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Te system of inherent defect insurance is an important measure to serve the real economy through fnancial means and improve the
quality of construction projects, which is the future development direction of China’s construction industry. However, the related
research is not perfect due to the short implementation of the insurance. Tis could bring risks to the promotion of insurance for
companies. Insurance ruin theory is an important method in risk management theory, so adopting it to manage the risk inherent
defect insurance from the perspective of insurance companies is vital. Te research starts with the classic insurance ruin theory and
determines the coefcient of premium collection from the perspective of claim settlement distribution expectations. Furthermore, the
approximate distribution of claim settlement is deduced, and a comprehensive risk assessment model is constructed. Finally, based
on the data of insurance actuarial practice in Shanghai, both the ruin probability of inherent defect insurance in each insuring term
and its average required initial reserve are calculated, which provides the analyses on the risks and main subitems of inherent defect
insurance as well as relevant suggestions. Finally, the sensitivity analysis is used to further analyse the risk of diferent insurance stages
of IDI, and the relevant measures are proposed.Te research can provide theoretical assistances for insurance companies to carry out
efective risk management and provide model tools to make scientifc decisions.

1. Introduction

Construction quality pertains to the safety of people’s lives
and property, cities’ future and heritage, and the level of
new-type urbanisation development. Promoting construc-
tion insurance is necessary to better facilitate fnancial
services for the real economy, enhance construction works’
quality, improve the city’s business environment, and reduce
complaints from residents.

Inherent defect insurance (IDI) refers to insurance
safeguarded by the construction unit within the insurance
scope and period stipulated in the contract; the insurance
company undertakes the liability of compensation for
damage concerning the insured project caused by potential
defects in engineering quality [1].

Insurance for construction engineering quality origi-
nated in France, became prevalent in Europe, and gradually
developed in America, Asia, and Africa. It is an in-
dispensable insurance service in the construction industry
that exists in diversifed forms and has a history of over
30 years; it features a mature mechanism that guarantees
construction quality insurance and is applicable worldwide
[2]. However, in China, the implementation of insurance for
potentially defective engineering quality is still poor, the
market mechanism is immature, the vast majority of in-
surance projects have not entered the claim settlement
period, and no complete insurance project data exist for
actuarial analysis. Terefore, the current insurance pricing
for potentially defective engineering tends to be empirical;
professional institutions, including insurance companies,
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establish the premium rate. However, the empirical rate does
not pass actuarial risk analysis; hence, it may precipitate ruin
risk for insurance projects with potential engineering quality
defects, thus afecting insurance companies’ management
and operation. Improving the risk analysis for construction
quality insurance—by developing a set of practical and ef-
fective models to determine risk probability and quantitative
risk insurance—would help address among the most con-
cerning problems faced by risk insurance companies,
strengthen these companies’ position when providing in-
surance for potentially defective engineering quality, and
develop the theoretical basis for scientifc decision-making
and modelling tools in this respect.

In the operation of China’s insurance companies, insurance
premium is the main source of income, and claim settlement is
the main risk factor. Insurance companies must fully consider
the risks they face in order to ensure the operation of insurance
companies, and the research on insurance ruin theory mainly
focuses on how insurance companies estimate risks they face.
In order to better explore risks faced by IDI, this paper in-
troduces ruin theory to analyse its risks. Ruin theory is a general
theory for operators and decision makers to quantitatively
analyse and predict risks. Under a series of realistic assump-
tions, it uses probability statistics, random processes, and other
tools to establish a model of random risk in insurance business
and study the nature of the model and then analyse the ruin
risk quantitatively. It provides theoretical and technical support
for insurers to carry out efective risk management and control
in reality.

Considering this situation, this study attempts to build
a risk analysis model to assess insurance for potentially de-
fective engineering quality based on insurance ruin theory.
Te remainder of the paper is arranged as follows: Section 2
reviews relevant national and international research. Section 3
introduces the primary theoretical basis used herein, that is,
insurance ruin theory. According to the insurance ruin
theory, Section 4 constructs a risk model to assess insurance
for potentially defective engineering quality through proba-
bility analysis from a single-division and subdivisional en-
gineering perspective. Section 5 conducts empirical analysis
and sensitivity analysis based on specifc insurance compa-
nies’ insurance practice data in Shanghai using the insurance
risk model adopted in this research. Finally, Section 6 elu-
cidates the conclusion regarding the risk analysis of insurance
for potentially defective engineering quality, providing a de-
cision-making tool for promoting insurance for potentially
defective engineering quality from the insurance companies’
perspective.

2. Literature Review

France was the frst country to utilise construction quality
insurance. France established a relatively complete con-
struction quality insurance framework system in 1978 when
the Spinetta statute was enacted to ensure construction
engineering quality for ten years with defect insurance [2].
Josephson and Hammarlund collected and sorted nearly
3,000 defects and corresponding root causes by monitoring
construction projects and explained the efectiveness of

preventive measures based on the development and function
of IDI [3]. Georgiou et al. conducted a comparative study on
engineering quality defects in houses developed and con-
structed by real estate developers and built by individual
owners in Victoria, Australia, concluding that people should
actively participate in insurance for potentially defective
engineering quality under diferent construction conditions
[4]. Lavers studied the problem of economic loss allocation
from the perspective of the cost bearers of construction
failure by considering diferent loss-sharing patterns among
developers, building producers, and end users, who may be
purchasers or other occupiers [5]. Considering that litigation
owing to defects in construction projects has increased,
Manifof and Randy proposed the inclusion of insurance in
the engineering quality assurance system, aiming to improve
engineering quality and reduce related litigation [6].

Lavers described the treatment of liability and insurance
issues arising after construction in 19 diferent legal systems,
introduced the operational process of the insurance system
based on the analysis of relevant cases in various countries,
and demonstrated insurance’s efectiveness against potential
defects in construction projects’ quality [7]. Some researchers
believe that builders working in residential construction can
partially transfer liability for claim settlement pertaining to
defects in engineering quality through insurance to improve
the maximum obtainable income [8–10].

