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The reinsurance and investment portfolio of insurance companies has always been a hot issue in insurance business. In insurance
practice, it is inevitable for insurance companies to invest their own funds in order to expand their capital scale and enhance
market competitiveness so as to obtain greater returns. At the same time, in order for insurance companies to disperse insurance
risks and to avoid too concentrated claims or catastrophes caused by failure to perform compensation responsibilities, the
purchase of reinsurance business has also become an important way. Stochastic control theory is widely used in reinsurance and
investment issues. Based on the reinsurance system architecture, this paper establishes a reinsurance delay risk investment model,
which reduces the amount of claims to be borne by buying proportional reinsurance to avoid bankruptcy caused by the excessive
amount of claims. By using the delayed venture capital model to describe the earnings of insurance companies, the optimal
investment and reinsurance strategy are solved under the optimization criterion of minimizing the probability of bankruptcy. By
analyzing the model parameter data, the inﬂuence of each parameter on optimal investment strategy and optimal reinsurance
strategy is discussed.

1. Introduction
With the continuous improvement of people’s living standards, the insurance industry has also developed vigorously.
The types of insurance products are also derived from the
initial marine insurance, ﬁre insurance, life insurance, liability insurance, and other kinds of insurance. Insurance
institutions have developed from cooperative organizations
organized by people to commercial institutions and insurance companies. The risks insured have evolved from simple
maritime transport risks to catastrophic risks such as ﬁre and
earthquake and other risks. Modern insurance industry has
become an indispensable part of people’s daily life. The
insurer undertakes certain compensation liability according
to the extent of possible accidents agreed in the contract [1].
Insurance is a means of pooling insurance costs. The premium is mainly used to compensate the loss caused by the
insured. Insurance is also a method of risk management to

disperse risks. Through insurance, people can gather
together and convert individual risks into common risks,
thus improving people’s ability to bear losses caused by risks.
The main function of insurance is to disperse risks and share
losses. Reinsurance is based on the mathematical calculation,
the probability theory of reasonable risk allocation to
minimize losses.
As people accumulate more wealth, relative risk becomes
more concentrated and has a wider reach. The organization
that underwriter establishes to serve specially for policyholder is called insurance company. After the insurance
company collects the premium from the insurer, it invests
the premium in the ﬁnancial market and pays the conﬁrmed
insurance claim to the insurer through the income from the
investment [2]. In this process, on the one hand, insurance
companies want to share part of the risk through risk
transfer; on the other hand, they want to ensure that their
investment strategies can increase the premium income.
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Therefore, risk transfer and optimal return are the main
tasks of insurance companies. Although from privately
owned insurance premium, insurance liability insurance
law, reinsurance, and other parties in the face of the insurance company risk management code, the complexity
analysis and the quantitative model, the lack of personnel of
experience with sex, and cross functional division of responsibilities coordinate the diﬃculty of communication,
greatly increase the risk of insurance company management
diﬃculty, and threaten the survival and development of the
insurance company. For an insurance company to gain a
ﬁrm foothold in the market, it must ﬁrst be able to bear the
risk claim. However, sometimes the claim risk is too large
and exceeds the business scope of the insurance company, so
it involves the risk control of the insurance company at this
time. The insurance company will consider transferring the
excess claim risk to other insurance companies, which is also
known as reinsurance. The core task of insurance company is
to ensure normal operation, so the investment portfolio of
insurance company asset management is also the means of
premium appreciation. Insurance companies will collect the
premium capital investment in bonds, stocks, loans, and
other assets, using the income from these assets to pay the
insurance claims determined by the policy. Through business, insurance companies can obtain high returns on investment and provide customers with appropriate insurance
services at lower premiums, so as to make proﬁts.
The development of the industrial revolution results in a
large number of industrial accidents and intensiﬁed labour
contradictions. In order to ease the conﬂict between the
bourgeoisie and the working class, the bourgeoisie made
some laws to protect the interests of workers [3]. According
to the public safety law, the bourgeoisie needs to bear the
legal liability for damage to the life and property of workers,
so liability insurance also developed. Insurance companies
face two kinds of risks in the process of operation, namely,
compensation risk and investment risk. Risk to the insurance company operating soundness and ﬁnancial arrangements bring a huge impact, even leading to the
bankruptcy of insurance companies. But for the insurance
market, the channels for risk diversiﬁcation are not that
rich. The reinsurance surcharge rate is higher than the
original insurance surcharge rate. When too much reinsurance is purchased, the income of the insurance company
will be negative. In order to make proﬁts, insurance
companies usually retain part of the risk to obtain excess
returns and increase insurance income. So, the determination of retention is particularly important for insurance
companies, especially those engaged in catastrophe insurance business. If the retention amount is too much, the
insurance company undertakes too much risk. When the
risk breaks out at one time, the cash ﬂow of the insurance
company is likely to be interrupted. With too little retention, insurance companies have to pay too high reinsurance
premiums, which reduces proﬁtability and may even lead to
negative proﬁtability. The detailed introduction of reinsurance strategy enables insurance companies to ensure
excess returns, fully disperse catastrophe risks, and enhance
business initiative. Insurance companies will consider
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transferring the risk of claims that exceed their capacity to
other insurance companies [4]. The premiums collected by
insurance companies are simply not enough to cover the
amount they pay out. In order to better manage, insurance
companies invest part of the premiums they receive in risk
and part in risk-free investment. How to arrange the investment portfolio to reduce the investment risk and obtain
stable and rich investment return is another problem that
insurance companies need to pay attention to. In the
management of insurance companies, in order to reduce
their own risks and avoid bankruptcy cases where huge
accidents cannot be fulﬁlled due to the concentration of
claim risk, insurance companies bear part of the risks and
liabilities and reinsurance to other insurers. The business
operation of insurance companies has a certain degree of
stability Therefore, the choice of investment strategy will
aﬀect the income of insurance company to a great extent.
Insurance companies eﬀectively control risk investment and
reinsurance strategies to maximize the utility of the company’s expected wealth or minimize the probability of
bankruptcy which has become an important research topic.
In this paper, the reinsurance system establishes the
reinsurance delay risk investment model and obtains the
optimal investment and reinsurance strategy. The inﬂuence
of each parameter on optimal investment strategy and
optimal reinsurance strategy is discussed.

