

Abstract—This paper uses time series data to analyze the

impact of climate risk and other factors on the yields of
government bonds and non-government bonds. The results
show that the impact of climate risk on government bond yields
is much greater than that on non-government bond yields.
Issuance has an effect on both government bond yields and
non-government bond yields, but has a smaller effect on
government bond yields and a larger effect on non-government
bond yields. Duration has a bigger effect on government bond
yields than on non-government bonds. The main reason is that
the maturity of non-government bonds is generally shorter,
while the maturity of government bonds is relatively longer.
Credit risk has a much bigger impact on non-government bond
yields. Because government bonds have little credit risk, default
rates are low. Non-government bond’s credit risk is relatively
large with high default risk. Whether government bonds are
traded across markets or not has a big impact on government
bonds.

Index Terms—Climate risk, government bonds,
non-government bonds, yields, Maturity

I. INTRODUCTION
CHOLARS at home and abroad have studied this

problem.
Marcus Painter(2020) studies the impact of climate change

on municipal bonds. Counties exposed to climate change will
pay more in underwriting cost and initial returns when
issuing long-term municipal bonds than counties not exposed
to climate change.
Little research has been done on how long-term climate

risk changes are priced in financial markets. Hong et al.
(2019) analyzed drought caused by climate change and found
that the market was not sufficiently responsive to the risk.
However, Bansal et al. (2016) used temperature rise as a
proxy variable of climate change and found that it had a
negative impact on asset values, indicating that the market
has a pricing on climate change. In the real estate market,
Bernstein et al. (2019) found that houses exposed to rising sea
level would be sold at a discount compared with houses not
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exposed to rising sea level.
The financial consequences of climate change come in

four main forms: production risk, reputational risk, and
regulatory/litigation risk. Hong et al.(2019) proved that the
production risk caused by long-term drought would have a
negative impact on the stock returns of companies in the food
industry. Dell et al.(2012) found that rising temperature
would reduce agricultural and industrial output. Chava (2014)
proved that investors of companies excluded by
environmental screening require higher capital costs. These
firms face either reputational risk of being flagged as a
climate change indicator or regulatory risk, as current output
is negatively affected by future climate change related to
regulation. Bernstein et al.(2019) showed that the physical
risk caused by sea level rise has a negative impact on the
housing price exposed to the risk. They then find that this
effect is very small when the housing market is highly liquid.
Our study goes one step further and shows that in liquid
markets investors take the physical risks of climate change to
asset trading into account and price these risks in their
holdings.
Hallegatte et al.(2013) used altitude GIS for the first time

to calculate population exposure per 50 cm "elevation" of
current mean sea level. They convert the affected population
into an affected asset using capital estimates for each resident.
For the existing level of defence in coastal cities, we used the
Linham, Green and Nichollas approaches.
Bond ratings affect municipal bond prices because

investors rely on bond ratings to evaluate credit risk
(Cornaggia et al., 2017). In addition, credit ratings have an
important impact on the local economy.
Adelino et al.(2017) found that there was a positive

correlation between local government expenditure,
employment and bond grade.
To sum up, scholars have studied the yields and prices of

corporate and municipal bonds and found that credit risk,
downside risk, liquidity and climate change are important
influencing factors. This paper intends to analyze the impact
of climate risk on the yields of government bonds and
non-government bonds based on the research of scholars.

II. DATA

We collected the yield data of Shanghai corporate bonds
and municipal bonds from the GuoTaiAn database, excluding
national bonds, policy bank bonds, central bank bills,
financial bonds, government-backed institution bonds,
ultra-short financing bonds, medium-term notes, short-term
financing bonds, perpetual medium-term notes, SME
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collective notes, convertible bonds, etc. Finally, corporate
bonds and municipal bonds with maturities of 2 to 15 years
were selected. Short-term and ultra-short-term bonds and
special bonds are excluded, because short-term bonds and
special bonds do not have the characteristics of ordinary
bonds, and the results are prone to be not objective.
We select data on corporate and government bonds issued

from 2005 to 2019. Bonds are divided into three grades: AA,
AA+ and AAA.

III. VARIABLES

The variables selected in this paper include corporate bond
yield, climate risk, bond issue size, maturity date, bond rating
and whether there is cross-market trading.
The climate risk in this paper is based on the measurement

method in Hallegatte(2013), and the ratio between the
possible loss caused by sea level rise and local GDP.

IV. DESCRIPTIVE STATISTICAL ANALYSIS

A. Yield analysis of government bonds and
non-government bonds
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Figure 1 Government bond yields
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Figure 2 Non-municipal bond yields

As shown in the figure, the horizontal axis represents time
and the vertical axis represents the rate of return, expressed in
percentiles. During the sample period, yields of government
bonds in figure 1 fluctuated between 3%-7% with relatively
small fluctuations, while yields of non-government bonds in
figure 2 fluctuated between 3%-9% with relatively large
fluctuations. This is mainly because government bonds are
relatively low risk and non-government bonds are relatively
high risk.