Knocke described, in detail, insurance systems—for
construction engineering quality—inAustralia, Spain, and the
United Kingdom by conducting a comparative study [11] and,
consequently, ofering reform suggestions for various coun-
tries and establishing a complete model of quality insurance
for construction projects [12]. By analysing the French in-
surance system model’s success, Lovergrove suggested that
the construction engineering insurance model must be im-
proved to adapt to Australia’s national conditions [13]. Du
and Qi summarised the typical development experience of
insurance for potentially defective engineering quality and the
current exploration situation in China and analysed relevant
subjects, highlighting that the key to implementing quality
insurance for engineering defects is guiding the relevant
parties to participate in multiple measures actively and
achieve a win-win situation [14]. Some scholars have analysed
the causes of potential defects in engineering quality and
studied the mechanism from the perspective of real estate
contractors and design units [15–17].

Based on an analysis of local quality insurance for po-
tentially defective engineering practices, Smith concluded
that quality defects in engineering projects in Las Vegas were
caused by contractors, increasing related complaints and
triggering the rapid growth of insurance in the region [18].
Ray confrmed this fnding by examining the implementa-
tion of insurance for potentially defective engineering
quality in Oregon, United States, which promoted the de-
velopment of such insurance [19]. Kane analysed the impact
and prevalence of various potential defects in buildings from
the design perspective, collected data, and compared po-
tential defects with relevant professionals to develop design
standards and codes for major defects [20]. Meng examined
performance in 103 construction projects and found that 37
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were late, 26 were over budget, and 90 had quality defects,
indicating that defects are the main factors precipitating
poor project performance [21]. Chong and Low asserted that
reducing defects is a key task for construction projects.
Terefore, the key to improving engineering quality is un-
derstanding the causes of defects and formulating defect
prevention and reduction strategies by identifying defects
critical to engineering quality [22]. However, potential en-
gineering quality defects are challenging to detect at the
delivery and acceptance stage of a completed project.
Moreover, compared with other defects, they are more in-
tractable and more likely to cause serious consequences for
the project [23].

Insurance against potential defects in construction quality
has been piloted in several provinces and cities in China.With
the development and promotion of insurance for potentially
defective engineering quality in local insurance practice, the
insurance and compensation amounts associated with
a project with insurance for potentially defective engineering
quality will increase, and the corresponding insurance risk
will also increase.Terefore, developing a perfect and efective
risk assessment model as the theoretical basis for the pro-
motion of insurance for potentially defective engineering
quality is necessary.

Recently, scholars have been focusing on analysing in-
surance risk from the insurance perspective, which entails
analysing the infuencing factors of insurance to explore the
insurance risk distribution further. Tartarini et al. analysed the
risk of agricultural insurance and developed a new framework
through metamodelling to derive an index characterised by
low insurance-based risk. In addition, Tartarini et al. have
quantifed insurance risk and conducted empirical research
on frost and dry heat damage to barley and soft and hard
wheat in two regions of Italy to verify the evaluation index’s
reliability [24]. Fernandes-Hugo amd Ferreira-Fernando
measured health insurance risk assessment using cognitive
mapping and multicriteria decision analysis and combined
cognitive mapping and the measurement of attractiveness to
construct a unique nonparametric decision support system
for the risk analysis of individual private health insurance
[25]. Su and Yu proposed a novel method to estimate the
Gerger–Shiu function in classical insurance risk models based
on the expansion of the Laguerre series regarding sample
claim settlement number and magnitude and verifed that the
estimator tends towards a normal distribution. Su and Yu
quantitatively assessed insurance risk [26], and Guillermo
et al. described the risk relationship and common charac-
teristics of food risk in the industry from the perspective of
food insurance risk. Accordingly, Guillermo et al. con-
structed a numerical model assessing food events’ potential
impact to investigate food insurance’s management, pricing,
and transfer risk. In addition, Guillermo et al. used these
aspects to analyse and evaluate food insurance risk [27].

Te literature has predominantly focused on evaluating
insurance risk posed by the natural environment, but in-
surance risk is frequently related to human factors; therefore,
insurance risk evaluation must be studied from human
factors’ perspective. However, an increasing number of
scholars have been analysing insurance risk based on the

insurance ruin model, which primarily analyses the accu-
mulation of insurance companies’ earnings over time [28].
Numerous scholars have analysed the mathematical prob-
ability model and explored the characteristic changes in
bankruptcy models under diferent conditions [29–31]. In
addition, several researchers have tried applying the ruin
model to specifc insurance practices and have used
mathematical methods to analyse insurance risks [32–37].
Insurance ruin theory—as the basic theory of insurance
actuarial science, particularly insurance risk analysis—has
broad applicability in actuarial practice. Terefore, this
theory can be utilised for the risk analysis of insurance for
potentially defective engineering quality; model optimisa-
tion can be facilitated based on the insurance ruin model.

3. Methods

3.1. Inherent Defect Insurance. Te IDI’s insurance period
currently implemented in China is generally 10 years, and the
coverage scope is specifed in the individual contract. However,
it includes subprojects—such as foundation, main structure,
cracks, and thermal insulation and waterproofng. For quality
problems in the engineering division and subdivisions agreed
upon during the insurance period, the insurance company
provides funds for the purchaser to provide compensation. IDI
claim settlement does not involve monetary compensation; it is
provided through direct maintenance.Terefore, the insurance
company’s claim settlement strongly relates to the defects in
engineering quality.

IDI is commercial, such as other types of insurance.
Insurance companies earn revenue by collecting insurance
premiums and making claim settlement against insureds in
the event of potential defects in engineering quality. IDI’s
occurrence involves great uncertainty, and the compensation
amount is generally high. Terefore, IDI’s implementation
entails certain commercial risks, and analysing the risks from
insurance projects’ perspective scientifcally is vital.

3.2. InsuranceRuinTeory. Risk theory is a general theory of
quantitative analysis, and its research process generally
includes risk identifcation, risk model establishment, risk
analysis, risk decision-making, and risk control. Ruin theory
is the core content of risk theory, which studies the infuence
of risk on insurer’s solvency from the perspective of claim
settlement by ignoring the infuence of return on in-
vestment, interest rate, and infation. Solvency is a variable
afected by a variety of uncertain factors and is usually
regarded as a random process in risk theory.