2. Related Work
With the vigorous development of ﬁnancial market and insurance market, risk theory has become an important part of
ﬁnancial investment and insurance mathematics. In the past
decades, risk control theory has developed rapidly with the
help of the concepts and methods of stochastic control and
stochastic analysis. Insurance companies are faced with two
main risks, one is the underwriting risk brought by the claim
process, and the other is the investment risk in the ﬁnancial
market. In order to better deal with these two kinds of risks,
insurance companies always regard investment reinsurance as
the core content of concern. This is also a hot topic of actuarial
and mathematical research. The commonly used utility
functions are exponential utility function, logarithmic utility
function, and power utility function. Under the utility
maximization rule, Chen and Shen assume that the surplus
process of insurance company meets jump-spread risk model,
and the correlation between underwriting risk and investment
risk is got byb the insurance companies related to the optimal
investment strategy [3]. Lin et al. allowed insurance companies to invest on multiple risky assets, in this model, to
study the optimal investment reinsurance of insurance
company. In the case that the risk-free interest rate is zero, the
strategy under the expected utility maximization criterion of
the terminal wealth index is equivalent to the strategy under
the bankruptcy probability minimization criterion [5].
Cummins and Weisset al. promoted the claim process of
insurance companies from a composite Poisson process to a
pure jump process. Under this model, the optimal result
under exponential utility was obtained [6]. Kunreuther used
martingale method to solve the problem of optimal
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investment of insurance companies in the market. The author
considers that insurance companies can diversify underwriting risks by purchasing proportional reinsurance and
obtains insurance companies’ investment reinsurance strategies under exponential utility and power utility [7]. PateCornell et al. studied the optimal investment reinsurance
strategy when insurance companies purchase excess loss
reinsurance, assuming that the surplus process of insurance
companies obeys the jump-diﬀusion model, and obtained the
optimal investment and proportional reinsurance strategy. In
the case that risk assets obey the stochastic volatility model,
the maximum principle is used to work out the investment
reinsurance strategy under the mean-variance criterion [8].
With the rapid development of economy, the competition
of insurance companies is increasingly ﬁerce. Insurance
companies attract policy-holders by lowering premiums in
order to occupy a place in the market as soon as possible. As a
result, insurance companies charge lower and lower premiums, which lead to losses or even bankruptcy if they spend
more than they earn. Insurance companies also buy a certain
percentage of reinsurance to reduce their own risk. So,
choosing the optimal investment and reinsurance strategy is of
great signiﬁcance to the operation and development of insurance companies. Franke found that when the risk aversion
coeﬃcient is constant, the investment amount in risk assets has
nothing to do with the current wealth [9]. Vermeulen et al.
added state-dependent risk aversion coeﬃcient into the meanvariance criterion. Under this model, a time-consistent balanced investment strategy was obtained [10]. Felicio and
Rodrigues et al. assumed that the claim process of insurance
companies was partially observable and adopted ﬁltering
technology to transform the problem under partial information into an equivalent problem under complete information. Under the expected utility maximization criterion
[11], Layton et al. assume that the drift term of risk assets is
partially observable, use Markov modulation mechanism
transformation model to describe the expected return rate of
risk assets, and study the balanced investment reinsurance
strategy of insurance companies under the mean-variance
criterion [12]. Although the study of the theory of risk has
obtained many important results and conclusions, the actual
market is too complex, not enough thoughtful scholars when
doing the research, such as the lack of considering the risk-free
asset, only single risky asset price process being studied, and
the optimal control strategy with the claims process model,
and so on. Therefore, when we study the optimal investment
and reinsurance strategy of insurance companies, we should
focus on the actual situation of the ﬁnancial market to establish
the model and use stochastic control and stochastic analysis
methods to get the corresponding optimal control strategy.

