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Abstract: In recent years, with the increase of extreme weather events, the financial crisis of insurance 
companies and residents has become more and more serious, this paper stands in the perspective of 
insurance companies to provide the optimal choice for the profitability of insurance companies. For 
the construction of the model, this paper first applies the Poisson distribution to construct the extreme 
weather forecasting model to describe its probability distribution. Then, in the disaster resilience 
assessment model, this paper constructs a two-layer assessment index system, and combines subjective 
and objective values through hierarchical analysis method (AHP) and entropy weight method (EWW). 
The entropy weight method (EWM) is used to combine subjective and objective values, and the 
calculation formula is used to derive the regional disaster resistance coefficient. Then, combining the 
above two models, this paper derives the core index of insurance company's decision-making - payout 
ratio. The paper also constructs a regional risk index model and a break-even analysis model to 
determine appropriate policy bands. 
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1. Introduction 

Influenced by the uncertainty of extreme natural disasters, insurance companies have overpayment 
in some areas if they follow the original payout strategy. In order to help insurance companies to 
reasonably underwrite insurance and at the same time reasonably bear the risk for local residents, this 
paper combines a variety of analytical methods, prediction models and diversified influencing factors 
for disaster risk prediction and regional disaster resilience assessment, and constructs relevant models 
to provide insurers with a basis for decision-making. 

2. Extreme Weather Prediction Model - Predicting the Frequency of Extreme 

Because we are only projecting for the next three years, we idealistically ignore changes in the 
incidence of extreme weather due to climate change. We use the Poisson distribution for forecasting. 
We recommend that insurance companies count the frequency of extreme weather occurrences over the 
past n (n cannot be too large) years to obtain the frequency vector X, based on actual conditions[1]. 
Then, according to the probability distribution equation: 

                   

X = (x1, x1,⋯ , xn)

P(x = i) = λi

i!
e−λ(i = 0,1,2,⋯ )

λ = E(x) = 1
n
∑i=1
n  xi 

                         (1) 

Obtain a probability distribution of the number of extreme weather events in a year. Next, we 
analyze the profit and loss of the insurance company by taking the extreme value F of the curve 
obtained from the prediction as the predicted value of the number of occurrences in a year. According 
to the Three Sigma principle, we use MD, the maximum number of disasters with a probability close to 
three in a thousand, as a worst-case scenario for the risk assessment of insurance companies [2]. 
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3. Disaster Resilience Assessment Model - Calculation of Resilience Factor for the area 

3.1 Construction of evaluation index system 

Clarifying the concept of urban disaster resilience is an important prerequisite for constructing the 
evaluation index system. The urban disaster resilience referred to in this paper is based on the resilience 
theory. Resilience refers to the ability of a city to prevent floods before a disaster, to make 
self-adjustment to reduce the impact of floods during a disaster to eliminate the adverse effects of 
floods, and to restore the normal order of the city promptly after a disaster. We construct the disaster 
resilience evaluation index system from four dimensions: exposure, sensitivity, adaptability, and 
resilience[3]. 

 
Figure 1 Analytical Table 

Exposure: refers to the risks and pressures faced by urban systems, reflecting the likelihood of 
urban systems being exposed to disasters. We selected urbanization rate, annual precipitation, and 
elevation as secondary evaluation indicators. 

Sensitivity: refers to the degree to which an urban system or its components are likely to be affected 
when subjected to a disturbance. We selected population density, construction land share GDP per unit 
area, as its secondary indicators[4]. 

Adaptability: refers to the ability of urban systems to self-regulate to mitigate potential 
damage,focusing on the state of a city to maintain normal levels of functioning.Focuses on the state of 
the city to maintain a normal level of functioning. We choose road area, adaptation, R and D 
investment, and percentage of undergraduate students as secondary indicators. 
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Below we establish a two-tier evaluation indicator (Figure 1). 

