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Abstract: This study presents a novel approach to analyzing the present value of total profit for non-
participating and participating insurance policies in order to determine the optimal profitability of
non-participating and participating insurance policies based on applying the approach used in op-
erations research to the field of finance. As such, a comprehensive insurance product evaluation
model was developed using both mathematical models and numerical analysis to evaluate the de-
mand for non-participating and participating life insurance policies in response to changes in inter-
est rates. The findings indicate that non-participating life insurance policies offer greater solvency
for insurance companies compared to participating policies. The study also highlights the signifi-
cance of spontaneous and induced demand in determining the total profit of both types of policies.
The study concludes that life insurance companies should focus on generating spontaneous con-
sumer demand, reducing induced demand, and implementing the optimal pricing strategy to
achieve maximum profits.

Keywords: Traditional life policy; Non-participating policy; Participating policy; Induced demand;
Optimal pricing strategy; Maximum profits.

MSC: 90-10

1. Introduction

In a highly competitive insurance market, insurance companies strive to continuously offer in-
surance products to their customers while seeking to maximize their profits. (Carriquiry and Osgood
[1]; Staikouras [2]). However, this pursuit of success is challenged by the instability of the interest
rate environment, leading to difficulties in investment and business operations. These obstacles result
in frequent constraints on profits, which limit the scope of operational decisions for insurance com-
panies. As such, in the field of insurance, the modeling of insurance premiums in competitive markets
continues to garner significant attention among scholars. According to Cummins [3], insurance is an
intangible product, and the actual cost, which refers to the payments made by insurers, is not deter-
mined until the policy is in effect. Therefore, insurers determine the estimated life insurance premium
of a policy based on the law of large numbers and previous claims experiences. However, if insurers
are not proactive, their competition strategy of reducing premiums could lead to financial instability
and insolvency in the future (Ai, Bajtelsmit, & Wang [4]; Malinovskii [5]; Cicceri [6]). This highlights
the importance of careful and informed decision-making in the pricing of insurance products.
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In the field of insurance, the calculation of premiums has garnered much attention from relevant
research. According to Kleinow and Willder [7], the premium charged to an individual policyholder
cannot surpass established regulations. Meanwhile, the investment strategies employed by insurance
companies can impact the price of investment products as indicated in the model proposed by Con-
siglio et al. [8]. According to Taylor [9], the subjective aspect of insurance underwriting was analyzed
within a deterministic discrete-time framework. Through his demand function, an insurer can deter-
mine the most appropriate reaction to shifts in the market's premium rates. Furthermore, the afore-
mentioned concerns have been raised in recent studies (Mourdoukoutas et al. [10]; Canh, Wongchoti
& Thanh [11]).

In addition, Direr and Ennajar-Sayadi [12] indicate that the increase in life expectancy in devel-
oped countries has caused insurers to worry about their solvency due to the increased cost of guar-
anteed income payments in old age. They thus note an upward trend in the prices of some life insur-
ance products by posing questions about clients' reactions and the future of the life insurance indus-
try. Besides, they also propose examining the price elasticity of demand for life insurance contracts
using mathematical models that account for the inventory issue and highlight the significance of
boosting an insurer's profitability to address these concerns.

Furthermore, Cohen [13] improved upon the model proposed by Ghare and Schrader [14] by
modifying the objective function from cost minimization to profit maximization. Ben-Daya and Roauf
[15], drawing inspiration from Liao and Shyu's [16] model, determined the optimal inventory strat-
egy that minimizes the expected total cost for a year, Additionally, Dye [17] extended the findings of
Chang and Dye [18] by transforming the demand rate into a decreasing function of the selling price
to establish an optimal pricing and ordering strategy. Moreover, some researchers in the field of op-
erations management have begun to investigate the relationship between operations and insurance.
For example, Dong and Tomlin [19] and Serpa and Krishnan [20] investigated the relationship be-
tween business interruption insurance and operational measures, concluding that, in certain condi-
tions, business interruption insurance, a type of property insurance, can be complementary to oper-
ational measures. Martinez et al. [21] created a new approach for combining inventory optimization
and insurance optimization.