3. Optimal Investment Reinsurance of
Insurance Companies under the Delayed
Risk Model
3.1. Reinsurance. Insurance companies, as ﬁnancial institutions operating in debt, face various complex risks. These
risks have an important impact on the assets and values of
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insurance companies and then aﬀect the operation and
management of insurance companies. The main risks include claim risk, asset price ﬂuctuation risk, policy risk,
interest rate risk, credit risk, liquidity risk, operational risk,
and so on. The basis of reinsurance is primary insurance, and
the emergence of reinsurance is precisely based on the need
of risk diversiﬁcation in the operation of primary insurer
[13]. Therefore, insurance and reinsurance complement each
other in that they spread the risk of assets. Reinsurance is a
further continuation of insurance and an integral part of
insurance business. The relationship between reinsurance
and primary insurance is shown in Figure 1. Both coinsurance and reinsurance have the eﬀect of dispersing risks,
expanding underwriting capacity, and stabilizing operating
results. The main body of former insurance concern is the
underwriter and policy-holder or insurant, which reﬂect the
economic relation between the underwriter and insurant.
The main body that reinsurance concerns is former underwriter and reinsurance person, which reﬂect the economic concern of underwriter. The subject matter insured
by the original insurance includes property, person, liability,
credit, and related interests. The insurance mark of reinsurance is the risk responsibility that former underwriter
place assumes; it is a kind of insurance that has liability
insurance property. Original insurance includes compensatory sex contract and pay sex contract of two kinds; reinsurance contract is compensatory sex contract.
3.2. Reinsurance System Framework. Reinsurance, as the
“insurance of insurance,” is an important means for insurance companies to disperse business risks, balance ﬁnancial status, and expand underwriting capacity [14]. In
order to meet the established business and technical requirements, the reinsurance business processing system
adopts the current mature architecture, using WebLogic as
the application server and Tuxedo as the middleware. The
business logic is encapsulated in Java beans or EJBs, and the
interaction with other systems is encapsulated as Tuxedo
service, which facilitates the portability of the database. In
the actual design and implementation of the reinsurance
business processing system, the system is based on the MVC
programming design idea of Struts, which separates the user
display interface, process control, and business logic. On the
client side, the user submits the requirements, and the data
information is submitted to the Web server as request or
FormBean. In the Web server, Struts Action performs the
major work of data encapsulation and process forwarding.
The Action Servlet acts as a controller, and the control logic
is conﬁgured using the Struts-conﬁg.xml ﬁle. At the model
layer, THE EJB handles the business logic, the algorithms
involved in customizing the model are all done in the EJB,
and the database is accessed to access the data. In the design
and implementation, the whole system structure is divided
into four layers, and the system architecture is shown in
Figure 2.
The JSP layer is responsible for displaying the interface and
interacting with the user. The data input by the user is submitted
for background processing and the result data is displayed.
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Figure 1: Reinsurance and primary insurance relationship diagram.
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Figure 2: Reinsurance system architecture diagram.

