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Abstract. Social forces are the backbone to participate in the emergency manage-
ment of urban public emergencies. In the highly digitalized information environ-
ment of smart cities, there is insufficient motivation for social forces to participate
in emergency management. To solve this problem, we proposed the incentive
method of emergency coordination effect value, and constructed the incentive
decision-making model of the government and social forces’ master-slave emer-
gency coordination cooperation. Finally, the MATLAB2018b software was used
to simulate the case data. The research results showed that the level of effort input
by social forces involved in emergency coordination was directly proportional
to the value of emergency coordination. Compared with the situation where the
government does not take incentives, the government’s use of synergistic value
incentives has significantly improved the power of social forces to participate in
emergency coordination, and increased the benefits of social forces participating
in emergencies. The incentive mechanism for the participation of social forces has
been further improved and supplemented.

Keywords: social forces participation - synergy value - smart city - public
emergencies - government incentives - Stackelberg game

1 Introduction

With the rapid development of information technology in recent years, smart cities
have been continuously integrating, optimizing and improving urban management with
the help of various network information technologies such as the Internet of Things,
cloud computing, face recognition, geographic information systems, artificial intelli-
gence, and big data mining and analysis. With the continuous development and appli-
cation of smart cities, the mutual influence and dependence between various fields have
gradually strengthened. This also promotes the accumulation of various unstable fac-
tors, making the number and complexity of public emergencies within the city worse.
Therefore, in order to effectively respond and solve various problems caused by urban
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emergencies, various intelligent application modules of smart cities have become tech-
nical means to solve urban public emergencies. The smart government module among
them strengthens the connection between different emergency government groups and
provides a more convenient communication platform for the information coordination of
emergency management. However, it s still difficult to effectively solve urban emergency
disasters or emergencies only by relying on emergency coordination among government
organizations, and more social forces are needed. The “social forces” refer to companies,
media, communities, and various forms of organizations spontaneously established in
the process of social transformation, private voluntary teams and individual citizens,
which are non-profit, non-governmental to a certain extent and social characteristics.
Compared with government groups, these social power groups have more advantages
in emergency resource distribution, emergency rescue time, and information on emer-
gency scenes [1]. Therefore, in today’s diversified development, facing the increasingly
complex emergencies and emergency emergencies, giving full play to the advantages of
social forces in responding to and resolving emergencies is of great significance to the
emergency safety management of urban public emergencies.

The current research on the participation of social forces in the management of emer-
gencies mainly focuses on three aspects. The first aspect is the evaluation and research
of social participation in the management of emergencies. Wen, et al. (2016) [2] believed
that social participation provided the necessary preconditions for the government’s res-
cue work, which was conducive to ensure that the disaster-stricken people can rescue
themselves as soon as possible. They also evaluated the current situation of social forces
participating in urban natural disaster emergency management, and constructed the eval-
uation index system and evaluation model of social forces participating in urban natural
disaster emergency management. Gao, et al. (2020) [3] believed that public participation
was essential in the urban governance process of the smart city initiative. Therefore, big
data analysis was conducted on the content of public network reviews of smart cities
to reflect the statistics and spatial distribution of urban issues, as well as public opinion
risk [4]. The second aspect is the study of social participation mechanisms. Wu, et al.
(2020) [5] believed that effective social participation mechanisms can improve people’s
ability to respond to emergencies, especially in the short time after the emergencies,
the scene was chaotic and the professional team fails to be timely upon arrival, and the
social participation mechanisms of developed countries such as the United States, Japan,
and Germany were compared and analyzed. The third aspect is the network research of
social forces participating in emergency cooperation. Chen, et al. (2019) [6] believed that
studying the forms of participation of social forces and network conditions would help
promote the cooperation between social forces and the government and improve the
adaptability of emergency systems. Therefore, social network analysis methods were
used to determine the role and influence of social forces in emergency networks and
analyze the factors. Mizrahi, et al. (2021) [7] studied the driving factors of trust in the
emergency organization network, and believed that the public participates in emergency
decision-making, and in extreme cases, the public would strongly demand to abandon
government actions.

