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Abstract: Sustainable humanitarian supply chain has a great impact on saving lives, decreasing
human suffering and contributing to development. Organizational coordination plays an
important role in it, although it is uncommon to be established due to the conflicting interests and
expectations. To cope with the problem and achieve the sustainability of humanitarian supply
chain, the coordination between private sector and humanitarian organization was further
discussed with the help of sustainable principle regarding stakeholder approach. Different from
the existing literature that elaborated the drivers and the advantages of coordination, this paper
aims to explore the coordination mechanism regarding whether to coordinate, when to adopt the
optimal coordinated strategy and how such a strategy can perform well. To analyze the tendency
of the coordinated decisions, evolutionary game models concerning traditional and trust
mechanisms were developed. Then, computational studies based on hypothetic data were
simulated to validate the effectiveness of the proposed model. Results indicated that the
coordination decision was affected by coordinated returns and costs, normal returns and extra
returns in terms of the traditional mechanism. Several situations in regard to the coordinated
decisions were analyzed by adopting evolutionary stable strategies. Moreover, trust had a
significantly positive impact on coordination promotion under the support of potential returns

and high-level trust. Finally, managerial insights for achieving the sustainable humanitarian
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supply chain were given from the perspective of organizational coordination and strategy.
Keywords: Sustainable humanitarian supply chain; stakeholder approach; coordination
mechanism; private sector; trust; evolutionary game model
1. Introduction

It is reported that an increasing number of disasters have led to overwhelming losses in
recent years. For instance, large-scale disasters approximately caused property losses of 986,691
million dollars and 1,105,352 casualties (Galindo and Batta, 2013). To save lives, decrease
human suffering and contribute to development, the philosophies of sustainable development
organically being integrated into disaster risk reduction during disaster prevention, mitigation,
preparedness and relief need to be identified and recognized, which was portrayed by the UN in
2015 (United Nations, 2015). Similarly, the combination of sustainable development and disaster
management was also suggested by Stenson (2006). In addition to that, Van Wassenhove (2006)
mentioned that 80 percent of humanitarian aids were related to logistic activities, and inadequate
supplies of reliefs or services would result in a bad reaction in the context of disaster. Thus, it can
be inferred that investigation on both sustainable humanitarian supply chain (SHSC) and disaster
relief supply chain requires urgent attention. Such a viewpoint was also supported by Cao et al.
(2018), Cao et al. (2017), Dubey and Gunasekaran (2016) and Haavisto and Kovacs (2014).

According to Cao et al. (2018) and Cao et al. (2017), SHSC can be defined as the
integration of humanitarian supply chain (HSC) and sustainable development. On the one hand,
an effective performance of traditional HSC can be regarded as a sustainable expectation. In
detail, saving lives and decreasing human suffering are consistent with social responsibility,
while contributing to development is closely associated with the longer term of sustainability
(Haavisto and Kovacs, 2014). On the other hand, triple bottom line (TBL) as a popular method is
used to analyze the trade-off among economic, environmental and social aspects in humanitarian
logistics (Laguna-Salvad¢ et al., 2018; Cao et al., 2018; Kunz and Gold, 2015; Vega-Megjia et al.,
2017). For example, Cao et al. (2017) employed emergency costs, carbon emissions and the
weighted completion times to measure economic, environmental and social dimension of the
sustainability. Similarly, the aspects of economy (e.g. effectiveness, efficiency and equity),
environment (e.g. pollution reduction and resource conservation) and society (e.g. labor

condition and local empowerment) were also considered in the design of a multi-criteria master
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planning decision support system (Laguna-Salvado et al., 2018). The aforementioned literatures
mainly focus on the optimization of various performance objectives, but ignore the importance
of several stakeholders. Humanitarian logistics include lots of stakeholders, such as military,
humanitarian organization (HO), private sector (PS), non-profit organization (Balcik et al., 2010).
And it is almost impossible for a single stakeholder to fulfill the needs of the affected people and
infrastructure rebuilding (Akhtar et al., 2012). Further, the achievement of sustainable
performance relies on information transparency, enhanced communication and trust, which
results from the coordinated supply chain design (Kunz and Gold, 2015). In this context, it is
necessary to adopt an effective way (e.g. stakeholder approach) to improve the sustainability of
HSC from the viewpoint of organizational coordination.

Given the complexity of business environment and the participation of various stakeholders,
the directors of a firm should take into account various stakeholder groups instead of merely
focusing on the interests/expectations of themselves. In this circumstance, stakeholder approach
is devised to manage the independence among serval stakeholders by balancing different
interests/expectations (Freeman, 1984). Specifically, identification of stakeholders, analysis of
their interests/expectations and the relationship management are the main works. Not
surprisingly, since many organizations as various stakeholders participate in SHSC management,
organizational coordination problem can be regarded as a new application of stakeholder
approach. For example, various stakeholders (e.g. military, HOs, donors, PSs) are identified in
humanitarian logistics (Balcik et al., 2010). As a core stakeholder of SHSC, HO needs to
coordinate with other actors by well understanding different interests/expectations of them (Bealt
et al., 2016). After reviewing the related works (Numala et al., 2017; Van Wassenhove, 2006;
Akhtar et al., 2012; Tatham and Kovacs, 2010; Moshtari, 2016), Dubey and Altay (2018)
portrayed that such interests/expectations could be divided into two groups including the
resource-based view and the relationship theory. The former uses resources (tangible and
intangible) and capacities to explain the drivers of coordination (Akhtar et al., 2012), while the
latter emphasizes the important role of relationship (e.g. swift trust and commitment) on
coordination (Tatham and Kovacs, 2010; Moshtari, 2016). Although the aforementioned studies
explicitly conclude their interests/expectations, the coordination mechanism to balance different
interests and expectations is still limited (Altay and Green, 2006; Nurmala et al., 2017). For

