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Abstract—This paper selects the data of corporate bond from

2005 to 2019, then divides them into long term bond and short
term bond according to maturity of bond. Climate risk is found
have significant impact on long term bond yield. Climate risk
has no significant impact on short term bond yield. Callability
has significant effect on both long term and short term bond
yield, while callability has large effect on short term bond and
relatively small effect on long term bond. The resale has
significant effect on both long term and short term bond yield.
The significant effect of the resale on short term bond yield
explains large part of the short term bond yield. Issuance has
significant impact on both long term and short term bond, with
larger impact on short term bond yield. Maturity has significant
effect on the yield of both long term and short term bond, and
the effect is larger for short term bond. Bearish sentiment is
negatively and significantly related to long term bond yield, but
has no significant effect on short term bond yield. Credit ratings
have large impact on long term bond yield and explain large
part of this. However, credit ratings have no significant effect
on short term bond yield.

Index Terms—climate risk, callability, issuance, credit rating

I. INTRODUCTION
CHOLARS at home and abroad have studied this

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

on municipal bonds. Counties exposed to climate change will
pay more in underwriting fees and initial yields when issuing
long-term municipal bonds than counties not exposed to
climate change. This difference disappears when comparing
short-term municipal bonds, and the market price climate
change risk is only available for long-term bonds.
There is little research on how changes in long-term

climate risk are priced in financial markets. Hong et al.(2019)
analyzed the drought caused by climate change and found
that the market underreacted to the risk. However, Bansal et
al.(2016) used temperature rise as the proxy variable of
climate change and found that temperature rise had a negative
impact on asset value, indicating that the market pricing
climate change. In the real estate market, Bernstein et
al.(2019) found that houses affected by sea level rise would
sell at a lower price than those not affected by sea level rise.

Hong et al.(2019) proved that the production risk caused
by long-term drought would have a negative impact on the
stock return of companies in the food industry. Chava(2014)
proved that investor of companies excluded by
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environmental screening need 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 investor take the physical risk of climate change to
asset trading into account and price these risks in their
holding.
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 investor

rely on bond rating to evaluate credit risk (Cornaggia et al.,
2017). In addition, credit ratings have an important impact on
the local economy.
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 corporate bond yield spreads based on the
research of scholars.

II. DATA

We collected the yield data of Shanghai corporate bonds
and municipal bond from the GuoTaiAn database, excluding
national bond, policy bank bond, central bank bill, financial
bond, government-backed institution bond, ultra-short
financing bond, medium-term note, short-term financing
bond, perpetual medium-term note, SME collective note,
convertible bond, etc. Finally, corporate bond and municipal
bond with maturities of 2 to 15 years were selected. We chose
corporate bond issued from 2005 to 2019, which are divided
into three grades: AA, AA+ and AAA.

III. VARIABLE SETTING

The variables selected in this paper include corporate bond
yield, climate risk, bond issue size, maturity, bond rating, put,
deem, sell. 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.
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IV. DESCRIPTIVE STATISTICAL ANALYSIS

A. Bond yield
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Figure 1. Short-term bond yield
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Figure 2. Long-term bond yields

In figure 1, horizontal axis represents time, vertical axis
represents the rate of return, expressed in percentiles,
short-term bond yields fluctuated greatly during the sample
period, with yields ranging from 2.9% to 7.5%. Figure 2,
horizontal axis represents time,vertical axis represents the
rate of return, expressed in percentiles. Long-term bond
yields fluctuate relatively little, with yields ranging from
2.9% to 9%.

B. Climate risk
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Figure 3. Short-term bond climate risk
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Figure 4. Long-term bond climate risk

In Figure 3, horizontal axis represents time, vertical axis
represents the rate of return, expressed in percentiles, climate
risk of short-term bonds ranges from 0 to 2.3%, with large
fluctuations. Figure 4, horizontal axis represents time,
vertical axis represents rate of return, expressed in percentiles,
the climate risk of long-term bonds is between 0 and 1.5%,
with large fluctuations.

C. Descriptive statistical analysis

In table 1, short term bond yield sequence is not significant,
climate risk, maturity and callable, sequence are significant at
1% level, sellable, bearish and issuance sequence are
significant at 5% level. Credit rating sequence is significant
at 5% level.
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In table 2, long term bond yield series is significant at 5%
confidence level, climate risk series, callable series, sellable
series, issuance series, expiration date series, credit rating
sequence and bearish series are significant at 1% level.

