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Abstract
The humanitarian supply chain (HSC) aims at providing relief to affected people in the wake
of a disaster at the right place and at the right time to reduce their suffering. One of the major
challenges faced by theHSC is the coordination between various actors. Previous studies have
identified the factors affecting coordination but the literature is silent on the inter-dependence
between these factors (criteria). In this study, we identify the factors affecting coordination
based on the review of extant literature inHSC and interviewswithmultiple individuals repre-
senting various stakeholders involved with the relief activities carried out during the Chennai
floods. These factors were grouped into four categories: information sharing, diversity (of
the humanitarian agencies), organizational mandates and material convergence. We use a
hybrid fuzzy DEMATEL-ANPmethodology to identify the interdependence and develop the
network relationship diagram by mapping the interdependence between the factors affecting
the effective coordination between the actors in HSC. Our results indicate that information
exchange between the humanitarian actors (HA) tantamount to achieve coordination in post
disaster response phase. However, with the improvement in the post–disaster coordination,
the HAs need to focus on pre-disaster preparedness phase through strong alignment of orga-
nizational mandates of HAs and focus on the diverse nature of HAs to align their operational
strategies through standardized operations, inter-operability of activities and building trust
through long term associations.
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1 Introduction

Humanitarian Supply Chain (HSC) aims to reduce the impact of the disaster on the lives of
the affected people and rehabilitate the affected people to a better condition. The complex
operating conditions of HSC warrants a coordinated effort of multiple stakeholders such
as humanitarian aid agencies, local government, national and international Non-Government
Organisations (NGOs),military, donors, affected people, etc. However, coordination between
multiple stakeholders has been a major concern in the HSC operations (Van Wassenhove
2006). Poor coordination between the stakeholders in HSC has led to the loss of lives,
increased operating cost, wastage of resources and poor aid distribution. Though the need for
coordination between the stakeholders has been well recognized in HSC, it still continues to
be a fundamental weakness of the humanitarian actions (Balcik et al. 2010).

Unlike commercial supply chain, HSC operates under disrupted, dynamic and often polit-
ically charged environment (Olaogbebikan and Oloruntoba 2017). For instance, during the
cyclone Nargis in Myanmar (2008), the military refused to allow certain countries to carry
out the relief activities. Hence, the French and U.S. ships with aid supplies were anchored
just offshore for more than 2 weeks before finally leaving (Day et al. 2012). Apart from this,
the most important distinction from the commercial supply chain is the objective function
of the HSC, which is to minimise “the suffering brought about by the lack of goods and ser-
vices” (Holguín-Veras et al. 2012, p. 498). The direct impact of the disasters on the lives of
the affected population can be reduced through long-term strategic planning during the mit-
igation and preparedness phase. Despite the planning, the effectiveness of the post-disaster
relief activities can be affected due to ineffective management and poor coordination (Balcik
et al. 2010).

1.1 Impact of poor coordination

Lack of poor coordination between the humanitarian actors often result in increased suffering,
overlapping and duplication of relief activities (Jahre and Jensen 2010), increased cost of
operations (Van Wassenhove 2006; Jabbour et al. 2017), slow and inequitable distribution
of aid materials (Dubey et al. 2017). According to Global Assessment Report (2015) the
funding for the humanitarian operations has increased by 9% between 2009 and 2014, while
during the same period, the amount of unmet demand rose by 22%. The report identifies that
one of the prime reason for this increase in the gap between demand and supply is due to
poor coordination between the various agencies leading to wastage of resources. During the
post Indian Ocean tsunami, nearly 5000 large and small NGO’s were operating in Indonesia
alone, with no central authority and leading to huge pressure and competition for already
scarce resources (Chia 2007). Also after 6 months of Indian Ocean tsunami, nearly 2000 tons
of aid materials were lying in Djakarta airport utilizing the space with no one to claim the aid
(Telford 2006). On another instance, owing to poor inter-agency coordination after Pakistan
earthquake (2005), a certain minority tribe was completely ignored for over 10 days after
the disaster took place and no relief and aid material arrived until almost 2 weeks after the
earthquake.

Complex and chaotic operational environment does not necessarily encourage coordina-
tion in HSC and it often becomes challenging owing to multiple reasons. For instance, the
HAs involved in the relief activities repeatedly have conflicting and competing mandates
owing to geographical, cultural and organisational policies impeading coordination between
these entities (Van Wassenhove 2006). With no central authority, the relief environment is
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often unregulated in nature, and to initiate other agencies to engage in coordinated activities
(Anaya-Arenas et al. 2014). Furthermore, the relief efforts often rely upon the donor orga-
nization for providing the relief goods and services. Though HSC managers make requests,
the aid received often depend upon the availability of material with the donors (Day et al.
2012). Additionally, HSC functions under high levels of uncertainty regarding the timing and
location of disaster, beneficiary requirements, donations, infrastructure, and even relief group
membership (Van Wassenhove 2006). Complexity in HSC coordination also arises due to
an influx of a large number of individuals, groups or organizations attempting to help in the
disaster relief mission (Stephenson 2005). The uncertainty associated with the disaster and
the impending lack of resources (financial, technological and informational) coupled with
short-term volunteers often makes any pre-disaster coordination strategies ineffective.

1.2 Motivation

Banomyong et al. (2017) in their systematic review of the humanitarian literature identi-
fied that empirical methodologies such as case studies and survey methodologies need to be
increasingly used in humanitarian research. Previous studies have used multiple case stud-
ies such as Tohoku earthquake (Holguín-Veras et al. 2014), Haitian earthquake (Yates and
Paquette 2011), Hurricane Katrina (Comfort 2007), etc. and identified that the coordina-
tion between the actors was particularly a painful affair. Though the previous studies have
explored the coordination challenges and have identified a multitude of the factors affecting
coordination, these studies have not explored the interactions and interdependence of these
factors. However, it becomes imperative for the practitioners to understand the causal and
logical relationship between the factors affecting coordination and should not be considered
in a standalone fashion since it can lead to a difference between life and death of the affected
person. We use the Chennai floods as the case in this study for exploring the factors affecting
coordination and their interactions inHSC. Chennai flood offers both the scale andmagnitude
of a large-scale disaster and the coordination challenges observed during the relief activities
post Chennai floods was not an isolated event. Therefore, the objectives of this study are:

• To identify various factors affecting coordination in HSC.
• To rank these factors in the order of their importance on the effect on coordination.
• To empirically validate the interactions and interdependence between the factors affecting
coordination.