example, Balcik et al. (2010) adopted the method stemming from commercial supply chain to
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promote HSC coordination in a qualitative way. More specifically, the coordination decision is
made by decision makers based on the evaluation of relevant costs (e.g. coordination cost,
operational risk cost and opportunistic cost). Such a decision cannot answer when to coordinate
and how to perform well, although it is adopted to guide managers whether to coordinate.
Moreover, as Balcik et al. (2010) held, the relevant costs should be adjusted by the level of
interdependence among supply chain members and the uncertainty of demand and supply (Xu
and Beamon, 2006), which requires a perfect rationality of decision makers in a one-stage game.
However, due to the asymmetric information, shortsightedness and self-interest, decision makers
may show the bounded rationality in multistage games (Shi et al., 2018), especially during
disaster operations management (Du and Qian, 2016). To solve this problem, game theory is an
effective quantitative method to explore the strategic behavior between at least two players,
when the two players’ interests are in conflict, and their actions are interactive (Xu and Beamon,
2006). Besides, compared with classic game theory, evolutionary game model (EGM) highlights
the importance of the bounded rationality and dynamic evolutionary of strategy. It provides an
effective approach to analyze the coordinated tendency of multi-suppliers (Yu et al., 2009). As
such, how to formulate the coordinated game as an EGM to answer whether to coordinate, when
to select an optimal coordination decision and how to perform well is the purpose of this paper.
Although lots of literature discuss the HSC/SHSC coordination from different perspectives,
few researchers concentrate on how this model evolves as the implementation progress in a
quantitative way. The purpose of this paper is to investigate the evolutionary process of the
coordinated game through the help of the EGM. The other contributions can be concluded from
the following three aspects. Firstly, PS-HO partnership is the main focus of this paper, and the
importance of such a partnership is summarized as follows. On the one hand, coordination has a
positive impact on their performance improvement (Van Wassenhove, 2006; Nurmala et al.,
2017). In detail, for HO, since PS has a rich resource to manage materials, service information
and capital flow, it usually acts as a significant logistics service provider in humanitarian aids
(Schulz and Blecken, 2010). And the participation of PSs determines the difference between
successful or failed disaster operations (Van Wassenhove, 2006). For PS, humanitarian relief can
be regarded as a multi-billion-dollar market, which draws PS to take part in humanitarian
logistics. In addition to that the coordination is also motivated by non-economic benefits (e.g.

brand images, corporate social responsibility and staff motivation) (Balcik et al., 2010). On the
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other hand, as Nurmala et al. (2017) pointed out, although the benefits were obvious, such
coordination seemed uncommon because of the conflicting interests (e.g. PS concentrates on
profit-making while HO aims to save lives, decrease suffering and contribute to development).
Consequently, it is pressing to design an optimal mechanism to manage their partnership, which
is also identified as a research gap in the study of Nurmala et al. (2017). Secondly, to explore
different interests of HO and PS, performance management (e.g. normal returns, coordinated
returns, extra returns and coordinated costs) (Akhtar et al., 2012) and trust behavior (Lu et al.,
2018; Dubey et al., 2017) are simultaneously considered to manage the independence between
them. Specifically, the traditional mechanism tends to test the value of coordination from the
perspective of performance management. The trust mechanism aims to promote coordination
from the viewpoint of relationship management (Dubey and Altay, 2018). Such two mechanisms
provide decision tools to decide whether to coordinate, when to coordinate and how to adopt an
optimal strategy. Thirdly, this paper is to not only validate the designed methodology regarding
organizational coordination problem and improve the performance of SHSC, but call for the urge
of integrating philosophies of sustainable principle (e.g. stakeholder approach) into the design of
the organizational coordination mechanism in humanitarian logistics.

The rest of this paper is organized as follows: Section 2 presents a critical literature review.
In Section 3 and Section 4, the EGM concerning organizational coordination problems is
proposed. Then, necessary analysis is also presented. Computational studies are implemented in
Section 5. Discussion and managerial insights are also summarized. Finally, conclusions and
future directions are given in Section 6.
2. Literature review

To save lives, decrease human suffering and contribute to development, SHSC and
organizational coordination have received considerable attention. In line with the title and
structure of this paper, three aspects are reviewed as follows: (1) the relationship between
organizational coordination and SHSC, (2) organizational coordination issue, and (3)
evolutionary game theory.
2.1 Relationship between organizational coordination and SHSC

The total number of natural disasters has shown a growing trend in recent years. To deal
with the huge challenge of humanitarian logistics pressure, the attention to SHSC increases

(Dubey and Gunasekaran, 2016). However, given that sustainability is a very new stream in HSC
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management, there are very few publications to elaborate the importance of coordination in
SHSC. Therefore, the related studies are extended to the HSC.

On the one hand, the main performance measurement of HSC focuses on time saving and
cost efficiency (Haavisto and Kovacs, 2014), and it is verified that organizational coordination
has a positive impact on improving such performances. For example, Balcik et al. (2010)
portrayed that a quick response required a coordinated effort. If not, the suffering of the affected
population may be prolonged because of the poor management of coordination (Moshtari, 2016).
Similarly, Nolte and Boenigk (2011) argued that an enforced organizational structure was helpful
for time saving and quality improvement of relief. However, as Brown et al. (2011) examined,
due to the conflicting cultures and interests, coordination played a negative role in performance
improvement of HSC, especially among temporary organizations. Although sustainability is not
clearly clarified in the field of HSC management, the objectives (e.g. saving lives, decreasing
human suffering and contributing to development) are still consistent with the goal of sustainable
development (Haavisto and Kovacs, 2014).

On the other hand, coordination is also regarded as a critical issue in the field of SHSC
management (Kunz and Gold, 2015), although the motivations, methods and objectives are
extremely different between HSC and SHSC (Cao et al., 2018). For example, Dubey and
Gunasekaran (2016) identified that the sustainability of HSC (e.g. agility, adaptability and
alignment) relied on an enforced coordination network. Kapucu et al. (2013) argued that
continuous operation was the critical feature of the sustainability, and it could be fulfilled by an
optimal coordination network. Meanwhile, Cao et al. (2017) suggested that the sustainability of
HSC (e.g. economic, environmental and social aspects) could be achieved by the optimization of
organization allocation. Not surprisingly, there is not always positive impact of coordination on
performance improvement. For example, Large and Thomsen (2011) found that environmental
coordination had a negative impact on purchasing performance. Moreover, the results of
Gimenez et al. (2012) only provided partial support for the positive impact of coordination on
the TBL achievement.