Nonetheless, we argue that there is a lack of research that comprehensively evaluates the de-
mand for different types of life insurance policies (e.g., non-participating and participating insurance
policies) and considers the impact of changes in interest rates after surveying the relevant research.
This study may fill this gap by developing a comprehensive insurance product evaluation model, as
well as providing valuable insights for life insurance companies to maximize profits. Furthermore,
despite the growing literature on operation and property insurance, traditional life insurance-opera-
tion linkage research studies are scarce. As a result, the purpose of this study is to present a concep-
tual framework for linking the value of money with the concept of inventory management model to
provide insight into the issue, whereby an insurer can make the optimal solution by focusing on non-
participating and participating policies in different circumstances.

This study may contribute to the existing literature in the following aspects. First, it is a pioneer-
ing effort from the perspective of a single life insurance company to find the optimal solution for
insurance policies using an inventory management model that has not been widely explored in pre-
vious insurance research. Second, the study presents a model for evaluating insurance products,
demonstrated through numerical examples, that allows a single insurer to refine premium pricing
and maximize profits. Finally, the study emphasizes the crucial role of both spontaneous and induced
demand in determining the profitability of non-participating and participating life insurance policies
and concludes that optimal pricing strategies can significantly enhance the profits of insurance com-
panies.
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2. Non-Participating Policies and Participating Policies

A life insurance policy's primary purpose is to provide death benefits. And the insurance bene-
fits are contingent on the insured's survival duration. Furthermore, the premium for whole life insur-
ance policies is calculated using the policy's predetermined interest rate, and the insurer bears all
risks.

Our research focuses on the evaluations of non-participating and participating life policies. A
non-participating insurance policy, unlike a participating insurance policy, does not pay out divi-
dends based on the insurer's profits; however, these life insurance plans do pay out guaranteed ben-
efits on maturity.

A participating policy is also known as a non-guaranteed cost policy because the dividends are
not guaranteed but the premium and cash value are. They are essentially a form of risk sharing in
which the insurance company shifts a portion of the risk to policyholders (Cheng & Li [22]; Hencka-
erts & Antonio [23]). Although it is a dividend policy, whether or not a dividend is distributed is
determined by the insurance company's operating performance. If the insurance company's invest-
ment performance and business strategy deviations result in losses, the insured may still be unable
to receive dividends. However, the dividend policy still has a basic predetermined interest rate, and
even if there is no dividend, the policy value may continue to rise if current interest rates fall below
such a rate [24].

A non-participating policy is known as a guaranteed-cost policy because every feature of a guar-
anteed-cost policy is fixed, allowing us to predict future costs. Non-participating policy premiums
are typically lower than participating policy premiums due to dividend expense (Picard [25]; Kim et
al. [26]), This is because insurers will charge higher premiums than traditional policies on the basis
of unpredictable future uncertainties (Bacinello et al. [27]), and thus likely take appropriate measures
to distribute dividends to policyholders based on actual performance.

2.1. Assumptions and Notation

In this study, we use the concept of inventory management to develop a new approach to deal-
ing with the aforementioned insurance issue. This entails using mathematical models and conducting
numerical analysis to derive a determinate solution for the challenges faced in a highly competitive
insurance market. Based on the evaluation model of insurance policies developed in this study, we
provide the following symbols and hypotheses to set up the model of traditional life policy, including
non-participating and participating policies.

Co Fixed business cost
ol Variable business cost/per piece
N Terms of a valid policy
M Benefit amount due/piece/term
Claim amount within the policy period in the event of an

R
accident of the beneficiary
r Risk-free rate
» The occurrence of a covered accident prior to one term
o

(when the proposer purchased the policy)
The probability of an insured having a covered accident at
pj the j term,
and j=1, 2, ..., N-1. (after the proposer purchased the policy)
The probability of an insured having no covered accident
during the policy
S The premium of a policy/per policy/term, the decision vari-
able
Policy demand with D(s) = a — bs, where a is spontaneous
D(s) demand, b is induced demand, and D(s) is a decreasing
function with respect to s.

Pn
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We also set up these assumptions and notations before building our model.

1. Considering a single insurance product.

2. The insurers have liability for compensation for the insured’s acci-
dent that occurs within the policy period. The claim amount is R.
The policy becomes void once the claim is settled.

3. While the proposer purchases the policy, the probability of acci-
dents equals one, which is

N
2.p=1
-0

4. The demand for the policy is a decreasing function of the premium
of the policy.
D(S) satisfies D'(s) <0

-Following the symbols and hypotheses, we propose the present value function of the total ex-
pected profit of the non-participating policy and the participating policy, both of which are described
below.

