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Abstract: Disasters accompanied by heavy casualties and huge economic losses directly result in 

the disruption or delay of economic development. Considering the urgent need for reducing losses 

and accelerating the process of social recovery, international nongovernment organizations 

(INGOs) and local NGOs (LNGOs) with different resource endowments should achieve 

organizational coordination to improve the relief efficiency and sustainability of the humanitarian 

supply chain. Due to conflicting interests and expectations, this coordination is hard to achieve. In 

this study, we first establish an evolutionary game model between INGOs and LNGOs to 

determine the influencing factors and explore the interaction of NGOs in a dynamic way. Our 

results show that: (1) coordination by resource sharing can improve the sustainability of the 

humanitarian supply chain; (2) coordination willingness is affected by the behavior of other 

players, which can nevertheless achieve equilibrium under certain conditions; and (3) the 

important factors and optimal strategies of players are highlighted in the dynamic model. This 

study provides several insights into the theory of organizational coordination in the humanitarian 

supply chain regarding sustainability. 
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1. Introduction 

Tropical storm “Harvey” affected six million people in south Texas and disrupted traffic on the 

ground and in the air in 2017. In 2018, typhoon “Shanzhu” affected nearly 3 million people in China, 

resulting in a direct economic loss of 5.2 billion dollars. With the intensification of human activities, 

the frequency and impact of disasters have grown exponentially in the last few decades [1]. A large 

number of heavy casualties and huge economic losses due to disasters directly result in the 

disruption or delay of economic development [2]. Sustainable social development cannot be 

separated from a stable environment. To cut losses and accelerate the process of social recovery, 

there is a greater focus on the sustainability of the humanitarian supply chain, which consists of 

donors, host governments, international and local nongovernment organizations (INGOs and 

LNGOs), and the military and private sectors engaged in disaster relief activities [3–5]. Considering 

the aim of helping populations regain their life status and contribute to social, economic, and 

ecological development, the UN (2015) proposed that the concept of sustainable development be 

incorporated into the work of disaster relief [6]. The combination of sustainability and the traditional 
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disaster supply chain will help strengthen the long-term capacity of humanitarian organizations and 

promote their responsiveness [7]. However, extreme challenges exist in all stages of the disaster 

relief cycle. Although investment and planning by humanitarian actors in the mitigation and 

preparedness phases can reduce the direct impact of disasters on human life and property, the 

efficiency of post-disaster relief can be difficult to determine due to poor coordination [2]. The 

sustainability of the humanitarian supply chain relies on responsible communication and 

coordination [8]. Therefore, information transparency, enhanced communication, and the trust 

derived from coordination contribute to more sustainable development [9]. Thus, it can be inferred 

that organizational coordination is an effective method to improve the sustainability of the 

humanitarian supply chain. 

INGOs and LNGOs in the humanitarian supply chain act as bridges connecting all components 

with their beneficiaries and undertake similar tasks, such as gathering social resources, 

disseminating the right information, and developing recovery projects [10]. Since each NGO has its 

own culture, interest, and operation method, most of them usually manage their rescue activities 

independently [11]. In addition, in a temporary relief chain without mutual trust, individual NGOs 

engage in a competitive relationship because of limited donations [12]. However, under a complex 

relief environment and incomplete information, independent relief actions that do not consider 

other organizations in large-scale disasters can result in a duplication of efforts and waste of 

resources [13,14]. For example, the poor coordination among the involved humanitarian actors led to 

severe overstock and, simultaneously, to a shortage of relief materials in the 2008 Wenchuan 

earthquake, which seriously affected the efficiency of aid and recovery areas. Considering the 

sustainability of relief operations, horizontal coordination among NGOs has been highlighted by 

many humanitarian practitioners [7,10,11]. 

Current researchers acknowledge that horizontal coordination in the humanitarian supply 

chain is conducive to economies of scale, reducing individual operational costs [13]. However, the 

application in NGOs is very limited. Scholars propose that INGOs and LNGOs have a 

complementary relationship with regard to resources on the basis of their organizational nature [15]. 

The coordination between INGOs and LNGOs achieved by sharing tangible and intangible 

resources can enhance the utilization of these resources [16,17]. Moreover, working with local 

networks can be regarded as an effective method to strengthen sustainability because the benefits of 

coordination contribute to the organization capacity [18]. As a matter of fact, large factors hinder 

coordination, such as the absence of trust, communication barriers, and coordination costs [13,15,19]. 

Most existing studies try to reveal drivers and challenges of coordination among NGOs through case 

studies or investigation analyses [10,15,20]. Under the interaction of resource sharing, the dynamic 

nature of coordination tends to get overlooked. In this context, our study addresses three questions: 

(1) What is the motivation for the coordination between INGOs and LNGOs in the 

humanitarian supply chain? 

(2) How should optimal behavior in the dynamic mechanism be adopted? 

(3) What are the interventions that affect coordination? 

This paper attempts to address this gap by developing an evolutionary game model to 

quantitatively analyze horizontal coordination strategies between INGOs and LNGOs. Evolutionary 

game theory (EGT) is a modification of traditional game theory by Darwin’s theory of biological 

evolution [21]. The core concepts of EGT are the evolutionary stable strategy (ESS) and the 

replication dynamic. That is, players with bounded rationality adjust their strategies based on gains 

from previous behaviors. If one strategy yields more gains, players tend to adopt this strategy and 

eventually move toward a stable state through repeated games [22]. EGT is widely used in the fields 

of economics and sociology to study conflicts and cooperation between decision-makers [23,24]. 

Many scholars use EGT to manage supply chain coordination and develop long-term strategic 

stability. For example, Zhi et al. [25] proposed an evolutionary game model to investigate the 

coordination of suppliers and manufacturers to reduce carbon emissions. Chen et al. [26] used an 

evolutionary game framework to explain why there is significant variability in the effectiveness of 

monitoring interventions to induce process compliance by healthcare workers in hospitals. In the 
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literature on the humanitarian supply chain, evolutionary games between humanitarian 

organizations have also been explored. Du and Qian [27] illustrated the relationship between 

governments and nonprofit organizations and developed an evolutionary game model to promote 

coordination in disaster mobilization. Li et al. [6] applied EGT to address the coordination between 

the private sector and humanitarian organizations and highlighted the significant positive impact of 

trust. Considering the urgency of disaster relief and the limitation of resources, conflicts of interest 

also exist between INGOs and LNGOs during the coordination process. The evolutionary game 

method provides a systematic and dynamic perspective to analyze the choice of strategy over time. 

