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Abstract. In recent years, earthquakes, floods, sandstorms, extreme heat and other natural
disasters have occurred with increasing frequency in all corners of the Earth, and these disasters
have caused huge economic losses. In this paper, the data of the disaster-prone state of Florida is
taken as an example. In order to make the local insurance companies better make insurance
decisions, the article first estimate the disaster frequency of the region in the next five years based
on Grey Prediction, and then obtain the average expected weather-related disaster frequency of Sky
and Land disasters (431.24 and 428.86). At the same time, the article carries out Multivariate Linear
Regression on insurance sales (dependent variable) and disaster frequency (independent variable),
obtaining the linear regression equation of the state, and calculates the expected value of insurance
sales in the next five years (14.2372 million). Then, paper uses the concept of marginal benefit in
economics and curve fitting toolbox to fit the marginal insurance cost curve and marginal insurance
revenue curve, and take the intersection point of the curve (20.2692 million) as the number of
underwriting orders that make the insurance company most profitable. Through comparison, it is
found that the underwriters in Florida should continue to conduct business.
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1. Introduction

In recent years, the increased frequency and intensity of extreme weather events have posed
unprecedented challenges to the global insurance industry. From storms and floods to extreme
heatwaves, these weather phenomena have had direct impacts on human life and significantly affected
the risk assessment and financial stability of the insurance sector. In response, insurance companies
need to adopt more flexible and innovative approaches to adapt to this evolving risk landscape.
However, past literature research mainly focused on insurance business models and risk management
methods in conventional areas [1-3], and few studies focused on insurance business in areas with
frequent disasters. In these disaster-prone areas, insurance companies can not only stay in the past
insurance strategy formulation thinking, must be adjusted according to the local situation. Specifically,
firstly, frequent disaster events increase the uncertainty of risk assessment, so that traditional risk
models and pricing strategies may not be applicable anymore. Secondly, risk concentration is high in
areas with frequent disasters, which may lead to a large number of claims and bring huge financial
pressure to insurance companies once disasters occur [4-5]. Therefore, it is an important and pressing
issue for insurance companies to conduct business in these regions and remain profitable. With this
background, the paper aims to help local companies adjust their decision to underwrite insurances by
calculating the number of insurance sales over the next five years and the number of insurances
underwrote that will be most profitable for insurers in disaster-prone areas in this paper. By comparing
these two indicators, the adjustment direction of insurance strategies in disaster prone areas can be
obtained. In addition, the loss of disaster data come from National Centers for Environmental
Information (NCEI) (noaa.gov) Insurance data come from Insurance Information Institute.
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2. Grey prediction model

2.1. Pole ratio test

Since the obtained data is a small amount of data, and the Grey Prediction Model can calculate
and speculate according to the small amount of information available [1-2], article uses the modified
model to forecast. In order to predict the number of sky disasters and land disasters in Florida in the
next five years, Grey Prediction Model is performed based on the annual data of the above two types
of weather disasters in Florida from 2014 to 2023. First of all, the polar ratio test should be carried

out on the data of the three disasters, which is located in the interval (6" (-2/(n+1).e" 210 +D)) The
data is suitable for model construction. If the data does not pass the level ratio test, the sequence is
translated so that the sequence meets the level ratio test after translation conversion.

Through testing, it is found that all values of the translated sequence were within the interval (0.834,
1.199), indicating that the translated sequence was suitable for constructing the gray prediction model

2.2. Establishment and results of Grey prediction model

Grey differential equation is obtained by using OLS estimation:

x@k)+az®(k)=b (1)
Winterization equation:
&) A A
—dxdt(t) ——ax¥(t)+b @

Residual test

After the results are obtained, residual test is conducted to judge the degree of fit of the model, and
the residual test is the following formula

Absolute residuals:

& (k) =x9k)- Q(O) (k),k=2,3,...,n 3

Relative residual:

XO)-% ()]

= - 4
&, (K) = 00 x100%,k =2,3,...,n (4)
Average relative residual:
_ 1 &
er=—"->]¢,K)| &)
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The visualization of predicted results are shown in Figure 1:
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Figure 1 Grey Prediction Model result
The predicted frequency of five years future disasters are shown in Table.1.
Table.1. Frequency of future five years disasters in Florida

Prediction order ~ Sky disaster prediction

Land disaster prediction

547.760
502.489
422.624
425.662
435.663

o B~ W N

499.812
461.515
426.147
393.489
363.333

Plug in the data to get the results and analysis:

Sky disaster: the average relative residual is 15.891%, less than 20%, which proves the degree of

fit is good

Land hazards: The average relative residual is 18.759%, less than 20%, which proves the degree

of fit is good

3. Regression Analysis

3.1. Normal distribution test of data

The article uses the Q-Q chart to show the distribution of the acquired data. To use the Q-Q plot
map to identify whether the sample data is approximately normal distribution, just look at whether
the points on the QQ map are approximately near a straight line [3]. Through Figure 2. it is clear to
see that the data conform to the normal distribution, so we can think that there are no outliers in the

acquired data, which can be used for the following analysi
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Figure 2. Q-Q plot of disaster data

The article visualizes the data of sky disasters, land disasters and the total number of disasters and
the sales for insurance, drew a line chart shown as Figure 3, and found that the frequency of disasters
seemed to have a certain correlation with the sales for insurance. Based on this, the paper tries to
establish a regression equation to obtain the relationship between them.
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Figure 3. Line chart of disaster and insurance demands data

3.2. Linear model hypothesis

The types and contents of variables are shown in Table.2.
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Table.2. Variable type

Variable Type Variable Name
Dependent variable | Insurance sales
Sky disaster
Land disaster

Quantitative index

Independent variable

From the perspective of economics [4], we improve the initial regression equation:

In order to weaken the heteroscedasticity of the data, logarithms of the independent variables is
taken.