Defining the inter-dependence between factors affecting the coordination in HSC requires
an evaluation of interaction at criteria and sub-criteria levels. To evaluate complex interac-
tions, sophisticated techniques are required. Some of the common methods to evaluate such
structural dependencies (Gölcük and Baykasoglu 2016) include Analytic Hierarchy Process
(AHP) (Saaty 1980), Analytic Network Process (ANP) (Saaty 1996), Technique for Order
Preference by Similarity to Ideal Situation (TOPSIS) (Hwang and Yoon 1981), etc. How-
ever, these methodologies assume a pre-defined structural relationship existing among the
interacting criteria. In many real-world cases, the complex nature of the problem prevents the
understanding of interactions between the criteria in a simplistic manner, warranting a sys-
tematic evaluation of these interactions. Decision Making Trial and Evaluation Laboratory
(DEMATEL) provides a robust methodology for identifying these interactions at a causal
level (Gabus and Fontela 1973). The hybridization of several techniques with DEMATEL is
common. Hybrid technique of DEMATEL and ANP provides opportunities for exploring the
inter-dependence and identifying the importance of each criterion in a complex phenomenon.
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The rest of the paper is organised as follows. In Sect. 2, we present the review of the
relevant literature and identify the factors affecting the coordination in HSC and in Sect. 3, a
detailed exposition into the methodology is provided. In Sect. 4, all the relevant facts relating
to the case - the Chennai floods is provided. In Sects. 5 and 6, we present the data analysis
and discussion respectively. Section 7 concludes the paper.

2 Literature review

This section is divided into two sections. The first section reviews the humanitarian literature
to explore the various factors affecting the coordination between the humanitarian actors,
while the second section would focus on previous studies on the application of multi-criteria
decision making (MCDM) methods modelling both the interaction and interdependence.

2.1 Factors affecting coordination in HSC

2.1.1 Information sharing between the humanitarian agencies (IS)

The information sharing between HAs during the HSC operations is paramount for sav-
ing lives of the affected people due to the disaster (Day et al. 2012). Often humanitarian
practitioners require information regarding the intensity of disaster impact, size of affected
population, location, nature of aid material required, etc. for planning relief activities (Hos-
sain and Uddin 2012). However, in the post-disaster chaotic conditions, the inter-agency
information sharing does not become a priority and often leading to duplication of efforts
and wastage of valuable resources (Leiras et al. 2014; Ergun et al. 2014; Anaya-Arenas
et al. 2014). The poor information exchange between humanitarian agencies is due to lack
of effective mechanisms for information exchange owing to the lower priority for designing
inter-agency information exchange in the pre-disaster preparedness phases (Kent 2004). Even
though the international agencies such as Office of Coordination of Humanitarian Affairs
(OCHA), United Nations High Commissioner for Refugees (UNHCR), Federal Emergency
Management Agency (FEMA) has increasingly adopted the use of technology to facilitate
coordination, these organizations often do not include smaller and local level agencies in the
preparedness phase. Such exclusions often lead to loss of valuable local information—specif-
ically the socio-economic and cultural information regarding the affected community (Balcik
et al. 2010).

Lack of uniform need assessment techniques also leads to varied estimates of the relief
requirements. Moreover, each agency collects and processes data based on their capabilities
and operating mandates. This lead to multiple data formats. The lack of consistent data for-
mats also makes inter-agency information sharing and processing inefficient and ineffective
(Seybolt 2009). The agencies seldom arrive at a consensus regarding the need assessment
(Altay and Labonte 2014). One of the primary reasons for the ineffective information sharing
is due to lack of focus on the collection and consolidation of information in the pre-disaster
stage. The agencies rarely collaborate during the preparedness phase of the disaster man-
agement leaving the relief phase coordination strategies unformulated. This poor planning
for coordination prior to relief operations impedes the information sharing (Van Wassen-
hove 2006). Poor information sharing between the agencies distorts the actual need of the
beneficiaries in many cases and affects the relief operations (Sheppard et al. 2013).
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2.1.2 Material convergence (MC)

In the aftermath of a disaster, donors send a massive amount of supplies to the disaster site.
Material convergence can be understood as the excessive convergence of the supplies and
equipment at the disaster site sent by all of the entities that respond to a disaster, including
governments, relief agencies, companies, religious entities, local community groups and
individuals (Holguín-Veras et al. 2012). Beginning with Fritz and Mathewson (1957) to the
recent Haitian earthquake,multiple authors have recorded the impact ofmaterial convergence
on the humanitarian relief activities and the coordination between agencies. These items
create inventory management issues and are often called as second-tier disaster (Holguín-
Veras et al. 2012). The unusable and unsolicited aid material consume valuable time of the
volunteers in managing these materials, all the while when they could be used for more
essential tasks. This chaotic operating environment often leads to conflict, confusion, and
congestion thereby affecting coordination between the HAs at or near the disaster site (Fritz
and Mathewson 1957).

A typically overlooked factor in thematerial convergence is the heterogeneous nature of the
aid received including non-priority items and even potentially dangerous items such as drugs
past their expiry dates (Holguín-Veras et al. 2012). Frequently, the logisticians encounter
with the scarcity of critical items while having an abundance of unwanted material. This
scarcity often leads to competition among the humanitarian agencies for receiving the scarce
critical aid material from the pile of unwanted donations and affect the coordination between
the various actors (Altay and Pal 2014). Furthermore, scarcity of the experienced logistics
providers and safe location for setting up of last mile distribution centres leads to a loss in
transit and pillage of the aid material. However, as the situations stabilize, a large influx of
aid from various donors arrives at the disaster site (Balcik et al. 2010). Consequentially, the
abundance of the aid often intensifies thewastage andmismanagement through improper poor
stock keeping of the inbound aid material. The poor resource utilization does not stand well
with the donors requiring accountability (Davis et al. 2013) and often tightening donations
of the high priority items and further intensifying competition between the agencies for
receiving donations (Stephenson 2005; Gonzalez 2010).

2.1.3 Diversity of actors in HSC (DA)

HSC, not only has to deal with the convergence of the material but also the convergence of
a large number of organizations. In a post-disaster scenario, large numbers of volunteers,
agencies, and stakeholders respond to disaster by being a part of rescue and relief operations.
For instance, during the Indian Ocean tsunami, more than 5000 NGOs were involved in relief
activities (Van Wassenhove 2006). The humanitarian actors involved in the relief operations
come from a diverse background with multiple objectives and mandates (Apte 2009). The
humanitarian actors often lack prior experience in handling a disaster situation and tend to
overlook the importance of coordination with other stakeholders (Zetter 1995; Tatham and
Spens 2011).

Though it is expected that the organizations would focus on coordination, formal asso-
ciations for coordination between the agencies are not common in practice (Tomasini and
van Wassenhove 2009). Since the HSC operates in the chaotic environment with host gov-
ernment, military, local and international NGOs, private companies etc., converging at the
same location, the coordination between the actors demands rapid trust building (Tatham
and Kovács 2010; Heaslip et al. 2012). Trust is usually developed through long-term asso-
ciation and personal relationships. Even though there might not be any formal association
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between the humanitarian agencies due to their diverse nature of specialization, funding
patterns, donor expectations, etc., informal agreements based on personal relationships help
form coordination (Dubey et al. 2017; Moshtari 2016). However, owing to a limited num-
ber of experienced logisticians and high churn rate, any informal arrangement is short-lived
affecting HSC coordination and effectiveness of relief operations (Day et al. 2012; Schulz
and Blecken 2010).