In this study, we first determine the game relationship between INGOs and LNGOs to 

establish a model. Then, we discuss the ESS and analyze the evolutionary path stimulated by 

different factors. The research results show that the behavior of players can interact with each other. 

A long-term coordinated relationship can be achieved under certain conditions. The findings also 

highlight that enhancing sharable resources and the benefits of coordination are extremely effective 

methods to stimulate players to maintain coordination. Through a numerical experiment, we 

conclude that the initial state of players only has a short-term impact on the selection of strategy, 

whereas stable conditions can influence their decision making for the long-term. This study has 

both theoretical and practical contributions. We extend the coordinated actors to INGOs and LNGOs 

and develop an evolutionary game model to systematically analyze the coordination mechanism. 

Key factors affecting the behavior of players are determined. By adding the dynamic perspective, the 

consideration of critical factors affecting coordination is closer to reality. The conclusions provide 

theoretical guidance for managing the coordination strategy between INGOs and LNGOs by 

capturing the dynamic interactive behaviors and predicting the evolutionary trend. 

The remainder of the article is organized as follows. Section 2 reviews the relevant critical 

literature. Section 3 describes the framework of the evolutionary game model. In Section 4, we 

analyze the evolution tendency of players and the equilibrium conditions of the model. Section 5 

discusses the results of a numerical simulation experiment and proposes some implications. The 

conclusions and suggestions for future research are presented in Section 6. 

2. Literature Review 

2.1. Coordination in Humanitarian Supply Chains 

When referring to the commercial supply chain, sustainability entails various stakeholders to 

address the development objectives associated with economic, environmental, and social 

dimensions [22]. For example, De A et al. [28,29] proposed that sustainability aspects should be 

incorporated into shipping route design by reducing the emission of greenhouse gases from vessels. 

Some shipping companies that act against sustainable approaches may have a higher cost [30]. 

Goswami M et al. [31] integrated environment performance into measures of the sustainable 

performance of third-party logistics providers and indicated that when information exchange occurs 

between logistics operators and the manufacturer, effective transport planning and distribution 

network design in conjunction with commodity considerations can improve the sustainability of the 

supply chain. From the perspective of supply chain management, performance is affected by the 

behavioral tendencies of different stakeholders, such as manufacturers, distributors, and consumers 

[32]. Decision makers should balance different interests from various stakeholders to achieve 

sustainable performance [33]. According to Bealt et al. [34], organizational coordination can be 

effectively applied as a method to address the management of stakeholders. Tong and Li [35] also 

demonstrated that the internal coordination of the supply chain could promote sustainable 

development by encouraging a green manufacturer to develop a product with a higher degree of 

greenness and increasing sales of that product. 

Similar to the commercial supply chain, coordination among multiple agents is also highlighted 

by researchers [12,14,36] as measures for improving the sustainability of the humanitarian supply 

chain. According to Haavisto and Kovács [7], poor coordination among humanitarian actors not 

only causes high operation costs for humanitarian organizations and waste of limited resources but 
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also decreases the efficiency of relief activities and prolongs the suffering of humans, which acts 

against their social responsibility and hinders long-term development. Based on the type of actors in 

the humanitarian supply chain, organizational coordination can be divided into vertical 

coordination and horizontal coordination [13]. Vertical coordination refers to coordinating with 

upstream or downstream organizations. The effect of reducing the cost of the humanitarian supply 

chain and maximizing relief benefits has undergone extensive study [37,38]. For example, Nikkhoo 

et al. verified that coordination between upstream manufacturers and downstream NGOs in 

procurement can improve the satisfaction level of the affected areas [39]. Joint decision-making of 

inventory by suppliers and relief organizations significantly minimizes the total cost and 

strengthens risk management in disasters [3]. A distribution model merging multiple humanitarian 

stakeholders’ preferences can improve the reliability of the humanitarian supply chain [40]. 

However, the literature on horizontal coordination in humanitarian supply chains is fairly limited. 

In this study, we mainly review the type of horizontal coordination that is at the same level of 

organizations within the chain. 

With the scarcity of resources, there is competition between aid organizations at the same level. 

During the process of coordination, open interaction, such as information exchange and knowledge 

sharing, threatens the comparative advantage of organizations [41]. The extra costs of 

communication and negotiation also hinder horizontal coordination [13]. Schulz and Blecken 

investigated the main barriers to horizontal coordination in relief supply chains, such as insufficient 

resources, mistrust, protection of their competitive edge, and blindness to potential benefits [42]. In 

addition, the lead coordinator plays a pivotal role in ensuring the implementation of coordination 

[43]. The value created by coordination of the relief network is highlighted by Akhtar et al. [44]. 

Facing the great challenges brought by a rapid response and continuous supply, optimization of 

individual organizations has a limited impact on the utilization of resources. Strategic alliances or 

horizontal partnerships may be able to promote the sustainability of relief work because better and 

continuous coordination is conducive to improving agility [18,39]. In addition, social responsibility 

contributes to an external driving force for organizations to participate in the rescue network [45]. 

Horizontal coordination is well documented to achieve economies of scale and reduce the cost 

of individual aid agencies [13]. Most existing studies apply horizontal coordination to logistic 

service providers in the humanitarian supply chain [46,47]. The common method is to optimize 

vehicle capacity utilization and reduce the cost of noncore activities through the optimization of 

existing logistics processes and structures. Joint transportation and distribution management 

provide approaches for potential cost savings [48]. Lozano et al. found that horizontal coordination 

in humanitarian relief logistics benefits the profitability and improves the quality of services [49]. 

