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ABSTRACT

The decision of the private sector to fulfil corporate social responsibility (CSR) has become an issue of common
concern for the host country government and the private sector in collaborative disaster relief. From the
perspective of social responsibility, this paper describes the different cooperation strategies of non-cooperation,
cost subsidy, and collaborative cooperation, and constructs a differential game model of disaster relief
cooperation between the government and the private sector. The rate of reputational decay has a significant effect
on system benefits. The optimal CSR cost subsidy rate is related to marginal revenue and has nothing to do with
other factors. Compared with the non-cooperative case, in the situation of the cost of subsidies, as the host country
government and marginal revenue is greater than the private sector of the marginal revenue through government
subsidies for the private sector in CSR and the government's optimal level of CSR efforts remained unchanged,
the optimal level of CSR efforts to improve the private sector, the government, and the private sector's earnings
are improving, Compared with the cost subsidy, the optimal CSR effort level of the government and the private
sector increases in the case of collaborative cooperation, and so does the system benefit.
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INTRODUCTION

The occurrence of natural disasters has hindered the development of colleges and universities
to a certain extent. The occurrence of disasters not only brought uncertainty to colleges and
universities, but also instability (He, 2021). When there is a large-scale earthquake disaster,
universities will face unprecedented risks. In the 2010 Haiti earthquake, schools, public and
commercial buildings are destroyed (Leaning et al., 2013), 7010 schools in 2021 were damaged
by flood to varying degrees, thus the government should strengthen the construction of colleges
and universities to minimize losses in the disaster, and the relationship between the university
and government is an important issue of social and educational circles to discuss.

In the next 50 years, nature and man-made disasters are expected to increase fivefold
(Thomas et al., 2005), the potential and destruction from disasters cannot be ignored, and
considerable efforts must be made to mitigate their negative effects. The United Nations
International Decade for Natural Disaster Reduction recognizes that the primary responsibility
for disaster reduction lies with governments, but they also recognized the need for collaborative
effort among governments, United Nations agencies, and other actors. Moreover, the Sendai
Framework for Disaster Risk Reduction (SFDRR) proposed that the responsibility of disaster
risk reduction and disaster risk management is upon all of society and all of its institutions.
Host governments are political actors that exert significant influence on the activities of
international humanitarian organizations (Dube et al., 2016). While some host governments
have contributed to good performance by declaring disaster relief, the efficient path of
government-mandated spending limits the sustainable development goals, complex natural
disasters cannot be addressed by the government alone, and the private sector plays a key role
in disaster response and post-disaster relief.

With the increasing severity of natural disasters, host governments and private sectors
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are paying more attention to corporate social responsibility (CSR) investment, and CSR has
become a differentiated strategic choice for enterprises to participate in market competition.
During the Wenchuan earthquake in 2008, more than 100 enterprises donated more than 10
million yuan within a week. After the disaster, the extensive publicity of the media will provide
full play to the influence of enterprises to fulfil their social responsibility, greatly improving
the exposure rate of enterprises and bringing more profits to enterprises. However, the "Nike
sweatshop" incident shows that the lack of CSR not only leads to the deterioration of
cooperative relations among members but would also lead to the decline of enterprise
competitiveness. India's Company Act of 2013 makes India one of the few countries with a
mandatory corporate social responsibility system. Therefore, it is necessary to strengthen CSR
management in disaster relief management.