2.2. Non-Participating Policy

The insurance company receives the premium at the start of each period, and the insurance contract
is valid until the end of the N period. When the insured has an accident during the contract's validity
period and the policy becomes null and void, the insurer must offer the beneficiary a settlement of
the claim amount R. If the insured does not have an accident during the contract's validity period
and the policy contract expires at the end of the N period, it will be terminated. The following are the
relevant revenue and cost functions.

(1) Present value of gross premium income

_ S y S
= |Pos + 1 (5+1—_H,)+“'+PNZ)W D(s)
j=

(2) Gross initial business cost
= ¢y + ¢, D(s)

(3) Present value of total expected claim amount

N
piR
= IZ a 4]—7‘)1' D(s)
j=0

Based on the above, the present value of the total expected profit (denoted by TP, (s)) of a life

insurance policy is a function of the policy price (s):
N

k N
1 piR
TP (s) = z Pk;m sD(s) —co — ¢, D(s) — Z, a -|]-r)f D(s) (1)

k=0

Similarly, we can find the policy premium that maximizes the present value function of the total
expected profit of a life insurance policy, which means that the first and second derivatives of the
present value function (TP; (s)) of the total expected profit of the policy respect to the policy price (s)
are as follows:

N k N k N
dTP,(s) _ D(s) s o p;R ,
ds RZO Ip" ; 1+7r)) + LZ; ka ; A+ni| @ & 1+7r) D'(s) 2)

And

N k N k N
d?TP;(s) 2D'(s) s piR .
TaR_Y n iy +l;lpk;—(1+r)j _Cl_,.zo(lfrﬂf D"(s) <0 (3)
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As such. we then carry out a second-order differentiation. If the result of the differentiation is
negative, it indicates that the solution that meets the requirements is the optimal solution (i.e., the
maximum of the present value of the total expected profit of the policy).

2.3. Participating Policy

The policyholder pays the premiums for the insurer at the beginning of each period(n) and
claims back the M amount by the end of every two periods. The insurance company needs to settle
the claim amount R for the beneficiary while the insured has an accident, then the policy becomes
null and void. If the insured has not had an accident within the contract’s period of validity, the
policyholder does not need to pay the premium for the insurer upon the expiration of the insurance
contract after the N-th policy year, but they can claim back M amount by the end of every two periods
until the W-th period. The relevant income and cost functions are described below:

(1) Present value of gross premium income

N k

:Z (1+r)1 D)

k=0 j=0

(2) Gross initial business cost = ¢y + ¢;D(s)
(3) Present Value of the total expected claim amount

lZ(1+ 7 [P

(4) Present Value of the total expected payment due

M M M
= o +p) + (2 + ps)m + (Ps +ps) [(1 Tt as r)4]
M M M
(s +p7) [(1 e R WS TR r)6] o
N/2
M
+ (Pn-2 + Pn-1) Z a+ny
j=1
(z)+ (FF)+

M
+(q1 + q2) E st w-taw) § T+
j=1 '

It is assumed that py = YV, q;, and N and W are even numbers.

py means the probability that no accident occurs during the payment period; q; means the
probability that an accident occurs during the non-payment period (wherej = 1,2, ..., W), and W is
when the insurance company needs to pay after the N period.

Based on the above, the present value of the total expected total profit (TP,(s)) of the
participating policy is a function of the policy premium.

N

N k
s pR M
e ZP[Zﬁ R A Che G e

N/2

M
- (py—2 + PN—l)Zm
=

M M M
(e +77) [(1 AR G AR r)s] -
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(N+W)+1 (4)

2

M
= (qw-1 + qw) Z a7 D(s) —cg

Similarly, we can yield the maximum policy premium, which is the present value function of
the total expected profit of the participating policy, namely the first and second derivatives of the
present value function of the total expected profit of the policy (TP,(s)) for the policy premium (s)
are as follows:

dTR,(s) < K D(s) S s | K PR
——Z[ 2 } {Z{pka_;(m),} 2y

ds = @+r)’

M M M
—(p0+ p1)><0—(p2+ pa)m_(p4+ ps){(l_i_ r)2 + (1+r)4i|

M M M ¥z M
_( p6 + p7)|:(1+ r)z + (1+ r)4 + (1+ r) :| (pN 2 pN 1)2 (1 r)zj

(N/2)+1 (N+W)/211

- _ " \p 5
qz) Z (1+r)ZJ (q\N—1+qW) z (l+r)ZJ}D(S) ( )

