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Abstract. The insurance industry is experiencing a crisis due to the frequent occurrence of extreme
weather worldwide, resulting in significant losses across all sectors. This paper aims to mitigate the
impact of extreme weather on the insurance industry by using Harbin and Haikou as case studies.
The study employs linear regression (least square method) and Pearson correlation coefficient
analysis to simulate the insurance cost of the two cities over the next ten years. The results offer
insights into the potential profits and losses of insurance costs during different periods. Additionally,
this section presents the management mode of urban insurance companies, taking into account local
conditions. The model method responds to national policies, but further data is required to support
in-depth research and improvement.
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1. Introduction

In recent years, the frequency of extreme weather has been increasing, and the economic losses
caused by it have been increasing. Of the thousands of alerts issued by International SOS in 2023, the
number of alerts related to extreme weather events ranked second in the overall category. [1]
According to statistics, the world has endured "more than $1 trillion in damage from more than 1,000
extreme weather events in recent years." [2] The insurance industry finds that natural disaster claims
in the coming years will be "115 percent higher than the 30-year average.” [2] China is one of the
countries in the world that suffers the most serious losses from natural disasters. In the past 20 years,
the average annual direct economic losses caused by various kinds of natural disasters have reached
360 billion yuan, and the affected population is about 220 million people each year. [3] At the same
time, losses caused by severe weather such as floods, typhoons, drought and freezing damage may
increase. In the face of the potential for more extreme weather events in the future, climate change
has been closely related to security and social stability. [4] With the increasing vulnerability of natural
disasters and the rising cost of insurance compensation, the future prospects of the insurance industry
will become worse. [5] How to make insurance companies have the ability to withstand future
underwriting risks and thus have better profitability has become the key issue at this stage.

In the past, most of the insurance cost predictions were based on the impact of an extreme weather
on the local premium to establish the connection between the extreme weather and the premium,
which is often inaccurate. With global warming, the frequency of extreme weather will be greater
than before, so it is necessary to predict a total model that covers the insurance cost and all the frequent
extreme weather. In this way, the insurance cost prediction model can be more accurate.

This paper takes two representative cities, Harbin and Haikou, as examples. Firstly, the frequency
of four common extreme weather in ten years is calculated, and the insurance premiums of these two
places in the past ten years are known by consulting the data. Using the frequency as the weight,
Pearson correlation analysis is carried out on the extreme weather conditions and insurance costs in
these two places respectively. It is found that there is indeed a strong correlation between the
insurance cost and these four extreme weather conditions, indicating that the cost of the four extreme
weather conditions and the known insurance premiums in the next ten years can be predicted by using
the prediction model (linear regression). Finally, the predicted value formula is compared with that
of ten years ago, and the profit and loss of the insurance cost in the two cities in different periods can
be obtained. In this way, it is better for the two cities to offer suitable premiums at different times.
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2. The insurance model of Harbin

2.1. Probability of extreme weather in Harbin

First, we conducted data analysis and statistics on the extreme weather in Harbin City.
[Meteorological data source: China Meteorological Data Network - National Data Center for
Meteorological Sciences (https://data.cma.cn/analysis/yearbooks.html)] In previous literature, there
are generally four types of common extreme weather, including high temperature weather, low
temperature weather, typhoon weather and heavy rain weather. According to the collected data, we
can get the following four pie charts in Figure 1~4, which illustrate the probability of various extreme
weather occurrences in Harbin City.

This month is not mentioned because the probability of extreme weather occurring is zero.
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Figure 1. Frequency of rainstorm Weather in Harbin in Recent Ten Years
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Figure 2. Frequency of low temperature Weather in Harbin in Recent Ten Years

Figure 3. Frequency of tropical cyclone Weather in Harbin in Recent Ten Years
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Figure 4. Frequency of high temperature Weather in Harbin in Recent Ten Years
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2.2. The impact of extreme weather on insurance

Here, linear regression (i.e. least square method) is used to simulate the relationship between the
intensity of four types of extreme weather and the time model, and the intensity of an extreme weather
on a given date is calculated by calculating the formula.

