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Abstract: Frequent natural hazards such as flooding and the devastating consequences of severe
events make the humanitarian supply chain particularly important in alleviating the suffering of
those communities impacted by such events. However, the ambiguity of information and the different
goals of stakeholders demand that the humanitarian supply chain must be resilient. This research
adopts the use of literature review and expert opinions to identify the indicators that affect the
resilience of the humanitarian supply chain using the flood event in Hechuan District, China in 2020
as an example. Based on the combination of fuzzy Decision-making Trial and Evaluation Laboratory
and Analytic Network Process (fuzzy-DEMATEL-ANP), the interrelationships between the indicators
and the weights of each indicator are calculated. The research results indicate that decision-makers
in the humanitarian supply chain should vigorously coordinate the cooperation among stakeholders,
ensure the effective transmission of information, and formulate forward-looking strategic plans.
At the same time, these key decision makers should also be aware of the need to adjust their strategies
at different stages of the flooding event in order to achieve a flexible humanitarian supply chain that
responds to the varying demands over the course of a flooding event. The results of this study will
help professionals involved in humanitarian supply chains to develop strategies and plans to become
more resilient thus helping to reduce losses from natural hazards such as floods.

Keywords: humanitarian supply chain; supply chain resilience; flood disaster; fuzzy-DEMATEL model

1. Introduction

Due to global warming and urbanization, torrential rains and floods events have
become more frequent [1]. Among the recorded natural hazards globally, the frequency
of flooding events accounts for nearly half of all major events [2]. In 2020, the continuous
rainy season caused a significant increase in precipitation, leading to large-scale mountain
torrents and urban waterlogging in China [3]. According to media reports, 433 rivers in
China were flooded above the warning line, and nearly 38 million people in 27 provinces
and cities were affected [4]. The devastating consequences of the flood disaster make
the humanitarian supply chain, which provides timely relief especially important [5].
A successful humanitarian supply chain should reduce the losses and casualties caused by
disasters as far as possible [6]. However, the characteristic of sudden disasters is that the
time, place, and intensity are unpredictable [7]. This characteristic requires decision-making
not only on time but also adjusted with the disaster situation [8]. In addition, it is difficult
for the stakeholders involved in the humanitarian supply chain to achieve coordination
and build the necessary trust due to their different expectations and goals [9]. Hence, it is
essential for the humanitarian supply chain to be resilient to reduce the losses caused by
disasters in an unstable environment. Simultaneously, it is necessary to determine the key
factors and their interaction to maintain the resilience of the humanitarian supply chain.
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In order to reduce the devastating consequences of disasters, research on the human-
itarian supply chain has gradually increased in recent years [10]. Kittisak compared the
humanitarian supply chain with the commercial supply chain and proposed that under-
standing the similarities and differences between the two is the basis for applying the
commercial supply chain management concept to the humanitarian supply chain [11].
Singh argued that the fundamental chain of humanitarian supply chain and commercial
supply chain are similar, and the research concept of the commercial supply chain can be
used to improve the performance of the humanitarian supply chain [12]. Zarei argued
that transportation capacity is critical to the sustainability of the humanitarian supply
chain [13]. Iman cited regulatory uncertainty, inexperienced employees and high costs as
key reasons why humanitarian supply chains are not sustainable [14]. Paula emphasized
that human resources management is of great significance to disaster preparedness and
rescue during disasters [15]. Hossein proposed that a flexible humanitarian supply chain
can handle disasters more effectively. He also pointed out that the standardization of
data and distribution is the most important for the flexibility of the humanitarian supply
chain [16]. Kumar pointed out that for non-profit supply chains such as the humanitarian
supply chain, Radio Frequency Identification (RFID) technology can effectively reduce
costs and reduce the severity of errors [17].

Humanitarian supply chains must be resilient because of the instability of the envi-
ronment and the complexity of the stakeholders [18,19]. Resilience is defined as the ability
of the system to return to normal operations after a shock [20]. This study focuses on the
development of humanitarian supply chain resilience during flood events and asks the
following questions: (1) What factors influence the development of humanitarian supply
chain resilience? (2) Is there a correlation between these factors? (3) What are the most
important factors that affect resilience? In order to answer the above questions, we inte-
grated the Delphi method and literature review findings to determine the main influencing
factors. After the first round of the Delphi survey, this study identified 18 key factors found
to resilience in the humanitarian supply chain and further classified these into 6 main
criteria. Data from three rounds of Delphi surveys was obtained and the interrelationships
between the various indicators were identified according to the fuzzy-DEMATEL method.
The interrelationships between indicators were transformed into a network structure di-
agram. Finally, using the ANP method, the weights of each factor based on the network
structure diagram were identified. Combining the fuzzy-DEMATEL method and the ANP
method, the correlations between the 18 indicators and the weights of each indicator were
calculated. Moreover, this research emphasizes that five of these indicators are the key
directions for building the resilience of the humanitarian supply chain, which can be ranked
as: capability and strategic planning (C1), coordination and cooperation (B2), transparency
of information (B1), risk awareness (E2), and agility in processes (D1).