V. MODEL BUILDING

To estimate the impact of climate risk change on corporate
bond yield, we build the following model.

(1)

According to the relevant literature of corporate bonds, we
include the following variables, such as climate risk, issuance,
maturity date, credit rating, callability, sell, bearish and so on.
Since some independent variables are correlated, we adopt

stepwise regression analysis to eliminate irrelevant variables.

VI. EMPIRICAL ANALYSIS

A. Climate risk impact analysis

As shown in table 3, for long-term bond, climate risk and
the constant term is significant at 1% confidence level. R2 is
10%. Indicating that climate risk has an important impact on
long-term bonds. The model was significant at 1% .
In table 4, constant term is significant at 1%, while the

climate risk is not. The model is not significant.
Climate risk has greater impact on long term bond yield

than on short term bond yield, and a negligible impact on
short-term bond yields. This is mainly because short-term
bonds have a short maturity and climate risk changes are
long-term processes. Therefore, climate risk is not sensitive
to short term bond yield but to long term bond yield.

B. The influence of callability on bond yield

In table 5, constant terms, climate risk and redeemability
are significant at 1% level. The model was significant at 1%
level. R2 increased from 10% to 12%. Callability has a
significant effect on long-term bond yield.
In table 6, constant terms and redeemability are significant

at 1% level. The model was significant at 1% level and R2

was 16%. It shows that callability has an important effect on
short term bond.
Compared with long term bond and short term bond,

callability has more impact on short term bond, but less
impact on long term bond.

C. The impact of sellable on bond yield

In table 7, constant term and climate risk is significant at
1% level; callable term is significant at 10% level, and is
negatively correlated with long term bond yield; sellable term
is significant at 1% level, and is negatively correlated with
long term bond yield. R2 increased from 12% to 19%. The
model was significant at 1% level.
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As shown in table 8, constant term is significant at 1%
level, callable term is significant at 5%, and is negatively
correlated with short term bond yield; sellable term is
significant at 1%, and is negatively correlated with short
term bond yield. R2 increased from 16% to 29%. The model
was significant at 1%.
Compared with long term bond and short term bond,

sellable bond have a significant impact on the yield of
long-term bonds. If sellable bond, their yield decreases, while
if not sellable bond, their yield increases. Retractable has a
very important effect on short-term bond yield, which
explains a lot of short-term bond yield.

D. Analysis of the impact of issuance on bond yield

In table 9, constant term is significant at 1% level, climate
risk is significant at 1%, and is positively correlated with long
term bond yield; callable term is significant at 5%, and is
negatively correlated with long term bond yield; sellable term
is significant at 1%, and is negatively correlated with long
term bond yield; issuance term is significant at 1%, and is

negatively correlated with long term bond yield. R2 increased
from 19% to 24%. The model was significant at 1%.
As shown in table 10, constant term is significant at the 1%

level, callable term is significant at the 10% level, and is
negatively correlated with short term bond yield; sellable
term is significant at 5% level, and is negatively correlated
with short term bond yield; issuance term is significant at 5%
level, and is negatively correlated with short term bond yield.
R2 increased from 29% to 37%. The model was significant at
1% level.
Compared with impact of issuance on long term bond and

short term bond, it is significant, and has greater impact on
short term bond yield.

E. Analysis of the impact of maturity date on bond yield
As shown in table 11, constant term is significant at 1%

level and climate risk is significant at 1% level, which is
positively correlated with long term bond yield. When
climate risk increases, long term bond yield increases; when
climate risk becomes small, the long-term bond yield
decreases. Callability is significant at 5% level and
negatively correlated with long term bond yields. Sell is
significant at 1% level and negatively correlated with long
term bond yield. Issuance is significant at 1% level and
negatively correlated with long term bond yields. Maturity is
significant at 1% level and is positively correlated with long
term bond yields. When maturity date is long, long term
bonds face greater risks and higher yields; on the contrary,
when maturity date is short, long term bond faces less risks
and lower yields. R2 increased from 24% to 29%. The model
was significant at 1% level.

As shown in table 12, the constant term is significant at 1%
level, while callable has no significant effect on short term
bond yield. Sellable is significant 1% level and negatively
correlated with short term bond yield. Issuance is significant
at 1% level and negatively correlated with short term bond
yield. The confidence level of the maturity date is significant
at 1%, which is positively correlated with the short term bond
yield. When the maturity date is long, the risk is larger and
the yield is higher; when maturity date is short, the risk is
smaller and the yield is lower. R2 increased from 37% to 59%.
The model was significant at 1% level. Callable is not
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significant, remove this variable.
Compared with the effect of maturity date on the yield of

long term bond and short term bond, both of them are
significant, but the effect of maturity date on short term bond
is greater.