2.1.4 Conflicting organizational mandates (OM)

The agencies and stakeholders that participate in theHSCactivities have varied organizational
mandates defining their operating philosophy, source and nature of funding, type and duration
and extent of association with the affected people, etc. (Kamradt-Scott 2016). Usually, a HA
specializes in a limited range of activities in disaster management such as campmanagement,
medical care or water and sanitation (Jahre and Jensen 2010). However, irrespective of their
specialization, these agencies tend to participate in all stages of disaster management. This
affects the effectiveness of relief operations and thereby the coordinationbetween the agencies
(Schulz and Blecken 2010; Tomasini and van Wassenhove 2009).

Each agency also might have a specific set of interests and socio-economic and political
affiliations (Stephenson 2005). Humanitarian agencies often operate solely on the donations
and hence both aid recipients and the donors are considered as “customers” (Van Wassen-
hove 2006; Oloruntoba 2005). The humanitarian agencies are required to cater to the donor
requirements as well as the beneficiary requirements. Often these requirements conflict with
each other and hamper the coordination (Ertem et al. 2012).

Usually, when large independent humanitarian agencies with their own funding mech-
anisms combine operation with local specialized humanitarian agencies, they face a series
of challenges in coordination as observed during Darfur crisis and Indian Ocean tsunami
(Adinolfi et al. 2005). These cases indicate the need for coordination based preparedness
activities focusing on contingency planning, needs assessment, appeals, transport manage-
ment and last-mile distribution (Oloruntoba 2005).

Based on the synthesis of the literature, the various criteria, and sub-criteria affecting the
coordination in HSC are summarized in Table 1.

2.2 Multi criteria decisionmaking

Literature provides numerous examples of the application of variousMCDMmethods, either
individually or in combination with other methods, both in conventional form and in a fuzzy
environment. Kayikci (2010), Li et al. (2011) and Tuzkaya and Gülsün (2008) employed
MCDM methodologies in the selection of the logistics providers, while, Datta et al. (2013)
and Gupta et al. (2012) used MCDM methodologies for the selection of suppliers. He et al.
(2012) addressed the trans-shipment problems in logistics research as a MCDM problem,
whereas Haleh and Hamidi (2011) have studied allocation of orders to suppliers while logis-
tics network design. Design of distribution channels for the logistics providers (Paksoy et al.
2012) and ranking studies (Sawicka and Zak 2014) also employed MCDM methodologies.
However, the use of these methods in HSC research is still not explored to a great extent.
Moreover, the nature of the coordination problem in HSC provides an ideal setting for the
usage of the hybrid DEMATEL-ANPmethodology for exploring the interaction between the
factors affecting the HSC coordination and to identify the importance of each factor.
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Table 1 Criteria and sub-criteria that affects coordination in HSC

Criteria Sub-criteria References

Information sharing
(IS)

Low priority for information
sharing (IS1)

Leiras et al. (2014), Ergun
et al. (2014), Anaya-Arenas
et al. (2014)

Lack of knowledge about the
requirement of beneficiaries
(IS2)

Seybolt (2009)

Poor planning for
coordination prior to relief
operations (IS3)

Van Wassenhove (2006)

Lack of uniform need
assessment techniques (IS4)

Seybolt (2009), Altay and
Labonte (2014)

Lack of consistent data
formats being shared
among agencies (IS5)

Sheppard et al. (2013), Balcik
et al. (2010)

Material convergence
(MC)

Use of personnel for less
essential task (MC1)

Balcik et al. (2010), Davis
et al. (2013)

Competition between
agencies for scarce
resources (MC2)

Balcik et al. (2010),
Stephenson (2005),
Gonzalez (2010)

Heterogeneous nature of aid
material received (MC3)

Holguín-Veras et al. (2012),
Altay and Pal (2014)

Receiving large quantities of
non-priority items (MC4)

Fritz and Mathewson (1957),
Holguín-Veras et al. (2012),
Van Wassenhove (2006)

Scarcity and oversupply of
aid materials (MC5)

Balcik et al. (2010), Gonzalez
(2010)

Diversity of actors
(DA)

Coordination based on the
reputation of official (DA1)

Tomasini and van
Wassenhove (2009)

Diverse nature of interacting
agencies (DA2)

Apta (2009), Van
Wassenhove (2006)

Large number of actors
(DA3)

Day et al. (2012), Schulz and
Blecken (2010)

Lack of trust among
interacting agencies (DA4)

Dubey et al. (2017), Moshtari
(2016)

Organizational
mandates (OM)

Divergent set of interest for
interacting agencies (OM1)

Kamradt-Scott (2016)

Varying donor expectation
from relief operations
(OM2)

Stephenson (2005),
Oloruntoba (2005)

Varying specialization of
interacting agencies (OM3)

Jahre and Jensen (2010),
Schulz and Blecken (2010),
Tomasini and van
Wassenhove (2009)

Lack of preparedness for
coordination between
agencies (OM4)

Oloruntoba (2005), Balcik
et al. (2010)
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In previous years, multiple applications of DEMATEL with ANP have been used to map
and identify “cause and effect” relationship in under various occasions. Furthermore,multiple
variants of the hybrid models are seen in the literature. One such variant is Inner Dependency
of ANP (IDANP) as defined byGölcük and Baykasoglu (2016). ANPmanages both inner and
outer dependencies, where inner dependency refers to “within the cluster” and outer depen-
dency refers to the “dependencies between the clusters”. In majority of the DEMATEL-ANP
hybridization, DEMATEL is primarily used for identifing the Network Relationship Map
(NRM). Such problem structure require a large number of pairwise comparisons, for estab-
lishing the weighted super matrix and identification of the network relationships. However,
IDANPapproach utilizes the supermatrix fromDEMATEL for capturing inner dependencies.
This approach overcomes two major shortcomings of ANP (Büyüközkan and Çifçi 2012).
Firstly, ANP requires large number of pairwise comparison which might be time consum-
ing and often difficult to obtain. Secondly, for certain situations, pairwise comparison might
become difficult to interpret especially for the inner dependencies. Previous studies have
also used IDANP approach for DEMATEL-ANP hybridization. For instance, Wu (2008)
used ANP-DEMATEL hybridization for selecting knowledge management strategies in a
Taiwanese company by obtaining the inner dependency matrix from DEMATEL. Shen et al.
(2011) proposed an integrated methodology for capturing the inner dependency using the
DEMATEL among the criteria for a technology selection model. Tseng (2011) proposed a
hybrid framework for measuring environmental knowledge management capability where
the inner dependency matrix was obtained from DEMATEL which was subsequently used to
arrive at the steady statematrix. Tseng (2009) usedDEMATEL to capture the cause and effect
between criteria by structuring the criteria as a single cluster and handling the inner depen-
dency through DEMATEL. Büyüközkan and Çifçi (2012) used a hybrid fuzzy DEMATEL
ANP and TOPSIS methodology to evaluate the green supplier where the inner dependency
was handled by the fuzzy DEMATEL and the obtained unweighted super matrix was com-
pleted in conjunction with the fuzzy ANP pairwise comparison. Büyüközkan and Öztürkcan
(2010) used a hybrid method to aid companies prioritize Six Sigma projects where the inner
dependencies were obtained throughDEMATEL and the unweighted supermatrix was raised
to sufficient power to obtain the steady state matrix.