Action layer is responsible for the distribution of JSP layer
transfer request, processing page logic, call business logic
method, submitted to the business layer in the relevant class,
and method for further processing. Business layer according to
the business logic processing and according to the request of
Action layer transaction completes the logical processing of the
external interface between subsystems. In these processes, the
operations that involve interacting with the database are left to
the lowest level. The data processing layer is responsible for the
interaction with the database, mainly for the database table
insertion, deletion, update, and query operations.

3.3. Reinsurance Delay Risk Investment Model. In the classic
risk model [15], the earnings process of the insurer can be
described as

t

M(t) � u + mt + Z(t) � u + mt +  Yi ,

(1)

i�1

where u is the initial capital of the insurance company and m
is the premium rate. The claim number process {N (t): t ≥ 0}
is a Poisson process with a density parameter λ. The claim
amount {Yi : I ≥ 1} is a series of positive random variables
independent of each other and the same distribution and
independent of {N (t)}. For simplicity, let us say Y is a general
random variable and has the same distribution function as
Yi. The ﬁrst and second moments of Y are denoted as µ1 � EY
and µ2 � E [Y2 ], and the moment generating function is
denoted as MY(ρ) � E(eρY). Suppose there exists some constant 0 < ζ ≤ +∞ and for 0 < ρ < ζ. According to Grandell
[16], the claim process can be approached by diﬀusion with
Brownian motion with drift, that is, diﬀusion claim model.
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Z(t) � ht + σw(t),
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(2)

where W(t) is a standard Brownian motion, h � λµ1, and
σ � λµ2. Thus, the surplus process can be expressed as
M(t) � u + mt + λμ1 t + λμ2 w(t).

(3)

It is assumed that the insurance company purchases
proportional reinsurance to transfer some risks and writes
the retention ratio function as an adaptation process q (t) ∈
[0, 1]. If the retention ratio at time t is Q (t), the premium
paid to the reinsurance company is δ (q (t)), and the reinsurance premium charged by the reinsurance company is
calculated according to the variance principle, and the reinsurance premium is obtained.
δ(q(t)) � (1 + q(t))h + o(1 + q(t))2 σ 2 ,

(4)

where (λ > 0) is the safety loading factor of the reinsurance
company; let
η�

(m − h)
.
σ2

(5)

The safety load factor of insurance company satisﬁes the
basic condition λ > η ≥ 0. Then consider the net proﬁt bar.
m + δ(q(t)) + q(t)h ≥ 0.
Solution is
q(t) ≥ 1 +

�
η
.
o

(6)

(7)

Let q � q (t), q is a threshold, and this threshold plays a
very important role in discussing proportional reinsurance.
The surplus process then becomes
q

dM (t) � [m + δ(q(t))]dt + hq(t)dt + σq(t)dW(t).

(8)

3.4. Insurance Company Optimal Investment Reinsurance
Strategy. Insurance companies can not only use reinsurance to disperse risks, so as to improve their ability to deal
with risks, but also use investment strategies to disperse
risks and improve returns. The resource allocation of insurance companies in various markets can directly aﬀect
the company’s earnings and risks [17, 18]. In the operation
of reinsurance business, two or more parties to a reinsurance contract enable an insurance company to take less
risk or make more proﬁt, optimize the company’s investment portfolio, and ensure that the company has
suﬃcient solvency. Every insurance company wants to
minimize risk or possible compensation and maximize
proﬁts. Among the ﬁxed income products issued by insurance, asset management, and securities companies, a
small amount of equity investment can be appropriately
allocated to some of the underlying products to increase the
income of the products.
In the process of underwriting risk, diﬀusion approximation is used to better study the optimal decision problem.
This paper considers the choice of earnings investment

