflect the change characteristics of the research variables at
different times. This paper refers to the TVP-VAR model
established by Nakajima to analyze the impact of climate
change on financial stability (Nakajima, 2011). Since the
climate will not only affect the stability of financial market,
but also will cause the economic fluctuation in the real sector,
the interaction between the real sector and financial market will
lead to further expansion of the risk (Khanna et al, 2022).
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TABLE 3 Model parameter estimation results.

Parameter Mean Stdev 95%L 95%U Geweke Inef
Sb1 00228  0.0026 00184  0.0287  0.633 9.05

Sb2 00228 00026 00184 00286  0.565 8.18

Sal 00652 00192 00393 01135  0.612 43.95
Sa2 00655  0.0249 00366  0.1296 0450 2641
Shl 04347 01212 02376 07133 0.129 50.59
Sh2 03520 01114 01645 0593  0.783 61.97

Therefore, we also introduce the industrial added value and
the

consumer price index macroeconomic
performance into the TVP-VAR model.

We set the number of iterative simulations of the MCMC
algorithm to be 10,000. The initial 1,000 samples are discarded.

According to the LR information criterion, the optimal lag order

reflecting

was selected as 3 periods.

Table 3 shows the parameter estimation results of the TVP-
VAR model. The Geweke test values are all less than 1.96,
indicating that the acceptance parameters converge to the null
hypothesis of the posterior distribution. The null factor values are
all less than 62, indicating that the sampling is effective.

10.3389/fenvs.2022.991775

From the sample autocorrelation diagram in the first row
of Figure 4, we know that the sample autocorrelation
coefficient drops rapidly and fluctuates slightly around 0.
This that the data do not
autocorrelation. According to the sample path diagram in
the second row, the stable sample path indicates that the

indicates sample have

sample data extracted are stable. From the posterior density
map in the third row, the number of samples extracted by the
MCMC algorithm is sufficient. Therefore, the MCMC
and the
estimation results are effective and robust.

algorithm draws enough samples, simulated

4.3.2 Time-point impulse response analysis

According to the “climate change-change in investor
attention-financial stability” transmission mechanism, the
change in investors’ attention to transition risks can cause
fluctuations in the Chinese financial market. Based on CCI
and FSI, we further investigate the dynamic effects of the
transition risks of climate change on financial market
stability.

We select two representative time points to study the
impact of climate change on the stability of the Chinese
financial market. Time point 1 was the United Nations
Climate Change Conference, held in December 2019. The

1 Sbl 1r SbZ 1 Sal 1r Sa2 1 Shl 1 S/IZ
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FIGURE 4
MCMC parameter estimation distribution.
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FIGURE 5

Time-point impulse response diagram. Note: The red line represents time point 1 (December 2019) and the blue line represents time point 2

(April 2021)

participating countries emphasized that “China plays an
important role in implementing the Paris Agreement and
solving the world’s climate problems”. Time point 2 was
the Leaders’ Climate Summit, held in April 2021, at which
China once again emphasized that “China will achieve carbon
peaking by 2030 and carbon neutrality by 2060". The
convening of these two conferences is of great significance
for China’s development of climate finance. Both these time
points have been at a high position in the CCI in recent years.
Figure 5 shows the changing trend of the FSI to a positive
shock of one unit of CCIL.

The analysis in Figure 5 shows the following: (i) The impact
of the CCI at time point 1 on the FSI is positive in the short,
medium, and long terms. This indicates that at this time, the
increased attention of investors in the field of climate change
will increase pressure on the financial market. In addition, the
short-term response value of the FSI to the CCI was
significantly larger than that in the medium- and long-
term. This may be triggered by different stages of
development in Chinese climate finance. In the early stage
of development, investors lacked experience in dealing with
transition risks, adversely affecting the financial market
continuously. (ii) At time point 2, in the short and
medium terms, the impact of the CCI on the FSI was a
positive response in the first 10 periods. Except for an
upward trend at the beginning of the period, a downward
trend was observed thereafter. In the long run, the impact of
CCI on the FSI becomes a negative response within the
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sample interval and gradually increases. This shows that
the spillover effect of climate change on financial market
stability has obvious time-varying characteristics, and the
impact differs in the short, medium, and long terms. This
could be because, at the climate summit, many countries once
again emphasized the importance of climate change. They
stated that “climate change is a global challenge faced by the
international community. However, this requires a global
perspective. A new round of actions should be taken
quickly to increase energy conservation and emission
reduction, and vigorously develop clean energy”. This has
a significant impact on both traditional high-emission
industries and green and sustainable development
industries, resulting in a rapid increase in the FSI
However, the growth rate of Chinese financial market
pressure gradually slowed down based on the experience of
investors and adjustments by financial regulatory authorities.
(iii) Comparing the impulse response trends, the fluctuation
range of the impulse response graph at time point 2 was
significantly higher than that at time 1 in the short term.
However, the shock from time point 1 in the long term causes
the FSI to continue to rise. The shock at time point 2 became
negative after period 10. From this analysis, we can infer that
Chinese financial market investors are gradually paying more
attention to the transition risks caused by climate change.
Investors can adjust their investment strategies on time when
facing the pressure brought about by climate change on the