Similar to the above papers, the current problem setting too requires identification of
relationship between the variables at two levels. The first is at criteria level and second at
the sub-criteria level. In particular, it requires identifying causal dependency between both
criteria and sub-criteria. Hence, DEMATEL method is used for clarifying inter-dependence
between the criteria affecting HSC coordination, while ANP is used to measure the relative
importance of these criteria affecting theHSCcoordination. The nature of the current problem
also requires the calculation of both outer and inner dependencies between criteria and sub-
criteria prior to the calculation of the weights. The DEMATEL method provides the NRM
required for the ANP to calculate the initial super matrix. Furthermore, fuzzy methodology
has been used in this context since it offers capability to effectively capture the subjectivity
in decision maker’s perception of the situation. Fuzzy logic is applied in the situation where
understanding is quite judgmental and the process where human reasoning and decision
making is involves complexities, as in the case of HSC (Deb et al. 2002).
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Table 2 Linguistic scales for the
importance weight of criteria

Linguistic variables Corresponding TFN

No influence (0, 0.1, 0.3)

Low influence (0.1, 0.3, 0.5)

Medium influence (0.3, 0.5, 0.7)

High influence (0.5, 0.7, 0.9)

Extreme influence (0.7, 0.9, 1.0)

3 Methodology

DEMATELwas developed at Geneva Research Centre of Battelle Memorial Institute (Gabus
andFontela 1973) to pragmatically visualize the structure of complicated causal relationships.
Although, DEMATEL provides the causal relationships by giving crisp values defining the
strength of the relationships, often in real life the relationships are subjective. To capture this
subjectivity in the relationships fuzzy set theory has been used.

Design the fuzzy linguistic scale: The first step in employing a fuzzy DEMATEL method-
ology is to design the fuzzy linguistic scale. To capture the ambiguities of assessments,
the linguistic variable “influence” is used with five linguistic terms, namely {No Influence,
Low Influence, Medium Influence, High Influence, Extreme Influence}, that are expressed in
positive triangular fuzzy numbers (li j ,mi j , hi j ), as shown in Table 2 (Opricovic and Tzeng
2004).

Calculate the fuzzy direct-influence matrix: The scores depend on the views of the experts on
the pair wise comparison for the factors in Table 1. Based on Table 2, convert the numerical
relationship between the factors in Table 1 into the fuzzy direct-influence matrix D̃ according
to the fuzzy linguistic conversion (Chen et al. 2011).

D̃ �
[
d̃i j

]
nxn

, where d̃i j �
(
dli j , d

m
i j , d

h
i j

)
. (1)

Normalize the fuzzy direct-influence matrix: The fuzzy direct-influence matrix D̃, is normal-
ized to get the fuzzy direct-relation matrix Ñ by the relation given as (Chen et al. 2011):

Ñ � D̃

u
, where u � maxi j

⎛
⎝maxi

n∑
j�1

di j ,max j

n∑
i�1

di j ,

⎞
⎠, i, j ∈ {1, 2, . . . , n} (2)

Ñ � [
ẽi j

]
nxn, ẽi j � (eli j , e

m
i j , e

h
i j ), where n is the total numb of elements.

Attain the fuzzy total-influence matrix: Once the normalized fuzzy direct-influence matrix

Ñ � (Nl , Nm, Nh) is obtained,where Nl �
[
eli j

]
n×n

, Nm �
[
emi j

]
n×n

and Nh �
[
ehi j

]
n×n

.

The fuzzy total-influence matrix T̃E � [
t̃i j

]
nxn, where t̃i j �

(
t li j , t

m
i j , t

h
i j

)
, can be obtained

by (Chang et al. 2011)

T l
E �

[
t li j

]
n×n

� Nl
(
I − Nl

)−1
(3)

Tm
E �

[
tmi j

]
n×n

� Nm(
I − Nm)−1 (4)

T h
E �

[
thi j

]
n×n

� Nh
(
I − Nh

)−1
. (5)
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Defuzzify into the crisp values: Using the algorithm for Converting Fuzzy data into Crisp
Scores (CFCS) (shown in Sect. 3.1), the total fuzzy influence matrix T̃E � [

t̃i j
]
n×n is

defuzzified into crisp values and these values are fed into the total influence matrix TE �[
t Ei j

]
n×n

(Zhou et al. 2011).

Once the defuzzified total influence matrix TE , is calculated, the sum of the row and
column values for TE is obtained. A sum of the column values implies the overall influence
of other factors on a given factor. Sum of column values of TE denoted by D, is formally
expressed as

D �
⎡
⎣

n∑
j�1

ti j

⎤
⎦
n×1

, (i � 1, 2, . . . , n). (6)

Sum of the row values implies the overall influence of a given factor on other factors. In
addition to sum of column values of TE , the sum of row values of TE , denoted by R, can be
calculated as

R �
[

n∑
i�1

ti j

]

n×1

, ( j � 1, 2, . . . , n). (7)

Set up a threshold value to obtain the causal diagram: The total-influence matrix TE
provides the information on the effect of one criterion on another. However, since not all
effects are significant, the decision maker is left to choose an appropriate cut off value to
filter out negligible relationships. The values in the total influence matrix which are above the
cut off value are used for identifying the relationship in the NRM. The NRM can be obtained
from the dataset of (R+D, R −D), where the (R+D) shows the horizontal axis and the (R −
D) shows the vertical axis.

3.1 Converting fuzzy data into crisp scores (CFCS) defuzzificationmethod

This algorithm is based on the procedure of determining the fuzzy min and fuzzy max. The
total score is determined as a weighted average according to the membership functions (Chen
and Chen 2010). Let z̃i j � (

li j ,mi j , hi j
)
indicate the fuzzy assessment with regard to the

degree to which the criterion ‘i’ affects the criterion ‘j’, and then the CFCS algorithm can be
described in the following steps:

Step 1: Normalization
Calculate,

xli j � li j − minli j
�max

min
(8)

xmi j � mi j − minmi j

�max
min

(9)

xhi j � hi j − minhi j
�max

min
(10)

where

�max
min � maxhi j − minli j (11)
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Step 2: Compute the low (ls) and high (hs) of the normalized values

xlsi j � xmi j

1 + xmi j − xli j
(12)

xhsi j � xhi j
1 + xhi j − xmi j

(13)

Step 3: Compute the total normalized crisp values

xi j �
[
xlsi j

(
1 − xlsi j

)
+ xhsi j xhsi j

]
[
1 − xlsi j + xhsi j

] (14)

Step 4: Compute the crisp values

zi j � minli j + xi j�
max
min (15)

3.2 Linking DEMATEL and ANP

The total influence matrix obtained from DEMATEL method can be used as the inner
dependency matrix in super matrix without using Saaty’s pairwise comparison (Gölcük and
Baykasoglu 2016). The total influence matrix is obtained from DEMATEL method is given
by:

TE �

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

t E11 . . . t E1 j . . . t E1n
...

