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Abstract: In order to solve the problem of imbalance resource allocation and service income in the elderly care service
industry, this article establishes three service income models in different situations for a single provider and a single integrator
while considering the quality as well as government subsidies. The results showed that government subsidies can significantly
improve quality efforts and service income with a mutual restriction between quality and service income. Government
subsidies would have an impact on the quality, and they are more conducive to the service income of providers. When

government subsidies are less than 80% of the service income, the incentive effect is better.

Keywords: Revenue model; Pension service supply chain; Quality preference; Government subsidies

Publication date: August 2021; Online publication: August 30, 2021

1. Introduction

With the increasing aging population, the problem of providing for the aged in China has become
increasingly prominent. There are many problems in the pension service, but the emergence of the pension
service supply chain makes the pension service resources coordinated and greatly reduces the pension cost.
At this stage, pension related industries continue to appear, and the pension service supply chain is
prosperous and developing. However, currently, the main problem which hinders the development of the
pension service supply chain is on how to avoid a large number of repeated low-quality pension services
and look for targeted government support policies 1.

The development of pension service supply chain mainly focuses on the quality of pension service, and
the related theories mainly emphasize on the behavioral factors and supply chain. The service integrator,
service provider, and consumers form a pension service supply chain. From the research of behavioral
factors, more attention is paid to the impact of the behaviors of the members on their service revenue 21,
From the perspective of supply chain, the quality game relationship among members of the supply chain is
mainly studied 81 in addition to service quality decision-making /1, quality control coordination ¥, quality
risk, and so on. Nash equilibrium and Stackelberg game were often used in supply chain quality research.
In addition to quality, the rapid development of the supply chain of pension service is inseparable from the
support of national government policies. At this stage, the government has carried out reform pilot work in
homes and on community pension service where the promulgation and implementation of government
policies have greatly promoted the development of the pension service supply chain. Government decision-
making plays a role in ensuring ! and coordinating 1% the quality of pension service, and it also has an
impact on the price of pension service and social welfare. However, at present, China’s pension service
industry is still in its infancy, and the implementation of government policies is still in the exploratory stage.
There are some problems in the government policies, such as the lack of pertinence and obvious effect.
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The above research shows the importance of quality and government subsidies in the supply chain of
pension service, but there is no research on considering government subsidies based on the behavioral
factors of supply chain members in the existing pension service supply chain. Therefore, in this paper, a
game model of pension service revenue is constructed, the pension service supply chain composed of a
single pension service provider and a pension service integrator is studied, the behavior characteristics of
quality preference are introduced, the optimal quality effort and service revenue under three situations
including no government subsidies, government subsidies to provider, and government subsidies to
integrator are analyzed, and a comparative analysis of their mutual influence is made.

2. Hypotheses

This paper examined a two-level pension service supply chain system composed of a single service provider
and a single service integrator as shown in Figure 1. The government provides subsidies as an independent
individual. The market demand of pension service is determined by service cost, service quality, and market
uncertainty.

: : Service products —
'Service provider| Order Service integrator

Figure 1. Business flow chart of pension service supply chain

The basic hypotheses are as follows:

(1) The market demand of pension service supply chainis d =a-4q,+y(b, e +b,e,)+¢. The influence
of price is considered, but the specific analysis of the price is not done; that is, assuming that the
price is determined, the influence on market demand is determined.

(2) Suppose eiJ is the degree of quality efforts of both parties under different decisions that is
expressed by the letters j=n~, p, 1 where N means no government subsidies, p means
government subsidies to provider, and 1 means government subsidies to integrator.

(3) Considering quality preferences as 4, it is divided into quality avoidance, quality neutrality, and
quality preference. 4 =1 means quality is neutral, 4 <1 means quality avoidance, and % >1
means quality preference.

(4) Government subsidies are determined according to the market demand. It is assumed that subsidies
act directly on the service provider regardless of the impact of government subsidies on the market
demand. The impact is reflected in the quality efforts and service revenue of the service provider,
and there is a long-term cooperative relationship between the provider and the integrator.

(5) Assuming q,>c,, 9, >¢,, 4, >c,+q, when the above conditions are met, it is in line with the
law of market operation.

The cost function of quality effortis T = ;clef +c,e, . For the convenience of the following discussion,

the symbols and explanations are shown in Table 1.
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Table 1. Symbols and descriptions

Symbol Meaning and explanation
a Basic market demand
B The influence of selling price on market demand
e The impact of quality effort on market demand
€ The mean value is 0
A Unit price provided to integrator
a, Unit service charge
g Quality efforts of both parties
by Elasticity coefficient of quality effort
¢ Quality efforts of both parties under different decisions
C Quiality effort cost of service supply chain members (¢, >0, ¢,>0)
w! Benefits of service supply chain members under different decisions
T Quiality effort cost function
Quality preference of service supply chain members
0 Government subsidies (0<6<q,)

3. Supply chain model of pension service
3.1. Supply chain model of pension service without government subsidy

Based on the above assumptions, the game model of profit function is established using the Nash
equilibrium theory under the condition that both the provider and integrator pursue the maximum of their
own interests as shown in formula (1) and (2).