The structure of this paper is as follows: In the following section, we review the
relevant literature and identify the criteria and indicators that affect the resilience of the hu-
manitarian supply chain. Section 3 then explains the research design and methods in detail.
Section 4 analyses the evaluation of humanitarian supply chain resilience based on real data
from the study area. In Section 5, we discuss the research results and end with Section 6
which presents the conclusions and proposed recommendations for future research.

2. Literature Review

This section consists of two parts. The first part is mainly a review of the existing
research on the humanitarian supply chain. The second part focuses on reviewing the
research on the evaluation methods of the humanitarian supply chain.

2.1. Identification of Criteria and Indicators

Past research has explored various aspects involved towards building resilience in
humanitarian supply chains. Humanitarian supply chain resilience in flood events is a
complex issue. Its formation is the result of a combination of pre-assessment [21], diverse
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actors [22], strategic management [23], responsiveness [24], risk management [25], and
material support [26].

Pre-assessment is the process of quickly determining the needs of the disaster-affected
area and the capabilities of the humanitarian supply chain itself. It is critical to the human-
itarian supply chain. In both commercial and humanitarian supply chains, determining
demand is an essential prerequisite for providing supply [27]. However, the needs of
humanitarian supply chains in a disaster are often uncertain and fluid. This issue requires
humanitarian supply chain managers to pre-assess requirements using methods such as
predictive models and information transmission [28]. The analysis of transportation links is
also an important part of the humanitarian supply chain pre-assessment [29]. For example,
using drones to collect data on transportation links has been found to be of great signifi-
cance to shorten the rescue time [30]. In addition, the pre-assessment of resources has a
positive impact on the resilience of the humanitarian supply chain [31]. Chen proposed that
effective sharing of resources can improve the sustainability of the humanitarian supply
chain [32].

Many stakeholders are involved in the humanitarian supply chain, including gov-
ernments departments, enterprises, humanitarian agencies, and volunteers [27]. Dubey
analyzed the case of British Telecom’s participation in disaster relief operations. The re-
search results showed that the transparency of the humanitarian supply chain is conducive
to enhancing the resilience of the supply chain. It was also pointed out that collaboration
and the swift development of trust among stakeholders positively impact the resilience
of the humanitarian supply chain [33]. In another study, it was emphasized that the chal-
lenges faced by the humanitarian supply chain are often caused by a lack of trust and poor
collaboration [34]. John analyzed the coordination of the humanitarian supply chain in the
Chennai flood disaster and concluded that information exchange is equivalent to achieving
coordination [35].

The effectiveness of strategic management depends on the capability of the man-
agement team including their strategic planning, timely quality inspection, and logistics
management [23]. Torabi pointed out that strategic planning is the basis for making correct
decisions [36]. L’Hermitte believed that sustainable strategic management should include
an overall strategy and updated decisions based on phased disasters [37]. John suggested
that humanitarian supply chain managers should confirm the source of supplies and con-
duct timely inspections of donated materials [38]. Nayaka discussed the application of a
comprehensive streamlining framework in the humanitarian supply chain. The research
results emphasized that efficient humanitarian supply chain management is inseparable
from the need to have precise logistics [39].

Responsiveness is an important feature of humanitarian supply chain resilience and
consists of agility in processes, adaptive management strategy, and efficiency in pro-
cesses [19]. Dubey’s research indicated that technology-driven humanitarian supply chains
are often more agile. It was also noted that more efficient disaster relief actions are taken
when the humanitarian supply chain is agile and responsive [40]. Due to the suddenness
and uncertainty of flood events, adaptive management strategies are absolutely neces-
sary [41]. Charles pointed out that reducing unnecessary pipeline time has a beneficial
effect on improving the efficiency of the humanitarian supply chain. It was also proposed
that pre-assessment is conducive to enabling faster decision making [42].