...
...

t Ei1 . . . t Ei j . . . t Ein
...

...
...

t En1 . . . t Enj . . . t Enn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(16)

where TE denotes the total influencematrix for inner dependency, and t Ei j represents the degree
of influence that the criterion i exerts on the criterion j. The influence matrix is normalized
and then transposed. For normalization, the row sums are calculated as given below

(17)
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where di represents the row sum value of the ith row. Each element of the total relation matrix
TE is divided by the corresponding row sums as

T α
E �

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

t E11/d1 . . . t E1 j/d1 . . . t E1n/d1
...

...
...

t Ei1/di . . . t Ei j /di . . . t Ein/di
...

...
...

t En1/dn . . . t Enj/dn . . . t Enn/dn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(18)

�

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

tαE11 . . . tαE1 j . . . tαE1n
...

...
...

tαEi1 . . . tαEi j . . . tαEin
...

...
...

tαEn1 . . . tαEnj . . . tαEnn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(19)

where T α
E represents the normalized total relation matrix for inner dependency. Finally trans-

pose of the T α
E is obtained as

(T α
E )

′ �

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

tαE11 . . . tαEi1 . . . tαEn1
...

...
...

tαE1 j . . . tαEi j . . . tαEnj
...

...
...

tαE1n . . . tαEin . . . tαEnn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(20)

Once
(
T α
E

)′
is obtained, it can be put into the appropriate places in supermatrix.

3.3 Analytic network process

Super matrix formulation: Based on the causal relations relationships obtained by DEMA-
TEL, the super matrix is restructured. The dependence relationship is studied, and all the
relationships found to be insignificant in the NRM obtained from DEMATEL is reduced to
a value of zero in the super matrix (Chen and Chen 2010).

Final priorities of the criterion and sub-criterion: Once the unweighted super matrix is
constructed, it is transformed into the weighted super matrix where the column sums unity.

Calculation of limit super matrix: The limit super matrix is calculated by

L � limK→∞WK (21)

where WK is weighted super matrix and K is a large number. The limit super matrix is
obtained when the rows in the matrix stabilize.

4 Chennai floods: the case study

The retreating north-east monsoon arrived at the coastal states of south India during the
third week of October, 2015. Through the first week of November, 2015 a low pressure area
consolidated into a depression and further intensified into deep depression. While crossing
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over the land mass of south India, the interaction weakened the system into a low pressure
leading to very heavy rainfalls over Tamil Nadu.1 During this period, Chennai received a
rainfall of more than 483 mm in a span of two days (November 9 and 10, 2015) which lead to
flooding of the low lying areas in the city. Though the first bout of rainfalls had subdued by
24th, November, 2015, another low pressure system began to develop in the Bay of Bengal by
29th, November, 2015 and the second bout of the heavy rainfalls started on 1st of December,
2015.2 The authorities feared that the Chembarambakkam reservoir (one of the two rain fed
reservoir systems which supplies water to the city of Chennai and adjacent areas) might
not be able to hold the water and opened the reservoir gates without adequate warning and
enough time for evacuation of residents. An estimated total of 50,000 cusec of water was
released into the Cooum River, Adyar River and Buckingham Canal. It was expected that
the excess water would drain off to the Bay of Bengal. However, since the periodic desilting
of these rivers was not carried out as part of poor flood preparedness activities, the natural
flow of water to the bay was restricted leading to the flooding of the banks of the river. The
flooding of these areas was also due to the illegal encroachments of the city’s natural water
bodies, unplanned construction and poor flood control measures and preparedness.3 On 2nd
December, 2015, the state of Tamil Nadu declared the situation as a “national disaster”. By
this time nearly 40% of the city was under water and all modes of connectivity including
telecommunication lines, roads and railways were disrupted. Indian railways cancelled all
trains through, to and from Chennai until the situation became normal.4

The affected people were the first responders. There were a large number of volunteers;
NGO’s and local people who took part in the relief activities. However, the relief activities
were largely uncoordinatedwith the authorities having little or no strategic plan in place.After
declaring the situation as a “national disaster”, 20 teams of National Disaster Relief Force
(NDRF) arrived at Chennai and took over the rescue and relief activities.5 Subsequently,
the relief activities were spearheaded by the Indian Army along with Southern Command of
Indian Navy and Indian Air Force. The Indian Navy used mechanized boats and rafters to
access various areas to search and rescue people, while people stranded on roof tops were
air lifted using helicopter with the help of Indian Air Force.6

The rescue activities were mostly wound up by 6th December, 2015 and the focus shifted
to relief activities. More than 6000 relief shelters were operational at various places in and
around Chennai. Most of the schools, colleges, community halls, and even some of the shop-
pingmalls were also converted to relief shelters. TheNational CrisisManagement Committee
(NCMC) mobilized 5000 litres of milk, 100,000 water bottles, 7 tons of biscuit and 10 tons
of instant noodles to Chennai. Large amounts of relief material arrived in Chennai from
various parts of the country and abroad as well. Various countries such as China, Canada,
Bangladesh, France, Spain, Singapore, Japan, USA, etc. sent both relief material and cash
donation for rehabilitation of the affected people in Chennai floods. Various international
agencies such as International Federation of Red Cross (IFRC), United Nations Develop-

1 Janardhanan, Arun (2 December 2015b). "Chennai drowns in deluge of water; flight services suspended".
The Indian Express.
2 Ibid.
3 RajendranD. and Ramanathan S. (2015) Chennai floods:What happened at Chembarambakkam, negligence
or nature’s fury? The News Minute (Retrieved on 9 December, 2015).
4 "As sky turns menacing again, rescue efforts intensified". The Hindu. 5 December 2015.
5 "Navy rushes amphibious ship to Chennai for relief ops". The Hindu. 3 December 2015.
6 "Chennai floods: Centre sends 17 tonnes of snacks, 5000 litres milk to Tamil Nadu". The Indian Express. 4
December 2015.
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ment Program (UNDP), United Nations, World Vision etc. had mobilized relief material
and participated in both relief and rescue activities. Many parts of the city, especially those
inhabited by the poor and socio-economically backward communities were marginalized and
relief did not reach them due to the poorly coordinated relief activities. Numerous complaints
were filed against the government of Tamil Nadu alleging their inability to coordinate the
relief activities which had led to the loss of lives of many. Public interest litigation (PIL) was
filed against the Government of Tamil Nadu in Chennai High Court seeking explanation from
the government on poor coordination during the relief activities. The PIL was subsequently
converted to a suo moto proceeding. This served also as the motivation for this research and
to propose a model to understand the factors that affected the coordination during large scale
disaster relief activities anchored on the Chennai floods relief program.