Toyasaki et al. reported that sustainable horizontal coordination mechanisms in inventory 

management could be realized based on the rapidly growing number of humanitarian organizations 

[50]. Fathalikhani et al. emphasized that partnership among humanitarian organizations is 

important to create innovation and improves the utilization of rare resources [51]. In this study, we 

try to deepen the horizontal coordination among NGOs. 

2.2. NGOs in Humanitarian Supply Chains 

To fulfill public service needs, NGOs have attracted considerable attention. In the humanitarian 

supply chain, NGOs operating to provide humanitarian relief undertake the tasks of postdisaster 

reconstruction and development. NGOs usually have comparative advantages in many aspects, 

such as providing medical treatment and assistance to affected people, and carry out recovery 

programs [52]. Based on their organization nature, NGOs in the humanitarian supply chain can be 

categorized into international NGOs and local NGOs. Generally, INGOs have better relief materials, 

professionalized capacity, and more experience in disaster relief than LNGOs because of their long 

history [53]. In addition, fully matured INGOs are more likely to have standardized management 

than LNGOs, so the quality of their services is guaranteed [54], whereas LNGOs tend to have closer 

ties with affected areas than INGOs [55]. There is no culture barrier when communicating with local 

communities and institutions for LNGOs. Local knowledge also allows LNGOs to quickly and 
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accurately access specific disaster information [56–58]. Organizations endowed with different 

resources have different advantages in providing humanitarian aid. The performance of 

organizations is significantly different as well [59]. 

The differences in resource endowments provide a possibility for coordination. Yang noted that 

coordination between INGOs and LNGOs could benefit both sides [60]. However, the related 

research is limited. Most of the literature mainly concentrates on revealing the effectiveness of 

coordination between INGOs and LNGOs [61–64]. Resources-sharing is considered to be an 

important factor for successful coordination between INGOs and LNGOs, which can effectively 

enhance responsiveness [17], improve the quality of services, and reduce operational costs [65]. Tran 

and AbouAssi [66] emphasized that empowering an LNGO from an INGO is a useful method to 

develop coordination. In addition, coordination presents an opportunity for organizational learning. 

However, Adem et al. studied the case of Jordan and suggested that coordination between INGOs 

and LNGOs is not always encouraged [10]. Coordination between INGOs and LNGOs increases the 

risks of bypassing local authorities, damaging local NGO ecosystems [63], and causing mission drift 

for local players [65]. From organizational perspectives, coordination between INGOs and LNGOs 

encourages the dependency of local partners on the external resources of INGOs [62]. Therefore, a 

power imbalance is proposed during project implementation. The weaker parties have to meet the 

demands of the parties in a stronger position and may be marginalized by them. This issue can be 

further intensified by the absence of a governance board to manage partnerships effectively [52]. 

In addition, a few studies try to explain the forces associated with coordination. Lack of trust 

among NGOs is the main barrier to coordination [67]. The stability of partnerships can be destroyed 

by “free-riding” behavior [65]. Organizational conflict of interest is another factor leading to failure 

in coordination [5,10]. Competitive advantages of individual NGOs may lead to a loss in resource 

sharing [61]. Moreover, accompanied with problems such as a poor distribution of responsibilities 

and miscommunication between partners that result in high coordination costs, coordination could 

turn into failure [68–71]. In this study, we focus on the positive impact of coordination and attempt 

to analyze the influence factors of coordination mechanisms from dynamic and system perspectives. 

2.3. Research Gaps and Contributions 

In reviewing the literature, we found two main gaps. (1) Most of the literature [39,40,46–50] on 

humanitarian supply chain coordination focused on suppliers and logistics providers. As the main 

implementer of humanitarian activities, coordination mechanisms among NGOs are rarely 

mentioned. Although Fathalikhani et al. [52] proposed that NGOs should work together to manage 

disasters, they ignored the advantages of NGOs with different attributes in disaster relief, and an 

effective coordination mechanism was still lacking. (2) The literature [53,55,58,60] on the key factors 

influencing coordination is commonly from static and qualitative perspectives. For instance, Adem 

et al. [10] conducted semistructured interviews of INGOs and LNGOs that had participated in 

providing humanitarian relief in Jordan to identify the key drivers and challenges in humanitarian 

supply chain coordination. They also did not consider the impact of the interaction among NGOs. 

However, the strategies of NGOs are often adjusted constantly according to changes in the 

environment and other NGOs‘ strategies. It is of great practical significance to analyze the 

influencing factors of coordination between INGOs and LNGOs in a dynamic and quantitative way. 

In response to these gaps, this paper contributes to the literature regarding horizontal 

coordination between INGOs and LNGOs in humanitarian supply chains. First, we discuss the 

coordination mechanism motivated by the resource-sharing behavior between INGOs and LNGOs, 

which provides a new perspective for optimizing the sustainability of the relationship. Second, by 

combing the evolutionary game model with numerical simulation, we quantitatively analyze the key 

motivating and impeding factors of coordination and reflect the interaction of NGOs and the 

dynamic evolution path of the model under different scenarios. Although Azmat and Kummer [15] 

investigated the conflict of INGOs and LNGOs using the questionnaire survey method and 

empirically determined key factors for the relationship in relief operations, they only found the role 

of information sharing and ignored the impact of the behavior of other NGOs. Decision makers are 
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not only affected by static factors, but also by interactions with other actors. Furthermore, the 

equilibrium conditions of the model provide feasible managerial implications for horizontal 

coordination in humanitarian supply chains. 

3. Model Formulation 

3.1. Problem Description 

According to previous studies, both INGOs and LNGOs have their own advantages and 

disadvantages in disaster relief [46–48]. Horizontal coordination through resource-sharing can make 

up for the deficiencies of individual organizations and improve rescue efficiency. However, 

considering the uncertain surroundings and the conflicting interests, coordination is difficult to 

stabilize in the temporary network [56,57]. In this subsection, we consider a humanitarian supply 

chain consisting of multiple LNGOs in demand points and many INGOs as external supporters and 

formulate the behavior of NGOs in coordination as a decision-making game. As two parties in the 

game, both LNGOs and INGOs decide whether to share and how much to share their resources to 

achieve coordination with others. One player is randomly selected from LNGOs and INGOs each 

time to carry out the coordinated game. The information of the strategies adopted by other players is 

not available. Thus, judgment of benefits and costs is crucial to a player’s decisions. 