3.2 Data and processing 

Due to the differences in the type, scale, and order of magnitude of the indicators in the urban flood 
resilience assessment index system, it is necessary to standardize the raw data of each 
indicator.differences, it is necessary to standardize the raw data of each indicator, and the standardized 
values can more effectively reflect the impact of indicators on disaster [5]. The standardized values can 
more effectively reflect the magnitude of the impact of the indicators on the resilience of disasters. The 
formulas for standardizing the positive and negative indicators are as follows: 

                   
Yij =

max�xij�−xij
max�xij�−min�xij�

(j = 1,2,3,⋯ , n)

  Yij =
xij−min�xij�

max�xij�−min�xij�
(i = 1,2,3,⋯ , m)

                      (2) 

xij and Yij denote, respectively, the raw and standardized values of j indicators in i regions. 

3.3 EWM-AHP method combination for determining fixed weights 

First, we use the entropy weight method to determine the objective weights in the Analytical Table 
like Figure 1. The entropy weight method utilizes the existing objective data to obtain the objective 
assignment of weights of the evaluation indicators method. It is not affected by the subjective will of 
the evaluator and can reflect the change sin the data of the indicators and the relationship between the 
weights, so it can objective and effective evaluation [6]. We calculate the weight of the its data under 
the metric P. We consider this as the probability to be used in the relative entropy calculation to obtain 
the probability matrix. 

                 𝑃𝑃𝑖𝑖𝑖𝑖 =
𝑌𝑌𝑖𝑖𝑖𝑖

∑  𝑚𝑚
𝑖𝑖=1  𝑌𝑌𝑖𝑖𝑖𝑖

(𝑖𝑖 = 1,2,3,⋯ ,𝑚𝑚)(𝑗𝑗 = 1,2,3,⋯ ,𝑛𝑛)                    (3) 

We calculated the information entropy for each metric: 

𝑒𝑒𝑗𝑗 = − 1
ln 𝑚𝑚

∑  𝑚𝑚
𝑖𝑖=1 𝑃𝑃𝑖𝑖𝑖𝑖ln �𝑃𝑃𝑖𝑖𝑖𝑖�(𝑗𝑗 = 1,2,3,⋯ ,𝑛𝑛)                    (4) 

Finally we we find the weighting coefficients for each indicator: 

   𝜀𝜀𝑗𝑗 = �1 − 𝑒𝑒𝑗𝑗�/∑  𝑛𝑛
𝑗𝑗=1 �1 − 𝑒𝑒𝑗𝑗�(𝑗𝑗 = 1,2,3,⋯ ,𝑛𝑛)                  (5) 

Next, we used hierarchical analysis for subjective empowerment. 

We constructed judgment matrices and scored the importance of each of the secondary indicators 
under each of the four primary indicators[7]. Then, we apply the eigenvalue method to calculate the 
eigenvectors (obtained by MATLAB function). We obtain the weight vector: 

    𝑊𝑊 = (𝑤𝑤1,𝑤𝑤2,⋯𝑤𝑤𝑛𝑛)                                (6) 

Next, we do the consistency test. We use the Consistency Index (CI) and Consistency Ratio (CR) to 
assess the consistency of the judgment matrix. 

    CR = CI
RI

                                   (7) 

When CR<0.10 , we consider the consistency test to hold. 

     𝑊𝑊𝑗𝑗 = �𝑤𝑤𝑗𝑗𝜀𝜀𝑗𝑗
∑𝑗𝑗=1
𝑛𝑛  �𝑤𝑤𝑗𝑗𝜀𝜀𝑗𝑗

(𝑗𝑗 = 1,2,3,⋯ ,𝑛𝑛)                         (8) 

Finally, we combine the weights.As show in the figure above The subjective weights and objective 
weights of the flood disaster resilience evaluation indexes are obtained by hierarchical analysis and 
entropy weighting method respectively. The method of combining the subjective and objective weights 
is used to calculate the combined weights of the urban disaster resilience evaluation indexes: 

Therefore, by combining the weights obtained above with the data from the local indicators, the 
resilience coefficient for a region can be obtained. 