Based on the above literature review, it is recognized that the participation of social
forces has a positive effect in emergencies. However, the effective participation of social
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forces is still a key issue to be solved in the emergency management of public security
crises. Whether it is to find deficiencies through evaluation methods, or to learn from
the social participation mechanisms of other countries, or to analyze the network of
cooperative organizations in social participation, and to analyze various influencing
factors, although which can improve some of the problems in social participation, they
does not take into account that social forces, as a non-governmental group, have strong
social characteristics. In urban public emergencies, with the participation of different
social entities such as non-governmental organizations, profit-making organizations, and
the media, the lack of motivation to participate still leads to participation failures. The
main way to deal with this problem effectively is to strengthen information sharing and
improve the incentive and restraint mechanism [8].

In the context of smart cities, information sharing has been gradually improved, but
the incentive and restraint mechanism for social participation still has shortcomings and
needs to be improved. We mainly focus on the improvement of incentive mechanisms. In
the current related research, scholars have proposed many a variety of incentive methods,
common incentive methods mainly include moral incentives, material incentives, col-
lective incentives, social incentives, etc. [9]. Some scholars in academia have proposed
a new incentive method. Among them, White & Marchet, et al. (2021) [10] believed
that the Digital Social Market (DSM), proposed based on the digital background of
smart cities, can be regarded as a kind of service, which can be used in the context of
sustainable-oriented urban services to motivate the public to participate. The advent of
the digital era is not only improving the service functions of cities, but also promoting
social forces to participate in the development of emergency coordination mechanisms.
The advent of smart city information technology and digitization has strengthened the
close connection between multiple entities in the aspect of emergency coordinated gov-
ernance. Based on this, we also innovatively propose a new incentive method, that is, to
encourage the synergistic value generated by the emergency synergy effect. On the one
hand, the value generated by the synergy effect is still an effect value for the government
that can reduce the emergency cost and increase the emergency income, and so is the
social force participating in the emergency coordination. The government has seized this
benefit value point for incentives, which can better promote the enthusiasm and initiative
of social forces to participate in emergency coordination.

Therefore, based on the actual situation of social forces participating in the emer-
gency coordination of public emergencies in smart cities, and the cooperation model
of emergency coordination, we constructed an incentive decision model for the master-
slave emergency coordination cooperation between the government and social forces
to explore the impact of the value of the synergistic emergency effect on social forces’
participation in efforts. To improve the emergency investment level of social forces, the
emergency income goal of maximizing overall benefits can be realized.

2 Models and Methods

2.1 Problem Description

The smart functions of smart cities are realized, mainly based on network information
technologies such as the Internet of Things and cloud computing, and the emergency
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response also needs to rely on network information technology to achieve emergency
governance coordination involving multiple parties. Therefore, in the emergency man-
agement system of a smart city, the emergency collaborative information exchange of
different participants is mainly realized by the information transmission of network tech-
nology. Moreover, the government is in a dominant position, who is mainly responsible
for the overall layout of emergencies and the coordination of information in various links.
The social forces involved in the emergency are in a subordinate position, and multiple
social forces share emergency tasks through emergency coordination in the emergency
process. However, due to certain game competition and information asymmetry between
various social forces, different social forces participating in emergency coordination are
likely to form emergency information barriers before, resulting in low efficiency of
information transmission, and even a low degree of coordination in some emergency
work with overlapping content, or rejected on the grounds of non-responsibility, mutual
perfunctory responsibilities, evasiveness, and other phenomena, resulting in some cross-
cutting emergency work being shelved and ultimately unable to be effectively resolved,
and finally being postponed indefinitely, causing greater losses. Therefore, in the emer-
gency management system of the smart government, the government can adopt incentive
strategies to change the degree of effort involved in emergency coordination of various
social forces, and try to avoid the occurrence of the above problems.