5 Data collection and application of the proposedmethodology

The data for this study was collected using a multi-prong approach based on in-depth inter-
views with the key members in the relief efforts, review of multiple secondary databases such
as news articles and reports published by governmental and non-governmental agencies. The
interviews were conducted during visits to Chennai, Puducherry, Cuddalore and nearby areas
which were significantly affected by the floods during the third week of December 2015 and
second week of January 2016.

In the interest of avoiding biased responses, the respondents were clearly selected to
maintain heterogeneity. Members of multiple agencies such as the Tamil Nadu Water Board,
Citizens Platform Chennai, Political Party, and representatives of the private companies
involved in relief and local volunteerswere interviewed.All responderswere actively involved
in relief activities, thereby providing first-hand information based on their experience and
perception of the relief activities. We used the standard practices of disaster field research to
rely on the dynamic process of interviews with the responders, documentation of conditions
that prevail during and after disaster, identification and documentation of the lessons learned.
Holguín-Veras et al. (2014) lists out the detailed overview of the structure of the standard
practices followed during the disaster research. The interviews were conducted based on the
methodology followed by Holguín-Veras et al. (2007) with a primary intention of providing
a guide to the in-depth-interview rather than a formal questionnaire. The questions focused
on assessing the level of involvement of the respondent with relief activities, familiarity with
the humanitarian activities, obstacles faced during the relief operations, coordination issues
experienced and observed during the relief activities and lessons learnt. The protocol was a
set of open ended questions which could elicit a wide range of response from the responders.
Each interview lasted between 60 and 90min. The interviews were recorded with the consent
of participants and transcribed upon requirement. In the interest of anonymity, the names and
organizational affiliation of the respondents are not disclosed. In tandem with the field work,
comprehensive media based data collection was carried out. Multiple media feeds such as
newspaper, television, radio, blogs, social media feeds, etc. were collected and catalogued.

5.1 Data analysis

The proposed methodology has three main stages. The first step is the conversion of the
responses of each respondent to fuzzy direct relationship matrix based on Table 1 as low,
medium and high values. Subsequently, the average fuzzy direct relationship matrix is cal-
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Table 3 Influence matrix for criterion using DEMATEL

Criterion IS MC DA OM

Information sharing (IS) 2.809 1.824 1.218 1.328

Material convergence (MC) 1.638 2.767 1.353 1.632

Diversity of actors (DA) 1.029 2.055 1.685 0.792

Organizational mandate (OM) 1.006 2.023 0.828 2.014

culated by taking the numerical average of the fuzzy direct relationship matrix for each
respondent. Successively, the fuzzy total influence matrix is calculated using Eqs. (2) thor-
ough (5) for all three levels. The fuzzy total influence matrix gives extent of relationship
between each sub-factors. Since the total fuzzy matrix represents the fuzzy variations, we
use CFCS defuzzification method as explained in the previous section using Eqs. (8)–(14)
to obtain a single crisp value for each relationship as obtained in total fuzzy matrix. The
defuzzified total influence matrix summarizes the influence of all sub-criteria affecting the
coordination in HSC.

Thenext stepwas to derive the interdependencebetween each factor affecting the coordina-
tion in HSC. To identify the significant relationships, the total influencematrix (“Appendix”),
for all the sub-factors is converted into the total influence matrix at factor level by taking the
total sum of sub-factors representing the relationships. The total influencematrix for the crite-
ria is given in Table 3, where each cell represents the strength of the relationships between the
corresponding factors. The significant relationships between the factors are identified by set-
ting the the threshold value of 1. Further, the influencing and influenced factors and sub factors
are identified through the difference between row and column sums using Eqs. (6) and (7).
The criteria with a positive R −D score are the influencer variables whereas the criteria with
negative R −D score are the influenced variables. Table 4 summarizes the relational (R+D)
and prominence (R−D) axis values for criterion and sub-criterion. TheNRM for the criterion
and sub-criterion is given in Fig. 1a is based on the significant relationships identified. Simi-
larly, Fig. 1b–e shows the interdependence between the sub-factors within each factor.

The second stage of the proposed methodology focuses on linking the DEMATEL and
ANP methodologies. ANP manages the inner dependency based on the total relationship
matrix. The total relationship matrix is converted to unweighted inner dependency matrix for
ANP by first converting all non-significant inter-dependence relationships at factor levels to
zero and then using Eqs. (16)–(20). The limit matrix is calculated by raising the weighted
matrix to a large integer (Eq. 21) value till the rows stabilize. The relative importance of each
of criteria and sub criteria is summarized in Table 5. The average fuzzy direct relationship
matrix, fuzzy total influence matrix, defuzzified influence matrix, unweighted super matrix,
weighted super matrix and limit super matrix is given in appendix (Tables 6, 7, 8, 9, 10, 11).

6 Discussion and implications

The inter-dependence between the factors and sub-factors affecting the coordination and their
respective weights are represented in the NRM (Fig. 1) and Table 5 respectively. From Fig. 1a
and Table 5 we can observe that the information sharing (IS) is the main influencer variable
with a relative importance score of 0.383. Inadequate and inefficient information sharing is
affected by the large number of actors and their organization mandates. A lack of focus on
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Table 4 The relational and prominence axis for cause and effect group