The disaster resilience of our study refers to the integrated function of four dimensions of exposure, 
sensitivity, adaptability, and resilience of the urban system to various disasters, in which exposure and 
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sensitivity are negatively correlated with resilience, and adaptability and resilience are positively 
correlated with resilience [8]. The urban disaster resilience assessment model can be calculated by the 
following formula: 

         
Di = ∑j=1

n  WjYij
TC = (AC × RC)/(E × S)

                           (9) 

AC, RC, E, and S are the resilience index, resilience index, exposure index, and sensitivity index, 
respectively. Di is the score of each sub-dimension (AC, RC, E, and S) for i districts. 

4. Pricing Strategies for Insurance Companies 

4.1 Risk index modeling - analyzing whether insurers can absorb maximum losses 

Now, we’ve got the maximum compensation rate: 

Next, we evaluate the underwriting risk using the maximum indemnity ratio. We know that 
insurance companies have an internal underwriting risk index threshold q. When the risk exceeds q, the 
insurance company considers it likely to lead to insolvency and will not underwrite the policy. 
Therefore, insurance companies can decide whether to underwrite or limit the number of insurance 
policies (QI) based on this model . 

                         IRM = k × MD × TC × year                          (10) 

We calculate the max present value of compensation PCM using the time value of money theory 
and get: 

        
PCM = IRM×QI×AP

(1+i)year 

Q = PCM
TA

× 100% < q
                              (11) 

Finally, we get the maximum amount of insurance that can be sold. 

                              𝑁𝑁𝑁𝑁 < 𝑞𝑞×𝑇𝑇𝑇𝑇×(1+𝑖𝑖)year 

𝐼𝐼𝐼𝐼𝐼𝐼×𝐴𝐴𝐴𝐴
                              (12) 

Accordingly, insurance companies can assess the level of risk and limit the maximum number of 
policies to be sold. 

4.2 Break-even analysis model - analyzing when an insurance company is solidly in the black 

From economics, we know that for an insurance company to make a profit it needs to make its sales 
revenue greater than the sum of its production costs and claims. Next, we obtain the total cost of 
production (TC), the present value of the estimated claim (PC), and the revenue (SI), respectively, 
based on economic principles. 

     

TC = Cf + Cv × QI
PC = IR×QI×AP

(1+i)year 

SI = AS × QI
                              (13) 

When revenues and expenses are equal we get the break-even point. 

    SI = PC + TC                               (14) 

We use the number of policies that must be sold to reach breakeven (QI*) to reflect breakeven 
status. 

     QI∗ = Cf(1+i)year 

(AS−Cv)(1+i)year −IR×AP
                          (15) 

QI* is the minimum number of insurance policies that need to be sold for the program to be able to 
preserve its capital. The lower its value, the greater the program's ability to adapt to market changes [9]. 
Below we examine the relationship between policy metrics and QI* to assist insurers in developing 
policy pricing programs. 

So, the insurance company can get the right pre-sale interval of the policy by adjusting the 
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corresponding parameters of the policy. Combining these two models, we conclude that when the 
number of pre-sold policies is within this range, the insurer is profitable while not at great risk of 
insolvency [10]. The insurance company can appropriately increase the number of policies sold within 
this range. 

      QI∗ < NI < q×TA×(1+i)year 

IRM×AP
                            (16) 

5. Conclusions 

Extreme weather events have become more common in recent years. The property-casualty 
insurance industry faces significant sustainability and decision-making issues in the face of climate 
change and extreme weather events. In this new environment, insurers will have to reassess risks to 
reflect new climate phenomena, which could result in higher premiums, fewer policyholders in 
high-risk areas or, in extreme cases, insurers choosing not to offer coverage anymore. In short, insurers 
need to find new ways to balance profitability with homeowner affordability. This paper constructs an 
extreme weather forecasting model and a disaster resilience assessment model through multiple 
influencing factors such as the level of economic development, disaster capacity, and convenience of 
life, and obtains the core indicator of insurance company's decision-making - payout ratio. Setting the 
payout amount and policy price according to the payout ratio allows the insurance company to ensure 
profitability and also minimise the risk of extreme weather. This in turn, shares the risk and improves 
protection for the local population.In the future, through the refinement and application of this model, 
we can better protect our cities from natural disasters and reduce the damage caused by them. 
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