The benefits of INGOs and LNGOs can be illustrated as normal benefits, coordinated benefits, 

and opportunity benefits [6]. Due to their nonprofit characteristic, an improvement in the efficiency 

of disaster response can be treated as financial returns to NGOs [63,72]. Therefore, NGOs receive 

normal benefits from providing assistance in humanitarian relief. Coordinated benefits are 

produced through accessing complementary resources. Opportunity benefits refer to extra benefits 

from opportunistic behaviors of NGOs, such as the “free rider” [65,66]. The coordination strategy 

generates costs from interactive behavior [10]. Table 1 comprehensively overviews the benefits and 

costs of INGOs and LNGOs in the game model. With the deepening of relief activities, NGOs 

continuously adjust their strategies to optimize the benefits through learning and imitation. 

Table 1. The benefits and costs of international nongovernment organizations (INGOs) and local 

nongovernment organizations (LNGOs). 

Terms INGO LNGO 

Normal 

benefits 

The improvement of efficiency in relief 

supply [43,72]; 

The improvement of efficiency in 

relief supply [43,72]; 

Coordinated 

benefits 

Disaster information (e.g., affected location, 

reasonable assessment of the number of 

casualties, the extent of the humanitarian 

needs) [9,73]; 

Expertise of disaster relief [54,61]; 

Legitimacy and social position [74]; Channels to fund-raising [75] 

Reduction of inventory risk [13,61]; Strategic-based help [76] 

 
Improvement on the capacity of 

continuous replenishment [71,76]. 

Opportunity 

benefits 
“Free rider” behavior [65,68]; “Free rider” behavior [65,68]; 

Coordinated 

costs 

Interactive behavior (e.g., understand each 

other, attend coordination meeting, 

negotiate a contract [13,68]. 

Interactive behavior (e.g., 

understand each, attend 

coordination meeting, negotiate a 

contract [13,68]. 
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3.2. Assumptions and Variables 

According to evolutionary game theory, the following model assumptions are made: 

Assumption 1: INGOs and LNGOs in the humanitarian relief network are bounded rationality, 

which is the difference between complete rationality and complete irrationality. 

Assumption 2: NGOs in humanitarian relief networks have the ability to learn to imitate and 

choose their own strategies. Since the information is incomplete, each party constantly adjusts their 

decisions based on the latest changes in other parties’ strategies. 

Assumption 3: NGOs have a strategy set � = (coordination, non coordination). Those that adopt 

the “coordination” strategy are willing to share resources with others. We assume that both tangible 

resources (e.g., funds, materials, equipment) and intangible resources (e.g., information, knowledge, 

expertise, experience) can be managed and shared, so the strategic benefits of an NGO are 

measurable and assessable [65,75]. 

Assumption 4: NGOs with a “coordination” strategy have a “free-rider” risk. That is, the other 

party gains the external resources but is unwilling to share their own resources. 

To show the benefits of NGOs under different strategies clearly, our model includes a number 

of variables, which are assumed to be being real numbers and have non-negative values. We define 

these variables below. The relevant notations and definitions are listed in Table 2. 

Table 2. Notations and definitions. 

Symbols Descriptions 

π�  Normal benefits of INGO 

�� Normal benefits of LNGO 

�� The amount of sharable resources from INGO 

�� The amount of sharable resources from LNGO 

�� Coordinated benefits coefficient of resources sharing of INGO 

�� Coordinated benefits coefficient of resources sharing of LNGO 

�� Opportunity benefits coefficient of INGO 

�� Opportunity benefits coefficient of LNGO 

�� Coordinated costs of INGO 

�� Coordinated costs of LNGO 

� the initial probability of INGO choosing coordination strategy 

� the initial probability of LNGO choosing coordination strategy 

3.3. Model Framework 

Based on the above description, we can obtain the evolutionary game payoff matrix of the 

humanitarian relief network, as shown in Table 3. 

Table 3. Payoff matrix of stakeholders. 

 
LNGO 

Coordination (�) Non-Coordination (� − y) 

INGO 

coordination(�) 
π� + λ�R� − C�; 
π� + λ�R� − C�  

π� − C�; 
π� + ��R�  

non coordination(1 − x) 
π� + ��R�; 

π� − C�  

π�; 
π�  

For INGOs, the expected benefits that adopt a “coordination” strategy are: 

��
� = y(π� + λ�R� − C�) + (1 − �)(π� − C�) = π� − C� + yλ�R�  (1) 

The expected benefits that adopt a “noncoordination” strategy are: 

��
��� = y(π� + ��R�) + (1 − �)π� = π� + y��R�  (2) 
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Therefore, the average benefits of INGOs under the mixed strategies can be expressed by: 

��
��� = � ∗ ��

� + (1 − �) ∗ ��
��� = π� + y��R� − �C� + �y(λ� − ��)R� (3) 

According to EGT, if the expected benefits of one INGO adopting the “coordination” strategy 

are higher than the average expected benefits of all INGOs, the rest will imitate it in the next decision 

phase. The variation rate of the INGO’s strategy can be described by a differential equation. 

Therefore, the replication dynamics equation of an INGO adopting the “coordination” strategy is: 

F(�) =
��

��
= �(��

� − ��
���) = �(1 − �)[y(λ� − ��)R� − C�] (4) 

When F(x)  <  0, the probability x of an INGO choosing the “coordination” strategy will 

evolve to 0. On the contrary, F(x)  >  0 indicates that x will evolve to 1 over time. 