B. Analysis of climate risks faced by government bonds
and non-government bonds
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Figure 3 Climate risk for government bonds
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Figure 4 Climate risk to non-government bonds

As shown in Figure 3, the horizontal axis represents time
and the vertical axis represents the rate of return, expressed in
percentiles. The climate risk faced by government bonds
fluctuates between 0.1% and 1.5%, and the fluctuation range
is small. During the sample period, the time risk in the front is
relatively small and the fluctuation is small, and the climate
risk rises significantly with the global warming and climate
anomaly, and the fluctuation becomes larger.
As shown in Figure 4, the horizontal axis represents time

and the vertical axis represents the rate of return, expressed in
percentiles. The climate risk faced by non-government bonds
ranges from 0.1% to 2%, which is larger than that faced by
government bonds, with relatively large fluctuations. During
the sample period, the climate risk is relatively low and stable
in most of the early period, but it increases sharply in the later
period, which is closely related to the global warming and
climate anomaly.

C. Descriptive statistical analysis

Table 1 and table 2 show the mean value, maximum value,
minimum value and peak value of government bond yield,
climate risk, returnable value, issuance, duration, bearish
value, credit rating, market, etc. The comparison shows that
the climate risk of government bonds is small, while that of
non-government bonds is large. For other sequence values,
the climate risk of government bonds is also relatively small,
while that of non-government bonds is relatively large.
Mainly because the government bond default risk is low,
non-government bond risk is higher.
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V. EMPIRICAL ANALYSIS

A. Model
In order to estimate the impact of climate risk change on

government bond yields and non-government bond yields,
the following models were developed.

(1)
In Formula (1), yield represents bond yield, risk represents

climate risk, size represents issuance, maturity represents
bond duration, rating represents credit rating, and market
represents cross-market transaction.
Since some independent variables are correlated, we adopt

stepwise regression analysis to eliminate irrelevant variables.

B. Analysis of empirical results
Impact analysis of climate risk

As can be seen from table 3, the constant term is significant
at the 1% confidence level, the impact of climate risk on the
yield of government bonds is significant at the 1% confidence
level, and the model is significant at the 1% confidence level,
and climate risk can explain 43% of the change in the yield of
government bonds. When climate risk changes, government

bond yields move in the same direction.
It can be seen from table 4 that the constant term is

significant at the confidence level of 1%, the impact of
climate risk on the non-government bond yield is significant
at the confidence level of 5%, and the model is significant at
the confidence level of 5%. Climate change can explain 2.9%
of the non-government bond yield. When climate risk
changes, government bond yields move in the same direction.
Compared with the results of the above two tables, the

impact of climate risk on the yield of government bonds is
much greater than that of non-government bonds.

Analysis after adding circulation factor

As can be seen from table 5, after the circulation factor is
added, the constant term is significant at the 1% confidence
level, climate risk is significant at the 1% confidence level,
and circulation is significant at the 10% confidence level. R2

increased from 43% to 48%. The model was significant at the
1% confidence level.
As can be seen from table 6, after the circulation factor is

added, the constant term is significant at the 1% confidence
level, while the climate risk is insignificant and the
circulation is significant at the 1% confidence level. R2

increased from 2.9% to 11.7%. It shows that issuance has a
greater impact on non-government bond yield, while climate
risk has a smaller impact on non-government bond yield.
Compared with the results in table 5 and table 6, the

issuance has an impact on both government bond yield and
non-government bond yield, but the impact on government
bond yield is small, while the non-government bond yield is
larger.
Analysis after adding the maturity
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As shown in table 7, after adding the duration factor, the
constant term is significant at the 1% confidence level,
climate risk is significant at the 1% confidence level,
circulation is significant at the 5% confidence level, and
duration is significant at the 1% confidence level. R2

increased from 48% to 77%. The model was significant at the
1% confidence level. It shows that the duration has a great
influence on the yield of government bonds and can explain a
large part of the yield of government bonds.
As shown in table 8, after adding the duration factor, the

constant term is significant at the 1% confidence level, while
the climate risk is significant at the 5% confidence level, but
the duration is not significant. R2 is 3.5%. The model was
significant at the 5% confidence level.
Compared with government bonds and non-government

bonds, duration has a greater impact on government bond
yields and a smaller impact on non-government bonds. The
main reason is that the maturity of non-government bonds is
generally shorter, while the maturity of government bonds is
relatively longer.

Analysis after adding credit rating
As shown in table 9, the constant term is significant at 1%

confidence level, climate risk is significant at 1% confidence
level, circulation is not significant, duration is significant at
1% confidence level, and credit risk is significant at 5%
confidence level. R2 increased from 77% to 80%. The model
was significant at the 1% confidence level. It shows that
credit risk has little effect on government bond yield.
Eliminate circulation.