Swedish actuary Filip Lundberg proposed insurance ruin
theory. In the original insurance ruin model, only the basic
initial investment, premium income, and insurance project
claims settlement process are considered. Te relationship is
presented as follows:

P(t) � u0 + it − S(t). (1)

Herein, u0 represents the initial investment in the in-
surance project, i represents the fxed premium income per
unit of time, and S(t) represents the claim settlement process
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that occurred within the time [0, t]. Te claims process is
represented as S(t) � 

Nt

j�1xj, where Nt and xj in the for-
mula represent the number of claim settlement and the claim
settlement amount of the j-th claim settlement within the
insurance period, respectively.

Figure 1 refects an example of an insurance ruin process’
trajectory. Figure 1 illustrates that the insurance program’s
surplus P(t) is a function of time. As the premium rate is
constant, the solid lines’ slopes in the fgure are equal. Te
fault point in the fgure represents the claim settlement in the
insurance process, and the moment t0—when P(t)< 0 ap-
pears for the frst time—is the ruin moment of the insurance
item, which indicates that the insurance item’s surplus is
negative. A ruin moment’s probability in the insurance
period refects the insurance ruin’s probability.

Assuming the derivative of t based on insurance ruin
theory, equation (2) can be derived as follows:

dP(t)

dt
� i −

dS(t)

dt
. (2)

Equation (2) clearly reveals that the ruin risk of an in-
surance project is predominantly related to the premium
income per unit time and claim settlement process of the
insurance project. However, the premium income is fre-
quently a function of the claims settlement process; hence,
research on insurance ruin theory is generally conducted
from the perspective of the claims settlement process’
distribution.

4. Insurance Risk Model of Inherent Defect
Insurance Based on Ruin Theory

Insurance ruin theory has a good efect in the feld of risk
management, especially in the quantitative analysis of in-
surance risk. Terefore, insurance ruin theory is used to
construct the risk model of IDI to measure the risk of IDI.

In conclusion, the insurance project risks with which
insurance companies are concerned predominantly arise
from the insurance project claims process. However, the IDI
claims process represents the appearance of engineering
quality defects. Te fnal distribution of the claims process is
related to the frequency and amount of a single claim set-
tlement. Terefore, this study also examines the IDI’s in-
surance risk by considering the frequency of the occurrence
of engineering quality defects and the degree of damage. As
the insurance underwriting item involves more than one
engineering division and subdivision, the method to assess
the IDI’s insurance risk involves analysing the part frst and
then analysing the whole. Exploring the risk distribution of
each related engineering division and subdivision is fnally
aggregated into the overall insurance risk distribution. Te
insurance risk model’s operation mechanism is presented in
Figure 2.

4.1.Distribution of theClaims SettlementProcess under Single-
Division and Subdivisional Engineering. In actuarial models,
the Poisson distribution is generally used to ft discrete
frequency distributions. Te Poisson distribution is

a discrete distribution based on the binomial distribution,
whichmeans the probability of success k times in n trials that
satisfy binomial, independent, and repeatable conditions. It
can efectively describe the distribution of times.

Tis study assumes that the occurrence frequency Nt of
latent defects in engineering quality obeys the Poisson
distribution, which means Nt ∼P(λ). According to the
properties of the Poisson distribution, we know that the
expectation and variance of this distribution are both λ.
Terefore, parameter estimation can be performed with the
help of historical data on IDI. Tis research assumes that
there are m items of engineering divisions and subdivisions
covered by IDI, the number of claims settlement for the k-th
engineering divisions and subdivisions in the frst unit of
time is N1(k), the total number of insurance policies is N,
and the cumulative efect of the project’s quality problems is
δk(t). From this, we can conclude that the parameter de-
termination formula for the frequency distribution of this
subitem engineering problem is expressed as follows:

λk �
N1(k)

N
δk(t). (3)

Te distribution of the claim settlement amount can be
considered an independent and identical distribution for
specifc engineering divisions and subdivisions; hence, it can
be considered that the claim settlement process of specifc
engineering divisions and subdivisions obeys the compound
Poisson distribution [38]. Terefore, it is only necessary to
determine the distribution of the claim settlement amount of
the engineering divisions and subdivisions; thereafter, the
expression of the overall distribution of the engineering
division and subdivision claim settlement process can be
obtained. For certain engineering divisions and sub-
divisions, the compensation amount can be considered to
obey the exponential distribution [39], and its probability
density function is (x) � 1/θe− x/θ. As per the nature of the
exponential distribution, its expectation is the reciprocal of
the parameter; hence, the average payout per insurance
policy can be used to determine the parameter. Tis study
assumes that the number of claim settlement for the k-

P (t)

0 tt0

Figure 1: Insurance ruin process.
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thsubitem of IDI in the frst unit of time is N1(k), and the
total insurance claim settlement amount of this subitem in the
corresponding time is Wk. From this, the probability density
function and distribution function of the IDI claim settlement
amount can be calculated as per the following equations:

f(x) �
N1(k)

Wk

e
− N1(k)/Wk( )·x

, (4)

F(x) �
1 − e

−N1(k)/Wk( )·x
, x≥ 0,

0, x< 0.

⎧⎨

⎩ (5)

4.2.AggregateDistributionof theClaimsSettlementProcess for
Multidivisional and Subdivisional Engineering. If multiple
composite Poisson distributions are superimposed in the
same distribution, the fnal distribution still obeys the
composite Poisson distribution. Its distribution is de-
termined, and the proof process is as follows.

Two mutually independent composite Poisson distribu-
tions are denoted as S1 and S2, respectively, where S1 � 

N1
j�1

Xj, S2 � 
N2
j�1Yj. Among them, N1 and N2 obey the Poisson

distribution with parameters λ1 and λ2, respectively. Te
characteristic function corresponding to S1 is as follows:

φS1
(θ) � E exp iθS1( (  � E exp iθ 

N1

j�1
Xj

⎛⎝ ⎞⎠
⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
. (6)

It can be obtained from the total probability formula as
follows:

φS1
(θ) � 

∞

k�0
E exp iθ 

N1

j�1
Xj

⎛⎝ ⎞⎠ N1 � k
⎛⎝ ⎞⎠ · P N1 � k( 

� 
∞

k�0
E exp iθ 

k

j�1
Xj

⎛⎝ ⎞⎠⎛⎝ ⎞⎠ · P N1 � k( 

� 
∞

k�0
E exp iθXj   

k
· P N1 � k( 

� 
∞

k�0
φX(θ)( 

k
· P N1 � k( 

� exp λ1 φX(θ) − 1( ( .