Due to the complexities and uncertainties involved in the humanitarian supply chain
during flood events, effective risk management is key to improving resilience. Risk man-
agement is a combination of risk warning capability, risk awareness, and distributed
power [43]. Risk warning capability is critical to the initial deployment of the humanitarian
supply chain. This ability not only improves the responsiveness of the supply chain but also
avoids waste of resources [44]. Patil argued that the lack of risk awareness is an important
obstacle to the sustainable management of the humanitarian supply chain. The cultivation
of risk awareness should involve two main bodies: (i) rescuers and first responders, and
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(ii) community members [45]. The frequent interruption of information exchange in flood
events makes distributed power essential [31].

At the same time, the resilience of the humanitarian supply chain cannot be improved
without material support, including big data analysis, competent manpower, and stan-
dardization [8,23,46]. Oscar’s research results show that artificial intelligence can greatly
enhance humanitarian supply chain resilience [47]. Paula pointed out that a successful
humanitarian supply chain is inseparable from effective human resource management [15].
Ismail’s research revealed that standardization could increase the substitutability of materi-
als, and further enhance the resilience of the humanitarian supply chain [48].

Based on the preceding literature review, the criteria, indicators and their explanations
are shown in Table 1.

Table 1. Evaluation system of humanitarian supply chain resilience in flood events.

Criterion Indicator Descriptions

Pre-assessment (A)
Problem assessment (A1)

Problem assessment is conducive to quickly derive the
needs of the disaster-affected area and facilitate the

formulation of further plans.

Transport link assessment (A2)

Transportation link assessment is to add new links
based on determining the transportation links available

in flood disasters to reduce the vulnerability of the
road network.

Resource assessment (A3) Resource assessment can improve the rationality of
resource allocation and reduce unnecessary redundancy.

Diverse Actors (B)
Transparency of information (B1)

The transparency of information can ensure the
exchange of information among stakeholders in the
humanitarian supply chain and improve efficiency.

Coordination and cooperation (B2)
Coordination and cooperation among stakeholders in

the humanitarian supply chain are essential to alleviate
the suffering of the people affected by the disaster.

Swift trust (B3) Swift trust helps minimize friction and
achieve cooperation.

Strategic management (C)
Capability and strategic planning (C1)

Capability and strategic planning include overall
strategies and update decisions based on the

development of periodic flood disasters.

Timely quality inspection (C2) Many disaster relief materials come from donations, and
it is not easy to guarantee quality.

Logistics management (C3)
Logistics management enables the appropriate

personnel and rescue items to help the disaster-stricken
area at the appropriate time and place.

Responsiveness (D)
Agility in processes (D1)

Agility allows the humanitarian supply chain to meet
the needs of disaster-stricken areas in an

uncertain environment.

Adaptive management strategy (D2) The ability to transform management strategies to
respond to different risks.

Velocity in processes (D3) Reduce unnecessary pipeline time in response to
environmental changes.

Risk Management (E)
Risk warning capability (E1) The ability to enable the humanitarian supply chain to

identify potential crises and develop recovery plans.

Risk awareness (E2) Risk awareness includes the awareness of rescuers and
people affected by disasters.

Distributed power (E3) In the event of an emergency, each department can
independently take response measures.

Material Support (F)
Intelligence and digitization (F1) Intelligence and digitization can improve information

sharing capabilities and reduce time loss.

Skilled and competent manpower (F2)
The humanitarian supply chain should have sufficient
knowledge to manage operations in a highly unstable

environment.

Standardization (F3)
Standardization can improve the substitutability of

supplies and processes in the humanitarian
supply chain.



Water 2021, 13, 2158 5 of 21

2.2. Review of Existing Humanitarian Supply Chain Evaluation Methods

Many studies have provided evaluation methods for humanitarian supply chains.
Kumar combined the fuzzy MICMAC method and the interpretation structure model to
analyze 12 humanitarian supply chain resilience indicators. They emphasized that govern-
ment support is the most important factor in building the resilience of the humanitarian
supply chain [12]. Behl summarized 20 influencing factors and used the grey DEMATEL
method to calculate the index importance [49]. Kumar analyzed the responses to a ques-
tionnaire survey involving 136 respondents using the interpretive structure model and
the DEMATEL method. Based on the model results, they proposed that governance and
supervision are the keys to achieving a sustainable humanitarian supply chain [50]. Mangla
proposed 20 solutions to 29 obstacles faced by humanitarian supply chain management.
These solutions include long-term strategic planning, coordination among actors, and
logistics management [21]. Dubey used a structural equation model based on variance to
conclude that information integration and collaboration positively impacted the agility of
the humanitarian supply chain [40]. Hamid combined the partial least squares method and
the fuzzy interpretation structure model to evaluate the challenges faced in the humani-
tarian supply chain [25]. Bag evaluated the importance of big data-driven humanitarian
supply chain barriers through fuzzy total interpretive structural modeling [51].