¢ =
and

2TP(s) 2D'(s) |, | < - PR
Z{ kz(1+r)} {Z[ Z(1+r)} Cl_Z(1+r)i

k=0 j=0 j=0

M M M
_(p0+p1)><0 (p2+p3)( ) (p4 ){(1+r)2+(1+r)4}

_(pe+p7)|: M + M + M :| (pNz le)NZ: M

1+r)? @+n* @+r)° < (1+71)Y
(N/2)+1 (NW)/21 g
— _— = -+D" 0
(0, +9,) 12:1: A+ r)) (Ghy -1+ ) < Wy I’)ZJ} (s) <

(6)

We can find that the present value function (TP, (s)) of the total expected profit of the participat-
ing policy is the concave function of the policy premium(s) from Eq (6), namely, the solution, which
satisfies equation (5) equaling to 0, is the maximum present value of the total expected profit of the

policy.

Furthermore, in cases where the outcomes of the second derivative, as presented in Equation (4)
and Equation (6), exhibit negative values, it signifies that the optimal solutions satisfy the specified
conditions. Nonetheless, determining the exact solutions for both participating and non-participating
policies poses a challenge, thereby necessitating the application of numerical analysis techniques,
which are elucidated in the ensuing section.

3. Numerical Experiments and Sensitivity Analysis
3.1. Non-Participating Policy

Assuming the given parameter values of an insurance policy are the number of policy contract
periods (N) is 6, and the probability of an accident in each period for the policyholder is po=0.01,
p1=0.05, p>=0.1, p3=0.1, p+=0.1, p5=0.1, pe=0.54. The discount rate is ¥=0.02, the demand parameters are
a=40000 and b=0.06, and the fixed and variable business cost values are co=2000 and ¢1=200. Given an
accident claim amount of R=100,000, the numerical analysis method determines the optimal policy
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price to be $341,782. Further, the maximum present value of the expected total profit of the policy
(TP (s)) is estimated to be $34,251,900,000.

In this study, the present value of the maximum policy expected total profit (TP,(s)),
policy price, policy price change percentage, and total profit change percentage are exam-
ined with respect to variations in the parameters R, co, c1, 7, 4, and b in the insurance policy.
The parameters R, c0, c1, r, a, and b are modified by +50%, +25%, -25%, and -50%, while
keeping the remaining parameter values constant. The results of these calculations are sum-
marized in Table 1.

Table 1. Sensitivity analysis of non-participating policy by various parameters.

variation (%)

Parameter variation (%)  The premium of The total expected profit of policies

a policy
-50 -1.2332 2.6115
R -25 -0.6166 1.3015
+25 0.6166 -1.2931
+50 1.2332 -2.5778
-50 0.0000 2.91955x10-
. -25 0.0000 1.45977x10-6
+25 0.0000 -1.45977x10¢
+50 0.0000 -2.91955x10-¢
-50 -0.0027 0.0057
o -25 -0.0013 0.0028
+25 0.0013 -0.0028
+50 0.0027 -0.0057
-50 0.0515 2.4273
R -25 0.0256 1.1991
+25 - 0.0252 -1.1709
+50 - 0.0501 -2.3144
-50 -48.7641 -76.2833
A -25 -24.382 -44.7209
+25 24.382 57.8795
+50 48.7641 128.917
-50 97.5282 105.235
B -25 32.5094 35.0725
+25 -19.5056 -21.0368
+50 -32.5094 -35.0556

3.2. Participating Policy

Suppose an insurance policy is defined by the following parameter values: the contract duration
(N) is 6 periods, and the payment duration after the policy expiration (W) is 10 periods. The policy-
holder's accident probability during each period is po=0.01, p1=0.05, p>=0.1, ps=0.1, p+=0.1, ps=0.1,
pe=0.54, while the accident probability during the non-payment period is qo=0.05, 41=0.05, 42=0.05,
q3=0.05, q+=0.05, 45=0.05, g6=0.05, 4=0.05, gs=0.05, q9=0.05, and 410=0.04. The discount rate r is 0.02, and
the demand parameter takes the values a=40000, and b=0.06. The policy entails a fixed business cost
of co=2000 and a flexible cost of ci=200. The accidental claims are R=$10,000, and the payment to be
made upon the policy's expiration is M=$500,000. It is found that when the optimal policy price is set
at $48,2560, the expected total profit present value (TP,(s)) is maximized at $10,999,200,000.