Similarly, the LNGO’s expected benefits of each strategy and the average benefits under the 

mixed strategies can be denoted as follows: 

��
�

= x(π� + λ�R� − C�) + (1 − �)(π� − C�) = π� − C� + �λ�R� (5) 

��
���

= x(π� + ��R�) + (1 − �)π� = π� + ���R�  (6) 

��
��� = � ∗ ��

�
+ (1 − �) ∗ ��

���
= π� + ���R� − �C� + �(λ� − ��)R� (7) 

The replication dynamics equation of a LNGO adopting the “coordination” strategy is: 

F(y) =
��

��
= ����

�
− ��

���� = �(1 − �)[�(λ� − ��)R� − C�] (8) 

4. Model analysis 

4.1. Replicator Dynamics Analysis 

(1) Analysis of the replicator dynamics of the INGO’s strategy 

By solving F(�) = 0, we can obtain equilibrium points as �� = 0 and �� = 1. Based on EGT, 

the evolutionary stability state (ESS) of the INGO should satisfy F�(�) < 0. We take the derivative of 

F(�) with respect to � and obtain the following equation: 

F�(�) = (1 − 2�)[y(λ� − ��)R� − C�] (9) 

Considering the value of �, we can divide the following analysis into three scenarios. 

In scenario (1): if � <
��

(�����)��
, then we can deduce that F�(0) < 0 and F�(1) > 0. Therefore, 

�� = 0  is the ESS, which means that an INGO with bounded rationality always chooses the 

“noncoordination” strategy. Even if the initial state is � = 1, it will evolve to � = 0 and stay there. 

In scenario (2): if � >
��

(�����)��
, then F�(0) > 0 and F�(1) < 0. Therefore, �� = 1 is the ESS. 

That is, the behavior of the INGO tends towards “coordination” and reaches stability eventually. 

In scenario (3): if y =
��

(�����)��
, then F�(�) = 0, which means that all � are in an evolutionarily 

stable state. The initial strategy does not change over time. The replicator dynamics phase diagrams 

of the INGO are shown in Figure 1. 
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(a) (b) (c) 

Figure 1. Replicator dynamics phase diagrams of INGO. (a) The replicator dynamics phase diagrams 

for the INGO under scenario (1). (b) The replicator dynamics phase diagrams for the INGO under 

scenario (2). (c) The replicator dynamics phase diagrams for the INGO under scenario (3). 

(2) Analysis of the replicator dynamics of the LNGO’s strategy 

For LNGOs, we take the derivative of F(�)  with respect to �  and obtain the following 

equation: 

F�(�) = (1 − 2�)[�(λ� − ��)R� − C�] (10) 

Similar to the above analysis method, �� = 0 and �� = 1 are equilibrium points. Thus, we 

have three scenarios based on the value of x. 

In scenario (1): if x <
��

(�����)��
, then F�(0) < 0 and F�(1) > 0. Therefore, �� = 0 is the ESS, 

which means the LNGO with bounded rationality always chooses the “noncoordination” strategy 

regardless of the initial state. 

In scenario (2): if x >
��

(�����)��
, then F�(0) > 0 and F�(1) < 0. Thus, the ESS is �� = 1. All � will 

evolve to 0. 

In scenario (3): if x =
��

(�����)��
, then F�(�) = 0, which means that any y is an evolutionary stable 

state. The replicator dynamics phase diagrams for the LNGO are shown in Figure 2. 

   
(a) (b) (c) 

Figure 2. Replicator dynamics phase diagrams of LNGO. (a) The replicator dynamics phase 

diagrams for the LNGO under scenario (1). (b) The replicator dynamics phase diagrams for the 

LNGO under scenario (2). (c) The replicator dynamics phase diagrams for the LNGO under scenario 

(3). 

From the above analysis, we can see that the key factors influencing the behavior of either 

player in this evolutionary game model are coordinated benefits and opportunity benefits, as well as 
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the other party’s strategies. To understand the interaction mechanism, the evolutionary stability 

strategy of the model is further explored. 

4.2. Stability of the Evolutionary Strategies Analysis 

By setting equations (4) and (8) to 0 , we can obtain five groups of equilibrium points, 

(1,1), (1,0), (0,1), (0,0), �
��

(�����)��
,

��

(�����)��
� . Following Friedman’s equilibrium theory [77], we 

analyze the local stability of the stable points by identifying the determinant (���) and trace (��) sign 

of the Jacobian matrix (J). The Jacobian matrix of our model is as follows: 

J = �

��(�)
��� ��(�)

���

��(�)
��

� ��(�)
���

�

= �
(1 − 2�)[y(λ� − ��)R� − C�] �(1 − �)(λ� − ��)R�

�(1 − �)(λ� − ��)R� (1 − 2�)[�(λ� − ��)R� − C�]
� 

(11) 

Thus, the determinant (���) and trace (��) can be calculated as follows: 

���� = (1 − 2�)[y(λ� − ��)R� − C�] ∗ (1 − 2�)[�(λ� − ��)R� − C�]

− �(1 − �)(λ� − ��)R� ∗ �(1 − �)(λ� − ��)R� 
(12) 

��� = (1 − 2�)[y(λ� − ��)R� − C�] + (1 − 2�)[�(λ� − ��)R� − C�] (13) 

To determine the stability of the five equilibrium points, we solve Equations (12) and (13) under 

four conditions. The corresponding equilibrium results of the model are given in Tables 4–7. 

Table 4. Equilibrium stability analysis under Condition 1. 

Condition 1 Equilibrium Points DerJ TrJ State 

(λ� − ��)R� − C� > 0; 
(λ� − ��)R� − C� > 0 

(1,1) +1 −2 ESS 

(0,1) + + Unstable 

(1,0) + + Unstable 

(0,0) + − ESS 

�
C�

(λ� − ��)R�
,

C�

(λ� − ��)R�
� ∗3 ∗ Unstable 

Note: 1 “+”means the value is greater than 0, 2 “−”means the value is less than 0, 3 “∗”means the 

value is uncertain. 

Under condition 1: the benefits the INGO and LNGO gained from coordination are higher than 

the coordination costs. By continuously learning and improving, both players would find out that 

coordination is a better strategy than others. Thus, the system converges to point (1, 1), which shows 

that the strategy set (coordination, coordination) is a stable result. 
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Table 5. Equilibrium stability analysis under Condition 2. 