As shown in table 10, constant terms are significant at 1%
confidence level, climate risk is not significant, and credit
risk is significant at 1% confidence level. R2 increased from
3.5% to 21%. The model was significant at the 1%
confidence level. It shows that credit risk has great influence
on non-government bond yield and is an important factor.
Compared with the yield of government bonds and

non-government bonds, credit risk has a much bigger impact
on the yield of non-government bonds. Because government
bonds carry little credit risk, default rates are low.
Non-government bond credit risk is relatively large, high
default risk.

Analysis after adding market factors

As shown in table 11, constant term is significant at 1%
confidence level, climate risk is significant at 1% confidence
level, duration factor is not significant, credit risk is not
significant, and market factor is significant at 1% confidence
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level. R2 increased from 80% to 91%, and the model was
significant at 1% confidence level. It indicates that whether
cross-market trading has a significant impact on the yield of
government bonds.As shown in table 12, the constant term is
significant at the 1% confidence level and the climate risk is
significant at the 5% confidence level. The cross-market
transaction factor was not significant.
Compared with government bonds and non-government

bonds, whether cross-market trading has a greater impact on
government bonds.

Analysis after logarithm

As shown in table 13, after logarithm is taken, climate risk
is significant at 1% confidence level, circulation is significant
at 1% confidence level, whether cross-market transaction is
significant at 1% confidence level, R2 is 81%. Showing that
climate risk, issuance and cross-market trading are the main
influences on government bond yields, they explain 81% of
government bond yields.
As shown in table 14, after logarithm is taken, constant

term is significant at 1% confidence level, and climate risk is
significant at 1% confidence level. R2 is 6%. The model was
significant at the 1% confidence level.
Compared with government bonds and non-government

bonds, climate risks have a greater impact on government
bonds. Climate risk also plays a role in non-government
bonds, but it is not a major factor and explains only a small
part of their yields.

VI. CONCLUSION
Through a comparative analysis on the impact of climate

risk on the yields of government bonds and non-government
bonds, this paper finds that the impact of climate risk on the
yields of government bonds is much greater than that of
non-government bonds. Issuance has an effect on both
government bond yields and non-government bond yields,
but has a smaller effect on government bond yields and a
larger effect on non-government bond yields. Compared with
government bonds and non-government bonds, duration has
a greater impact on government bond yields and a smaller
impact on non-government bonds. The main reason is that the
maturity of non-government bonds is generally shorter, while
the maturity of government bonds is relatively longer.
Compared with the yield of government bonds and
non-government bonds, credit risk has a much bigger impact
on the yield of non-government bonds. Because government
bonds carry little credit risk, default rates are low.
Non-government bond credit risk is relatively large, high
default risk. Compared with government bonds and
non-government bonds, whether cross-market trading has a
greater impact on government bonds.
After logarithmic analysis, it is found that climate risk has

a greater impact on government bonds. Climate risk also
plays a role in non-government bonds, but it is not a major
factor and explains only a small part of their yields. The
results of this paper provide reference for related research and
policy makers.

REFERENCES

[1] Painter M., 2020. An inconvenient cost: The effects of climate change
on municipal bonds. Journal of Financial Economics 135 (2020)
468–482.

[2] Hong, H.G., Li, F.W., Xu, J., 2019. Climate risks and market efficiency.
J. Econom 208 (1), 265–281.

[3] Bansal, R., Kiku, D., Ochoa, M., 2016. Price of Long-Run
Temperature Shifts in Capital Markets. National Bureau of Economic
Research Working Paper 22529. Unpublished Working Paper.

[4] Bernstein, A., Gustafson, M., Lewis, R., 2019. Disaster on the horizon:
the price effect of sea level rise. J. Financ. Econ.

[5] Dell, M., Jones, B.F., Olken, B.A., 2012. Temperature shocks and
economic growth: evidence from the last half century. Am. Econ. J.
Macroecon. 4 (3), 66–95.

[6] Chava, S., 2014. Environmental externalities and cost of capital.
Manag. Sci. 60 (9), 2223–2247.

[7] Hallegatte, S., Green, C., Nicholls, R.J., Corfee-Morlot, J., 2013.
Future flood losses in major coastal cities. Nat. Clim. Change 3 (9),
802–806.

[8] Cornaggia, J., Cornaggia, K.J., Israelsen, R.D., 2017. Credit ratings
and the cost of municipal financing. Rev. Financ. Stud. 31 (6),
2038–2079.

[9] Adelino, M., Cunha, I., Ferreira, M.A., 2017. The economic effects of
public financing: evidence from municipal bond ratings recalibration.
Rev. Financ. Stud. 30 (9), 3223–3268.

IAENG International Journal of Applied Mathematics, 53:4, IJAM_53_4_20

Volume 53, Issue 4: December 2023

 
______________________________________________________________________________________ 


	I.INTRODUCTION
	II.DATA
	III.VARIABLES 
	IV.DESCRIPTIVE STATISTICAL ANALYSIS
	A.Yield analysis of government bonds and non-governm
	B.Analysis of climate risks faced by government bond
	C.Descriptive statistical analysis

	V.EMPIRICAL ANALYSIS
	A.Model
	B.Analysis of empirical results

	VI.CONCLUSION
	REFERENCES