(7)

Using the same method, we obtain the characteristic
function corresponding to S2 as φS2

(θ) � exp(λ2(φY(θ) − 1)).
Terefore, the characteristic function of the random

variable S obtained by the accumulation of the random
variables S1 and S2 is as follows:

φS(θ) � E(exp(iθS)) � E exp iθS1(  · exp iθS2( ( 

� E exp iθS1( (  · E exp iθS2( ( 

� exp λ1 φX(θ) − 1( (  · exp λ2 φY(θ) − 1( ( 

� exp λ1 + λ2(  ·
λ1

λ1 + λ2
φX(θ) +

λ2
λ1 + λ2

φY(θ) − 1  .

(8)

Insurance Ruin Theory

Claim Settlement
Process S (t)Initial Reserve u0 Premium Income i

Distribution of Claims
Settlement Process under
Single Sub-item Project

Insurance Risk Probability Model of
Inherent Defect Insurance

Analysis of the
characteristic function

Analysis of the moment
generating function

The expectation
of distribution

Character-
istics

Analysis
of Inherent

Defect
Insurance

reverse
solution

Distribution of Claims
Settlement Process for

Multi-sub-item Projects

Claims Process
Normalization

Approximate
Distribution of Insurance

Claims

Figure 2: Operation mechanism of the insurance risk model for inherent defect insurance.
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Evidently, the derivation of the above formula reveals
that with the addition of the two composite Poisson dis-
tributions, there is still obeyance to the composite Poisson
distribution, and the parameter of the number of occur-
rences is the sum of the parameters of each sub-Poisson
distribution. Terefore, the formula for determining the
frequency parameters of insurance claim settlement for IDI
is as follows:

λ � 
m

k�1
λk �

1
N



m

k�1
N1(k) · δk(t). (9)

Te probability density function of multiple composite
Poisson distributions is a linear combination of each sub-
distribution, which is expressed as follows:

f(x) � 
m

k�1

λk

λ
fk(x). (10)

In sum, the claim settlement process of IDI obeys the
compound Poisson distribution. Te number of occurrences
obeys the Poisson distribution with parameter λ, and the
probability density function of the claim settlement amount
is f(x) � 

m
k�1λk/λ · N1(k)/Wke− N1(k)/Wk ·x.

4.3. Ruin Model of Inherent Defect Insurance Based on Ruin
Teory. Tis study introduces ruin theory to construct an
overall insurance risk model of IDI. According to the extant
research on the distribution of the claim settlement process,
it is known that the claim settlement process S(t) obeys the
composite Poisson distribution, with the claim frequency λ
and the claim settlement amount distribution expressed as
F(x). An insurance premium setting is often determined
based on expected claim settlement multiplied by the safety
factor. Te formula is as follows:

it � (1 + σ)E[S(t)]. (11)

Considering that the claim settlement process S(t) obeys
the composite Poisson distribution, as per the properties of
the composite Poisson distribution, the expectation of the
composite Poisson distribution is equal to the product of its
own two distributions, that is, E(S) � E(X) · E(N).
Terefore, the expected calculation formula of the IDI claim
settlement process is as follows:

E[S(t)] � E[N] · E[X] � λE[X]

� λ
+∞

−∞
xf(x)dx

� λ
+∞

−∞
x 

m

k�1

λk

λ
fk(x)dx

� λ
+∞

−∞


m

k�1

λk

λ
xfk(x)dx

� λ 
m

k�1

λk

λ


+∞

−∞
xfk(x)dx

� 
m

k�1
λk ·

Wk

N1(k)

� 
m

k�1

N1(k) · δk(t)

N
·

Wk

N1(k)

�
1
N



m

k�1
δk(t) · Wk.

(12)

Te IDI risk model can be obtained by integrating the
claim settlement process with insurance ruin theory, as in
the following equation:

P(t) � u0 + it − S(t)

� u0 +
1 + σ

N


m

k�1
δk(t) · Wk − S(t).

(13)

4.4. Analysing the Approximate Distribution of Insurance
Claim Settlement. According to the idea of normalisation,
this study constructs a new process function as Z � S − E(S)/������
Var(S)


� S − λE(X)/

�������
λE(X2)


. As the moment-generating

function of the probability distribution is unique, the ap-
proximate distribution of the new process function can be
derived using the moment-generating function, as in the
following equation:

MZ(t) � E exp
S − λE(X)

�������
λE X

2
 

 t⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠
⎡⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎦ � Ms

t
�������
λE X

2
 

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠ exp
−λE(X)t

�������
λE X

2
 

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠. (14)
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Te claim settlement process S(t) obeys the composite
Poisson distribution, so there is MS(t) � exp[λ(Mx(t) − 1)],
and equation (15) is obtained as follows:

MZ(t) � exp λ MX

t
�������
λE X

2
 

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠ − 1⎡⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎦ −

λE(X)t
�������
λE X

2
 


⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
.

(15)

Te Taylor function is used to expand MX(t) and obtain
the following formula:

MZ(t) � exp
1
2
t
2

+
1

6
�������
λE X

2
 

 t
3

+ . . .⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠. (16)

If the conditions λ⟶∞ are satisfed, this research can
obtain the result limλ⟶∞MZ(t) � et2/2. From this, it can be
concluded that the distribution of the new process Z(t) is

close to the standard normal distribution when the pa-
rameter λ is sufciently large.

4.5. Construction of an Insurance Risk Probability Model of
Inherent Defect Insurance. Te initial deposit u0 on an in-
surance company’s insurance project is determined
according to the relevant requirement ratio. Te derivative
function of ruin theory evidently reveals that the in-
troduction of the initial margin only raises the lower limit of
bankruptcy, which is unrelated to the time change.When the
fnal surplus of the insurance project is less than u0, the
project is still in a state of loss, though the insurance project
is notbankrupt. Terefore, in insurance risk analysis, u0 in
ruin theory can be omitted, and only the probability of
S(t)≥ it in insurance ruin theory can be analysed using the
following equation:

p S(t)≥ it{ } � p S(t)≥
1 + σ

N


m

k�1
δk(t) · Wk

⎧⎨

⎩

⎫⎬

⎭

� p
S(t) − λE(X)

�������
λE X

2
 

 ≥
(1 + σ)

m
k�1δk(t) · Wk − λE(X) · N

N
�������
λE X

2
 


⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭

� 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk − λE(X) · N

N
�������
λE X

2
 

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠

� 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk − λ · θ · N

N
���
2λθ

√ .