Condition 2 Equilibrium Points DerJ TrJ State 

(λ� − ��)R� − C� < 0; 

(λ� − ��)R� − C� < 0 

(1,1) +1 + Unstable 

(0,1) −2 ∗3 Saddle point 

(1,0) − ∗ Saddle point 

(0,0) + − ESS 

�
C�

(λ� − ��)R�
,

C�

(λ� − ��)R�
� ∗ ∗ Unstable 

Note: 1 “+”means the value is greater than 0, 2 “−”means the value is less than 0, 3 “∗”means the 

value is uncertain. 

Under condition 2: the benefits the INGO and LNGO gained from coordination are less than the 

coordination costs. Choosing the noncoordination strategy can provide players more benefits. The 

system evolves to point (0,0) over time. 

Table 6. Equilibrium stability analysis under Condition 3. 

Condition 3 Equilibrium Points DerJ TrJ State 

(λ� − ��)R� − C� < 0; 
(λ� − ��)R� − C� > 0 

(1,1) −1 ∗3 Saddle point 

(0,1) − ∗ Saddle point 

(1,0) +2 + Unstable 

(0,0) + − ESS 

�
C�

(λ� − ��)R�
,

C�

(λ� − ��)R�
� ∗ ∗ Unstable 

Note: 1 “−”means the value is less than 0, 2 “+”means the value is greater than 0, 3 “∗”means the 

value is uncertain. 

Under condition 3: the benefits of adopting a coordination strategy are much greater for the 

LNGO than when it chooses noncoordination. However, for the INGO, the result is the opposite. 

Similar to the discussion of Condition 2, the model would be stable at point (0, 0). Both the INGO 

and LNGO choose the noncoordination strategy eventually. 

Table 7. Equilibrium stability analysis under Condition 4. 

Condition 4 Equilibrium Points DerJ TrJ State 

(λ� − ��)R� − C� > 0; 

(λ� − ��)R� − C� < 0 

(1,1) −1 ∗3 Saddle point 

(0,1) +2 + Unstable 

(1,0) − ∗ Saddle point 

(0,0) + − ESS 

�
C�

(λ� − ��)R�
,

C�

(λ� − ��)R�
� ∗ ∗ Unstable 

Note: 1 “−”means the value is less than 0, 2 “+”means the value is greater than 0, 3 “∗”means the 

value is uncertain. 

Under condition 4: Contrary to condition 3, only the INGO can obtain benefits from 

coordination. Therefore, the probability of the LNGO adopting a coordination strategy will 

gradually reduce to 0, which decreases the coordination desire of the INGO. Finally, point (0,0) is the 

ESS. 

According to the above analysis of the four conditions, we can conclude that only when both 

the INGO and LNGO are willing to coordinate with the other can the coordination strategy be stable. 

If one of them is unwilling to coordinate, the partnership will not be achieved. The coordination 

desire can be motivated by their judgment of benefits, which include coordinated benefits and 

opportunity benefits, but it can be weakened by coordinated costs. To determine the incentive effect 
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of variables and the evolutionary path of players intuitively, we conduct a numerical simulation 

experiment in the next section. 

5. Numerical Simulation and Discussion 

5.1. Case and Parameters Setting 

Since December 2019, COVID-19 has infected millions of people around the world. This 

emergent public health event has had a serious impact on people’s lives. For example, the Wuhan 

government suspended the urban transportation system, closed all places of public entertainment 

and stopped the operation of businesses to keep people at home for three months. This event may 

cost 300–500 billion yuan in Chinese GDP in 2020. When the event occurred, a large group of NGOs 

quickly formed the China NGO Consortium for 2019-ncov (cnc-2019ncov) for humanitarian 

assistance. The main work of this consortium included (1) conveying specific action information, 

including action time, place, personnel, specific content, support object, etc.; (2) sharing expertise 

and experience and providing feedback for the rescue progress; (3) supporting activities of local 

organizations, such as managing volunteers, assessing the demand of affected people, and helping 

to formulate rescue plans and relevant capacity building; and (4) integrating and allocating social 

resources according to the demand assessment. With the help of CNC-2019nCOV, local NGOs and 

communities provided various services to residents affected by COVID-19, which involved 

spreading scientific knowledge and providing information consultation, psychological support, 

emotional counseling, service coordination, resource links, and so on. Meanwhile, local 

organizations shared their information about affected areas with CNC-2019nCOV. In this event, 

CNC-2019nCOV and local organizations worked together and formed an efficient organizational 

coordination network. 

In this case, we can regard CNC-2019nCOV as an INGO. Local nonprofit organizations, 

communities, and volunteer organizations are the corresponding LNGOs. From the coordination, 

the LNGO obtained professional knowledge and improved the rescue ability, as well as improved 

the operation efficiency of organizations. The INGO can acquire information for demand and rescue 

progress quickly and accurately, which accelerates the demand response time and increases the 

service quality. However, the coordination benefits in this case are intangible and lack exact data. 

Therefore, we assigned parameters by referring to Li’s study of humanitarian organizational 

coordination [6]. Since this work concentrated on the sensitivity of player behavior to parameters in 

the model, the randomness of the parameter assignment does not affect the simulation results [78]. 

To examine the impact of the initial behavior of players, we use a probability higher than 0.5 to 

indicate a high coordination desire. Conversely, a probability less than 0.5 indicates a low 

coordination desire [22]. By using the MATLAB software (version R2018, The WorkMaths, Natick, 

MA, USA), the evolutionary path of players and the influence of key factors can be observed 

intuitively. The initial values for the relevant parameters are shown in Table 8. 

Table 8. The values of parameters. 