In summary, the positive impact of coordination is widely accepted as the main idea by lots
of researchers as a result of resource complementation (Moshtari, 2016), risk sharing (Akhtar et
al., 2012) and coherence of actions (Dubey and Altay, 2018). On the contrary, the opposite

viewpoint is also contended because of the conflicting interests, cultures and agendas (Van
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Wassenhove, 2006; Brown et al. 2011; Large and Thomsen, 2011), although the importance of
coordination is not completely denied in their studies. Indeed, such conflicts challenge the
effectiveness of coordination, especially in disaster practical operations management. Fortunately,
such a challenge can be solved by the optimal managerial approaches/theories in terms of
information sharing, performance management, cultural cohesion and relationship management
(Dubey and Altay, 2018). Consequently, in this paper, it is assumed that coordination plays a
positive role in performance improvement of SHSC, and the related issue of organizational
coordination is reviewed in next subsection.
2.2 Organizational coordination issue
Coordination has been recognized as one of the critical factors to affect successful disaster
operations management by many researchers and disaster managers, especially between PS and
HO (Van Wassenhove, 2006; Balcik et al., 2010; Nurmala et al., 2017). Motivated by the
positive impact of coordination on both HSC and SHSC management, the coordination
mechanism regarding how to manage the independence among organizations is of great
significant (Balcik et al., 2010). To explicitly analyze the mechanism, different interests and
expectations of organizational coordination should be clarified here. After widely reviewing
literature, the interests and expectations of organizations can be concluded as the drivers of
coordination in the process of coordination. Specially, Dubey and Altay (2018) classified
various drivers of coordination into the resource-based viewpoint (e.g. information sharing,
visibility and performance management) and the relationship perspective (e.g. swift trust,
commitment and culture cohesion).

On the one hand, different interests (e.g. PS dedicates to stock market, high revenues and
profits while HO prefers to save live and decrease human suffering) are identified as a critical
challenge for coordination promotion between PS and HO (Van Wassenhove, 2006). Thus,
performance management is highlighted here. For PS, the purpose of performance management
is cost reduction (e.g. inventory cost, transportation cost, customization cost) and profit
maximization (e.g. high turnover rate and a large number of deterministic orders) (Nurmala et
al., 2017). However, given the preferences of procuring locally, the uncertainty of disaster, and
the levels of funding, HO usually requests for inventory pre-positioning and competitive
bidding (Balcik et al., 2010), which greatly increases the cost of PS. To effectively manage the

relationship, Balcik et al. (2010) employed coordination cost, opportunistic cost and operational
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risk cost to measure the coordination in terms of procurement, warehousing and transportation
management. Particularly, the attributes of commercial supply chain coordination mechanism
(e.g. resource sharing structure, level of control, risk/reward sharing and decision style) were
replaced by quick response, continuous replenishment and coordinated procurement. Such a
mechanism was also applied in Akhtar et al. (2012).

On the other hand, coordination promotion is also discussed from the perspective of
relationship management, although performance management viewpoint is helpful to manage
the coordination well. For example, Dubey et al. (2017) identified that swift trust was a missing
links for HSC coordination. Similarly, Kapucu et al. (2013) verified that inter-organizational
trust was the most significant factor in coordination promotion. Therefore, to integrate trust
behavior into the coordination mechanism, Tatham and Kovacs (2010) analyzed different levels
of trust in coordination promotion and performance improvement. In detail, the strength of trust
depends on five routes (e.g. rule, third-party information, category, role and dispositional trust).

Overall, both performance management and relationship management are well applied to
the design of coordination mechanism, but few authors simultaneously address the two aspects.
As Dubey and Altay (2018) identified, there was a transitive link between performance
management and relationship management. In other words, the relationship management can be
regarded as a supplementary factor of the performance management, which plays a critical role
in coordination management. Therefore, in this paper, the integrated mechanism is devised
based on such two aspects.

2.3 Evolutionary game theory and its applications

Game theory was widely applied to model the social interaction and provide an effective
decision-making guideline for game players. In order to obtain a great prediction of players’
strategy, the classic game theory assumes that players show perfect rational behaviors (e.g.
acknowledge actions and characteristics of all the other players), although it is impossible for
each player to be acquainted with the information of others (Chen et al., 2018). To address the
issue mentioned above, the EGM highlighted the importance of replicator dynamics when
players with bounded rationality would adjust their strategies in light of their previous actions,
especially the successful strategy. Replicator dynamics is denoted by the differential equation in
the EGM, so as to describe the dynamic frequency change of the discrete decision in

evolutionary games (subsection 3.3 for more details). According to Cai and Kock (2009), such a
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method leverages and extends the ideas of the classic game theory.

According to Yu et al. (2009), EGM is widely applied to study the social interaction in the
field of economics and sociology, especially to manage supply chain coordination (Seuring,
2013). To our knowledge, the application of MS/OR method (e.g. EGM) is unsound in the field
of HSC. Given the similarity between HSC and commercial supply chain, the boundary of our
review is expanded to the field of commercial supply chain. For example, Shi et al. (2018)
proposed a game model with the concern of product prices and its costs, incentive returns,
spillover effect as well as coordinated costs, so as to investigate the cooperative relationship
among construction suppliers. To achieve the integration of the entire supply chain, Yu et al.
(2009) developed an EGM, and the model was captured by normal benefits (traditional strategy),
new benefits (VMI strategy), penalties and investment. Similarly, a cooperation strategy was also
designed as an EGM to enhance the sustainability of two competing suppliers (Xie, 2016). In
literature of HSC, a few researchers did the similar work to promote coordination. For example,
Du and Qian (2016) characterized normal returns, coordinated benefits and costs, rewards,
penalties as well as the value of legitimacy as an EGM to describe the relationship between
governments and nonprofit organizations, and it aims to promote collaboration during the period
of disaster mobilization. Liu and Xie (2016) analyzed the prices and costs of relief, overtime pay
as well as the possibility of successful transaction on emergency supply requisition negotiation.

In summary, compared with classic game theory, EGM is an effective method to manage the
relationship among organizations, especially in the context of time pressure and information
asymmetry. In this paper, the related factors (e.g. performance management and trust behavior)
are treated as the returns and costs, and the questions regarding when to coordinate and how to
perform well can be solved by the results of EGM.

3. The game model concerning the traditional mechanism

In this section, the behavior of organizations in SHSC coordination are formulated as a
decision-making game. Specially, the traditional mechanism concerning performance
management is firstly discussed here.

3.1 Problem description

In this subsection, a two-tier supply chain structure consisting of demand points with

multiple HOs and external suppliers with lots of PSs is considered. One actor is randomly

selected from demand points and external suppliers each time to carry out the coordinated game.
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Both PSs and HOs decide whether to coordinate with others. Particularly, for PS, whether to
provide philanthropic help (e.g. cash-based donation and strategic help) is the main difference
between coordination and non-coordination strategy (Van Wassenhove, 2006; Balcik et al.,
2010).