Criteria and Sub-criteria R+D R−D

Information sharing (IS) 13.66 0.70

Low priority for information sharing (IS1) 2.29 0.56

Lack of consistent data formats being shared among agencies (IS2) 2.10 0.99

Poor planning for coordination prior to relief operations (IS3) 2.08 0.65

Lack of uniform need assessment techniques (IS4) 4.32 −1.28

Lack of knowledge about the requirement of beneficiaries (IS5) 2.88 −0.22

Material convergence (MC) 16.06 −1.28

Use of personnel for less essential task (MC1) 3.35 −0.21

Competition between agencies for scarce resources (MC2) 3.29 −0.56

Heterogeneous nature of aid material received (MC3) 2.77 0.11

Large quantities of non-priority items were received (MC4) 3.46 −0.49

Scarcity and oversupply of aid materials (MC5) 3.18 −0.13

Diversity of actors (DA) 10.65 0.48

Coordination based on the reputation of official (DA1) 2.16 0.39

Diverse nature of interacting agencies (DA2) 2.12 0.5

Large number of actors (DA3) 3.14 −0.09

Lack of trust among interacting agencies (DA4) 3.23 −0.33

Organizational mandates (OM) 11.64 0.11

Divergent set of interest for interacting agencies (OM1) 2.6 0.37

Varying donor expectation from relief operations (OM2) 3.46 −0.39

Varying specialization of interacting agencies (OM3) 2.56 0.35

Lack of trust between International NGO and local NGO (OM4) 3.01 −0.22

investing in improving coordination through information exchange during the pre-disaster
preparedness phase results in low/improper information sharing between the humanitarian
agencies in post-disaster relief phase. Further, lack of long term association in preparedness
phase affects trust building between the agencies and further impedes information exchange
in response phase. This is represented by a bidirectional relationship of IS with OM (0.197)
and DA (160) is shown in Fig. 1a. Furthermore, material convergence (MC) is the influenced
variable having direct impact of IS, DA andOM. Poor information sharing between the actors
primarily due to lack of pre-disaster preparedness stage focus on improving information
sharing between actors arising from diverse nature of actors and conflicting organizational
mandates affects the post-disaster collaboration resulting in material convergence. Also, the
convergence of both humanitarian actors and material at the disaster site in a chaotic post-
disaster environment impedes coordination due to lack of long term agreements affecting the
information sharing between the humanitarian agencies. These interactions are represented
by the bi-directional arrows in Fig. 1a. IS has the most influence on the coordination in HSC
followed by DA and OM, while MC is the most influenced factor in coordination.

Agencies were not predisposed to information sharing with other agencies. During Chen-
nai floods, though a central coordination teamwas set up to coordinate the information sharing
between various agencies, the sheer magnitude of the information generated from various
sources made it difficult to segregate the information and compile them at an aggregate level.
An estimated 200,000 emails, SMS, WhatsApp messages, Facebook and Twitter feeds were
received at Chennai Relief Centre (CRC). This led to delays in gathering intelligence from
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information. One of the practical difficulty faced by the members of the CRC was locating
the source of information. Subsequently, the coordination committee avoided aggregation of
the information collected from various sources and merely focused on being a nodal agency
to facilitate information exchange. This led to further confusion since it was expected that all
information coming though the central coordination agency was verified and authenticated,
which was not the case in every instance. This further added to the coordination woes during
the floods relief operations.

Chennai floods were no different from a large scale disaster with a large number of actors
involved in rescue and relief operations. Multiple actors were not aligned to coordinate with
each other for the relief operations as there was no pre-disaster association between these
agencies (IS3) leading low priority for information exchange (IS1) lack of any uniform
assessment technique (IS4). The information sharing was not prioritized primarily due to
two reasons: firstly, the actors were not experienced in responding to a major disaster leaving
them new to such a chaotic situation. Secondly, many organizations had their specific agendas
at the core of operations. This prevented the relief agencies form gauging the requirements
of beneficiaries (IS5). For example, in the case of Cuddalore, a tier III town located about
100 km away fromChennai, religious and social groups prioritized relief distribution towards
certain communities. The fishermen community in the Cuddalore district, primarily a Latin
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Table 5 Relative importance of the criterion and sub-criterion

Criteria and sub-criteria Relative
importance (Avg.)

Information sharing (IS) 0.383

Low priority for information sharing (IS1) 0.139

Lack of consistent data formats being shared among agencies (IS2) 0.061

Poor planning for coordination prior to relief operations (IS3) 0.088

Lack of uniform need assessment techniques (IS4) 0.444

Lack of knowledge about the requirement of beneficiaries (IS5) 0.268

Material convergence (MC) 0.261

Use of personnel for less essential task (MC1) 0.202

Competition between agencies for scarce resources (MC2) 0.226

Heterogeneous nature of aid material received (MC3) 0.143

Large quantities of non-priority items were received (MC4) 0.246

Scarcity and oversupply of aid materials (MC5) 0.182

Diversity of actors (DA) 0.160

Coordination based on the reputation of official (DA1) 0.148

Diverse nature of interacting agencies (DA2) 0.148

Large number of actors (DA3) 0.305

Lack of trust among interacting agencies (DA4) 0.399

Organizational mandates (OM) 0.197

Divergent set of interest for interacting agencies (OM1) 0.186

Varying donor expectation from relief operations (OM2) 0.388

Varying specialization of interacting agencies (OM3) 0.134

Lack of trust between International NGO and local NGO (OM4) 0.292

Catholic community experienced marginalisation during the aid distribution organised by
other religious groups. The interactions between the sub-factors under information sharing
are shown in Fig. 1b.

The lack of pre-defined operational procedures hindered the effective relief operations
and the local government, had to depend upon the other organizations. This dependence
was perceived as a lack of efficiency on the part of local government. Mistrust between the
agencies led to poor information sharing and poor coordination between government and
NGO’s (OM4). The organization clusters formed to improve coordination were expected
to have better access to resources such as aid material, donors, logistics supports, trained
volunteers, etc. Yet, smaller organizations were not a part of these clusters since they did not
have any specific complimenting capabilities (OM3). Some of the smaller volunteer groups,
which were formed primarily for the Chennai floods relief activities, were overwhelmed
by the chaotic environment and focussed on delivering the aid at the earliest and leaving
(OM2). There were multiple instances when the volunteers delivered to the first person in
sight and often at the sites that were easily accessible. These led to a few people receiving
relief multiple times andwhile others being completely ignored evenwithin the same locality.
These interactions are shown in Fig. 1d.

The magnitude and destruction associated with the Chennai floods received significant
coverage in news and social media and a large number of voluntary relief workers arrived at
the disaster scenewith aidmaterial with little or no prior understanding of the situation (DA3).
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Some of the local organizations within Chennai and Tamil Nadu circuit formed coordination
clusters primarily to share resources such as vehicles and other modes of transport, common
storage areas and identification of location for aid distribution centres (DA1). However, the
coordination clusters formed were selective in allowing NGOs to be part of the cluster and
depended on the political and religious affiliations of the NGOs (DA2) and hence certain
smaller NGOs representing marginalized groups were excluded these clusters. In one of the
incidents reported from Chennai, where Irular community (scheduled caste) were ignored
for any sort of aid assistance for almost a week after the Chennai floods. Furthermore, the
coordination was also affected by the opportunistic behaviour of many organizations (DA4).
For instance, one of the interviewee representing a NGO recalled that multiple new and
spurious NGO’s were formed to siphon cash and hoard donations anticipating an arbitrage
opportunity in future. Thus, NGOs viewed with others with suspicion and much effort was
spent on analysing the authenticity of claims and impeding coordination. These interactions
are shown in Fig. 1e.