To assess the influence of changes in the policy parameters R, M, co, c1, 7, 4, and b on the present
value of the expected total profit (TP,(s)), policy price, policy price change percentage, and total
profit change percentage, we conducted a sensitivity analysis. Each parameter was altered by +50%,

do0i:10.20944/preprints202306.0802.v1
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+25%, -25%, and -50%, with only one parameter being modified at a time while the other parameter
values were held constant. The results of these calculations are presented in Table 2.

Table 2. Sensitivity analysis of participating policy by various parameters.

variation (%)

parame-  variation The pre- The total expected profit of
ter (%) mium of policies
a policy
-50 -0.8734 4.6311
R -25 -0.4367 2.3025
+25 0.4367 -2.2763
+50 0.8734 -4.5263
-50 -14.5866 91.0835
M -25 -7.2933 41.8874
+25 7.2933 -34.5786
+50 14.5866 -61.8483
-50 0.0000 9.09154x10-
. -25 0.0000 4.54577x10
+25 0.0000 -4.54577x106
+50 0.0000 -9.09154x106
-50 -0.0019 0.0100
o -25 -0.0010 0.0050
+25 0.0010 -0.0050
+50 0.0019 -0.0100
-50 0.9841 -2.6834
. -25 0.4836 -1.2970
+25 -0.4674 1.2119
+50 -0.9194 2.3427
-50 -34.5380 -99.1027
p -25 -17.2690 -70.0394
+25 17.2690 111.0150
+50 34.5380 263.0070
-50 69.0760 294.9590
b -25 23.0253 92.8447
+25 -13.8152 -49.1369
+50 -23.0253 -76.4200

3.3. Comparing Non-Participating and Participating Policy Optimal Solutions

Based on the results of the computations described above, Table 3 summarizes the
optimal premium and maximum present value of predicted total profit for each policy.

Table 3. Comparison of each policy's optimal premium and maximum predicted total profit.

Types of policies Optimum policy premium Optimal policy Maximum present
sales volume  value of expected
gross profits
Non-participating policy $34,1782 19494 (sheets) $34,251,900,000
Participating policy $48,2560 11046(sheets) $10,999,200,000

According to Table 3, the non-participating policy generates the greatest profit for an insurance
company, followed by the participating policy. Due to the different definitions of these two policies,
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it is not appropriate to compare the premium of the non-participating policy with that of the partici-
pating policy at the same time when determining the optimal premium, so we compare them sepa-
rately. Most importantly, because dividends are paid, the insurance company charges a higher pre-
mium for a participating policy than for a non-participating policy.

In terms of the impact of changing various parameter values on the optimal premium strategy
of these two policies, sensitivity analysis provides the following managerial insights. First, there is a
positive relationship exists between the claim amount, payment amount due (no payment amounts
due for a non-participating policy), and variable business cost with the optimal premium, but there
is a negative relationship with the optimal total profit. An increase in the claim amount, payment
due, or variable business cost results in an increase in an insurance company's expenses. As a result,
the insurance company will raise the premium to reach the break-even point, but higher premiums
will reduce consumer willingness to purchase policies, resulting in lower total profits. However,
changes in variable business costs have little impact on the premium and total profits.

Second, the changes in fixed business costs have little impact on the optimal premium but have
a minor inverse relationship with the optimal total profit. Since it is a fixed cost, the impact is minor
compared with that of the variable business cost. Third, when the discount rate increases, the pre-
mium will decrease, but the total profit will increase; accordingly, on the contrary, when the discount
rate decreases, the premium will increase, and the total profit will decrease accordingly. In other
words, the discount rate is inversely related to the optimal premium and positively related to the
optimal total profit. The economic implication is that as the discount rate decrease, the premiums for
policies with the same insurance amount will be more and more expensive year by year. Moreover,
while the discount rate is lower than the return on the stock market, the insurance company will face
lapses from customers, consequently a big decrease in the total profits. However, it exists a negative
relationship between the discount rate with optimal premium and the optimal total profit in terms of
the non-participating policies.