The unobservable system is the highlight of this paper. HOs fail to know if PSs adopt
coordination strategy, and if they can get more profits when they coordinate with PSs.
Meanwhile, PSs also don’t know any information mentioned onwards. Thus, a dynamic game
exists in the interaction between PSs and HOs. In other words, since both PSs and HOs are
bounded rationality, the coordinated decision is closely related to their previous behaviors.

With regard to PSs, normal returns, coordinated returns and extra returns are the main
benefits when they interact with HOs. When PSs only act as a tool/operator (e.g. choose the
non-coordinate strategy) in humanitarian logistics, normal returns can be gained from the
commercial transaction (Balcik et al., 2010; Vega and Roussat, 2015). Besides, opportunistic
behaviors (e.g. shrinking responsibilities, providing low-quality relief and delaying delivery) (Xu
and Beamon, 2006) and “free rider” problems (Yu et al., 2009) may exist. They will obtain extra
returns from the aforementioned behaviors. On the contrary, a few PSs desire to coordinate, and
they will establish a philanthropic relationship with HOs. After that, more economic benefits and
non-economic benefits (e.g. brand images, corporate social responsibilities and staff motivation)
are gained as the coordinated returns of PSs (Balcik et al., 2010). Absolutely, necessary costs
should also be paid for their interaction. In order to maximize their returns, it is challenging for
PSs to balance the returns and costs.

In terms of HOs, normal returns, coordinated returns, extra returns are also important. The
decision process is similar to that of PSs, and it also aims to maximize their returns in
coordination games. However, due to the non-profit characteristic of HOs, it is necessary to
illustrate the returns and costs of HOs. As Nurmala et al. (2017) argued, HOs concentrated on
performance improvement regarding quick response, time saving and continuous replenishment
(details see Table. 1). Such an improvement can be treated as financial returns by adopting some
methods, such as key performance indicators (Blecken et al., 2009). For example, the efficiency
of disaster response was treated as financial returns in their model (Du and Qian, 2016). Chen

and Sun (2017) did a similar work to stand for performance improvement.
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Table 1. Measurement of returns and costs

Ttem(s)

Returns and costs

Performance measurement

for PS

for HO

Normal returns

Coordinated returns

Extra returns

Coordinated costs

A multi-billion-dollar market (Balcik
etal., 2010)

1. Direct economic returns, search
for new ways for expanding their
agility  capacities and
Balcik, 2008);

2. Non-economic returns (e.g. brand

(Beamon

image, staff motivation, corporate
social responsibility, mitigate the
negative impact of disasters on
business sustainability (Rueede and
Kreutzer, 2014; Moan et al. 2009;

Van Wassenhove, 2006).

1. Opportunistic behaviors, such as
provide low-quality products, shirk
responsibilities and delay in delivery
(Xu and Beamon, 2006);

2. “Free rider” problem, which can
be explained as spillover returns
from player's defection (Yu et al.,
2009).

1. Philanthropic help (e.g. strategic
help and donation (Balcik et al.,
2010);

2. Interaction behavior (e.g. manage
information, award the contract and
attend meeting) (Balcik et al., 2010);
3. Rapid relief supply (e.g. staff
salaries, inventory pre-positioning
management) (Balcik et al., 2010).

Rapid and stable relief supply, high
quality of product/service (Nurmala et
al., 2017)

1. Cash-based donation, strategic-based
help (Balcik et al., 2010);

2. Achieving a more accountable, visible
and effective performance by learning
the experience of commercial supply
chain management (Oloruntoba and
Gray, 2009);

3. Reducing the risk of relief shortage,
improving the capacity of continuous
replenishment (Nurmala et al., 2017,
Balcik et al., 2010).

1. Opportunistic behavior, such as unfair
price-based competitive bidding, shirks
responsibilities and contract broken
(Balcik et al., 2010);

2. “Free rider” problem, and it is similar
to PS, especially HO with bureaucracy.

Interactive behavior (e.g. acknowledge
HO's culture, method and agenda, attend
coordination meeting, award a contract
(Balcik et al., 2010).

3.2 Model formulation

To present a comprehensive overview of various factors, the following parameters (Table. 2)

are summarized here.
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Table. 2 Parameter settings

Item Parameter

Description

X

for PS a,

for HO By

Th

The possibility of coordination strategy adopted by PSs. On the contrary, /-x denotes the
possibility of adoption regarding non-coordination strategy;

Normal returns obtained from the absolute commercial relationships (no one adopts the
coordination strategy);

Ratio of increased returns of the mutual coordination to normal returns (both PSs and HOs
adopt the coordination strategy);

Ratio of increased returns of the unfair coordination to normal returns (only PS desires to
coordinate with HO);

The coordinated costs should be paid by PSs when they choose the coordination strategy;
Extra returns obtained by PSs due to the opportunistic behavior and the “free rider” problem.
The possibility of coordination strategy adopted by HOs. On the contrary, /-y denotes the
possibility of non-coordination strategy;

Normal returns obtained from the absolute commercial relationship (no one adopts the
coordination strategy);

Ratio of increased returns of the mutual collaboration to normal returns (both PSs and HOs
adopt the coordination strategy);

Ratio of increased returns of the unfair coordination to normal returns (only HO desires to
coordinate with PS);

Coordinated costs should be paid by HOs when they choose the coordination strategy;

Extra returns obtained by HOs due to the opportunistic behavior and the “free rider” problem.

In this paper, a discrete strategy game is captured by coordination and non-coordination

strategy. Four coordinated modes (Fig. 1) are developed from the cross tabulation of such

strategies. Moreover, it was identified that mutual collaboration was the most effective way to

achieve the sustainability of SHSC (Dubey and Gunasekaran, 2016).

Strategy can be
| adopted by HO

Mutual Collaboration

| contributes to the sustainability
[ of SHSC (Dubey and
Gunasekaran, 2016)
Coordinate

Strategy can be
adopted by PS

Non-
coordinate

Non-coordinate Coordinate

Fig. 1 The coordinated modes between PSs and HOs in SHSC
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To propose the EGM, four coordinated modes are discussed here. In this model, both PSs
and HOs tend to maximize their returns when they choose the coordinated strategy.