strategy under the minimum probability of bankruptcy [19].
Insurance companies generally invest their surplus in both
the risk and risk-free markets. Assuming that the insurer
invests part of the surplus in the stock market, its price
process happens to obey the geometric Brownian motion. A
is the expected return rate of stock instantaneous conditional, b is the standard deviation of stock instantaneous
conditional, and Wt is the standard Brownian motion and is
independent of Bt .
The other part is invested in the bond market, whose
price process satisﬁes the diﬀerential equation dQt � rQtdt,
where r is the risk-free interest rate.
Remember that the insurer invests part of the surplus in
the risk market at time T, and the total surplus after selection
is denoted as the surplus of risk-free investment. Then the
earnings process after embedding investment strategy on the
basis of original earnings satisﬁes the following stochastic
diﬀerential equation:
dt � βu +(α − r)πt + Adt + bπt dWt − BdBt,

(9)

where Wt and Bt are independent of each other.
Now the goal is to ﬁnd the optimal strategy among all
feasible strategies to minimize the probability of bankruptcy,
denoted as ψ (u).
In order to solve the optimization problem, the stochastic Markov control theory and the HJB equation are
adopted. If the second-order of the optimal value function is
continuously diﬀerentiable, the ψ (u) must satisfy the following HJB equation:
1
⎪
⎧
⎪
(βu + A)ψ ″ + min(α − β)πψ ′ + b2 π2 ψ ″ 
⎪
⎪
π
2
⎨
� 0.
⎪
⎪
⎪
⎪
⎩ ψ(0) � 0, lim ψ(u) � 0

(10)

u

The quadratic continuous diﬀerentiable solution of the
HJB equation is sought as follows. According to [20], the
optimal amount of venture capital is the corresponding
value of the square quotient of the drift term and the
ﬂuctuation term in the maximized surplus process. We just
have to solve for theta.
ϕ(π) �

βu +(α − r)π
.
b2 π2 + B2

(11)

If φ (π) � 0, the following formula can be obtained:
�������������������

2
1 ⎡⎢⎢⎢
α − β ⎤⎥⎥⎥
2
π(u) �
 ⎥⎥⎥⎦. (12)
⎢⎢⎢⎣(βu + A) + (βu + A) + B
α−r
b

A � −λμx − λμy , B �

����������������
λμx + μy + 2μx μx .

(13)

To solve the optimal value function, assume that the
function is convex [21]. Therefore, the optimal solution
should satisfy HJB equations (10) and (1) and be the unique
solution; the following equation can be obtained:

6

Mathematical Problems in Engineering

π(u) �

α − β ψ ″ (u)
.
×
ψ ′ (u)
b2

(14)

The solution is obtained by combining formulae (12) and
(14).
α−β u 1
du,
ψ ′ (u) � ψ ′ (0)exp 2 
0 π(u)
b

(15)

where ψ′(0) can be obtained from the following boundary
condition formula:
lim ψ(u) � 0.

(17)

u⟶∞

Under the diﬀusion approximation form of delayed risk
model, the minimum bankruptcy probability of optimization problem with investment is
u

where π(u) is determined by formula (12) and can be further
obtained.
u

u

ψ(u) �  ψ ′ (u)du � ψ ′ (0)  exp
0

0

α−β u 1

dθdu,
0 π(θ)
b2
(16)

ψ(u) �

0 exp[π(u)]du
∞

0 exp[π(u)]du

4. Numerical Analysis
4.1. Inﬂuence of Model Parameters on Investment Strategy.
When the risk assets reach the expected rate of return, the
investment amount changes with the expected rate of return,
and the insurer can obtain higher investment income on the
risk assets [22]. Therefore, at this time, the insurer will invest
more in the risky assets to obtain higher investment returns.
The insurer’s investment amount in risk assets is lower than
the insurer’s investment amount in risk assets. The insurer
only has information about the price process of risk assets
and can only estimate the expected return rate of risk assets.
In this case, the insurer is relatively conservative and more
cautious in investment in risk assets.
Figure 3 shows the eﬀect of parameter β on the optimal
investment strategy. It can be seen from the ﬁgure that when
ρ � 1, the optimal investment strategy is a subtraction
function of β. When ρ > 0, the correlation between underwriting risk and investment risk is positive. When β