Numerous scholars have studied CSR management in private sector enterprises. Private
companies have professionals and are well-equipped to respond to disaster and recovery
activities and encourage them to participate on the ground (Kanji et al., 2020). Kim found that
CSR donations by corporate leaders may have a positive ripple effect on the multi-level
reputation of enterprises and countries (Kim et al., 2021). Jia et al. (2015) and Bartkus et al.
(2015) found that enterprises can improve their reputation through donations. Sanchez believes
that enterprises would establish or maintain political relations with the government through
charitable donations and win the favour and trust of the government (Carol, 2000). Disaster
relief requires coordinated and cooperative effort between the government and the private
sector. For example, Sadka (2007) discussed the public-private partnership from the
perspective of public economics. Hausken et al. (2013) analysed the effect of disasters on the
interaction strategies of governments and enterprises. In the disaster relief process, the private
sector will weigh the costs and benefits of participating and choose whether to "share the
pressure" with the government. To encourage the private sector to fulfil its social
responsibilities, the host government usually adopts policies, such as tax incentives and
financial subsidies. Meanwhile, the private sector can rely on its daily business operation to
rotate the update (Wang et al., 2019), which helps in reducing the loss of inventory and reserve
value from the perspective of the fixed shelf life of disaster relief materials (Zhang et al., 2019).
It has been proven that coordination between different agencies can increase the effectiveness
of institutions (Ergun et al., 2014; Horney et al., 2016; Zhang, 2021), and good interaction
between the government and the private sector can improve the efficiency of disaster relief by
reducing duplicate services and increasing resource utilization.

In recent years, scholars have paid attention to disaster relief cooperation between
governments and private sectors. However, existing studies focused on the effect of corporate
philanthropic activities on corporate image and corporate performance through research
methods, and the lack of in-depth discussions on the game relationship between government
and private sector activities, most of which may provide some policy suggestions. Game theory
is used to analyse the interaction of multiple decision-makers in various situations (e.g.,
competition or cooperation), Coles et al. (2011) presented a view on how to incorporate game
theory principles into the decision-making of disaster relief operations agencies. Zhuang et al.
(2014) proposed a game theory model to investigate the interaction between non-profit
disclosure and individual giving. Xu et al. (2016) exhibited a supply chain interruption model
in a defender-attacker game that was established.

Therefore, this paper attempts to enrich the content of quantitative research in this field
through mathematical modelling and describe the decision-making process between the
government and the private sector in the process of disaster relief. In disaster relief, the
government and the private sector are independent of bound rationality, in which a decision
can be difficult to achieve in a stable equilibrium, and the differential game is dealing with all
parties or more consecutive time conflicts, competition or a cooperation important dynamic
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game model, which is widely used in dynamic competitive advertising (Liu et al., 2012; Guan
et al., 2020), and corporate reputation management fields. Thus, the choice differential game
has certain practicality and rationality. This paper studies the CSR effort level of the
government and the private sector from the dynamic perspective, establishes the differential
game model of the government and the private sector, analyses the dynamic optimization
problem in the dynamic environment of non-cooperation, cost subsidy and collaborative
cooperation, and uses the Hamilton-Jacobi-Bellman (HJB) equation. The optimal level of CSR
effort, the optimal trajectory of CSR reputation, and the optimal value of revenue of the
government and the private sector are calculated, while the key factors affecting the level of
CSR effort of the government and the private sector are discussed to improve the efficiency of
disaster relief and provide a theoretical basis for the actual disaster relief decisions of the
private sector.

The structure of the article is as follows. Section 2 presents the model setup and symbol
definition. Section 3 presents the differential model of the disaster relief cooperation between
the government and private sector. Section 4 presents, discusses, and compares the feedback
solution of the game. Section 5 describes a numerical analysis. The conclusions are presented
in Section 6.

THE MODEL SETUP

This paper considers the disaster relief system, which comprises the host government and the
private sector as the research object and studies the differential game between the host
government and the private sector. There are three control variables, which are the
government's effort level, the private sector's effort level, the proportion of government's cost
subsidy to the private sector, and a state variable, CSR reputation. For the convenience of
subsequent expressions, the main variables and parameters of the model and their meanings
are provided, as shown in Table 1.

TABLE 1. Main parameters of the model and their meanings

Variables Definitions Parameters Definitions
) The influence coefficient of government
E Level of government effort, control G social responsibility input on the demand of
¢(t)  variables

disaster relief enterprises, 4; >0

. y) The influence coefficient of private sector
Eg (1) Level of private sector effort, control £ social responsibility input on disaster relief
variables enterprise demand, 4, > 0
Government subsidies to private sector Mg The effort cost coefficient of government to
8(1) costs, control variables 0<S(7)<1 fulfill social responsibility
Mg Cost coefficient of the private sector to fulfill
G(t) CSR reputation, status variables social responsibility
The influence coefficient of CSR reputation
Parameter  Definitions 7] on the demand of disaster relief enterprises
a The influence coefficient of the private
sector's performance of social S Rate of reputational decay, 0 < <1
responsibility on CSR reputation
B The influence coefficient of
government's fulfillment of social Y discount rate, 0 < p <1
responsibility on CSR reputation
g Government marginal revenue, 7 ; >0 Ty Private sector marginal revenue, T¢ > 0