2.2 Research Hypothesis and Symbol Description

To simplify the analysis, this study only discusses the master-slave emergency cooper-
ation model of emergency management composed of one government and two social
forces participating in emergency cooperation. In the model, there is a conflict of interests
between them. It is assumed that the social forces participating in emergency coordi-
nation aim at maximizing their own interests, the government aims at maximizing the
overall interests. In the absence of incentive and restraint mechanism, it is difficult for
social forces to be willing to agree with the government in action. The emergency coor-
dination among the participants is maintained through interests, and there is a stable and
balanced interest game relationship among the game subjects [11]. Based on the above
preconditions, we put forward the following assumptions.

Hypothesis 1: A single government is the leader and two social forces participating in
emergency collaborative tasks are the followers in emergency collaborative governance,
and the market position of the two social forces is the same. The government starts from
the overall situation and takes the overall optimization as the goal to effectively stimulate
and coordinate various social forces, while social forces cooperate in emergency response
under the incentive and requirements of the government.

Hypothesis 2: When the government takes incentive measures to achieve the goal
of maximizing the overall interests, various social forces play games and compete in
order to obtain their own interests and strive to maximize their own interests. This game
goal and effort behavior can be expressed by the level of emergency collaborative effort
input.

Hypothesis 3: The emergency collaborative effort input level of social forces has
a significant impact on emergency efficiency. Different emergency collaborative effort
input level of social forces will not only affect their own interests, but also the interests
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of the government. In the process of urban emergency response, in order to maximize
the overall interests, the smart government, as the leader, reduces the total emergency
cost or improves the output utility of emergency coordination input by improving the
emergency coordination degree of various social forces.

Hypothesis 4: The value of emergency synergy is an important consideration in the
incentive decision-making of smart government, and its impact on emergency benefits
is significant. The value of emergency synergy makes the government and social forces
willing to cooperate with each other together, and improve the stability of emergency
synergy.

Multiple variables and related parameters will be involved in the paper. In order to
facilitate analysis, it is necessary to explain in advance. Decision variables of master-
slave emergency collaborative incentive for urban emergencies: 1) B is a control variable
to motivate the government according to the value of synergy benefits generated by the
emergency collaborative effort input level of social forces. 2) ey, e, are the emergency
collaborative effort input level of social force 1 and social force 2 respectively. 3) a1, a2
are the cost coefficient of emergency collaborative effort input level of social force 1 and
social force 2 respectively. 4) Bo, B1, B2 are the distribution coefficient of emergency
benefits output of smart government, social force 1 and social force 2 respectively,
Bo + B1 + B2 = 1.5) A1, Ay are distribution Proportion of social force 1 and social force
2 incentives given by the government respectively, A; + A2 = 1.

2.3 Model Construction

In smart city emergency management, one government and two social forces participat-
ing in emergency coordination and cooperation are considered, and there is a relationship
of Stackelberg game between them. As the leader, the smart government first makes
emergency information decisions and gives certain additional incentives to the social
forces participating in emergency coordination through the smart emergency platform,
so as to improve their effort input level of emergency coordination and make their behav-
ior consistent with the goal of the smart government to maximize the overall interests.
Therefore, the emergency coordination objective of smart city emergency information
management platform can be expressed as:

Y = (e1 + e + ke1 + kex + kejen)e (D

where ¢ is a random variable and the standard normal distribution obeyed, ¢ > 0,
E(e) =0, E(e) = 1. k represents the value coefficient of emergency synergy effect of
social forces. The greater the coefficient, the greater the value of emergency synergy
effect. k = 0 means that social forces participate in emergency synergy and have no
information value.