(1) Case 1: {non-coordinate, non-coordinate}. No one adopts coordination strategy, and an
absolutely commercial relationship is established (Balcik et al., 2010). Both PSs and HOs can
only obtain normal returns R, and R, (Vega and Roussat, 2015), and R, >0, R, >0

respectively;

(2) Case 2: {coordinate, coordinate}. An optimal strategy regarding mutual collaboration is
the best cases in this game. For PSs, both economic (e.g. stock market, higher revenues and
profits) and non-economic returns (e.g. staff motivation, brand image and corporate social
responsibilities) can be earned (Van Wassenhove, 2006; Balcik et al., 2010), and it is denoted by
(1 + a;)R,,. To obtain such returns, necessary costs C, (see Table. 1) should be paid. For HOs,
the coordinated returns (e.g. extra cash-based donation and strategic help) can be obtained
because of their coordination behavior (Nurmala et al., 2017). Such returns can be represented by
(1 + B1)Ry. Similarly, HOs also should put C; to the common pool.

(3) Case 3: {non-coordinate, coordinate}. The unfair coordination that only the HO prefers
to coordinate exists in this game. In this context, HOs can also obtain some coordinated returns
(1 + B2)Ry, although such returns are less than (1 + £;)R;,. What leads to such a phenomenon
is that mutual collaboration is the best situation to improve the whole performance of the
coordinated system (both PSs and HOs), and it was validated by Dubey and Gunasekaran (2016).
Besides, the coordinated costs €} should be paid by HOs. With regard to PSs, extra returns m,
can be obtained from opportunistic behavior (see Table. 1) and “free rider” problems as a result
of adoption of the defection strategy (Xu and Beamon, 2006; Yu et al., 2009).

(4) Case 4: {coordinate, non-coordinate}. As an opposite case compared with case 3,
coordination strategy is only adopted by PSs. m, + R;, and (1 + a3)R, — C,, stand for their
returns.

According to the aforementioned statements, the return matrix is shown in Table. 3.



344

345
346

347

348

349

350

351

Table. 3 The coordinated game between PSs and HOs considering the traditional mechanism

Humanitarian Organization (HO)

Coordinate (y) Non-coordinate (/-y)

, (1+apR, — C,. (1+a)R, —C
Coordinate (x p v b =p
Private Sector ) (1+ Ry —Cp T + Ry,
(PS) . Ty + Ry; Ry;
Non-coordinate (/-x) (1+ B,)R), — Cn R,

3.3 The replicator dynamics system and equilibrium points
Based on Table. 3, the expected returns of PSs that adopt coordination strategy are:
Ey =y[(1 + a)R, = G| + (1 =M1 + az)R, — (] (1
The expected returns of PSs that don’t adopt coordination strategy are:
Ey»=y(m, +R,) + (1 —Y)R, )
The average expected returns of PSs under the mixed strategies can be denoted by:
Exa-x) = XEx + (1 = x)E;_ = [(@1 — @2)R, — mp|xy + (@R, — C,)x + mpy + R, (3)
Based on the EGM, the expected returns of a strategy selected by one player are higher
than the average expected returns of the population, and the strategy will spread in the
population (Chen et al.,, 2018). Thus, the replicator dynamics system denoted by the

differential equation can be used to describe the frequency of such strategies.

dx

dt - x(E x(l x)) 7 x(l - x){(az p) [np - aZ)Rp]y} (4)
Similarly, the replicator dynamics system of HOs is presented by:

dy

= =Y(Ey —Eya—y) =y = »{(B2Rn — Cu) = [mn = (B — B2)Rn]x) )

Based on Eq. (4) and (5), five equilibrium points, namely (0,0), (1,0), (0,1), (1,1) and
(x*,y"), where:

« _  BaRn—Cnp « __ ®WRp—Cp
X' = y = (6)

h—=(B1=B2)Rn Tp—(@1—a2)Rp
As Friedman (1991) pointed out, the Jacobian matrix of the replicator dynamics system is

defined by Eq. (7).

J= [a11 a12] )

Y

where:
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a;; = (1- Zx){(asz - Cp) - [7Tp — (a; — az)Rp]Y}

a;; =—x(1- x)[np — (a1 — az)Rp]

a1 = —y(1 = y)[mp — (B1 — B2)Rul

az2 = (1 = 2y){(B2Rn — Cp) — [mtn — (B1 — B2)Rn]x}

The determinant and the trace of the Jacobian matrix are respectively denoted by detJ and

trJ. They are denoted as:
det] = aj1a2; — a4120,5; tr/ = a;; +ay; (3

When det] > 0 and tr]/ < 0, the equilibrium point of the replicator dynamics system is
locally stable, and it is regarded as the evolutionary stable strategy (ESS) in the coordinated
game.

3.4 Evolutionary stable strategies considering different scenarios
In the light of model analysis, five ESSs are depicted in Fig. 2. Nodes O, 4, B and C

represent four types of coordinated modes.

B(0,1 C(1,1) B(0,1 C(1,1) B, C(1,1)
0(0,0) A(1,0) 0(0,0) A(1,0) 0(0,0) ALD)
(a) Scenario 1 (b) Scenario 2 (c) Scenario 3
B(0,1 C@,1) B(0,1 C(1,1)
Y
I I

K_\

0(0,0) A(1,0) 0(0,0) A(1,0)

(d) Scenario 4 (e) Scenario 5

Fig. 2 Evolutionary stable strategies of the traditional mechanism
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Scenario 1 (Fig. 2a):when 0 < a; < C,/R,, a; < a; < (C, +m,)/Ry, 0 < By < Cp/Rp,
B2 < B1 < (Cp + mp)/Ry, 0(0,0) is the only equilibrium point of the replicator dynamics
system, and it means that non-coordination strategy is the optimal strategy for both players. It
may result from a small value of C,/R, and C,/Rj. In other words, the net returns (the
difference of the coordinated returns and their costs) obtained from coordination strategy are less
than that of non-coordination strategy for each actor.

Scenario 2 (Fig. 2b):when a, < ay < (C, +1m,)/Ry, Cy/Ryp < B2 < By < (Cp + 1) /Ry,
0 < a, < C,/R,, the equilibrium point will evolve to B(0,1) after several games. In this
scenario, HOs prefer to coordinate due to the great value of net returns (S,R;, > Cp,). On the
other hand, inadequate benefits and undesired collaborated costs are found (@R, < Cp,
R, < C, + mp) from the coordination of PSs. However, the extra returns 7, can be obtained
from their defection. Hence, non-coordination strategies are adopted by PSs.