In various disaster relief environments, the optimal effort level and CSR unit cost of the

66



Higher Education and Oriental Studies (HEOS) — Vol 1(4): 64 —77

private sector are different under various circumstances, but they basically conform to the
general law that cost burden is positively correlated with effort input. Referring to the
hypothesis of the effort cost of both parties in the game in literature (Guan et al., 2020), it can
be concluded that:

The cost of the host government and the private sector to fulfil their social responsibilities
is related to the effort level, while the effort cost of the host government and the private sector
to fulfil their social responsibilities at time t is

G (=" ()=BE) )

2 )

CSR reputation is related to the CSR effort level of the government and the private sector.
The Nerlove-Arrow goodwill model is adopted to represent the change process of corporate
reputation over time with reference to the idea of reference (Guan et al., 2020):

G(t)=aE, (t)+ BE, (t)-5G(t). G(0)=G,>0 @)

The fulfilment of social responsibility by the government and the private sector has an
important effect on the demand of disaster relief enterprises and its function is as follows:

O(t)=A:E; (¢)+ AEg (1) +0G(¢) A3)

Assuming that the government and the private sector have the same discount rate, both
aimed to maximize their own returns in the infinite time zone, and their objective functions are
as follows:

maxJ, = [ {ﬁG [26Eo (1) A5E, (1) +0G ()]~ Lo E: (t)}dt
' “)

. o,

rrjlfa:xJS = IO o {;;S [ AEq (t)+ AEs (1) +0G(1)]- EUSES (z)}dt

EQUILIBRIUM ANALYSIS

SCENARIO N: NON-COOPERATIVE EQUILIBRIA

In the non-cooperative scenario, the government and the private sector aimed at the optimal
level of their CSR effort, while their decision-making questions are as follows:

o 1

Irg:xJG =] " {ﬂ'c [A:Eq + AsEg +9G]—5776Eé}dt
o 1

n}?XJS =] " {ﬂ's [AEq + AsEg +9G]—E775E§}dt

In this case, the government and the private sector are independent and equal to each other,
seeking for the optimal CSR effort level investment strategy to maximize their own benefits.
Then, the feedback Nash equilibrium under the non-cooperative situation between the
government and the private sector is obtained and the result is shown in Proposition 1.

Proposition 1: In the non-cooperative case, the equilibrium strategy (CSR effort level

EY), the optimal trajectory of CSR reputation G" and the equilibrium result (objective
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function 7"") of the government and the private sector are as follows:
1) The balanced strategies of the government and the private sector are as follows:

EGN*=E(,16+—M ),E?Pk:ﬁ(/ls—k b j
NG p+o s p+o

(i1) The optimal trajectory of CSR goodwill is G"'(r) = (Go -GY )e,(;, +GY

where G;V:’BﬂG A + po_|, ons /15+a—9 .
Mg p+o) oy p+o

(ii1) The equilibrium results for the government and the private sector are as follows:

) 2 2
VG{V*:—”G@ G+ 2o [/16+ po J +”G7TS(/1S+ 0 j ,

p+6  2pn, p+o)  pngs p+o

2 2 2

VSN*:—HS(9 G+ 2% (AGJr po j +- s (/1S+ ab )
p+oé  prg p+6)  2png p+o

Proof: According to optimal control theory, continuous bounded differential function is
constructed ¥ (G),i €(G,S), for any G >0, both satisfying the HIB equation.

pVGN = rrgx[ﬂc (AGEG + A E + 49G) - %UGEé + VGN' (aES +pE, - é'G)} ®)]

oVl = r%%x[ﬂs (AgE; + AEs +0G)— %qug +V (aEg + BE; — 5G)} (6)