The existence of synergy value will improve the emergency efficiency after the emer-
gency subject obtains the value information, and will show the increasing characteristics
of the emergency collaborative output function under certain conditions. Considering
that in smart city emergency management, each emergency subject is often a comple-
mentary relationship rather than a substitute relationship. Therefore, the magnitude of
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synergy is expressed in the form of multiply, ke, ke represent the synergy value gen-
erated by social force 1, social force 2 and government emergency cooperation respec-
tively. ke e> represents the value of synergy generated by emergency cooperation among
social forces. According to the output function, the expected return of the government
is expressed as:

Ug = Bo(ey + ex + key + key + kejey) — B 2)

As the followers, social forces choose the of emergency cooperation effort input
level to realize the goal of maximizing their own interests, according to the incentive
intensity given by the government. Generally, the higher the effort input of social forces
in emergency collaboration is, the greater the cost is. The cost function of emergency
collaborative effort input of social force can be expressed as:

2

Cle) = rar-—1i=1,2 3)

) — 2 1 1 + k ’ - ’

From Eq. (3) we see that the cost function of emergency collaborative effort input
is an upward curve, which means that the harder social forces work is, the greater the
cost is. However, the greater the value information of collaborative benefit generated is,
the more conducive the development of emergency collaborative tasks is. That is, the
increase of the value coefficient of collaborative benefit will reduce the marginal cost of
emergency effort input. The constant 1/2 is only set for the convenience of calculation
and analysis, and changing any other normal number will not affect the analysis results.
The expected benefits of social force can be expressed as:

1 e?
Uc, = Bi(ey + ez + key + kex + kejer) + AiB — —o;j——,i=1,2 “4)
2 14k
According to the government’s expected benefits function, the government’s
objective function and its optimization problem can be expressed as:

maxUg(e1, e2, B) = Bo(e1 + e2 + ke + key + kerey) — B (®)]

st.po+B1+p=1 (6)

According to the hypothetical conditions, the smart government adopts different
incentive intensity according to the collaborative benefit value of the respective emer-
gency collaborative efforts of social forces. Thus, according to the expected benefits
function of social forces, the objective function of social forces and its optimization
problem can be expressed as follows:

1 &2
maxUc,(e1, e2, B) = Bi(e1 4+ ex + key + kep + kejez) — A;B — 5% -|l—k @)
stho+Pitp=1ri=—t0<i<li=12 )

er + e



Research on Emergency Collaborative Incentives 31

3 Results and Discussion

3.1 Model Analysis

1) The government does take no incentives (B = 0). For comparison, firstly the equi-
librium solution was analyzed when the government does give no additional bonus
incentives to social forces. All social forces make independent decisions with the
goal of maximizing their own interests. The optimization of social forces can be
expressed as:

2

1 e;
maxUc,(e1, e2, B) = Bi(e1 + e + key + key + kejer) — S%7 J’rk ©)
stho+p1+p=1i=12 (10)
Lagrange function can be constructed as:
1 el.2 .
Li = Bi(e1 + ez + key + kex + keyez) — 24Tk +uBotBr+p—1,i=12

1D
From the first-order optimization condition, the optimal emergency collaborative
effort input levels of social force 1 and social force 2 are respectively:
o _ B0 (Bok? + ok + o)
T =
a1z — BiB2(1 +k)*k?
Bo(1+ k)* (B> + Bik + an)
a1z — BiB2(1 +k)*k?

12)

13)

e5 =

It can be seen from Eqs. (12) and (13) that when the distribution coefficient of
emergency benefits output is known, the optimal emergency synergy effort input level
of social forces depends on their emergency input cost coefficient 1, a» and the value
coefficient k of emergency synergy effect, that is, each social force considers the value of
emergency synergy effect on the basis of measuring its own advantages or disadvantages
of emergency investment cost relative to other social forces, and finally determines its
own optimal emergency effort investment level.