Scenario 3 (Fig. 2c): when C,/R, <a, <a; <(C,+m,)/R,, 0< B, <Ch/Ry,

B2 < B1 < (Cp + mp)/Ry, compared with scenario 2, A(1,0) is an opposite case, which
indicates that an unfair coordination strategy is only adopted by HOs.

Scenario 4:whenC,/R, < ay < a; < (C, + mp)/Ry, Cp/Ry < By < B1 < (Cy + m1)/Ry,
an interesting and reasonable situation including two equilibrium points A(1,0) and B(0,1)
will exist in the replicator dynamics system (Fig. 2d). In this context, the ESS is uncertain, and it
will be discussed next.

Scenario 5 (Fig. 2e): when (C, +m,)/R, < ay < a; and (Cy + m,)/Ry < B < By, an
expected state will exist in the coordinated game, which indicates coordination is an optimal
strategy for both PSs and HOs. As such, mutual coordination is the best way to achieve the
sustainability of HSC, and it was validated by Dubey and Gunasekaran, 2016.

3.5 Parameter analysis

As depicted in Fig. 2d, two strategies regarding {coordinate, non-coordinate} and
{non-coordinate, coordinate} are adopted by two players randomly, which is determined by the
location of node D(x*,y*). In other words, the adopted strategy depends on the area of OACD

(Soacp) and OBCD (Sppcp)- If Spacp 1s greater than Sygcp, PSs choose the coordination
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strategy, but HOs have an opposite action. To comprehensively test the impact of several factors
on their coordinated decision, parameter analysis regarding ratio of increased returns of
coordination to normal returns (a;, a,, B; and f3,), the normal returns (Rp and Rj), the
coordinated costs (C, and Cj) and the extra returns (7, and my) is implemented. To make a
clear statement for readers, necessary proofs are presented in Appendix A. Due to the similar
meaning of Spucp and Sppep, Soacp (the possibility of ESS which is captured by {coordinate
and non-coordination}) is only discussed here.

Proposition 1: S, ,cp Will expand with the increased tendency of @; and «a,, but reduce
with the increased tendency of f; and f[,. It means returns from coordination (e.g. not only the
mutual coordination but also the unfair coordination) positively affect the coordinated decisions.
In other words, the motivation for each actor to coordinate can be induced with a strong
possibility of coordination returns.

Proposition 2: S, ,cp 1s positively correlated with the normal returns. It means a great
value of the normal returns will make a good impression on the opponent, and it attracts each
player for interaction.

Proposition 3: The impact of the coordinated costs on Sy,-p 1S commonly negative. Based
on transaction cost theory, the coordinated costs (e.g. monitoring cost and necessary investments)
will increase the operational risk, which hinders each player from coordinating with anyone (Xu
and Beamon, 2006).

Proposition 4: S,,cp 1S negatively related to the extra returns. In this context, PSs
concentrate on short-term interaction, and they will take some opportunistic behaviors with a
high possibility.

4. The game model concerning the trust mechanism

Not only performance management but also relationship management (e.g. trust) is the
critical motivation of HSC coordination (Dubey and Altay, 2018). Given high uncertainty of
disaster contexts, coordination is motivated by trust as a primary principle (Mcevily et al., 2003).

Also, Papadopoulos et al. (2017) suggested that swift trust would promote the public-private
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partnership in humanitarian logistics activities. Here, the trust mechanism is designed to
accomplish the critical goal.
4.1 Model formulation

To design an effective trust mechanism, the relationship between trust and coordination
should be elaborated here. As Dubey et al. (2017) and Lu et al. (2018) identified, trust had a
great influence on coordination with the help of potential benefits (e.g. information sharing,
observed improvement and shared values). The value of potential benefits is determined by the
level of trust (Lu et al., 2018). In this context, potential returns are treated as an encouragement
for coordinators, but a punishment for defectors. Moreover, it will be added into the EGM
proposed in Section 3, so as to further promote PS-HO partnership. Based on the aforementioned
statements, let A, and A denote the level of trust. Besides, T, and T}, stand for potential
benefits of PSs and HOs. The return matrix of the coordinated game concerning the trust

mechanism is demonstrated in Table. 4.

Table. 4 The return matrix of the game with consideration of trust mechanism

Humanitarian Organization (HO)

Collaborate (y) Non-collaborate (/-y)
(1+ a)R, — Cp; (14 az)R, — Cp + ATy,
Collaborate (x
Private Sector ), (1 + B1)Ry — Cy T+ Ry — A, Ty
(PS) m, + Ry, — A Ty; R,;
Non-collaborate (/-x) 1+ ;z) th_ Cy +p/1 T, RI;
P

4.2 The replicator dynamics system and stability analysis

Based on Friedman (1991), the replicator dynamics system of PSs is denoted by:

d

2 = x(1 = D{(@zRy — Cp + WTy) = [, — (a1 — ARy} ®)

The replicator dynamics system of HOs is:

d
== y(1 = y){(BoRn — Cn + ApTy) — [ — (B1 — B2)Rylx} (10)
Five equilibrium points regarding (0,0), (1,0), (0,1), (1,1) and (x*,y*) can be obtained,

where:

% asz—Cp+/1th. . _ ﬁZRh_Ch'l'ApTh

X' = TEphy y* =Bt e (11)

p—(a1—a2)Ry’ tp—(B1—B2)Rn
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As Dubey and Gunasekaran, 2016 pointed out, mutual coordination was the best way to
achieve the sustainability of HSC, which indicates the ESS should converge to node C(1,1) in
this model. After a detailed analysis, results can be summarized as follows. When A, >
(Cp + mp — a1Ry) /Ty, Ap > (Cp + 1y — B1Ry)/Th, node C(1,1) is the only equilibrium point
of the coordinated game. It means that trust plays an important role in promoting the PS-HO
partnership. The necessary proofs are presented in Appendix B.