Solve the first-order partial derivatives of E;and £ on the right end of Equation (5) and
Equation (6), respectively, and make the partial derivatives equal to zero to obtain the following:
Agmy + BV B, - A +alV 7

Ng s

E, =

After substituting Equation (7) into Equation (5) and Equation (6), it can be denoted that:

(257 +aV ) (Agmg +aVY) (Agmg + V)
+
ns 21
(Apms +arl) . (Zes + BV ) (A + V)
21 N6

vy =(7Z'Gz9—5VGN')G+ (®)

pvy =(m0-67" )G+ )

According to the structural characteristics of differential equations (8) and (9), the linear
optimal value function about G is the solution of the HIB equation. Let the specific expression
of the optimal utility function of the government and the private sector be

Vi (G)=a,G+b,V) (G)=a,G+b, (10)

where a,, b, a, and b, are constants. Substitute the derivative of Equation (10) with
respect to G into Equation (8) and Equation (9), and obtain
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9 ; 2 ’
a, = TZ p=Ta [AGJr 'HejJr”"ﬁs[/Ier a&j

Cp+dT 2pm, p+8)  pi p+8
0 2 2 2
az:L,@:M(M 6 J T [iﬁ aej
p+o PG p+o)  2pg p+o

Substitute @, and g, into Equation (7) to obtain the optimal CSR effort level of the
government and the private sector. Substitute the optimal effort level into Equation (2) to solve
the differential equation and obtain the optimal trajectory of CSR reputation. Substitute «,,

b, a,,and b, into Equation (10) to obtain the optimal benefits of the government and the

private sector.

As shown in Proposition 1, government and the private sector determined the optimal
strategy from the perspective of maximizing their own benefits, without considering the overall
benefits of the disaster relief system. The optimal CSR effort level of the private sector is
negatively correlated with the effort cost coefficient. Therefore, the government bears part of
the cost of the private sector's efforts, which can encourage the private sector to invest in the
CSR effort level.

SCENARIO B: COST SUBSIDY EQUILIBRIA

Assuming that the government plays a leading role in the rescue, the government provides
some CSR cost subsidies to the private sector to stimulate the private sector to invest more
CSR effort. From the perspective of long-term dynamics, the two sides play a sequential non-
cooperative game, and the decision order is as follows: First, the government determines its
own CSR effort level and CSR cost subsidy rate to the private sector; Second, the private sector
determines its own CSR effort level according to the government's decision, in which the
decision-making questions of both parties are as follows:

. {”G [Aubal0) 420 1)+ 0G(0)] - L2 ()L sn.E: (t)}dt

E(E*SI

© 1
mE?fo =], e” {;zs [26E, (1) + AE; (t)+‘9G(t)J‘E(1‘S)77sE§ (Z)}dt

In this situation, on the level of CSR effort between the government and the private sector
decisions that constitute a Stackelberg game using backward induction, solving the optimal
control problem of the private sector is followed by solving the optimal control problem of the
government, and under the condition that the government and the private sector cost subsidy
in the feedback Nash equilibrium, solving the results are shown in proposition 2.

Proposition 2: In the case of cost subsidy, the equilibrium strategy of the government
and private sector (CSR effort level E*", the government subsidy rate S), optimal trajectory
of CSR reputation G**, and equilibrium result of the government and private sector (objective

function V*") are as follows:
(1) The balancing strategies of the government and the private sector are
2y — 7
E£*=&(ﬂc+ yolZ) ]’Eg*:2ﬂ6+ﬁs[ﬂs+ af j,S”: m, 27rG>7rS.
Mg p+3d 215 p+s 0, 2w <7,

(ii) The optimal trajectory of CSR reputation is G*"(¢) = (Go ~-G* )e-(” +G?
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2
where Gj:’BﬂG A, + po +a( T + %) /1S+a—0 :
o p+0o 20n, p+0o

(ii1) The optimal returns of the government and the private sector are as follows:

2 2 2 2
. 27, +
vE = 70 G, T (ﬂc+ po j +( o+ 7s) (ﬂs+ ag)

p+s  2pm, p+o 815 p+o
2 2
. 27, +
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Proof: According to optimal control theory, continuous bounded differential function is
constructed V;(G),ie(G,S). For any G >0, both satisfied the HIB equation.