2) When the smart government takes additional bonus incentive measures (B > 0) to
make the participation of social forces in emergency coordination meet the overall
interests, the social forces will adjust and determine the optimal investment level
of emergency coordination efforts in pursuit of maximizing their own interests,
according to the size of the bonus. The perfect equilibrium solution of the sub game
of the model is obtained by backward induction.
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The objective functions of social force 1 and social force 2 (i.e. Equations (7) and (8))
derive partial derivatives of e and e respectively, and the optimal first-order condition
is:

aUc, Bey el

= + k+key+1)— =0 14
de; et ) Bi( 2+ 1D Y (14)
aUc, Be; aren

= + k+key+1)— =0 15
bes PRy Ba( 1+ 1 P (15)

From Egs. (14) and (15):

5t eaer+ae — B+ )1 +0%kBier + pre)]
B 1+k

(16)

Obviously, the optimal bonus incentive given by the government to social forces
is not only related to the emergency input level of social forces, but also affected by
the emergency input cost coefficient of social forces and the distribution coefficient of
emergency income output.

Combining Egs. (5), (6) and (16), the objective function of the government and its
optimization problem can be further expressed as:

(e1 +ex)[arer +azes = (B1 + B)(1 + ) %k(Brex + fren)]

maxUg(eq, ez, B) = Bo(e] + ez +key + key + keyep) —

T+k
a7
st.Bot+pi+p=1 (18)

The Nash equilibrium solution can be obtained as:
o (1+K)*[a) — a2 + 21 — Dk(1 +4)] (19)

D (1 — )2 — (k+ D[2k(e +a2) + KA1+ K @B — 1) — k(@1 By + a2fa)]
o (1+ k)%l — e + 281 — Dk + k)]

& = (20)

(0 — a1)? — (k + D[2k (a1 + @) + k2(L+ k) (4182 — 1) — 4k (a1 B1 + a282)]

3.2 Numerical Analysis and Discussion

Smart city emergency collaborative governance is a complex system engineering, involv-
ing multiple links, which requires the cooperation and joint efforts of multiple partici-
pants. In the process of emergency coordination and cooperation, the government cannot
fully supervise the behavior of each participant, and it is difficult to restrict the bind-
ing documents with similar contract terms. Therefore, only the government sets up a
more effective incentive mechanism to promote each participant to work together, play
a synergistic effect and achieve the goal of emergency coordination.

Assuming an emergency in a city, the government entrusts part of the emergency
coordination tasks to two social forces according to the event attributes, and formu-
lates corresponding incentive measures. In order to maximize the overall interests, the
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Table 1. MODEL PARAMETER SETTING

o] o Bo B1 B2 k
0.8 0.8 0.4 0.3 0.3 (-1,1)
0.8 0.8 0.4 0.3 0.3 0,7)

0.8 0.8 0.4 0.3 0.3 (0,15)
0.8 0.8 0.4 0.3 0.3 (-1,1)

government hopes to stimulate the emergency investment enthusiasm of the two social
forces in the form of bonus incentive. See Table 1 for relevant parameters.

According to Table 1, Matlab2018b software was used for simulation calculation,
and the results was analyzed as follows.

It can be seen from Fig. 1 that whether the government takes incentive measures for
social forces or not, the emergency synergy effort input level of social forces increases,
with the increase of the value of emergency synergy. Synergy makes the marginal benefits
of emergency collaborative effort input level of one social force increase with the increase
of emergency collaborative effort input level of another social force, so that both parties
intend to cooperate and improve their emergency investment level. The greater the value
of synergy, the stronger the intention of emergency collaborative cooperation. Under
the same other conditions, the government’s incentive to social forces can significantly
improve the investment level of emergency efforts of social forces compared with the
case without incentive. In addition, it can be found from the Fig. 1 that when k > 0.6,
the incentive measures taken by the government play a significant role in improving the
investment level of social forces’ emergency efforts.