(17)

Te derived model formula reveals that the risk model
reported in this paper relies on the standard normal dis-
tribution; hence, its expectation and variance can be ob-
tained according to the standard normal distribution. Since
the expectation of the standard normal distribution is 0 and
the variance is 1, the expectation and variance of the risk
model constructed in this study are both 1.

4.6. Testing Insurance Risk Models. Tis study uses param-
eter estimation to test the risk model from unbiasedness,
efectiveness, and consistency perspectives. As the risk
model constructed in this research is based on the claim
settlement process, the estimation of the parameters in the
model is determined by real claim settlement data. Tere-
fore, the model must be unbiased; hence, analysing its ef-
fectiveness and consistency is vital.

4.6.1. Efectiveness Test. Efectiveness pertains to the vari-
ance value of the estimator. Variance implies volatility, and
the smaller the volatility, the more efective the model. Te
conditional tail expectation (CTE) model, a risk analysis
model, commonly used in statistical actuarial studies, is
compared with the risk model constructed in this research.
Te CTE model measures the expected value of the loss
when the loss exceeds VaR, which represents the average loss
size above a certain quantile. It is defned as follows [40]:

CTEα � E L|L>Qα( , (18)

where Qα means the α quantile of the probability distri-
bution of the loss random variable L. For the insurance
whose loss is a continuous random variable, the premium
expectation that it exceeds a certain value is as follows:

E L − Qα( +(  � 
∞

Qα

t − Qα( fL(t)dt � 
∞

Qα

1 − FL(t)( dt � E(L) − E max L, Qα( ( , (19)
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where (L − Qα)+ � max(L − Qα, 0), and the actual payment
expectation for each claim settlement can be further ob-
tained as follows:

E L − Qα( +

L>Qα  �
E L − Qα( +( 

1 − FL Qα( 
�

E(L) − E max L, Qα( ( 

1 − FL Qα( 
. (20)

According to the defnition of the quantile, there is
FL(Qα) � α. Terefore, the calculation formula of the CTE
model can be determined as follows:

CTEα � E L|L>Qα(  � E L − Qα
L>Qα  + Qα �

E(L) − E max L, Qα( ( 

1 − α
+ Qα. (21)

Assuming that the loss distribution also follows an ex-
ponential distribution with parameter θ, equation (22) can
be derived:

CTEα � θ + Qα � θ(1 − ln(1 − α)). (22)

Furthermore, the variance of the CTE model can be
calculated using the following equation:

D CTEα(  � (1 − ln(1 − α))
2
. (23)

Considering α< 1, it can be concluded that ln(1 − α)< 0
and D(CTEα)> 1. Te risk model constructed in this study
relies on the standard normal distribution, and its variance is
1. In sum, the variance of the insurance risk model con-
structed in this study is smaller, and the overall model is
more efective.

4.6.2. Consistency Test. Consistency entails the ft of the
model in the case of large samples, meaning that when the
number of samples is sufciently large, the distribution of the
results remains consistent and gradually approaches a con-
stant [41]. Let the number of model samples be ⟶ +∞,
and we obtain the following equation:

lim
N⟶+∞

p S(t)≥ it{ }

� 1 −Φ lim
N⟶+∞

(1 + σ)
m
k�1δk(t) · Wk − λ · θ · N

N
���
2λθ

√ 

� 1 −Φ
����
λ · θ

√

�
2

√ .

(24)

Te model still obeys the standard normal distribution
when the number of model samples is N⟶ +∞. Te risk
result will approach a constant when the claim frequency
parameter λ and the claim settlement amount parameter θ
are determined. Terefore, the model constructed in this
study is consistent.

5. Empirically Analysing Insurance Risks of
Inherent Defect Insurance Based on
Insurance Practice

5.1. Insurance Practice Statistics in Shanghai. IDI has not
been implemented in China for a considerable period, and
several projects have not yet entered the insurance claim
settlement term, so there are few corresponding claim set-
tlements. Shanghai is the city with the earliest imple-
mentation of IDI and represents China’s most experienced
and complete insurance system. Terefore, the insurance
practice data of Shanghai are selected to comprise the sample
for risk analysis. Te company will underwrite about 800
insurance policies in Shanghai for the year 2021, according
to the claim settlement statistics of an insurance company
there. In the same year, 1,243 claim settlement cases were
fled and closed. Among them, the quantity and proportion
of claim settlement involved in each relevant engineering
division and subdivision are presented in Table 1.

5.2. Insurance Risk Analysis of Inherent Defect Insurance
Based on Insurance Practice. Dividing the overall insurance
term considering the inconsistency of the IDI terms across
various engineering divisions and subdivisions is necessary.
Presently, China’s IDI does not cover the entire life cycle of
construction projects. Terefore, the cumulative efect of
quality problems in construction projects after a certain
number of years can be ignored, which means that the
possibility of quality defects in construction projects at
diferent times is the same by default, that is, δk(t) � t. Te
insurance coefcient σ is calculated according to China’s
actuarial practice by taking 1% simultaneously.

Since all the subitem works in the table are involved in
the frst two years of IDI coverage, the insurance claim
frequency parameter λ and the claim settlement amount
parameter θ can be calculated, respectively, as
λ � 1/N

m
k�1N1(k) · δk(t) ≈ 3.1 and θ � 

m
k�1Wk/N1(k)

≈ 8629.17. Terefore, the insurance risk for the frst two
years of underwriting can be calculated as follows:
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p S(t)≥ it|t ∈ [0, 2]{ } � 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk − λ · θ · N

N
���
2λθ

√  ≈ 1 −Φ(1.44) ≈ 0.0749. (25)

Similarly, the claim frequency parameter λ of un-
derwriting for three to fve years and six to ten years can be
calculated as 3.1125 and 0.0625, respectively, and the claim
settlement amount parameter θ is 8877.18 and 13444.4,

respectively. Furthermore, equations (26) and (27) can be
used to calculate the insurance risks associated with un-
derwriting with respect to three to fve years and six to ten
years as follows:

p S(t)≥ it|t ∈ [3, 5]{ } � 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk − λ · θ · N

N
���
2λθ

√  ≈ 1 −Φ(1.18) � 0.119, (26)

p S(t)≥ it|t ∈ [6, 10]{ } � 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk − λ · θ · N

N
���
2λθ

√  ≈ 1 −Φ(0.21) � 0.4168. (27)

Figure 3 refects the risk changes of IDI according to
diferent insuring terms.