—%(1—5)77SE§ +Vy (aEg + BE; —5G)} (11)

Ve = max |:7Z'S (AE; + AEs +6G)

Take the first-order partial derivative of the function at the right end of Equation (11)

with respect to £;  and make the partial derivative equal to zero, and obtain the following:
A + aVl

EB
(I—S)ns

s (12)
Similarly, the government optimal value function satisfies the HIB equation:

pVe = max [ﬂG (AE; + AEs +0G)— %UGEé —%SUSE§ +V (aEg + BE; — 5G)} (13)

Substitute Equation (12) into Equation (13), then take the first partial derivative of the
right end of (13) with respect to ES and S, and make the partial derivative equal to zero, then

»
Eé? :ﬂ“Gﬂ-G"'ﬂVG (14)
s
2,7, +aV? )= (Agns +aV
(SG G')(SS S.) B> A
S=12(Ams +aVl )+ (A +aVy) 15)
0 2B< 4
where A=Az, +aV) ,B=Ax, +aV?.
Substitute equations (12), (14), and (15) into Equations (13) and (11) to obtain
2
, A +8vEY 2(z. 2 +aVP )+ Az, +aVE
png(;zse—aV;)m(GG ﬂc)i(” £ ) s | (16)
21, 81,
. (nse—éVSB')G+ (/lEﬂS + aVSB')[Z(iEﬂG: aVGE')+ (/IEfzS +an')J N (iGer +ﬁVSB')(ﬂcﬂc +,b’VGE') (17
Un Ue

According to the structural characteristics of differential equations (16) and (17), the linear
optimal value function of G is the solution of the HIB equation. Let the specific expression of
the optimal utility function of the government and the private sector be

70



Higher Education and Oriental Studies (HEOS) — Vol 1(4): 64 —77

V(f(G)zaé‘ﬂ—bz‘,l/'sjg(G)zaerrb5 (18)

wherea,, b,, a;, and b; are constants. Substitute the derivative of Equation (18) with
respect to G into Equation (16) and equation (17), and obtain the following:

2 2 2
7;0 b = 7 (/1 N ﬂ9j+(2ﬂc+ﬂ's) (/1 s aej
G S

a, = ’ =
Yop+sT 2pm, p+o 8 p+d
o ? 27, + ’
a, = s ,bS:”G”S [JG+ po j +ﬂ5( 6 ﬂs)(/ler a0 j
p+o PG p+o 4prg p+o

Substitute a, and a; into Equations (12), (14), and (15) to obtain the optimal CSR
effort level of the government and private sector and the optimal CSR cost subsidy rate of the
government to the private sector. Substitute the optimal CSR effort level into Equation (2) and
solve the differential equation to obtain the optimal trajectory of CSR reputation. Substitute
a,, b,, a;,and b, into Equation (18) to obtain the optimal benefits of the government and
private sector. Thus, Theorem 2 is proven.

In the case of cost subsidy, the host government shares the cost of CSR effort for the
private sector only when the marginal benefit of the host government is greater than half of the
marginal benefit of the private sector (thatis, 27, > 7, ), and the optimal CSR cost subsidy rate

is only related to the marginal benefit of both sides and has nothing to do with other parameters.
The optimal effort level of the private sector is positively correlated with the subsidy, which
indicates that the government and the private sector may still decide their own effort level by
maximizing their own interests, but the government subsidy can stimulate the private sector to
improve its effort level. Subsidies are positively correlated with the marginal revenue of the
government and negatively correlated with the marginal revenue of the private sector. It shows
that the higher the marginal revenue of the government, the larger the proportion of government
subsidies to the private sector; the smaller the marginal revenue of the private sector, the larger
the proportion of government subsidies to the private sector.

SCENARIO C: COOPERATIVE EQUILIBRIA

The government and the private sector reached binding agreements in advance to make
decisions from a holistic perspective to maximize the benefits of the disaster relief system. In
this case, the decision problem is

max /S = [ e {(;;G ) Ao () s () +06(0) - B2 1) S, (t)}dt

Eg.Eg

In this case, the government and the private sector made the system achieve the optimal
return by determining the optimal CSR input. Similar to Proposition 1, the proof process is
incomplete, and the feedback Nash equilibrium under the collaborative cooperation between
the government and the private sector is obtained. See Proposition 3 for the solution results.