Parameter ��  �� �� �� λ� λ� ��  ��  

Value 240 240 80 80 0.9 0.9 0.4 0.4 

5.2. Sensitivity Analysis of Parameters 

5.2.1. Impact of Initial Strategies on Coordination 

Figure 3 shows the evolutionary path of players with initial strategies set as 

(0.3,0.2), (0.8,0.9), (0.3,0.9)  and (0.8,0.2) . Under four different situations, the influence of the 

behavior change of players on the evolutionary relationship is explored. 
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(a) (b) 

 
 

(c) (d) 

Figure 3. Evolutionary path diagrams under different initial strategy. (a) Game players’ initial 

strategy probabilities (x, y) were set as (0.8,0.9). (b) Game players’ initial strategy probabilities 

(x, y) were set as (0.3,0.2). (c) Game players’ initial strategy probabilities (x, y) were set as (0.3,0.9). 

(d) Game players’ initial strategy probabilities (x, y) were set as (0.8,0.2). 

From the simulation results, we can see that coordination can be achieved when at least one 

player has a strong willingness to coordinate. If both parties tend to choose a “noncoordination” 

strategy, the system converges to (0,0) directly, therefore promoting mutual trust and encouraging 

NGOs’ willingness in the early stage will be conducive to improve the horizontal coordination in the 

humanitarian supply chain. 

5.2.2. Impact of R on the Coordination 

To reflect the impact of the value of sharable resources, we change the value of R� from 160 to 

320 and present the results in Figure 4. In the case of an initial probability of � = 0.5, � = 0.5 [71], we 

can see that as the degree of the value of sharable resources decreases, and both parties will choose a 

“noncoordination” strategy eventually. Under this situation, resources-sharing between the INGO 

and LNGO is inequitable, which makes rational organization with more sharable resources lack 

coordination motivation. 
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(a) (b) 

Figure 4. The impact of R�  on evolutionary results. The evolutionary path diagrams of INGO (a) and 

the evolutionary path diagrams of LNGO (b). 

As the value of R� changes, the model has a different stable state. When the sharable resources 

of LNGO are relatively high, INGO evolves to 1 faster. The coordination behavior of the LNGO can 

be encouraged by the high coordination willingness of the INGO. However, the LNGO holding less 

sharable resources will impede the coordination. Both the INGO and LNGO tend to choose 

“noncoordination,” and the model will finally be stable at (0,0). 

5.2.3. Impact of C on Coordination 

Coordination cost is another main factor affecting the behavior of players. A high coordination 

cost has an impact on the expected benefits. As shown in Figure 5, we simulate the evolutionary 

trend of INGO and LNGO at different values of C� . Maintaining the initial probability of � =

0.5, � = 0.5 , we change the value of C�  from 120 to 40. When C�  is higher than 40, 

“noncoordination” is the final choice of both sides. If C� decreased to 40, both INGO and LNGO will 

choose a “coordination” strategy, and the speed of the INGO evolving to 1 is faster. In addition, 

when C� = 60, INGO has a coordination willingness at an early stage, and the probability of INGO 

increases for a short time but converge to 0 eventually. Correspondingly, the probability of LNGO 

gradually decreases to 0. 

 

 

 

  
(a) (b) 

Figure 5. The impact of C� on evolutionary results. The evolutionary path diagrams of INGO (a) and 

the evolutionary path diagrams of LNGO (b). 
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5.2.4. Impact of Benefits Coefficients on Coordination 

According to the analysis in Section 4, the coordinated benefits coefficient and the opportunity 

benefits coefficient have opposite effects on the behavior of individual NGOs. A high coordinated 

benefits coefficient means that the organization can receive more benefits from interactions, which is 

related to the organizational capability. Conversely, a high opportunity benefits coefficient 

stimulates “free-rider” behavior. To identify the relationship between the evolutionary trend of the 

system and the benefits coefficient, we take the coordinated benefits coefficient of INGO as an 

example and set λ� from 0. 8 to 1. The same effect can be achieved by improving the opportunity 

benefits coefficient from 0.3 to 0.5. As shown in Figure 6, the initial probabilities are � = 0.5, � = 0.5. 

Only when λ� = 1 can the model be stable at point (1,1). A lower level of coordinated benefits 

coefficient restricts the INGO gain from resources-sharing. In this situation, the INGO has little 

desire to coordinate with others, which accelerates the evolutionary speed of the LNGO toward 

“noncoordination.” If the opportunity benefits coefficient is relatively high, the consequence of the 

game will not change. 

  
(a) (b) 

Figure 6. The impact of λ� on evolutionary results. The evolutionary path diagrams of INGO (a) and 

the evolutionary path diagrams of LNGO (b). 

5.3. Discussion 

In relief operations with high uncertainty characteristics, resources-sharing is a critical 

mechanism for coordination realization [17,74]. The extent of sharing depends on the demand and 

cost. Therefore, barriers to resources-sharing also hinder coordination. Based on the assumption of 

bounded rationality, this paper analyses the evolutionary game process of coordination between 

INGO and LNGO at the response phase through resources-sharing. In the case of COVID-19 

proposed by us, this paper proposed a coordination mode of INGOs sharing knowledge and rescue 

skills and LNGOs sharing disaster information and demand based on the organizational character. 

However, according to different types of disasters and relief environment, the demands for 

resources vary. For instance, when assisting the Lebanese after a war, since the LNGO has more 

power, the coordination can empower the INGO to participate in local activities and derive its 

legitimacy. At the same time, the LNGO can obtain the INGO’s donation resources and 

international network to build capacity [66]. In the case of the Ya’an earthquake, humanitarian 

organizations, including INGOs and LNGOs, coordinated their activities by forming an alliance 

and establishing information and knowledge sharing mechanisms from formal and informal 

channels [40]. The research on the Chennai flood in 2015 noted the necessity of sharing and 

understanding information between INGOs and local volunteer organizations to achieve 

coordination [19]. According to Spiegel et al. [79], NGOs and local communities established a 

partnership through information sharing, human resource sharing, and risk transfer when 

responding to the epidemic in Yemen. Thus, we can conclude that although there are various 
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modes of coordination, intangible and tangible resources-sharing is the main path of coordination 

in humanitarian organizations. 