Te analysis of insurance ruin probability shows that the
insurance ruin probability for the 2-year and 5-year periods
is not high. However, after the end of the remaining sub-
projects’ insuring term, the insurance ruin probability in six
to ten years has increased signifcantly, meaning there is
a relatively large insurance risk. On the one hand, the reason
may be that the average compensation amount for 10-year
subprojects is relatively high. On the other hand, due to the
low frequency of claim settlement for its corresponding
engineering divisions and subdivisions, approximating the
distribution of samples by the law of large numbers is
difcult, thus precipitating high insurance risks. Compre-
hensively analysing the risks associated with each insuring
term of IDI from the initial reserve setting’s perspective is

necessary to explore the internal reasons for the 10-year
insurance risk increase.

5.3. Initial Reserve Setting of Inherent Defect Insurance Based
on Insurance Practice. According to the aforementioned
constructed insurance risk model and insurance ruin
probability analysis, it can be concluded that the insurance
risk associated with IDI is the highest in six to ten years.
Insurance companies need to set reasonable initial reserves
to control insurance risks better. Terefore, according to the
constructed insurance risk model, the ruin probability can
be set as 0.01 so that the initial reserve required of IDI can be
obtained through the reverse solution. Based on the
aforementioned points, the risk model for introducing the
initial insurance margin is as follows:

p S(t)≥ it + u0  � p S(t)≥
1 + σ

N


m

k�1
δk(t) · Wk + u0

⎧⎨

⎩

⎫⎬

⎭

� p
S(t) − λE(X)

�������
λE X

2
 

 ≥
(1 + σ)

m
k�1δk(t) · Wk + u0 · N − λE(X) · N

N
�������
λE X

2
 


⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭

� 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk + u0 · N − λE(X) · N

N
�������
λE X

2
 

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠

� 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk + u0 · N − λ · θ · N

N
���
2λθ

√ .

(28)

If the fnal calculation result is 0.01, it can be obtained
from the standard normal distribution table that the value of
the standard normal distribution is 2.33. Te calculation
formula of the average initial reserve required for each order
can be obtained using the inverse solution. Te calculation
formula is as follows:

u0 � 2.33
���
2λθ

√
+ λθ −

1 + σ
N



m

k�1
δk(t) · Wk. (29)

Te insurance practice data for Shanghai show that the
frequency parameters of claim settlement for 0∼2 years of
IDI are λ ≈ 3.1, and the claim settlement amount parameters
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are θ ≈ 8629.17. It can be calculated that the average initial
reserve required for each order for zero to two years of IDI is
about 206.05, and the ratio to the average claim settlement
amount of related engineering divisions and subdivisions is
about 0.024. Te average initial reserve required for each
order for IDI in three to fve years and six to ten years and its
ratio to the average claim settlement amount of relevant
engineering divisions and subdivisions can be calculated
from this. Te average initial reserve required for each order
for three to fve years and six to ten years of IDI is 271.42 and
87.11, respectively. Te ratio to the average claim settlement
amount of related engineering divisions and subdivisions is
0.03 and 0.0066, respectively. Te calculation result is shown
in Figure 4.

In Figure 4, the bar chart represents the average initial
reserve required for each order of IDI with diferent insuring
terms. Te higher the initial reserve required per order, the
greater the insurance risk.Te line graph represents the ratio
of the average initial deposit required for each order to the
average claim settlement amount. Tis ratio eliminates in-
consistency caused by diferent insuring contents of diferent
insuring terms and can clearly and intuitively refect in-
surance risks associated with diferent insuring terms. Te
insurance risk associated with IDI increases sharply in six to
ten years because the average claim settlement amount is
high. Te main reason is that the claim settlement sample is
too small and does not satisfy the law of large numbers.
Terefore, to efectively prevent insurance risks for six to ten
years, the initial insurance premium only needs to be in-
creased by a small percentage. However, the main risk of IDI
exists in engineering divisions and subdivisions corre-
sponding to three to fve years, particularly thermal insu-
lation and waterproofng. Tey have the largest proportion
of claim settlement and the highest average claim settlement
amount. In the practice of IDI, it is necessary to implement
detailed risk prevention and control to ensure construction
projects’ thermal insulation and waterproofng elements.

5.4. Model Analysis of Ruin Probability Function of Inherent
Defect Insurance. It can be seen from the calculation for-
mula of the fnal average initial reserve that the claim fre-
quency parameter λ and claim settlement amount parameter
θ can be regarded as a whole, and the product of the claim
frequency parameter and the claim settlement amount

parameter can be denoted asω, that is,ω � λθ. Terefore, the
average initial reserve per order can be expressed as
a function of ω, that is, u0 � u0(ω), and these parameters
have the same infuence on insurance risk of IDI. By taking
the derivative of function u0(ω), we can see that the de-
rivative function is always greater than 0, so it is impossible
to fnd a certain initial reserve guarantee to reduce the risk to
a certain value, and the corresponding initial reserve must be
determined according to the claim frequency and claim
settlement amount expectation corresponding to the specifc
coverage.

In order to better analyse the impact of initial reserves on
IDI ruin probability, this study further analyses and fnds out
the impact of initial reserves on insurance project ruin
probability. As in the previous part of this study, the in-
surance ruin probability is 0.01, and the expected ruin
probability is denoted as pα. Te function of pα and u0 can
be inversely solved based on equation (28), and the calcu-
lation formula is as follows:

pα � 1 −Φ
(1 + σ)

m
k�1δk(t) · Wk + u0 · N − λ · θ · N

N
���
2λθ

√ .

(30)

Tis study simulated the functional relationship between
the initial reserve of IDI and the insurance ruin probability
in diferent insurance periods to better display the inner
relationship, as shown in Figure 5.