It can be seen from Fig. 2 that the benefit utility of social forces increases, with
the increase of the value of emergency synergy. When the value of emergency synergy
effect is not high, i.e. k < 1, due to the government’s incentive measures, the benefit
utility of social forces is larger than that in the non- incentive case. However, when k
> 1, the benefit utility of social forces in the case of government incentive is smaller
than that in the non-incentive case, with the increase of synergy effect value. This is
because under the law of diminishing marginal cost and increasing marginal benefits
of social forces’ emergency input. And under the action of external incentives adopted
by the government, the enthusiasm of social forces’ emergency coordination is greatly
improved. Due to the synergy value, more emergency costs are invested than under the
no-incentives condition. When the value of emergency synergy is not high, the incentive
effect of the government is not significant.

It can be seen from Fig. 3 that the government’s revenue utility increases with the
increase of the value of emergency synergy effect. When the government takes incentive
measures, its revenue utility value is lower than that without incentive. The main reason
is that the government’s incentive of emergency synergy effect on social forces increases
the government’s emergency cost; In addition, the distance difference between the two
curves is small, which may be due to the fact that the government is increasing the
government’s special emergency funds to stimulate social forces. At the same time, the
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benefits of synergy are also distributed to social forces in the form of bonus incentive.
So, how does the amount of bonus incentive of the government change?

As can be seen from Fig. 4, there are two different trends in the bonus incentive
curve of the government according to whether the government encourages social forces
or not. Firstly, when the government takes incentive measures, the bonus incentive curve
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of the government shows an upward trend, and the rising rate is faster than that when
the incentive is not taken. The main reason is that the level of emergency collaborative
investment of social forces continues to improve, and the value of emergency collabo-
rative benefits continues to increase, the amount of bonus incentives for the efforts of
social forces by the government has been increasing. And the curve difference in two
different cases should be the incentive value of the government using the special emer-
gency fund. When the government does not take incentive measures, its bonus incentive
curve shows a trend of rising first and then changing steadily. It is due to the continuous
improvement of the level of emergency collaborative investment of social forces and
the increasing value of emergency collaborative benefits, which increases the benefits of
synergy to the government, and the government uses the benefits of synergy to increase
the bonus incentive limit of the government. It is due to the lack of incentive measures
by the government, which limited efforts of social forces in emergency coordination,
the growth rate of emergency coordination benefits is slow.

4 Conclusions

According to the actual situation of emergency coordination in smart city, we analyzed
the influencing factors of emergency coordination strategy selection, and discussed the
impact of emergency coordination benefit value and government incentive on the will-
ingness of social forces to participate in urban emergency coordination. On the basis
of considering the government’s attention to the value of emergency synergy, we con-
structed the incentive decision-making model of master-slave emergency synergy coop-
eration between the government and social forces, and discussed the synergy value and
the impact of adopting bonus incentive on the emergency synergy investment level and
benefits of social forces according to the comparison between whether the government
sets bonus incentive or not. It is found that without bonus incentive, the emergency
collaborative investment level of social forces and the revenue utility of the government
increase with the increase of the value of the synergy effect. In the case of setting bonus
incentives, the government takes the benefits brought by special emergency funds and
synergy as the minimum incentive cost to promote social forces to invest more efforts,
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improve the emergency investment level of social forces, and maximize the overall
emergency target benefits.

This research enhanced the enthusiasm of social forces to participate in urban public
emergency management by stimulating the value of synergy. Under the background of
smart city, and the incentive mechanism for participation of social forces was further
supplemented and improved. However, there are still deficiencies in this paper. It only
considered the synergy value of social forces participating in cooperation as the same
value coefficient k, and there is less consideration of the differences in the synergy
of different social forces participating in emergency cooperation. Next, more attention
will be paid to the differences of synergy effects of different social forces participating
in urban public emergencies, for improving further the model parameters to study the
impact mechanism of the value synergy of different social forces on the enthusiasm of
social forces to participate in urban public emergency management.
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