W, =d(q,—¢,) _% (1)

szd(%_ql_cz)_% (2)

From equations (1) and (2), considering the influence of the supply chain quality preference on quality
effort and revenue when the elderly service supply chain pursues the maximization of their own interests
without government subsidies, the optimal solution is that without government subsidies, the optimal
quality effort and the optimal service revenue of the elderly service supply chain are as follows:

0" = —C, - 7/blclcﬂll +rbg A 3) o0 = —C, — b, A, - Zlbquﬂ"z +7b,0,4, (4)
WO = C; +27¢, (¢, — WA (D + b, +y by A,)+y?(-big, 4 +2;22(21—q2)22)+(C1—q1)Zl(Cl(—2(a +¢)+2p0,+y°bi 4) (5)
! it
2(c,+0,—d,)(r (b, + b2)02+§+ y?0i(C,+0,-0,)* 4, — ¢ (a+&— fa,+y?bi(c,—a,) A4)
o ; ©)
2 2¢,
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Proof: In order to obtain the optimal solution, the first and second derivative of supplier’s and
integrator’s quality effort can be obtained from equations (1) and (2) where the first derivative is set equal
to zero (see equations (7) and (8)). The optimal quality effort can be obtained by solving equations (3) and
(4). By substituting the supplier’s and integrator’s quality effort into equations (1) and (2), the optimal
service revenue will be obtained (see equations (5) and (6)).

oW,

(0}
aefybi(—cﬁql)—m o (7 e by (o,-040,) - 22725 —0 (8)

27, ze, 27,

When there is no government subsidy, the optimal quality effort of the supplier, elo* and the optimal

revenue of the integrator, W2 , are positively correlated with the quality preference, 4, of the suppller
The optimal quality effort of the integrator, eg and the optimal revenue of the supplier, W1 , are
positively correlated with the quality preference of the integrator, 4,. The degree of quality effort increases
with the increase of the quality preference, and the influence of the quality preference on the revenue is
also positively correlated.

Proof: Taking the derivatives of equations (3) and (4), (5), and (6), respectively, the results are as

follows:

oer” _ —rbe +ybg >0 oW, _ yb(=rbci+ybg)(=c,—q +0,) >0
o4 G o4 G
oed” _ A _}/bqu +70,0, W, _ by (= b,c,— b0, +7b,0,)(-¢,+,)
= >0 = >0
04, C 0/, ¢
That is to say, the quality effort of the supplier, e, and the revenue of the integrator, W,>", are

positively correlated with the quality preference, 4. The quality effort of the integrator, e;’*, and the

revenue of the supplier, Wlo*, are positively correlated with the quality preference, 4,.

3.2. Supply chain model of pension service with government subsidies to service provider

In order to support the development of the pension industry, the government subsidizes the providers of
pension service institutions where @ is the subsidy for a single service object. The profit function of the
provider and integrator can be established as follows:

T
:d(q1+0_cl)_z (9)
=d (qz O — Cz) Z (10)

In the case of government subsidies to pension service provider, both the provider and integrator pursue
the maximization of their own interests. Formula (9) and (10) show that the optimal quality effort and the
optimal service revenue of government subsidies to the pension service supply chain provider are as follows:

pe _ —Cp + yADO —yAbC + yAbg pe _ —Cp —7A,0,C, — yA,0,0, + 74,0,
el N (11) e c (12)
W. P* _ 221(0_ C1+ ql)(Cl(Of +é& _/qu)+7(_(b1+ bz) Cz—J/b%(Cﬁ' ql_qz)j‘z))"'czz + 72ﬂlzb12(9_cl+ q1)2 13
' 2cA4 (13)
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W= 2(c,+0,—d,)(-c(x +g_ﬂq2_27;j b? 4)+yb(c,—rb,(0+09,)4)) n (Cz"'ybz/lzz(é:li 9,—9,))° (14)

When the supplier is subsidized, the quality effort of the supplier, e, is positively related to its own

quality preference, 4, and the government subsidy, ¢. The quality effort of the integrator, e;”, is

positively related to its own quality preference, 4,, and it has nothing to do with government subsidy, 6.
The service revenue of the supplier, Wlp*, is positively correlated with the quality preference of the
integrator, 4,, and the government subsidy, ¢. The service revenue of the integrator, WZP*, is positively

correlated with the quality preference of the supplier, 4, and the government subsidy, 6.
Proof: Taking the derivatives of the quality preference and government subsidy, respectively from
equation (11) and (12).

aelp* — 7b1(0+ O _Cl) aelp* — 7b1Z1
oA [ oo C
oe;” __7by(c,+0,—0,) oey” -0
04 ¢ 00 —