5. Computational studies

Although the theoretical results have been explicitly analyzed in Section 3 and Section 4, to
further validate the proposed model, computational studies based on hypothetical data are
analyzed here. The indexes of /4 and p stand for HOs and PSs respectively. Normal returns from
business transaction are represented by R, and Rj. Besides, they are bounded to R, €
[200,220], R, € [200,240]. The ratio of increased returns of mutual coordination to normal
returns is located at interval [0.59, 0.9] (a; € [0.59,0.9]) and [0.64, 0.9] (B; € [0.64,0.9]).
Meanwhile, that of unfair coordination to normal returns is assumed to be a random number at
interval [0.36, 0.5] (a, € [0.36,0.5]) and [0.34, 0.6] (S, € [0.34,0.6]). Coordinated costs are set
to C, € [80,100] and Cj, € [80,120]. In addition to that extra returns can be denoted by
T, € [50,80] and m, € [80,100].

5.1 Computational results regarding the traditional mechanism

In this subsection, the uncertain scenario concerning two ESSs is only discussed here.
Moreover, due to the similar strategy adopted by PSs and HOs, for the sake of briefness, the
possibility of {coordinate, non-coordinate} strategy is only analyzed here. Fig. 3 indicates the
ESSs of scenario 4. The possibility of the coordinated strategy adopted by PS and HO is
respectively demonstrated by the lateral and the vertical axis. In this figure, the initial value of
each possibility is set to 0.6 and 0.6. After several games, they will adjust their strategies and
evolve to equilibrium point (0,1) or (1,0). Five evolutionary paths of the coordinated decisions

are displayed as different lines, and it is determined by a; and «,.
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Fig. 3 Evolutionary stable strategies of scenario 4

Results indicate that: when other parameter remain unchanged, during the early stage of the
coordinated game, non-coordination strategy is the preferred decision adopted by PSs because of
the small value of a; and a, (e.g. @y = 0.6 and a, = 0.36). However, the varying strategy
regarding coordination is adopted by PSs due to the increased tendency of a; and a, (e.g.
a; = 0.72 and a, = 0.43). In this context, it can be inferred that coordinated returns have a
positive influence on improving the desire of coordination. Such a viewpoint is also supported by
Balcik et al. (2010). When PSs coordinate with HOs, both economic benefits and non-economic
benefits can be gained from coordination. Thus, such returns with a high value will encourage
PSs to participate in humanitarian logistic activities. In order to comprehensively explore how
the coordination decision is affected by several factors, parameter analysis is given in next
subsection.
5.2 Parameter analysis

This subsection aims to investigate the impacts of factors on Sy4cp that represents the
possibility of evolutionary stable strategy {coordinate, non-coordinate} adopted by PSs and HOs

respectively.

5.2.1 Ratio of increased returns to normal returns
The relation among several parameters (a,, a,, 1 and ;) and Sp,cp are exhibited in
Fig. 4 respectively. Sy4cp 1s displayed by the vertical axis, while the lateral axis represents the

parameters including a4, a,, [; and [s.
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Fig. 4 Parameter analysis regarding a4, a,, f1 and £,

By following Fig. 4, it is reported that S,,.p maintains the ascending tendency for a long
time, with an increased @, and a,. In contrast, S,,.p decreases as the increased tendency of
B, and f,. In this context, the coordinated returns become the essential motivation of PSs or
HOs for adopting a coordination strategy, which corresponds to proposition 1. With regard to
PSs, both economic and non-economic benefits obtained from humanitarian logistics activities
are the main motivation for coordination (Balcik et al., 2010). Meanwhile, what encourages HOs
to coordinate is the performance improvement of humanitarian aid (e.g. time saving, cost
efficiency and high quality of products/service) (Van Wassenhove, 2006).

5.2.2 Normal returns

The impact of R, and R, (lateral axis) on Sy,cp (vertical axis) is shown in Fig. 5. It
attempts to explore the relation between normal returns and coordinated strategy. Results
demonstrate that: Sy,cp 1s positively affected by R, but negatively influenced by R, which is

in line with proposition 2.
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Fig. 5 Parameter analysis of normal returns

5.2.3 Coordinated costs

Similarly, the relation between coordinated costs (lateral axis) and the possibility of

adopting {collaborate, non-collaborate} strategy (vertical axis) is depicted in Fig. 6.
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Fig. 6 Parameter analysis of coordinated costs

Fig. 6a manifests that C, has a negative influence on Sp4cp, which corresponds to
proposition 3. It denotes that the desire of coordination is declined by PSs because of a high
value of coordinated costs. In contrast, Fig. 6b shows that C;, has a positive impact on Sp4cp,
which points out that the higher coordinated costs aggravate the desire of non-coordination
strategy of HOs. As the relationship between PSs and HOs is uncommon in daily life, undesired
coordinated costs (e.g. inventory management, contract management and infrastructural

investment) should be paid for their partnership, especially in the time-pressure situation. And it
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increases the operational risk of HSC (Xu and Beamon, 2006; Balcik et al., 2010).

5.2.4 Extra returns

To investigate the impact of extra returns (lateral axis) on their coordinated strategy

(vertical axis), the relation between Sp,cp and extra returns (e.g. 1, and 7y) is shown in Fig. 7.
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(a). the effect of m, on§ (b). the effect of m,, on S

Fig. 7 Parameter analysis of extra returns

Fig. 7a and 7b indicate that Sp4cp is negatively correlated with 7, but is positively
related to my, which presents that extra returns have a negative influence on their coordination
decision, which is in line with proposition 4.

5.3 Comparative analysis on traditional and trust mechanisms

As scenario 4 mentioned in subsection 3.1.4, when C,/R, < a; < a; < (C, +m,)/Ry,
Crn/Rp < B2 < By < (Cyp + 1)/ Ry, a group of opposite situations will alternately appear in the
coordinated game, which is based on the first-moved strategy. In order to promote more mutual
collaboration between PSs and HOs, the trust mechanism is considered here.