Based on the property of the standard normal distri-
bution, the analysis of equation (30) shows that the range of
this function is a subset of [0, 1]. It can be seen from Figure 5,
the X-axis is the asymptote of the function, and the ruin
probability gradually approaches 0 when u0 is large enough.
Te 6–10-year period leads to a higher ruin probability when
the initial reserve is small, but with the increase in the initial
reserve, the ruin probability decreases rapidly and is at a low
level. Compared with the 0–2-year period, the ruin prob-
ability of the 3–5-year period is always higher. Terefore, it
can be considered that the insurance items involved in the
3–5-year period are a part of IDI that needs to be empha-
sized. To further analyse the weak part of insurance risk,
equations (31) and (32) can be obtained by diferentiating
the function:

dpα

du0
�

−1
���
2λθ

√ · φ
(1 + σ) · 

m
k�1δk(t) · Wk + u0 · N − λ · θ · N

N
���
2λθ

√ , (31)

d
2
pα

du0
2 �

(1 + σ)
m
k�1δk(t)Wk + u0N − λθN

N(2λθ)
3/2 · φ

(1 + σ) · 
m
k�1δk(t) · Wk + u0 · N − λ · θ · N

N
���
2λθ

√ . (32)

Since the probability density function of the standard
normal distribution is always greater than 0, the derivative
function represented by equation (31) is always less than 0,

and the function image is monotonically decreasing, so there
is no maximum value. However, it can be seen from the zero
point of the second derivative expressed in equation (32)
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that the function has an infection point at which the
convexity of the function changes.Te optimal initial reserve
is determined as follows:

u
∗
0 � λθ −

1 + σ
N

· 
m

k�1
δk(t) · Wk. (33)

By introducing the actuarial data of Shanghai into the
model, the average optimal initial reserve of each order at
each insurance stage of IDI in the analysis data can be
calculated, as shown in Table 2.

Due to the shapes of diferent curves being very diferent,
u∗0 represents the initial reserve corresponding to the in-
fection point of the curve which corresponds to diferent
ruin probabilities. Terefore, highest u∗0 in the 0–2-year
period does not mean that the insurance risk is the great-
est. For the average initial reserve per order u0 can be
expressed as a function of the product of the claim frequency
parameter λ and claim settlement amount parameter θ, and

the degree of the denominator is higher in equation (32), the
function is inversely proportional. Since the claim frequency
parameter λ and claim settlement amount parameter θ of the
3–5-year period are both slightly larger than the values of the
0–2-year period, the optimal initial reserve u∗0 of the 3–5-
year period will be slightly smaller than the value of the 0–2-
year period. Tis method can calculate and analyse the
optimal initial reserves of IDI according to the existing data
of insurance companies, which can efectively provide
decision-making reference for insurance companies.

It can be seen from the model results that the risk of IDI
mainly occurs in the stages of 0–2 years and 3–5 years. In
these stages, the average required initial reserve and the ratio
to average claim settlement of the subitem project are sig-
nifcantly higher than the value of 6–10 years. Comparing
the subprojects corresponding to diferent underwriting
periods in Table 1, it can be seen that the subprojects
corresponding to the 6–10-year underwriting period are the
foundation and main structure. It shows that with the rapid
development of construction technology, the application of
new materials, new technology, new structure, and other
new technologies in construction engineering has improved
the durability of the foundation and main structure, which
makes the foundation and the main structure of the number
of claims appear less [42]. Terefore, the risk of IDI mainly
lies in the subprojects outside the foundation and main
structure, especially the subprojects such as thermal insu-
lation and waterproof engineering corresponding to the 3–5-
year stage. Because these subprojects are greatly afected by
the external environment and are prone to loss, the

Table 2: Average optimal initial reserve for each insurance period.

Insurance period 0–2 years 3–5 years 6–10 years
u∗0 (yuan) 333.08 277.39 8.6
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frequency of claims in IDI practice is high, which has be-
come the focus of IDI risk management [42, 43].

From the perspective of risk management, the ruin
probability of insurance obtained by ruin theory can ef-
fectively quantify the risk of insurance and comprehensively
examine the risk of insurance on the average level. Te
average required initial reserve and the ratio to average claim
settlement obtained by the reverse solution of ruin theory
can provide a richer theoretical basis for the risk manage-
ment of insurance.

5.5. Sensitivity Analysis of the Risk of Inherent Defect
Insurance. Because the ruin probability obtained by the ruin
model is similar to the VaR value in risk management, it is
considered using its method for further sensitivity analysis of
IDI. VaR is a technical method to measure the risk com-
prehensively, which combines the size of the future loss with
the probability of the loss. VaR is widely used as a risk
measure for fnancial markets, which is also conducive to
better risk management of IDI.

Since VaR is the maximum loss that may occur at a given
confdence level, VaR can be regarded as a function of the
confdence level α. Similarly, the ruin probability of IDI is
also obtained under a given confdence interval. When the
selected confdence interval changes, the corresponding ruin
probability will also change. Terefore, the risk of insurance
can also be regarded as a function of the confdence interval
α, and the sensitivity analysis can be carried out through the
change of α, so as to obtain the risk sensitivity of diferent
insurance periods. According to the above derivation, it can
be seen that the IDI initial reserve can also refect the risk of
insurance. Compared with the value range of the ruin
probability of IDI only on [0, 1], the initial reserve of IDI has
a wider value range. Terefore, the IDI initial reserve can be
used to represent the insurance risk in the sensitivity
analysis. As known from equation (29), under the premise
that the claim frequency parameter and the claim amount
parameter are determined, the functional relationship be-
tween the IDI initial reserve and the confdence interval α is
as follows:

u0 � Φ(− 1)
(α)

���
2λθ

√
+ λθ −

1 + σ
N



m

k�1
δk(t) · Wk. (34)

Taking 0–2-year IDI insurance as an example, the
sensitivity analysis is carried out. According to the previous
calculation, the claim frequency parameters λ ≈ 3.1 and
claim amount parameters θ ≈ 8629.17. Similarly, the claim
frequency parameters λ and claim amount parameters θ of
3–5 years and 6–10 years can be, respectively, brought into
equation (34), and the initial reserve required by IDI can be
calculated under diferent confdence levels of 3–5 years and

6–10 years. Some initial reserves required at the main
confdence levels can be calculated, as shown in Table 3.

