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Abstract. Climate change-related extreme weather imperils people's lives, 

health, and property. This research constructs an insurance evaluation model and 

a landmark protection model to boost property insurance sustainability. Taking 

China and the United States as cases, the insurance evaluation model uses a com-

petitive screening model for pricing and the TOPSIS method for impact scoring. 

It can distinguish underwriting risks (scores over 60 indicate low-risk underwrit-

ing, 20-60 suggest cautious underwriting, and below 20 mean no underwriting) 

and has 5% sensitivity stability. Based on this, property site selection is evalu-

ated. For instance, Fujian Province was analyzed, and Fuzhou City with a score 

of 83.2 was selected as a suitable location, with a preference for areas scoring 

over 60. The landmark protection model, relying on the object element topable 

model, scores landmarks (preserving those over 60) and quantifies protection 

measures. The models were applied to the Mogao Grottoes, and a community 

protection letter was formulated. These models offer valuable tools for the insur-

ance industry, real-estate developers, and heritage conservation, enhancing the 

understanding of the relationship between extreme weather, property insurance, 

and landmark protection. 

Keywords: Property insurance; TOPSIS integrated evaluation approach; Objec-

tive element topological modeling; Extreme weather; Landmark protection 

1 Introduction 

Global warming is having alarming consequences around the world, including more 

frequent extreme events and rising sea levels. And climate change is increasing extreme 

weather instability, with a marked increase in the frequency and intensity of extreme 

weather events, which have already caused more than $1 trillion in damages and a sig-

nificant increase in claims. Climate change is expected to drive premiums up by 30-

60% by 2040 [1]. 

Extreme weather occurs differently around the world due to unique local geographic 

locations and climatic conditions, resulting in the cost of property insurance premiums 

varying from place to place. In recent years, the price of property insurance has contin-

ued to rise and the number of property insurance policies has declined cumulatively as 

the incidence of extreme weather has continued to increase [2]. In addition, the insurance  
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coverage gap, which averages 57%, has widened. All of these factors have led to an 
ongoing crisis in the profitability of insurance companies and the affordability of prop-
erty owners. For details, see Fig. 1. 

 
Fig. 1. This article mainly technical roadmap. 

2 Method 

In the research methodology, data on the occurrence time and frequency of extreme 
weather events in the US and China was sourced from NASA GMAO's GEOS - 5. Data 
preprocessing, including cleaning missing values, handling outliers, and standardizing 
variables, was done in Excel. The constructed TOPSIS model was implemented and 
evaluated in MATLAB, using its numerical capabilities to calculate the relative close-
ness of data points for risk assessment in the insurance evaluation model. A technical 
roadmap, created with Microsoft Visio, visually presented the process from data acqui-
sition, through preprocessing and model implementation, to the application in property 
insurance and landmark protection, helping to understand and replicate the study [3]. 

3 Results  

3.1 Climate models 

Calculation of the intensity of extreme weather events: 

 𝑠𝑠 = 𝑎𝑎𝑖𝑖
∑𝑎𝑎

∗ 0.3 + 𝑑𝑑𝑖𝑖
∑𝑑𝑑

∗ 0.4 + 𝑒𝑒𝑖𝑖
∑ 𝑒𝑒
∗ 0.3 (1) 

Where: ‘ a ’ is the number of people affected (in tens of thousands), ‘ d ’ is the num-
ber of people who died, ‘ e ’ is the economic loss (in thousands of US dollars), and data 
such as 0.3 are the weights obtained through the hierarchical analysis method, the cal-
culation process of which will be described in detail later. 

Extreme weather event risk index calculation: 
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 𝑃𝑃 = ∑𝑝𝑝𝑖𝑖 × 𝑠𝑠𝑖𝑖 (2) 

Through the above calculation method, we can get the risk index of the four extreme 
weather in China and the U.S. In order to have a better view of the data, the frequency 
is used here instead of the frequency for the calculation, and the results are as follows: 
For details, see Table 1. 