Proposition 3: In the case of collaborative cooperation, the equilibrium strategy (CSR
effort level E"), the optimal trajectory of CSR reputation G, and the equilibrium result
(objective function V") of the government and private sector are as follows:

(1) The balanced strategies of the government and private sector are as follows:
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Eg*:(ﬁc+ﬂs)[%+ B0 J Esc*:(ﬁG+ES)[/13+ aé’j
Mg p+o s p+o

B

(i1) The optimal trajectory of CSR reputation is G*(¢) = (Go -G¢ )e*‘” +G°

ﬂ(ﬂG+7zS) Ao+ il Jr01(7ZG+7rS) A+ ab
Mg p+o o p+o

where GS =

(ii1) The system equilibrium result is as follows

VTC*ze(;zc+7ZS)G+(7ZG+”S)2(%+ o j:(ﬂcws)z(ﬂﬁ af j
p+o 2pn p+o 2p1, p+o

COMPARISON AND ANALY SIS

First, we compared the optimal level of CSR effort between the government and the private
sector under different scenarios.
Corollary 1: (1) The optimal CSR effort level of the government is satisfied

EY =EY <E_, and 27, > 7, in which the optimal CSR effort level of the private sector is
satisfied Ej" <E§ <Eg, (1-S")ES =E}"; (2) The optimal CSR effort level of the private
sector is satisfied E; =E{ <ES , and 27;>7,, the optimal CSR effort level of the
government is satisfied E\ <E; <E; .

Compared with the non-cooperative situation, the government's optimal CSR effort level
changes under the cost subsidy situation. When 27z, > 7, , the optimal level of CSR effort of
the private sector increased because the government shared CSR costs for the private sector,
which increased the enthusiasm of the private sector to undertake social responsibility.
Furthermore, in the case of collaborative cooperation, the optimal CSR effort level of the
government and the optimal CSR effort level of the private sector also increases because the
CSR efforts of the government and the private sector are complementary to each other and

would jointly affect the decision-making of both sides.

Second, we compared the CSR reputation in different situations.

Corollary 2: If 27,>n;, the optimal trajectory of CSR goodwill is satisfied
G¥' (1)< G (1) <G (1).

Compared with the non-cooperative situation, in the cost subsidy situation, because the
optimal CSR effort level of the government remains unchanged while the optimal CSR effort
level of the private sector increases, the CSR reputation and its stable value both increases.
Furthermore, compared with the collaborative situation, the optimal CSR effort level of the
government and the private sector is improved, in which CSR reputation and its stable value
are also improved.

Finally, we compared the optimal value of government, private sector, and the whole
under different circumstances.

Corollary 3: The optimal value of government income is satisfied V" <V?", and
27, > 7y the optimal value of private sector income is satisfied 7, <V7".

Compared with the non-cooperative situation, the higher value of the government's
income increases because the improvement of the private sector's best effort is affecting the

reputation of the CSR. When 27, >z, the government's CSR cost subsidies can improve the
private sector's commitment to social responsibility, the benefit of the private sector revenue
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increases.

Corollary 4: If 27,>r,, then the optimal value of system income satisfies
Vv <y <p e

Compared with the non-cooperative situation, in the cost subsidy situation, when the
marginal revenue of the government is greater than half of the marginal revenue of the private
sector, the optimal CSR effort level of the private sector increases, wherein the system income
increases, although the optimal CSR effort level of the government remains unchanged.
Compared with the cost subsidy situation, the optimal CSR effort level of the government and
the private sector in the collaborative cooperation situation increases, while the system income
increases, that is, the collaborative cooperation is the Pareto optimal scheme.