Based on the above derivation, according to its no negativity and basic assumptions (g, -¢, > q;,
0, > ¢; ), the first three results are all positive, and the derivatives of the quality effort of the integrator and
the government subsidy are zero. Therefore, when the supplier is subsidized, the quality effort of the
supplier is positively related to its own quality preference and the government subsidy while the quality
effort of the integrator is positively related to its own quality preference, and the government subsidy has
no effect on the quality effort of the integrator.

anp* —_ 72b22 (9 -Gt ql)(C2+ ql_qz) asz* - yzblz (6 -G+ ql)(C2+ q,— qz)
o4, o o4 ¢
anp* — _Cg +72blz (H_Cl+ ql)zﬂlz asz* _}/Zq_z(cz"'ql_qz)ﬂl

06 2¢,A? oo [

When q,-¢, >q and g >¢, the above derivations are greater than 0. The service revenue of the
provider is positively related to the quality preference of the integrator and the government subsidy while
the service revenue of the integrator is positively related to the quality preference of the provider and the
government subsidy.

3.3. Supply chain model of pension services with government subsidies to service integrator

In order to better develop the pension industry, it is assumed that the government subsidizes the integrators
where ¢ is the subsidy for a single service object. The profit function of provider and integrator can be
established as follows:

W, =d(g,—c,) — (15)

T
A4
Wzl*:d(qz"'a_qi_cz)_% (16)
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When the government subsidizes the integrator, the integrator pursues the maximization of its own
interests. From equation (15) and (16), it can be concluded that the optimal quality effort and the optimal
revenue of the integrator of the pension service supply chain are as follows:

el = —C, — 7ﬂ1b1C(1:1 +yAba, (17) el = —C, + 7‘5”222 —7,0,C, + _VAzbzchC‘l"ﬂ’ﬂzbz% (18)
Wll* = ﬁ (Cg +7/2 blz(cl_ Q1)2ﬂ12 - 2(C1_ ql)ﬂ1(C1(a +<9—,b’q2) +7(_(b1+ bz)C2+ 7b§(¢9—c2—ql+ qz)ﬂz)) (19)

_ 7b1(cz+7b1(cl_q1)ﬂ1))+ (Cz+7b2(_9+cz+q1_q2)ﬁz)2 (20)
G

W, =(0—c,—0,+0,)(a+&— B0, 2.4,

The process of proof is similar to that of subsidizing suppliers, so it will not be repeated.

4. Numerical analysis

Representative values are used. The quality effort and service return under different conditions are
described and illustrated by numerical simulation. Assuming y =70, b, =1, b, =1, ¢, =200, c, =100,
g, =300, q,=500, =200, =4, ¢=0, 4 €[L10], 4, €[1,10],and & [200,500].

The service revenue under different strategies is shown in Table 2 (assuming that the quality preference
values of the provider and integrator are the same; that is, only government subsidies are considered).
Through the analysis of the data, it can be seen that when government subsidies are given to a party, the
revenue of the party receiving subsidies is positively correlated with the government subsidies while the
service revenue of the party not receiving subsidies is positively correlated with the government subsidies.
When the proportion of government subsidies is higher than 80% of the sales price, the revenue growth
will weaken. However, when the proportion of government subsidies is lower than 80% of the sales price,
the government subsidies have a better incentive effect. Government subsidies have an impact on the quality
preference. From the perspective of service revenue, government subsidies are more beneficial to the

provider.

Table 2. Quality effort and revenue under different strategies

No government subsidy Subsidizing provider Subsidizing integrator

; ; o 0 0 o P P P [ I [

Sales price ratio e e, W, W, e W, W, & W, W,
0 345 345 180525 180525 34.5 180525 180525 345 180525 180525
10% - - - - 52 362650 303025 52 303025 362650
20% - - - 69.5 606025 425525 69.5 425525 606025
40% - - - - 1045 1276525 670525 1045 670525 1276525
60% - - - 139.5 2192025 915525 139.5 915525 2192025
80% - - - - 1745 3352525 1160525 1745 1160525 3352525
100% - - - - 209.5 4758025 1405525 209.5 1405525 4758025

5. Conclusion

When a supplier and integrator have their own quality preferences, the government, as a separate subject,
can give certain subsidies to the supplier and integrator, respectively. The following conclusions are drawn:
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(1) There are optimal quality efforts and optimal service revenue in the game model of pension service
supply chain with and without government subsidies; (2) When the proportion of government subsidies is
higher than 80%, the increase of service revenue slows down whereas when the proportion of government
subsidies is lower than 80%, the government subsidies play a greater incentive role; (3) The results show
that there is a positive correlation between quality preference, quality effort, and service revenue. By
analyzing the difference of quality effort and service revenue between the provider and integrator, it can be
concluded that considering quality preference and government subsidies are more beneficial to the
provider’s revenue.

This paper only discussed about the impact of quality preference and government subsidies on quality
effort and service revenue. Although the impact of price was considered, no analyses were carried out. The
follow-up would analyze the situation of government subsidies under the influence of quality preference
and price. A cross-analysis of quality effort and service revenue between providers and integrators can also
be considered when there is no government subsidy or government subsidies for different service
providers.
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