After modeling with the least square method [6], it is also necessary to calculate the variance
inflation factor (VIF) to detect the multicollinearity between the independent variables. A lower VIF
value (generally less than 10) means that the independent variable may be less affected by other
independent variables, improving the accuracy and stability of the model. The following four
simulated VIF values are (shown in Figure 5~8) less than 10.
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Figure 5. Future high temperature forecast map of Harbin
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Figure 6. Future low temperature forecast map of Harbin

@ really .@- predicted

precipitation(mm)

month

Figure 7. Forecast map of future precipitation in Harbin
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Figure 8. Forecast map of future tropical cyclone weather in Harbin
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2.3. An insurance cost model for extreme weather forecasting

Firstly, we adopt Pearson correlation analysis method [7] for research. It can be seen from the
literature that Pearson correlation analysis first assumes that the relationship between variables is
linear, and measures the linear relationship between two variables when calculating the correlation
coefficient. It is applicable to continuous variables and can detect the presence and strength of linear
relationships. The conclusion shows that there is a correlation between the insurance cost and extreme
weather in Harbin city (that is, the correlation coefficient is greater than 0.3), which can also explain
the weight ratio of these four factors on the insurance impact in Figure 9. Finally, the quantitative
relationship between insurance cost and four kinds of extreme weather events is obtained by linear
regression method and least square method. [Insurance data Source: China Securities Regulatory
Commission (http://www.csrc.gov.cn/pub/newsite/sjtj/)]

Mool 0.323 0.336 0.352 0.388
highest lowest
precipitation temperature g temperature tropical cyclone
|
Figure 9. The relationship between insurance cost and four kinds of extreme weather events in
Harbin

In order to test the construction effect of the model, we will also conduct F-test [7]. F-test is a
method to test the significance of a statistical model based on the assumption that the coefficients of
all the independent variables in the model are equal to zero, that is, the independent variables have
no significant effect on the dependent variables. Another hypothesis is that the coefficient of at least
one independent variable is not equal to zero, that is, the independent variable has a significant effect
on the dependent variable. The F-test calculates the F-value by comparing the sum of squares of the
model's regression squares and the sum of errors. If the F-value is greater than a certain critical value
(which needs to be determined based on confidence levels and degrees of freedom), the null
hypothesis is rejected and the model as a whole is significant because at least one independent variable
in the model has a significant effect on the dependent variable.

According to the analysis of the F-test results, the significance P value is 0.000***, which shows
significance at this level, rejecting the hypothesis that the regression coefficient is 0, so the model
basically meets the requirements. For the collinearity of the variables, VIF is less than 10, so there is
no multicollinearity problem in the model, and the model is well constructed. The calculation formula
is as follows:

y = 2.421 + 0.165 X Tpax — 0.073 X Tppin + 1.835 X C + 0.023 X V (1)

The comparison between the predicted result and the true value is shown in Figure 10 below.
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Figure 10. Comparison of actual and predicted insurance costs in Harbin
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To sum up, in order to establish the model of the impact of extreme weather on insurance in Harbin,
the probability of extreme weather is calculated first, and the intensity of extreme weather within a
certain period is calculated through the calculation formula. Finally, by verifying the weak correlation
between insurance and four kinds of extreme weather, the quantitative relationship between insurance
cost and four kinds of extreme weather is derived and the formula is given. However, it should be
noted that the forecast value of the insurance in June each year is always lower than the actual value,
that is, the possibility of a loss in that month is high. As can be seen from the figure, the company is
prone to losses in June, so it should reduce the insurance amount or appropriately reduce the
compensation for losses caused by natural disasters, and it can choose to take risks to increase the
insurance coverage in June (in line with the green peak). Other months can be predicted according to
the green curve in the figure, that is, keep the forecast sales trend.