financial market. For example, investors can withdraw their
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investments in high-emission industries and invest their
funds in green development fields. These actions can help
handle the financial risks brought about by climate change.
They will also be conducive to maintaining the stability of
China’s financial system and promoting the long-term
development of China’s green finance.

5 Conclusions and recommendations
5.1 Conclusion

Based on the transmission mechanism of “climate
change-change in investor attention-financial stability,” we
theoretically analyze the change in investor attention caused
by the transition risks of climate change and the impact of the
change on financial market stability. At the empirical level, the
TF-IDF method was used to analyze the text of Chinese white
papers to determine terms related to the transition risks of
climate change. We also crawled the Baidu Index from 2011 to
2021 to construct the CCI. This was used to measure the
degree of change in investor attention during climate changes.
Simultaneously, DFM was used to construct an FSI with
in the stock, bond,
banking, foreign exchange, and real estate markets. The

17 financial indicators insurance,
TVP-VAR model was then used to quantitatively analyze
the impact of climate change transition risks on Chinese
financial market stability. The empirical results show that
the FSI can effectively identify financial stress events during
the sample period, which is helpful in monitoring the volatility
of the Chinese financial market. Furthermore, the transition
risks caused by climate change have a significant impact on
financial market pressure, and the impact varies at different
stages of climate finance development. In the early stage of
climate finance development, due to the lack of investment
experience and regulatory capacity, an increase in the CCI will
lead to a continuous increase in pressure on the Chinese
financial market. As more attention is paid to climate risks,
the rise of the CCI will increase the pressure on the Chinese
financial market in the short and medium terms, but will help
reduce pressure on the Chinese financial market in the
long run.

5.2 Recommendations

Based on theoretical and empirical analysis, we propose the
following recommendations.

Individual and institutional investors should improve their
ability to analyze and deal with the financial risks caused by
climate change. Investors should pay close attention to
information related to climate finance, which is disclosed by
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various environmental protection organizations and financial
markets both at home and abroad. They should also
continuously improve their ability to analyze and distinguish
climate-related financial risks and reasonably analyze the impact
of climate change on the stability of various financial submarkets.
Simultaneously, investors should regard climate change as an
important reference factor in investment decisions. They should
try their best to reduce the negative impact of financial risks
caused by climate change on investment returns continuously.
These actions can gradually improve the returns and robustness
of investment portfolios.

Furthermore, different financial institutions should be
encouraged to incorporate climate change into their risk-
management frameworks. First, financial institutions should
incorporate climate risk analysis into their risk prevention and
early warning mechanisms. Simultaneously, attention should
be paid to the latest developments in climate change, and
timely measures should be taken to respond to their impact on
financial market volatility. In addition, they should actively
promote quantitative analysis of the impact of climate risk on
financial stability. The empirical measurement model should
be
evaluation methods suitable for the development status of

comprehensively explored by comparing various
climate finance in China. Based on the empirical results,
appropriate climate finance-related products should be
developed to reduce the adverse impacts of climate change
on China.

Finally, regulators should accelerate the top-level design of
climate investment and financing to systematically promote
the development of climate finance in China. They can
establish reasonable internal supervision and guidance
mechanisms to encourage large enterprises and financial
institutions to promptly disclose fluctuations in their
business conditions caused by climate change. Moreover,
differentiated regulatory policies should be implemented in
markets. Investors’ investment and
should be

during the different stages of climate finance development.

different financial

financing behaviors gradually standardized
It is very important to strictly adhere to the bottom line that
Make

international platforms such as the “Belt and Road”

systemic risk does not occur. rational use of
initiative and the green financial network. Economic and
financial cooperation with countries around the world in
the fields of climate protection and green development
should also be strengthened. Through these efforts, we will

actively fill gaps in the field of climate finance in China.
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