It can be seen from Table 3 that the risk sensitivity of IDI
in 0–2 years and 3–5 years is signifcantly higher than that in
6–10 years, which indicates that IDI is more afected by the
infuencing factors in 0–2 years and 3–5 years. In order to
better analyse the impact of the confdence interval on in-
surance risk, the relationship between the confdence in-
terval and the IDI initial reserve can be established to a wider
extent. Figure 6 shows the change of the initial reserve re-
quired by IDI with the confdence interval α. Taking the
actual confdence interval α � 0.01 as the origin, the change
range of 100% on both sides is taken as the investigation
interval to better refect the change trend of the IDI initial
reserve with the confdence interval α during each un-
derwriting period.

It can be seen from Figure 6 that the curve of the
confdence interval α in 0–2 years and 3–5 years is steeper,
which indicates that the change of the confdence interval α
is more sensitive to the initial reserve of IDI in 0–2 years and
3–5 years and has less impact on the initial reserve of IDI in
6–10 years. From the perspective of risk management, IDI in
0–2 years and 3–5 years is more susceptible to other factors,
and the relative risk level is higher. In addition, it can be seen
that the initial reserve required for 3–5 years is always higher
than the initial reserve required for 0–2 year IDI, which
indicates that the risk of IDI in the 3–5-year stage is higher
than that in the 0–2-year stage. In insurance practice, it is
necessary to take corresponding risk prevention measures
for relevant subprojects to reduce risks.

In view of the above analysis, in order to better manage the
risk of IDI, so as to reduce the insurance risk, better play the
role of insurance, and achieve high-quality development, the
following measures should be taken. First of all, the un-
derwriting loss mechanism of insurance should be improved.
Clarifying the specifc scope of insurance underwriting and
establishing a more complete claims system to reduce the
overall degree of claims can reduce the risk of insurance
operation from the level of claims. Furthermore, the insurance
actuarial system and related databases should be improved. It
is best to develop a more intelligent determination of IDI
insurance rates from the perspective of big data. At the same
time, it comprehensively sorts out the possible impact of
relevant infuencing factors on insurance premium rates,
constructs a more comprehensive and accurate IDI rate-
making model, and reduces the possibility of insurance
bankruptcy from the level of premium income. Finally, the
insurance risk prevention system with the initial reserve
should be established. It is necessary to set an appropriate
initial insurance reserve so as to efectively improve the ability
of IDI to resist risks while ensuring the profts of insurance
companies and comprehensively reduce IDI risks.

Table 3: Te initial reserve required for diferent confdence levels of IDI insurance periods.

α −30% −20% −10% 0.01 10% 20% 30%
0–2 years 235.486 224.303 214.289 206.05 196.883 189.195 182.044
3–5 years 301.337 289.971 279.793 271.42 262.104 254.29 247.022
6−10 years 92.327 90.345 88.57 87.11 85.485 84.123 82.855
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6. Conclusions

Te characteristics of IDI clearly reveal that the claim fre-
quency distribution of single-division and subdivisional
engineering follows the Poisson distribution; hence, the
claim settlement distribution of single-division and sub-
divisional engineering follows the compound Poisson dis-
tribution.Te derivation of the characteristic function of the
probability distribution proves that the compound Poisson
distribution is additive, so the claim settlement distribution
of multidivisional engineering synthesis still obeys the
compound Poisson distribution.

Terefore, the comprehensive claim settlement distribu-
tion of multicomponent projects still follows the compound
Poisson distribution. Meanwhile, due to the introduction of
a large volume of sample data in insurance practice, the claim
settlement distribution will have an approximate distribution.
By deriving the moment-generating functions of probability
distributions of the insurance claim settlement process for
IDI, it is proved that when the parameter λ is sufciently large,
the distribution of the new process Z(t) approaches the
standard normal distribution. In this case, the claim settle-
ment process of IDI can be ftted by the standard normal
distribution to measure the ruin probability of IDI.

Te insurance practice data of IDI in Shanghai are
brought into the insurance risk model in this research. Tis
study fnds that the ruin risk of zero to two years of insurance
is 0.0749, three to fve years of insurance is 0.119, and six to
ten years of insurance rises to 0.4168. However, based on
analysis of the setting of initial insurance benefts, the ratio
of the average initial reserve required for each order in six to
ten years to the average claim settlement amount is only
0.006, indicating that the insurance risk in six to ten years

mainly comes from the fact that the law of large numbers is
not satisfed because the claim settlement sample is too
small. Te risk of IDI is still within three to fve years. At this
stage, the proportion of building projects’ thermal insulation
and waterproofng works is larger. Terefore, it can be seen
from the above analysis, combined with the deduction, that
the risks involved in IDI are mainly concentrated in thermal
insulation and waterproofng engineering for fve years. At
this stage, the requirements for the initial reserve setting of
insurance projects are the highest, and the probability of ruin
is also high. From the insurance practice data, thermal
insulation and waterproofng projects up to fve years old
account for about two-thirds of the prime minister’s claim
settlement, a crucial part of the risk control of IDI. On this
basis, this study analyses the functional relationship between
the initial reserve of IDI and insurance ruin probability,
which further analyses the simulation results of IDI in
diferent insurance periods. At the same time, the confdence
interval is the variable of insurance risk based on VaR, and
the initial reserve is a more extensive measure of insurance
risk, so this is a good choice to analyse the sensitivity of IDI
by exploring the change of the initial reserve with a conf-
dence interval. Te results of sensitivity analysis of IDI also
show that IDI in 0–2 years and 3–5 years is more afected by
variables obviously and more vulnerable to risk in insurance
practice. It is considered that the 3–5-year insurance period
is the key stage to control IDI insurance risk. According to
the decomposition of the relation between the two functions,
the optimal initial reserves of IDI in diferent periods are
found, which provides the basis for scientifc decision-
making for insurance companies.

Terefore, to better control the insurance risk of IDI, it is
necessary to focus on thermal insulation and waterproofng
works within fve years and set a higher underwriting rate for
this item to ensure the smooth progress of the insurance
project. In addition, the initial margin should be set well to
improve insurance projects’ risk resistance ability and re-
duce the probability of ruin of the projects. Te insurance
risk model proposed in this paper is helpful for insurance
companies in terms of making scientifc decisions on in-
surance projects with IDI. However, owing to the small
number of claim settlement samples of IDI in China,
coupled with the fact that model construction and distri-
bution ftting are mainly reliant on the law of large numbers
in probability theory, the small number of samples may
afect the accuracy of the model. Te model may be further
optimised and improved in future studies based on updated
actuarial practice data.
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