Different from other microscopic studies of the drivers and advantages of coordination, this 

study tries to explain what the optimal decision is and how the coordination mechanism evolves in 

a dynamic perspective. We are seeking the general process or phenomena of interactions between 

INGOs and LNGOs, but not the relations in a specific setting. Our numerical simulation experiment 

captured the behavior changes of INGOs and LNGOs and validated the impact of key factors 

effectively. The computational results show that the amount of sharable resources and coordinated 

benefits coefficients have a positive impact on coordination. The coordination costs and opportunity 

benefits coefficient have the opposite effect. In addition, the willingness to coordinate NGOs can 

influence the other’s behavior and moderate the evolution path of the model to some extent. 

5.4. Management Implications 

First, our study helps NGOs understand the coordination mechanism based on 

resources-sharing, which can be an effective method to promote the sustainable development of 

humanitarian activities by avoiding resources contention and generating extra benefits. Similarly, 

Pazirandeh and Maghsoudi [17] showed that the sharing of complementary resources plays a 

significant role in improving the coordination performance between INGOs and LNGOs. By 

increasing the expected benefits of NGOs, sharable resources can greatly increase NGOs’ 

enthusiasm to participate in coordination. Previous studies suggest that resource scarcity is a 

common problem in humanitarian organizations [13,63]. It may not be wise to obtain some 

necessary resources and only rely on their own efforts by investing too much in internal resources 

blindly. Meanwhile, managers should make efforts to improve the capacity of organizational 

learning and resources utilization to maximize the value of shared resources, which have a positive 

impact on the selection of coordination strategy. Our evolutionary model highlights the dynamic 

path of each player, which gives managers theoretical guidance to adjust the optimal strategy and 

maximize their benefits. 

Second, the results remind NGOs to maintain an open mind and actively seek coordination 

because NGOs’ willingness to coordinate can motivate each other and make the coordination easier 

to realize. As suggested by many scholars, external forces such as the appropriate macrocontrol 

measures adopted by the government can also inspire their willingness to coordinate [53,59]. The 

government functions of legislation and authorization play an important role in accomplishing the 

social missions of NGOs and establishing equilibrium in different industries [10]. Fathalikhani et al. 

[52] found that properly designed and planned responsibilities for humanitarian organizations by 

governments can lead to better decision-making and more coordinated management when dealing 

with time-sensitive situations. Moreover, the guidance of policies can promote swift trust among 

NGOs, which is conducive to form a long-term stable relationship [57]. For example, in the early 

stage of COVID-19 in Wuhan, the Red Cross Society of China Wuhan Branch, the Hubei Provincial 

Foundation for Youth Development and three other NGOs were designated as the local responsible 

organizations for receiving donations and distributing charitable resources by the government. 

These organizations were encouraged to coordinate with other NGOs and undertake a pivotal role 

in charity. Some temporary NGOs and communities also proactively seek out and establish 

coordination with mature NGOs possessing the qualification of public offerings. In addition, social 

media also has an impact on coordination between INGOs and LNGOs. According to Moshtari et al. 

[68], social media provide opportunities for the visibility of resources, activities, and procedures in 

humanitarian relief and gives technical support for information diffusion and enhances the 

communication among organizations [43]. 

Third, managers need to pay attention to reduce the influence of coordination costs and the 

risk of “free-riders.” Complex management processes increase operational and coordination costs 

[5,13]. As noted by Agarwal et al. [11], optimizing organizational processes, reasonable division of 

labor, and clear responsibilities and rights are common methods to improve the internal efficiency 

of organizations and minimize management costs. Many examples show how communication 
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failure, political values, and identity undermine the collective efforts in crisis [80]. 

Miscommunication between partners caused by culture and language barriers is the main problem, 

which seriously increases the coordination costs. Prasanna [58] proposed that organizational culture 

can be understood in routine activities that are largely unconscious and automatic. Therefore, Altay 

and Pal [74] supported that maintaining information exchange can elevate communication 

efficiency and eliminate misunderstanding. Adem et al. [10] provided a solution to replace the staff 

of international missions with local participants, who are more familiar with local culture and 

related policies. It is helpful to avoid unnecessary mistakes and reduce costs. Azmat [15] also 

explained that hiring qualified professionals can make charitable organizations more rational. For 

instance, the Wuhan Red Cross outsourced the relief material inventory and transportation to a 

professional third-party logistics company. The response efficiency improved through a specialized 

management path. In addition, overcoming cultural conflicts and policy constraints is also helpful 

to reduce the coordinated costs [12,58]. 

6. Conclusions and Future Research 

This study explores the coordination mechanism between INGOs and LNGOs in the 

humanitarian supply chain by applying evolutionary game theory. Based on the assumption of 

rational economic humans, interest conflicts existing in players can lead to the failure of horizontal 

coordination. Combined with previous studies, we discuss the impact of key factors and initial 

strategies on our dynamic model in a quantitative way. The results show that coordinated benefits 

can affect the behavior of players positively. However, opportunity benefits and coordinated costs 

hamper the partnership. In the meantime, each player’s strategy can be changed by the reaction of 

others. 

The contributions of our study mainly focus on two aspects. First, our analysis provides an 

effective method to enhance the capacity for the sustainable development of the humanitarian 

supply chain from the coordination perspective. We demonstrate that resources-sharing is the main 

motivation for coordination between INGOs and LNGOs. Organizations with complementary 

resources should achieve coordination to make relief activities more sustainable. In addition, 

horizontal coordination between INGOs and LNGOs prevents the competition for limited resources 

and avoids repetitive tasks. Second, our results highlight the interaction mechanism among players 

and calculate the optimal coordinated strategy in different conditions. The quantitative method also 

addresses the research gaps. 

This study can be extended in several directions. First, through in-depth research in the future, 

we can explore more factors in the coordination mechanism. Multi-stakeholders, including an 

enterprise, donor, media and others, can be included in the coordination model. Second, the 

coordination models in different types of relief operations are also worthy of further investigation. 

We can also consider in the future an investigation regarding the intersections with the Green Public 

Procurement [81,82] and Green Procurement in the private sector [83,84]. Furthermore, it is 

necessary to consider how to optimize resource utilization in the horizontal coordination 

framework. 
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