Table 1. 2015-2021 Probability of four weather extremes in China and the United States 

Country China American 

 Floods Storms Wild-
fires Drought Floods Storms Wild-

fires Drought 

2015 0.85 22.69 0.00 0.09 1.18 1.60 0.18 0.06 
2016 4.54 79.60 0.00 0.36 2.33 1.09 0.18 0.00 
2017 1.10 9.12 0.00 0.05 0.18 4.54 0.51 0.03 
2018 0.47 30.47 0.00 0.00 0.06 0.27 1.67 0.04 
2019 0.50 8.64 0.24 0.00 0.51 1.26 0.03 0.00 
2020 0.81 1.09 0.46 0.00 0.09 2.65 0.11 0.46 
2021 0.62 2.72 0.00 0.10 1.46 7.41 0.32 0.11 

3.2 Premium Pricing Strategy 

Based on risk assessment, a premium pricing strategy for different-risk regions was 
developed [1], considering the time value of money and using a competitive-screening 

model. Key formulas include 
1* * *

(1 )tD P D C
j

=
+

for total claims and 

*B M Q= for premiums. Premiums for China and the US from 2015-2021 were cal-
culated, as shown in Table 2. 

Table 2. Schedule of premiums to be paid in China and the United States, 2015-2021 

Country China United States 

 Frequency 
Premium 

Premiumuency 
Premium 

Frequecyuency 
Premium 

Premiumuency 
Premium 

2015 30 2738 30 19726 
2016 24 2758 24 19786 
2017 23 2715 23 19803 
2018 16 2680 16 19678 
2019 23 2717 23 19652 
2020 24 2734 24 19881 
2021 42 2734 42 19967 
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3.3 Topsis evaluation 

TOPSIS is a method of ranking the evaluation objects according to their proximity to 
the idealized target, and it is a distance synthesis evaluation method that performs the 
ranking of the advantages and disadvantages of each evaluation object [4,5,6]. 

The value of which ranges from [0,1], the closer to 1 indicates that the closer the 
situation is, the closer the degree of closeness is converted into a score situation G_i 
show, the score situation indicates that the insurance company to bear the risk of the 
policy, the higher the score represents the lower the risk [7], to get the score of China 
2015-2021 𝐺𝐺𝑖𝑖  = {65.2, 11.9, 82.3, 84.4, 89.2, 79.5, 83.6}, US 𝐺𝐺𝑖𝑖={80.0, 83.8, 82.2, 
86.2, 91.8, 37.3, 37.1} 

Based on the results obtained from the above modeling, we select that when the score 
is more than 60 points, the insurance company can assume the policy; the score is be-
tween 20-60 points (including 20, excluding 60) the insurance company can choose to 
assume a certain amount of risk for underwriting; if the score is lower than 20 points, 
it may be due to the large gap in the insurance coverage, the insurance company's lack 
of profitability is not conducive to its sustainability, and so it can not be underwritten 
Insurance Policies [4,5,8]. 

3.4 Object element table  

According to the superiority of the restoration effect of China's historically protected 
buildings from high to low is categorized into: Class I (good protection and restoration 
effect), Class II (better protection and restoration effect), Class III (general protection 
and restoration effect), Class IV (poor protection and restoration effect), and quantita-
tively outlines the protection and restoration effect level as follows: 𝑁𝑁𝑝𝑝=｛Class 
I→Class II→Class III→Class IV}, 𝑁𝑁01={ Class I} ..., for any object p to be evaluated 
in the 𝑁𝑁𝑝𝑝, determine the degree of affiliation of p [9,10,11]. 

Finally, we selected five landmarks in China for the evaluation of the index of ex-
pandability, respectively, to obtain a comprehensive evaluation index, the higher the 
index means that the feasibility of the measure in this place is better, the restoration 
effect of applying this measure is the best, and the benefits generated are also higher. 
The obtained data were visualized as follows. For details, see Fig. 2. 

 
Fig. 2. Surface building expandability evaluation 
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4 Conclusion 

This study developed an insurance evaluation model and a landmark protection model 
to address the challenges posed by extreme weather. The insurance evaluation model, 
using competitive screening, and TOPSIS, predicts risks, sets premiums, and assesses 
insurance - taking risks. It shows 5% sensitivity stability, helping insurance companies 
make more informed underwriting decisions. 

For property site selection, areas like Fujian were evaluated. Fuzhou, with a high 
score, was chosen as a suitable location. This evaluation method provides a scientific 
basis for property developers and investors to reduce risks related to extreme weather. 

The landmark protection model, based on the object element topable model, scores 
and protects landmarks. Applying it to the Mogao Grottoes offers practical conserva-
tion plans, which are crucial for preserving cultural heritage. In conclusion, these mod-
els enhance our understanding of the relationship between extreme weather, property 
insurance, and landmark protection. They provide practical tools for the insurance in-
dustry, real-estate developers, and heritage conservationists. Future research could fo-
cus on improving model accuracy by incorporating more complex environmental and 
social factors. In practice, these models can be directly applied to regions prone to ex-
treme weather, guiding decision - making in insurance policies, property development, 
and landmark conservation. 
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source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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