According to the literature review, existing research on humanitarian supply chain
resilience can be divided into three main directions: (1) focuses on the relationship between
a certain attribute and the resilience of the humanitarian supply chain; (2) optimizes the re-
silience of humanitarian supply chain when combined with certain attributes; (3) attempts
to provide a comprehensive evaluation of humanitarian supply chain resilience. Addition-
ally, previous research seeking to evaluate the resilience of humanitarian supply chains
generally failed to attempt to calculate weights based on identifying the interrelationships
between indicators. This suggests there remains a need for further research in order to
develop a comprehensive analysis of humanitarian supply chain resilience. Therefore, this
study will construct an evaluation system based on the findings of the literature review.
Combining the fuzzy-DEMATEL method and the ANP method, this research will calculate
the weights of the indicators based on an understanding of their interrelationships.

3. Methods

This research includes three stages to assess the resilience of the humanitarian supply
chain, as shown in Figure 1. In the first phase, the Delphi survey and literature review were
conducted to identify indicators that affect the resilience of humanitarian supply chains
in flood events. In the second stage, the fuzzy-DEMATEL method is used to obtain the
interrelationships between 18 influencing factors, and the influencing relationship matrix
is obtained according to the interrelationship. In the final stage, the influence relationship
matrix obtained in the second stage is transformed into the network relationship diagram
in the ANP method, and the ANP method is used to calculate the weights of resilience
criteria and indicators.
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3.1. Fuzzy DEMATEL Method
3.1.1. The Basic of Triangular Fuzzy Numbers

There are many uncertainties in the complex decision-making process. Generally,
decision-makers tend to use subjective language rather than crisp values to express their
opinions [52]. In order to overcome the inconvenience caused by these factors in quantita-
tive research, this research uses triangular fuzzy numbers to collect expert opinions.
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The triangular fuzzy number A can be defined as a triplet state (l, m, r), and its
membership function can be expressed as:

µA(X) =


x−l
m−l x ∈ [l, m]
x−µ
m−µ x ∈ [m, µ]

0 other
(1)

3.1.2. CFCS Method

Due to the expert opinions collected by the triangular fuzzy number cannot be directly
applied to the DEMATEL method, the process of defuzzification is necessary. Defuzzifi-
cation is a process of filtering fragmented information based on fuzzy sets, which means
turning fuzzy numbers into crisp values [53]. This study uses the CFCS method to im-
plement defuzzification [54]. Suppose that zij = (lij, mij, rij) is the fuzzy evaluation value
given by the expert, it represents the degree of influence of the ith indicator on the jth
indicator. The defuzzification steps of the CFCS method are as follows.

Step 1: Normalization.
∆max

min= maxrij −minlij (2)

xlij = (lij −minlij)/∆max
min (3)

xmij = (mij −minlij)/∆max
min (4)

xrk
ij = (rk

ij −minlk
ij)/∆max

min (5)

Step 2: Compute left and right normalized values.

xlsij = xmij/(1 + xmij − xlij) (6)

xrsij = xrij/(1 + xrij − xmij) (7)

Step 3: Compute total normalized crisp value.

xij = [xlsij(1− xlsij) + xrsijxrsij]/(1− xlsij + xrsij) (8)

Step 4: Compute crisp values.

zij = minlij + xij∆
max
min (9)

3.1.3. Integrated CFCS and DEMATEL Method

The DEMATEL method is an important tool for analyzing the interrelationships
of complex system elements. Combining the process proposed by many scholars, the
fuzzy-DEMATEL method used in this study is as follows [55].

Step 1: The Delphi method is used to obtain the interrelationships between the
indicators, and the linguistic terms evaluated by experts are transformed into numerical
information with triangular fuzzy numbers. Language variables and corresponding scales
and triangular fuzzy numbers are shown in Table 2.

Table 2. Linguistic Variables and Corresponding Triangular Fuzzy Numbers.

Linguistic Variable Triangular Fuzzy Number

No influence (0, 0, 0.25)
Very low influence (0, 0.25, 0.25)

Low influence (0.25, 0.5, 0.75)
High influence (0.5, 0.75, 1.0)

Very high influence (0.75, 1.0, 1.0)
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Step 2: Construct a direct-relation fuzzy matrix. By determining the degree of direct
influence among different factors in the above method, the direct-relation fuzzy matrix
Ã = [ãij]n×n can be obtained, where aij represents the degree of influence of indicator i on
indicator j. And ãii = 0, n is the number of evaluation indicators.