Forth, the demand parameter a is a positive relationship with the premium and total profit. The
economic implication is that the demand parameter a is an initiating demand, which implies someone
will purchase the policy no matter what the policy premium. Therefore, while the demand is increas-
ing, the premium will increase accordingly. Fifth, the demand parameter b is an inverse relationship
with the optimal premium and the optimal total profit. The economic implication is that the demand
parameter b is an induced demand, and because policy demand D(s) is a decreasing function, the
demand parameter b will be inversely proportional to the demand, and the total profit will decrease
accordingly. Besides, when the demand parameter a is fixed, the demand parameter b will also have
an inverse relationship with the policy price. Following that, we summarize the effect of each param-
eter on the premium (s) and the present value of total profit in Table 4.

Table 4. The sensitivity direction of each parameter on premium

Parameter Premium per policy (s) Present Value of total profits
R t !
M t |
co ? v
a ? V
r v (R
a t t
b v v

Notes: [ means positive relationship, [ means negative relationship, [/ implies a positive relation-
ship with participating policy, inverse relationship with non-participating policy repositions, lemmas, etc.
should be numbered sequentially (i.e., Proposition 2 follows Theorem 1). Examples or Remarks use the same
formatting, but should be numbered separately, so a document may contain Theorem 1, Remark 1 and Example
1.
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Furthermore, in Table 4, we argue that the following are worth paying attention to for insurance
companies. First, the policy price (s) has a positive relationship with the claim amount R, the policy
payment amount M due (non-participating policies not included), the fixed business cost c,, the var-
iable business cost c;, and the demand parameter a; the policy price (s) has an inverse relationship
with the discount rate  and the demand parameter b. Second, the present value of total profit has a
positive relationship with the demand parameter a; but the present value of total profit has an inverse
relationship with the claim amount R, the policy payment amount M, the fixed business cost c,, the
variable business cost c;, and demand parameter b. Finally, it can be found that the discount rate r
has a positive relationship with the present value of total profits of the participating policies, but the
discount rate r has an inverse relationship with the present value of total profits of non-participating
policies. Accordingly, we summarize the most important parameters that influence both the non-
participating and participating policies in Table 5.

Table 5. Parameter variation sensitivity analysis of non-participating and participating

Non-participating policy Participating policy
Variation Variation (%) Variation (%)
Parameter

(%) Policy PV of Expected Policy PV of Expected

Price total profits Price total profits

-50 -48.7641 -76.2833 -34.5380 -99.1027

. -25 -24.382 -44.7209 -17.2690 -70.0394
+25 24.382 57.8795 17.2690 111.0150

+50 48.7641 128.917 34.5380 263.0070

-50 97.5282 105.235 69.0760 294.9590

b -25 32.5094 35.0725 23.0253 92.8447
+25 -19.5056 -21.0368 -13.8152 -49.1369

+50 -32.5094 -35.0556 -23.0253 -76.4200

From Table 5, the following can be drawn for non-participating policies and partici-
pating policies. We showed that the greater the initiating demand g, the greater the mar-
ginal impact on the present value of total profits; the smaller the induced demand b is, the
greater the marginal impact on the policy premium and the present value of the total prof-
its; regarding policy premium, the non-participating policies are greatly affected by initiat-
ing demand a and induced demand b; and in terms of the present value of total profits, the
participating policies are greatly affected by initiating demand a and induced demand b.

4. Concluding Remarks

4.1. Conclusions and Discussion

Based on those investors turning to life insurance policies as a means of financial security after
experiencing significant losses in volatile stock markets, the study further develops a deterministic
model by incorporating the time value of money into the concept of inventory management and pro-
vides an optimum solution to find the optimal sales performance and premium strategy. The numer-
ical examples show that the profits created by non-participating life policies are higher than that of
participating policies. The sensitivity analysis provides managerial insights, showing that a single
insurer can raise profits by considering the balance between initiating demand and induced demand.
As such, we derive the following main conclusions in this study.

To begin with, life insurance policies have become increasingly popular among investors look-
ing for more secure and stable investment options due to the volatile nature of stock markets (Delle
Foglie & Panetta [28]; Li et al. [29]). As such, insurance companies need to maintain their financial
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stability while providing adequate coverage to their customers to benefit society and promote eco-
nomic growth (Cowley & Cummins [30]; Cheng & Yu [31]; Syed et al. [32]) and even under the impact
of the COVID-19 pandemic (Richter & Wilson [33]; Valaskova et al. [34]).

Furthermore, the calculation of insurance premiums has been a major focus of research in the
insurance industry, as the premium charged to an individual policyholder cannot surpass established
regulations (Kleinow & Willder [7]; Huggenberger & Albrecht [35]). Thus, an insurer's investment
strategies can impact the price of investment products, and maximizing shareholder value is an im-
portant consideration (Consiglio et al. [8]; Zhao et al. [36]). The increase in life expectancy has caused
concerns about solvency among life insurance companies due to the increased cost of guaranteed
income payments in old age [12].