Material convergence (MC) was a direct result of lack of poor coordination between
agencies and was worsened by large number of actors, and poor information sharing between
these actors. Many experts during the interviews recounted that managing the large amounts
of supplies arriving at the site and the waste generation due to the relief material was a huge
issue (MC4). An estimated 1 million packets of biscuits, 5000 litres of milk, 10,000 tonnes of
instant noodles were sent to Chennai. Another challenge faced during the relief efforts was
the recirculation of the information. During Chennai floods, the social media turned out to
be quite helpful for gathering and spreading information which helped in saving many lives.
However, due to recirculation of the information in the social media, the need assessment was
affected (MC5). This resulted in the influx of large amount of aid material which affected the
storage, since almost all storage units (hall, godowns, etc.) was flooded with aid materials
(MC3). A classic example of the information duplication was found in case of the water
bottles required. A social media tweet by an in charge of one of the public kitchen requesting
for the 500 water bottles was re-tweeted multiple time leading to a receipts of more than
10,000 water bottles. Soon this material convergence became the concern in terms of storage
and disposal of the used plastic water bottles (MC1). Furthermore, with large number of
organisations involved in the relief activities, there were no official records available as to
whom how, or where these aid material distributed. This led to large number of smaller
organizations competing for scarce resources, which resulted in poor coordination between
the organizations (MC2). These interactions are summarized in Fig. 1c.

6.1 Implications

The study of Chennai flood rescue and relief activities shed light on the coordination chal-
lenges faced during any large scale disaster. It can be noted that the coordination challenges
discussed by previous studies such Balcik et al. (2010), Stephenson (2005) and VanWassen-
hove (2006) were relevant during the Chennai flood relief activities. While Balcik et al.
(2010) and Stephenson (2005) explored the coordination challenges in HSC based on a gen-
eral setting; Van Wassenhove (2006) studied coordination during Gujarat earthquake and
Mozambique floods. This indicates that even though the disasters are assumed to be unique
(Day et al. 2012), the coordination challenges in HSC follows a pattern and repeatability.
This section provides few implications for improving the coordination in HSC.

Firstly, the interacting agencies need to prioritize the identification of the actual need of
the beneficiaries by involving local level leaders or in consultation with the affected people
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rather than trying to force fit the existing solutions. The concept of force fitting the relief
solution has been criticized in the literature (VanWassenhove 2006; Kovács and Spens 2011;
Jahre and Jensen 2010). During the relief activities of hurricane Katrina, FEMA used the
municipal database to profile the recipients to get a better idea of the nature of the critical
supplies to be channelized form the central warehouses (Holguín-Veras et al. 2007).

Second, the humanitarian agencies should work towards formation of a common con-
sortium of actors focusing on creating a standardized need assessment template for easy
sharing and comprehension of information. The inter-agency standing committees (ISAC)
are examples which can be replicated at local levels as well. ISAC and Office for Coordi-
nation of Humanitarian Affairs (OCHA) have developed a need assessment template to be
followed by the member organization with the primary motive of fostering inter-operability
of information collected.

Third, the common knowledge database in association with localized consortiums to share
supplies should be created. This could help in transfer of supplies from points of oversupply
to points of scarcity. During Chennai floods, the social media played a pivotal role in the
dissemination of information which helped save lives of many. However, due to recirculation
of the information, the tracking the relevant of information had become amajor challenge and
affected the coordination of the relief activities. The use of data mining processes and creat-
ing knowledge database could help in streamlining the information processing for effective
coordination. Hristidis et al. (2010) proposed a Business Continuity Information Network
(BCIN) with the collaboration with the Miami-Dade County emergency management office
aiding in data mining with spatial pattern recognition for targeted relief operations.

Fourth, the relief agencies should focus on the long term rehabilitation during the initial
stages of the relief activities itself. Usually, the rehabilitation activities are decoupled from
the relief activities and are carried out by separate set of actors. The smooth transition of the
relief to rehabilitation phase of the disaster management can be achieved by streamlining
the interest of the various agencies by sharing of the common resources and focusing on
the organizational expertise. Depending upon the organization expertise, the resources and
timeline of the relief operations can be targeted upon.

Finally, establishing a strong central command for coordination with various stakeholders
during the preparedness stage rather than waiting to form a coordination unit post disaster
can go a long way in effective coordination between the various organizations in HSC. To
improve the coordination between the central and local governments in the aftermath of the
hurricane Katrina, FEMA use national emergency management system which links the local
governments with the federal agencies helping in join procurement, tracking and delivery of
the supplies for disaster relief. This mechanism operates with the close association with local
government empowering them to respond efficiently.

7 Conclusion

The importance of coordination between the actors in HSC is considered as one of the
major factors for the effectiveness of the humanitarian operations. Though the need for
coordination is well appreciated, the studies exploring the factors affecting coordination
and the nature of inter dependence of these factors has received much less interest in the
academic literature. This study focused on exploring this inter-dependence between the
factors affecting coordination. Based on the literature review and interviews conducted with
the experts who had actively took part in the relief activities post Chennai floods, four major
criteria namely material convergence, diversity of actors, poor information sharing between
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the agencies, and varying organizational mandates were identified, which are impediments
to effective coordination in HSC. To identify the inter-dependence between the criterion,
a hybrid fuzzy DEMATEL-ANP methodology is being used. The fuzzy DEMATEL part
provides the NRM between the criterion and sub criterion, whereas the ANP is used to
obtain the weights of each criteria and sub-criteria.

The results indicate that information sharing between the agencies and the diversity of
the actors are the most important criterion which acts as an impediment to the coordina-
tion in HSC. The NRM shows material convergence is the influenced variable, whereas the
information sharing is the most important influencer variable and diverse nature of HA and
their organizational mandates both influence the information sharing between the agencies.
Since most of the HAs operate on the donations, the focus is often on the post-disaster relief
operation rather than pre-disaster capability building. One of the direct impacts of this is in
terms of poor coordination between the agencies in the post-disaster relief operations. With
each disaster situation presenting itself with unique set of challenges, most of relief time
coordination is based on informal relationships are adhoc in nature. This kind of associa-
tion compounds the coordination challenge owing to lack of trust between actors, varying
organizational mandates, diverse nature of actors, competition between the actors, improper
needs assessments and poor information exchange between actors. Poor coordination often
manifest itself in terms of inequitable aid distribution, wastage of aid material, scarcity of pri-
ority items and oversupply of non-priority items leading to increased suffering of the affected
people. Often poor coordination leads to a secondary disaster (Van Wassenhove 2006). We
have used Chennai floods as a case study to explore these inter-relationships through the
experiences and learning’s from the experiences of the respondents directly involved with
the relief activities during the Chennai flood relief.

In this study we make three major contributions to the HSC literature. Firstly, we explore
the relationships between themultiple factors affecting coordination. Though extant literature
talks about the coordination in HSC and the factors affecting coordination, it is silent on the
nature of interaction between these factors. Secondly, we identify the major challenges that
influence the effectiveness of coordination in HSC and how these factors operate during
the relief operations. Finally, the empirical investigation based on a large scale disaster like
Chennai floods help to better understand the practical implications of the coordination in
HSC and how these factors affect the effectiveness of relief activities. In this study, we have
primarily focused on the observations, anecdotal evidences, and findings based on Chennai
floods. The generalizability of the NRM model presented in this study would benefit from
being tested in other disaster scenarios. Further, a formal statistical evaluation of the inter-
relationships could also help towards the generalizability of the findings.
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