Assuming that the greater the number of disasters, the greater the loss caused, then the demand for
insurance that conforms to behavioral insurance will also increase with the law of the elastic market,
so the article needs to take the logarithm of the independent variable

At the same time, since the Insurance sales cannot be less than zero, the article takes In(1 + f;)

Above all for independent variable F = {f,, f,}={Sky disaster, Land disaster }, Assume S =
Insurance sales, and the following linear relationship is satisfied:

S =PBo+ X1 Biln(1+f) +€ (6)
Where € is a disturbance term that is difficult to observe and completely random.

3.3. Regression result

First, the article exams regression coefficient ; of f; and gets p = 0.0209 < 0.05 conducting a
joint significance test. Therefore, it can be argued that under the 95% confidence interval, the original
assumption is rejected that the null hypothesis and think that 8; is not all 0.

Table.3. Regression result

S Coef. Std. Err. t P>t [95% Conf. Interval]

fi 1703202 606311.1 2.81 0.026 269503.9 3136900

fa 1675181 781283.4 2.14 0.069 -172261.1 3522622
_cons -2.93E+07 1.24E+Q7 -2.36 0.05 -5.87E+07 6.19E+04

According to Table.3. all independent variablesf;are very significant, so the final regression
equation can be obtained as follows:

Seiorida = —29,390,000 + 3,410,000in(1 + f,) + 3,357,000ln(1 + f,) @)

Through the estimated number of disasters obtained by the previous gray prediction model and the
regression equation, the article can obtain the insurance sales of the insurance market in Florida in
the next five years. By taking the average value, the paper determines that this is the expected
insurance sales of the region in the next five years Eg

5 !

Finally, according to the data obtained by the Grey Prediction Model, it can be plugged into the
regression equation to obtain the average insurance underwrote in the next five years: 14.2372 million.
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4. Marginal model

4.1. Marginal insurance cost

The article assumes that the insurance industry is dominated by real estate. In order to estimate the
loss scope of insurers, the article considers how much contribution WI the insurance industry can
make to the social industry, and then judge the approximate economic loss suffered by the insurance
industry in the region. Then, to further refine the loss, in order to withstand the impact of extreme
weather disasters, the disaster resistance index of the house S will determine whether the building
can be damaged as little as possible in the disaster, which will further affect the cost of reconstruction
and maintenance [5-7], and ultimately affect the loss of the insurer. In addition, DC is the damage
loss cost by disasters. Therefore, such a relationship can be established:

MIC =DCXWI XS 9)

At the same time, the firmness of the house Sy, and the material used in the house Sy; should be
the variables that can best reflect the disaster resistance index of the house [8-9], and the better this
index is, the smaller the loss should be, so the final expression is shown as follows:

1
eSWst

MIC = DC X WI X ——— (11)

eSWXSM

S = (10)

4.2. Marginal insurance revenue

Assuming that the revenue of the insurance industry only considers the insured income related to
real estate, the article considers the marginal profit as the contribution WI of the insurance industry
to the local output value R

MIR = R X WI (12)

Thus, based on past data, the MIC and MIR of the insurance industry in the selected region each
year can be computed. Finally, through fitting, the article obtains the MIC curve and MIR curve,
and finally calculate that the insurance sales corresponding to the intersection of the curve is the
optimal underwriting singular number [10].

5. Results

Based on the data of Florida, the article obtaines the following results through calculation.
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Figure 4 Marginal cost curve and Marginal revenue curve

Using the Matlab curve fitting toolbox, Marginal insurance cost curve and Marginal insurance
revenue curve can got as well as the intersection point namely the optimal value. From this, the article
obtains the optimal underwriting number of Florida insurance market is 20.2692 million.
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6. Conclusions

Through Grey Prediction, the article obtains the average frequency of Sky disasters and Land
disasters in Florida in the next five years as 431.24 and 428.86. At the same time, the paper obtains
the Multivariate Linear Regression equation between insurance sales and disaster frequency in
Florida, and based on the Grey Prediction value, got a five-year forecast of 14.2372 million insurance
sales in Florida. Finally, based on the concept of marginal benefit, using the curve fitting toolbox, the
Marginal insurance cost curve and the Marginal insurance revenue curve are clear, and the
intersection point of the curve, 20.2692 million is found. By comparison, it can be found that
according to the past trend, the expected value of insurance underwrote in this area is lower than the
optimal insured amount. Therefore, the article recommends that the local underwriters in Florida
further expand the insurance business to maximize its benefits.
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