Moreover, since the optimal pricing strategy for insurance companies can be determined by
transforming the demand rate into a decreasing function of the selling price [17], insurance compa-
nies can increase their profits by focusing on generating spontaneous consumer demands, reducing
induced demands, as well as implementing the optimal pricing strategy. In other words, the study
highlights the significance of spontaneous and induced demand in determining the total profit of
both types of policies and concludes that life insurance companies should focus on generating spon-
taneous consumer demand, reducing induced demand, and implementing the optimal pricing strat-
egy to achieve maximum profits.

Overall, the study highlights the importance of insurance companies focusing on preserving
solvency and maximizing profits in a highly competitive insurance market. The study provides a
valuable framework for insurance companies to evaluate the demand for different types of life insur-
ance policies and determine the optimal pricing strategy to achieve maximum profits.

4.2. Research Implications

We argue that this study has the following essential implication for reference. First, the study
highlights the importance of solvency for insurance companies, as non-participating life insurance
policies were found to offer greater solvency compared to participating policies. This finding has
important implications for insurance companies, as solvency is a crucial aspect of ensuring the long-
term viability and stability of the company.

Second, the study also highlights the significance of both spontaneous and induced demand in
determining the total profit of both types of policies. This implies that life insurance companies
should focus on generating spontaneous consumer demand and reducing induced demand to
achieve maximum profits. As such, the study should highlight the significance of spontaneous and
induced demand in determining the total profit of life insurance policies. To achieve maximum prof-
its, insurance companies should focus on generating spontaneous consumer demand and reducing
induced demand. This requires a comprehensive understanding of consumer behavior, preferences,
and demands, as well as an optimal pricing strategy that balances profitability and affordability.

Third, this study develops a deterministic model by explicitly incorporating the time value of
money into the concept of inventory management. This helps insurance companies optimize their
sales performance and premium strategy, as well as make deliberate considerations between initiat-
ing demand and induced demand. The study's numerical examples also show that profits created by
non-participating life policies are higher than that of participating policies. This underscores the im-
portance of considering the impact of interest rate fluctuations on insurance products when formu-
lating an investment and operational strategy.

Fourth, the study concludes that life insurance companies should focus on implementing the
optimal pricing strategy to achieve maximum profits. This finding has important implications for
insurance companies as pricing is a critical aspect of business strategy and can significantly impact
the overall financial performance of the company. By focusing on implementing an optimal pricing
strategy, insurance companies can ensure long-term profitability and stability.
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4.3. Limitations and Future Research

It is important to note that the findings of this study are limited to the specific context in which
it was conducted. The insurance market is characterized by significant uncertainty, which can impact
the validity of the model's predictions. Additionally, the study only considered the effect of interest
rate changes on demand for life insurance policies, but other factors can impact demand for life in-
surance policies such as changes in tax laws, regulations, and consumer behavior. In addition, we use
mathematical models and numerical analysis to derive a deterministic approach in a competitive
market based on an annual net premium excluding the loading fee and government price controls
because there is no unanimous loading fee and even government price control regulation to follow.
This study might be the first attempt to investigate how to implement the optimal pricing strategy to
achieve maximum profits for insurance companies by employing the inventory model rarely con-
cerned before. However, developing a comprehensive insurance product evaluation model may not
be an easy task because determining how to set the parameters, assumptions, and variables used in
this model may not be a unanimous criterion. Nonetheless, this study adds to the existing literature
by shedding new light on both mathematical models and numerical analysis to evaluate the demand
for non-participating and participating life insurance policies.

Furthermore, this study has identified the premium of a policy as the variable affecting a policy
demand function. As a suggestion for future studies, preferences could be incorporated as a demand
function. However, a comparative static analysis was performed for the premium while the supply
was held constant, which is a limitation of this study. Future studies could incorporate the supply
function and provide economic insights into the trade-offs between the two types of policies. Alt-
hough this study provides valuable insights into the demand for life insurance policies, it has limita-
tions. Therefore, it is necessary to extend the model to a more comprehensive framework as men-
tioned above. In doing so, we can gain a deeper understanding of spontaneous and induced demand
in determining the total profit of both types of policies.
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