(18)

The optimal investment strategy is

��������������������������������������

���������������������� 2
⎢
⎤⎥
1 ⎡
α − β⎞
⎢
2 ⎝
⎢
⎠ ⎥⎥⎥⎥⎥.
⎢
⎢
λμx + μy + 2μx μy  ×
π(u) �
⎢βu − λμx − λμy  + (βu + A) + ⎛
⎦
α − r⎣
b

Under the optimal criterion of minimizing bankruptcy
probability, the explicit expressions of optimal investment
strategy and minimum bankruptcy probability are determined by the parameters of claim amount and venture
capital.
Under the optimization criterion of minimizing the
probability of bankruptcy, the claim amount to be borne is
reduced by buying proportional reinsurance to avoid
bankruptcy caused by excessive claim amount. Reinsurance
companies mix proportional reinsurance and invest in the
ﬁnancial market with inﬂation risk. Through the principle of
dynamic programming, the optimal reinsurance and investment strategy and the expression of maximization of
expected utility of terminal wealth are obtained. The risk
model of reinsurance companies accords with the reality.

.

(19)

increases, the insured risk will increase with the increase of β.
Therefore, in order to reduce the total risk, the insurer will
reduce the amount of investment in risky assets. When
ρ � −1, the optimal strategy is an increasing function of β. In
the case of ρ < 0, the correlation between underwriting risk
and investment risk is negative. When beta increases, the
insurer can get higher returns from risky assets. Therefore,
the insurer wants to invest a higher amount in risky assets to
obtain a higher return.
As the expected return of risk assets increases, insurance
companies will get more beneﬁts from investing in risk
assets. Therefore, insurance companies are more willing to
invest insurance funds in risk assets. On the contrary, when
the risk-free interest rate increases, the proportion of investment in risk-free assets will decrease, because the higher
the risk-free interest rate is, the higher the income of insurance companies investing in risk-free assets will be.
Because the risk-free asset is not aﬀected by nonsystematic
risks, when the risk-free rate of return is high, insurance
companies can get stable and rich returns on investment in
the risk-free asset. In this case, insurance companies are
certainly willing to invest more funds in the risk-free asset.
4.2. Inﬂuence of Model Parameters on Reinsurance Strategy.
Figure 4 shows sensitivity analysis of optimal reinsurance
strategy under risk model.
Figure 4 shows the impact of safety load θ on reinsurance
strategy. According to the ﬁgure, θ has a positive eﬀect on
reinsurance strategy. As theta increases, reinsurance costs
become more expensive and insurers want to increase retention, the minus function of theta. When reinsurance
premiums become expensive, reinsurers want to share more
reinsurance to get higher premium returns. The ﬁgure shows
the inﬂuence of risk factor on reinsurance strategy. The
insurer’s risk factor c1 has a negative eﬀect on reinsurance

Mathematical Problems in Engineering

7

90.5
90.0
89.5

β

89.0
88.5
88.0
10

8

6
t

ρ=-1
4
2

ρ=1
0

ρ=1
ρ=-1

Figure 3: The inﬂuence of parameter β on the function.

strategy. Therefore, when the risk aversion coeﬃcient c1 of
the insurer increases, the insurer will buy more reinsurance
to hedge the risk. The reinsurance strategy of the reinsurer is
the increment function of c2. When c2 increases, reinsurers
will be more conservative. Therefore, reinsurers will assume
a lower proportion of reinsurance to control risks.
When the insurance company for catastrophe insurance
business arrangement is small in the initial surplus, especially early operation in the operation, its ruin probability is
very big and it will face a higher risk of insolvency; to resist
the risk, the insurance company will generally choose more
risky asset allocation, with more insurance funds to invest in
risky assets, in order to gain a higher return on investment.
That, though, would mean greater risk for an insurance
company or for an insurance business. In fact, small insurance companies often allocate more funds in equity
investment and option investment. When catastrophe insurance business has a high initial surplus, insurance
companies will choose to invest more insurance funds in
risk-free assets for safety purposes to achieve stability.
4.3. Inﬂuence of Model Parameters on Equilibrium Reinsurance Strategy. Figure 5 shows the inﬂuence of model parameters on the equilibrium excess loss reinsurance strategy.
According to Figure 5, the equilibrium excess loss reinsurance strategy is a subtractive function of α. When α
increases, the interests of the insurer are more valued in the
decision-making process. From the perspective of the insurer, in order to disperse underwriting risks, the insurer will
choose to reduce the retention ratio and buy more reinsurance. In addition, equilibrium excess loss reinsurance
increases with the increase of the safety load η of reinsurers.
When η increases, the cost of reinsurance will be higher, and
the insurer will choose to increase the retention ratio to