F. Bearish impact on bond yields
As shown in table 13, constant term is significant at 1%

level, climate risk is significant at 1% level, and is positively
correlated with long term bond yield. Callability is significant
at 1% level and negatively correlated with long term bond
yields. Sellable is not significant. Issuance is significant at
1% level and negatively correlated with long term bond yield.
Maturity is significant at 5% level and is positively correlated
with long term bond yield. Bearish is significant at 1% level
and negatively correlated with long term bond yield. If
bearish, long term bond yield will decrease; if bullish,
long-term bond yields will rise. R2 increased from 29% to
36%. The model was significant at the 1% level.

As shown in table 14, the constant term is significant at 1%
level, and resell is significant at 1%, which is negatively
correlated with the short term bond yield. Issuance is
significant at 1% and negatively correlated with short term
bond yields. Maturity is significant at 1% level and is
positively correlated with short term bond yields. Bearish is

not significant, remove this variable. R2 is 59%. The model
was significant at 1% level.

Comparing the impact of bearishness on long term bond
yield and short term bond yield, bearishness has a significant
negative correlation with long term bond yield, but has no
significant impact on short term bond yield.

G. Analysis of the impact of credit rating on bond yield
As shown in table 15, constant term is significant at 1%

level, while the climate risk is not. Callability is significant at
1% level and negatively correlated with long term bond
yields. Issuance is significant at 1% level and negatively
correlated with long term bond yield. Maturity date is not
significant. Bearishness is significant at 1% level and
negatively correlated with long term bond yield. The level of
credit rating at 1% is significant, which is positively
correlated with long term bond yield. When bond rating is
low, bond yield rises; when bond rating is high, bond yield
decreases. R2 increased from 36% to 51%. The model was
significant at 1% level.

As shown in table 16, constant terms are significant at 1%
level. Sellable is significant at 1% level and negatively
correlated with short term bond yields. Issuance is significant
at 5% level and negatively correlated with short term bond
yield. Maturity is significant at 1% level and is positively
correlated with short term bond yield. Credit rating has no

IAENG International Journal of Applied Mathematics, 53:4, IJAM_53_4_21

Volume 53, Issue 4: December 2023

 
______________________________________________________________________________________ 



significant effect on short term bond yield. R2 is 59%. The
model was significant at 1% .

Comparing the effect of credit rating on yield of long term
bonds and short term bonds, credit rating has a great impact
on yield of long term bond and can explain a large part of the
yield of long term bond. However, credit rating has no
significant effect on short term bond yield.

VII. CONCLUSION
This paper mainly studies the impact of climate risk on the

yield of long term bond and short term bond. The results are
as follows.
First, climate risk has significant impact on long term bond

yield. Climate risk has no significant impact on short term
bond yield. Climate risk has greater impact on long term bond
yield than on short term bond yield, and negligible impact on
short term bond yield. This is mainly because short term bond
have short maturity and climate risk changes are long term
processes. Therefore, climate risk is not sensitive to short
term bond yield but to long term bond yield.
Second, callability has significant impact on both long

term and short term bond yield. However, callability has
greater impact on short term bond and relatively small impact
on long term bond.
Third, sellable bond have significant impact on yield of

both long term bond and short term bond. When sellable
bonds are available, their yield decreases, while when not
sellable, their yield increases. Retractable has very important
effect on short term bond yield, which explains a lot of short
term bond yield.
Fourth, issuance has significant impact on both long term

bond and short term bond, and greater impact on short term
bond yield.
Fifth, by comparing impact of maturity date on yield of

long term bond and short term bond, both of them are
significant. When maturity date is long, the risk is larger and
yield is higher; when maturity date is short, the risk is smaller
and the yield is lower. But maturities matter more for short
term bonds.
Sixth, by comparing the impact of bearishness on long

term bond yield and short term bond yield, bearishness has a
significant negative correlation with long term bond yield,
but has no significant impact on short term bond yield.

In the end, by comparing the impact of credit rating on
yield of long term bond and short term bond, credit rating has
great impact on yield of long term bond and can explain large
part of yield of long term bond. However, credit rating has no
significant effect on short term bond yield.
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