3. The insurance model of Haikou

Haikou is also one of the areas where extreme weather [8, 9] is on the rise. Unlike inland Harbin,
Haikou is surrounded by the sea and located at a low latitude. Below, we will use a similar method
to study Haikou's insurance model.

3.1. Probability of extreme weather in Haikou

Similarly, we conducted data analysis and statistics on the extreme weather [10] in Haikou,
including four kinds of high temperature weather, low temperature weather, typhoon weather and
heavy rain weather. The following four pie charts can be obtained in Figure 11~14, illustrating the
occurrence probability of various extreme weather in Haikou.
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Figure 11. Frequency of rainstorm Weather in Haikou in Recent Ten Years

® Jan

Feb

Mar

Q07 Apr
£0 / e Nov
Dec

Figure 12. Frequency of low temperature Weather in Haikou in Recent Ten Years

Figure 13. Frequency of tropical cyclone Weather in Haikou in Recent Ten Years
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Figure 14. Frequency of high temperature Weather in Haikou in Recent Ten Years

3.2. The impact of extreme weather on insurance

Here, we also model the relationship between the intensity and timing of four extreme weather
events by linear regression (least square method), we can calculate the intensity of some extreme
weather events on a given date by calculating the formula, and obtain a quantitative prediction of the
relationship between insurance costs and four extreme weather events.

After least square modeling, variance inflation factor (VIF) is also calculated to detect
multicollinearity between the independent variables. A lower VIF value (generally less than 10)
means that the independent variable may be less affected by other independent variables, improving
the accuracy and stability of the model. The following four figures’ simulated VIF values (shown in

Figure 15~18) are all less than 10.
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Figure 15. Future high temperature forecast map of Haikou
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Figure 16. Future low temperature forecast map of Haikou
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Figure 17. Forecast map of future precipitation in Haikou
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Figure 18. Forecast map of future tropical cyclone weather in Haikou

3.3. An insurance cost model for extreme weather forecasting
Unlike Harbin, the relationship between extreme weather and insurance costs in Haikou is in

Figure 19.
]
Figure 19. The relationship between insurance cost and four kinds of extreme weather events in
Haikou

The linear regression prediction model (least square method) is used to obtain the model between
the insurance and the predicted value: according to the analysis of the F-test results, the significance
P value is 0.000***, which shows the significance at this level, rejecting the hypothesis that the
regression coefficient is 0, so the model basically meets the requirements. For the collinearity of the
variables, VIF is all less than 10, so there is no multicollinearity problem in the model, and the model
is well constructed. The formula is as follows: (The green line in Figure 20 is the formula)

y = 7.513 — 0.096 X Tpay + 0.032 X Tyyin — 0.001 X C— 0.011 X V )
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Figure 20. Comparison of actual and predicted insurance costs in Haikou
To sum up, the model of the impact of extreme weather on insurance in Haikou is basically
consistent with the analysis of Harbin City, but the prediction model shows that insurance companies

have been losing money, indicating that Haikou is not suitable for insurance companies to carry out
long-term insurance.
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4. Conclusion

In this paper, Pearson correlation analysis is firstly carried out on four kinds of extreme weather
and insurance costs in Harbin and Haikou in the next ten years. Secondly, linear regression (least
square method) is used to predict the insurance costs in the next ten years, and the image of insurance
costs in the next ten years is successfully simulated and compared with the existing ten years'
insurance costs. Losses and profits over the next ten years, so that the two cities can better offer
suitable premiums at different times.

With strong data, logic, accuracy and comprehensiveness, this method can systematically simulate
the loss and profit of insurance costs with data, which is consistent with the plan of gradually
establishing climate change risk assessment in China, and can better play the role of economic
compensation after disasters and realize data-based management. However, the model considers a
limited variety of extreme weather and cannot include all extreme weather in the model, which leads
to the fact that if unknown extreme weather occurs, we cannot use the model to predict it. Therefore,
in the future model building work, we can specifically explore the factors of extreme weather
occurrence, and explore the frequency of extreme weather occurrence through various factors to make
the model more accurate.
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