reduce the reinsurance cost. Equilibrium excess loss
reinsurance strategy with respect to the insurer’s risk
aversion coeﬃcient c increases and decreases. With the
increase of the risk aversion coeﬃcient of the insurer, the
insurer will be more conservative. Therefore, the insurer will
buy more reinsurance to transfer the underwriting risk to the
reinsurance company. The risk aversion coeﬃcient of reinsurance strategy decreases with the increase of c. The
larger c is, the more risk averse the reinsurer is, so the
reinsurer will reduce the reinsurance business to reduce the
total risk.
4.4. Inﬂuence of Model Parameters on Equilibrium Investment
Strategy. According to Figure 6, the equilibrium investment
strategy is the increasing function of the competition coefﬁcient of insurance companies. When K increases, the insurance company will pay more attention to the impact of
competition on the company. At this time, in order to obtain
higher investment returns, it will increase the investment in
risk assets, so as to enhance its competitiveness. Figure 6
shows that the equilibrium investment strategy is an increasing function of time t. At the initial moment, the amount
of investment in risk assets of insurance companies is relatively low. As time goes by, insurance companies will become
more stable and have the ability to increase their investment
in risk assets. It increases with the increase of the correlation
coeﬃcient of risk assets. When ρ is large, insurance companies
pay more attention to competition, so they will invest more
money in risk assets to improve their competitiveness.
Figure 7 shows that the balanced investment strategy
increases as the expected return rate of risky assets increases.
When μ increases, the insurance company can get higher
returns on risky assets, so it will increase the amount of
investment in risky assets. In addition, when ρ > 0, it
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Figure 4: Eﬀects of parameters θ and c on reinsurance strategy.
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Figure 6: The inﬂuence of model parameters K and ρ on investment.
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attributes, the same measure transformation is usually used
to deal with these two markets, which is not consistent with
the actual situation. Future studies will make further studies
in this aspect.
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increases with the increase of μ. When ρ < 0, it decreases with
the increase of μ. When ρ > 0, there is a positive correlation
between risk assets, and when μ increases, the ﬁrst insurance
company will get higher returns on risk assets. On the
contrary, in the case of ρ < 0, when μ increases, the ﬁrst
insurance company may get less investment returns on risky
assets, so it will reduce the amount of investment in risky
assets.

5. Conclusion
With the rapid development of the insurance industry,
insurance company has to increase the utilization rate of
capital surplus capital investment to the capital market and
at the same time buy reinsurance to transfer risk, based on
the reinsurance system architecture reinsurance delay risk
investment model which is established, by buying a proportional reinsurance to reduce bearing the claim amount
and avoid bankruptcy claim amount that is too large. Numerical analysis shows that when the insurer’s risk coeﬃcient c1 increases, the insurer will buy more reinsurance to
hedge the risk. The reinsurance strategy of the reinsurer is
the increment function of c2. When c2 increases, reinsurers
will assume a lower proportion of reinsurance to control the
risk. It increases with the increase of the correlation coefﬁcient of risk assets. When ρ is large, insurance companies
pay more attention to competition, and they will invest more
money in risk assets to improve their competitiveness. The
actual value of the risk model of the real situation faced by
the insurance company is greater. The optimal investment
and reinsurance strategies of insurance companies are obtained under the optimization criterion of minimizing the
probability of bankruptcy. The conclusion of this paper is
based on the ideal complete ﬁnancial market, but the real
ﬁnancial market is always with friction, so we can consider
the establishment of a market model including transaction
costs, non-short selling restrictions, and dividends. Since the
insurance market and ﬁnancial market have diﬀerent risk
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