NUMERICAL ANALY SIS

In the differential game model of the performance of social responsibility by the host country
government and the private sector, the reputation change and optimal return function have
strong parameter dependence, and the comparative analysis complexity is high. To display the
details of decision results in this study directly, a numerical analysis method is used to analyse
the key indicators in different situations. According to the selection of numerical analysis data
in literature (Liu et al., 2012) and combined with the actual situation, the following parameters
are assigned for analysis: a=2, =1, p=02,4,=2,4,=1,0=05,7;,=1,1,=1.5,n,=5,

ns=17,G,=10.
FIGURE 1. CSR with high reputation attenuation

50 N N——_

' T
-
e A Non-cooperative
45 | —— Cost subsidy
%/ —A— Collaborative cooperation
40 +
/
/
/
//
35 X
w J
: B
5t 4
20
15 - _
104 |
0 10 20 30 40 o - J

FIGURE 2. CSR with low reputation attenuation
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As shown in Figure 1-2, cost subsidy can significantly improve CSR level, and the Pareto has
a significant improvement effect in the long run. The cost subsidy provided by the host
government to the private sector stimulates the CSR effort of the private sector, thus improving
the CSR reputation of the private sector. The comparison shows that the level of CSR is
significantly correlated with the rate of reputation decay. The faster the reputational decay rate
is, the faster the CSR level increases in a short period. At the same time, the private sector must
recognize the social complexity of the host country, as the host country strategy choice may
not fulfil the Pareto improvement of economic benefits.

FIGURE 3. Returns under high reputation decay
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FIGURE 4. Returns from low reputation decay
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As can be seen from Figure 3 and 4, in the case of high reputation attenuation,
collaboration can obtain the highest returns in the long period. The cost subsidy is better in the
whole cycle range, and the advantage is more significant in the long cycle, while the non-
cooperation is worse in the whole cycle range. In the case of low reputation attenuation, the
cooperative situation has an absolute advantage in the long period, while the non-cooperative
situation has a poor performance in the whole period.

CONCLUSION

The results of this study can help the government in increasing the construction of colleges and
universities, adjust the development direction of colleges and universities in the future, and
strengthen the cultivation of application-oriented and versatile talents. Under the impetus of all
conditions, the development of colleges and universities can adapt to changes and develop in
time, which has important guiding significance.

In the process of major disaster relief, the participation of the private sector can relieve
the pressure of the host government to a large extent. This paper divided the cooperation
orientation of the host government to the private sector into three situations: non-cooperation,
cost subsidy, and collaborative cooperation, thus constructing a differential game model from
the perspective of CSR. The optimal CSR effort level, CSR reputation trajectory, and benefits
of the host government and private sector are analysed, while the correctness of theoretical
derivation is verified by numerical simulation.

Results show that CSR reputation and optimal returns are significantly correlated with
the speed of reputation decay. When the speed of reputation decay is small, the CSR reputation
can be achieved with a small investment level in the case of collaborative cooperation. When
the decay rate of CSR reputation is large, the growth rate of CSR reputation is slow. Under the
condition of high reputation attenuation, synergistic cooperation is the best in the whole cycle,
while cost subsidy is the second best. (1) In the three game scenarios, the optimal CSR effort
level of the government and private sector is directly proportional to the effect of CSR effort
level on market demand, the marginal benefit of CSR effort level on CSR reputation, the effect
coefficient of CSR reputation on market demand, and inversely proportional to the cost
coefficient of CSR effort and reputation decay rate. Therefore, to improve the level of CSR
effort, the private sector should take effective measures to reduce the cost of CSR management,
slow down the rate of reputational decay, and expand the effect of CSR by increasing publicity
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and other means. (2) In the case of cost subsidy, the optimal CSR cost subsidy rate is only
related to marginal revenue. When 27, > 7, the government subsidizes the private sector.

Marginal revenue is the key for the government to decide whether to subsidize the cost of CSR.
(3) According to different cooperation modes, the government and the private sector should
formulate their CSR effort in combination with their own needs and market changes to achieve
the Pareto improvement of their own benefits and system benefits.

In practice, the effect of CSR investment often has a lag. In the future, the lag effect can
be introduced into the study of CSR decision-making, and the system benefits can be
reasonably distributed in the case of collaborative cooperation to achieve the Pareto
optimization of individual benefits between the government and private sector.
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