It is reported that trust is an important asset for coordination (Lu et al., 2018). In addition,
the level of trust is the main factor affecting the coordinated decisions. In order to
comprehensively observe how the coordinated decision is affected by the level of trust (4, and
An), three conditions are discussed in Fig. 8. Specially, the possibility of the coordinated strategy

adopted by PS and HO is respectively demonstrated by the lateral and vertical axis.
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Fig. 8 The evolutionary stable strategies between PSs and HOs

The following conclusions can be summarized. Firstly, when the trust action is only taken
by one actor, the trust mechanism has a limited influence on their coordination, which is
exhibited in Fig. 8 (a) and (b). More precisely, the coordination strategy is more likely to be
adopted by the actor without taking the trust action, while the defection strategy is commonly
chosen by the trust player. In this regard, potential benefits have a great influence on their
coordination strategy, especially with a high level of trust. Secondly, mutual trust significantly
affects the coordinated decision, although it is also determined by the level of trust. Fig.8 (c)
denotes that for the small value of A (e.g. 4, = 0.3 and A, = 0.3) and for the large value of A
(e.g. 4, =0.7and 4, = 0.7), the ESSs indicates two heterogeneous states of all PS-players and
HO-players. Lu et al. (2018) and Moshtari (2016) showed a better support for such results

mentioned onwards.
5.4 Discussion

We validated the proposed model with computational studies. These results indicate that the
proposed model is effective to capture the coordinated behaviors of PSs and HOs in
humanitarian logistics. In this paper, the selection boundary of several scenarios and the
influencing factors are comprehensively discussed. Furthermore, the comparison between
traditional and trust mechanisms is also analyzed here. Such results provide several managerial
insights for decision makers.

Firstly, it should be acknowledged that a lack of better coordination among organizations
might result in managerial confusion and ambiguity, even further deteriorating the performance

of SHSC (Schulz and Blecken, 2010; Wamsler et al., 2013). As pointed out by Balcik et al.
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(2010), a complete commercial relationship or unfair coordination commonly existed in
humanitarian logistics but mutual collaboration remained uncommon in the context of disaster,
although mutual collaboration has a great impact on the achievement of SHSC, especially
between PSs and HOs. Van Wassenhove (2006) also provided powerful evidence for this point.
As a result, decision makers should pay more attention to such cases in practical disaster
management. Similar viewpoints are also portrayed by the UN in 2015.

Secondly, different from the existing literature that elaborated the drivers and the
advantages of coordination, in this paper, evolutionary game theory is adopted to answer whether
to coordinate or not, when to adopt an optimal strategy and how such a strategy can perform well.
Indeed, it is popular to adopt the traditional mechanism concerning performance management, so
as to analyze the tendency of coordination in a qualitative way. However, such a mechanism is
hard to make a difference in the coordination of SHSC, especially when actors fail to obtain the
complete information of their opponents in a multi-stage game. Thus, it is necessary to design an
analytical tool for disaster managers or decision makers, so as to assist in making decisions. In
this paper, an EGM concerning normal returns, coordinated returns and costs, extra returns as
well as trust behavior was designed, and it provides practitioners with a clear understanding of
how to make decisions concerning HSC coordination. Specially, trust is regarded as potential
benefits of attracting attention of coordinated aspiration. For decision makers, the performance
management and the relationship management (e.g. trust) should be simultaneously considered
in the design of coordination strategy.

Thirdly, results demonstrate that the level of trust play a critical role in promoting the
PS-HO partnership. Habit-based trust, competence trust and swift trust are identified as three
types of trust, and it is used to evaluate the level of trust (Hung et al., 2004). Swift trust and
competence trust are usually implemented in the context of disaster, especially for several actors
together with first-contact, different-interest and various-organizational-type features (Tatham
and Kovacs, 2010). However, it can only be adopted to manage weak ties of organizational
coordination due to a limited influence on the level of trust, which is in line with the insight
proposed by Fawcett et al. (2008). On the contrary, Hung et al. (2004) highlighted that
habit-based trust could accelerate the establishment of the organization’s stronger coordination. It

is the accumulated personal knowledge of prior successful interaction that significantly increases
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the level of trust and has an essential effect on coordination decisions. Consequently, it can be
inferred that a long-term and stable relationship with the concern of undertaking a shared
responsibility on inventory management and infrastructure investment might strengthen mutual
trust in the context of both disaster and convention. Thus, it provides a better support for disaster
managers to design the coordinated strategy.

6. Conclusions and future research

SHSC has received an increasing attention from both academics and practitioners. In this
paper, we discuss the issue concerning the promotion of HSC coordination from the perspective
of the stakeholder approach. After investigating the conflict interests and expectations of PSs and
HOs, the tendency of coordinated strategy is analyzed by the EGM, so as to explore coordination
decisions regarding whether to coordinate, when and how to adopt an optimal coordinated
strategy. Moreover, coordination mechanisms are designed as two EGMs to manage the
independence between organizations from the perspective of performance management and
relationship theory. Results demonstrate that coordinated strategy was closely related to normal
returns, coordinated returns and costs as well as coordinated costs. Moreover, trust is also
highlighted as a critical factor to promote coordination.

Results provide several insights on the theory of organizational collaboration in
humanitarian logistics regarding sustainability. Firstly, a theoretical link between sustainable
principle (stakeholder approach) and organizational coordination is proposed to improve the
overall performance of SHSC. Secondly, differing from the hot topic associated with the drivers
and the advantages of coordination, this paper aims to design an optimal coordination
mechanism to answer whether to coordinate, when and how to adopt a suitable coordinated
strategy. In addition to that, the partnership between PSs and HOs is the highlight of this paper,
which is different from the recent literature that focuses on network-based coordination and
horizontal coordination among the same type of organizations. Thirdly, this paper adopt the
EGM to analyze the coordination of SHSC, and the research gap regarding the lack of
quantitative study is addressed here.

The limitations of this paper can be summarized as follows. Firstly, only the impact of trust
on their coordinated decision is investigated here. The factors regarding green products, green

transportation and big data are also critical to achieve the sustainability of HSC, but they are
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ignored in this paper. Also, the sustainability of forward humanitarian supply chain is only
discussed here. However, the sustainability of reverse humanitarian supply chain (e.g. disaster
debris management) is also important. Secondly, although the sustainability of humanitarian
supply chain (e.g. balancing different interests and expectations) can be well achieved by
employment of evolutionary game theory, the traditional TBL performance measurement is not
mentioned in this paper.

There are valuable topics for further study. Firstly, it is recommended to investigate and
illustrate the combination of sustainability and HSC in the future. For example, ethical and green
production/transportation should be considered. Besides, the reverse logistics system regarding
disaster debris management is an interesting problem, and it needs to be explored from the
perspective of sustainability. Secondly, the mathematical programming approach or model might
also be an effective method of analyzing the trade-off in HSC coordination, although the EGM
performs well in this filed.
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Highlights

Organizational coordination problem regarding sustainability of disaster is
considered.

Stakeholder approach is employed to promote partnership between private sector
and humanitarian organization.

Coordination mechanism is captured by quantitative method of evolutionary game
model.

Both traditional and trust mechanisms should be considered in the design of

coordination mechanism.