Step 3: Obtain normalized direct-relation fuzzy matrix. According to Equation (10),
the normalized direct-relation fuzzy matrix B̃ = [b̃ij]n×n can be calculated.

B̃ = [b̃ij]n×n =


b̃11 b̃12 . . . b̃1n

b̃21 b̃22 . . . b̃2n
...

...
. . .

...
b̃n1 b̃n2 . . . b̃nn

 (10)

where b̃ij =
ãij

max
1≤i≤n

n
∑

j=1
ãij

= (
aij

max
1≤i≤n

n
∑

j=1
ãij

,
aij

max
1≤i≤n

n
∑

j=1
ãij

,
aij

max
1≤i≤n

n
∑

j=1
ãij

).

Step 4: Calculate the fuzzy total-influence matrix. According to Equation (11), the
fuzzy total-influence matrix T̃ = [t̃ij]n×n can be obtained.

T̃ = lim
k→∞

(B̃ + B̃2 + . . . + B̃k) = B× (I − B)−1 (11)

Through the CFCS method, the total-influence matrix T after defuzzification can
be obtained.

Step 5: Obtain the causal degree through Equations (12) and (13):

Tr =
N

∑
i=1

tij (12)

Tc =
N

∑
j=1

tij (13)

Step 6: Calculate centrality and cause degree using Equations (14) and (15):

Di =
N

∑
i=1

tij +
N

∑
j=1

tij (14)

Ri =
N

∑
i=1

tij −
N

∑
j=1

tij (15)

Di represents the centrality degree of indicator i, which reflects the position and
function of the indicator. When Ri > 0, indicator i is the cause indicator, and its influence
on other indicators is greater than that of other indicators. On the contrary, indicator i is
the effect factor.

3.2. ANP Method

The ANP method is a multi-criteria measurement theory that can fully consider
interdependence and influence relationships among various factors [56]. The calculation
steps of the ANP method are as follows.

Step 1: The ANP network structure is constructed according to the influence relation-
ship matrix obtained by the fuzzy-DEMATEL method and the threshold set by experts.
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Step 2: The data collected by the Delphi method is converted into a matrix form to
express the relative importance between indicators, as shown in Equation (16).

C = [cij]n×n =



1 . . . c1j . . . c1n
...

...
...

...
...

ci1 . . . 1 . . . cin
...

...
...

...
...

cn1 . . . cnj . . . 1

 (16)

where cij =
1
cji

, (i, j = 1, 2, . . . , n).
Step 3: Consistency check. From the matrix operation rules, if there is a set of numbers

λ1, λ2, . . . , λn and vector ω satisfying Equation (17), then λ is called the eigenvalue corre-
sponding to the matrix, and the vector ω is the eigenvector corresponding to the matrix.

Cω = λω (17)

According to Equations (18) and (19), the consistency test of each paired comparison
matrix is carried out. Where CI represents the consistency index, CR represents the consis-
tency ratio, RI represents the random index, and λmax represents the maximum eigenvalue.
When CR ≤ 0.1, it means that the paired comparison matrix passes the consistency test.

CI =
λmax − n

n− 1
(18)

CR =
CI
RI

(19)

Step 4: Calculate the super-matrices. The eigenvectors of each dimension are inte-
grated into a matrix, which is an unweighted super-matrix. If the matrix is not column
stochastic (the sum of the columns is 1), the decision-maker needs to provide weights to
make it a column stochastic and obtain a weighted super-matrix W. Further, the limiting
super-matrix can be obtained according to Equation (20), where k is the power of the matrix
W transformed into the column stochastic matrix.

W ′ = lim
k→∞

(W)k (20)

4. Case Study
4.1. Study Area

Hechuan District is a municipal district under the jurisdiction of Chongqing Mu-
nicipality, located in the upper reaches of the Yangtze River, northwest of Chongqing,
as shown in Figure 2. By 2020, it has 2344.07 square kilometers, jurisdiction over 7 sub-
district offices and 23 towns, with a permanent population of 1.56 million. There are
three rivers confluence of Fujiang, Jialing River, and Qujiang River in Hechuan District.
On 11–17 August 2020, there were heavy rains in the Fujiang, Jialing River, and Qujiang
river basins in Sichuan, and locally heavy rains. Affected by the heavy rainfall in the upper
reaches of the Three Rivers, on the evening of the 18th, the urban area of Hechuan District
ushered in the peak of transit. On the same day, Chongqing has launched a first-level
emergency response for flood control for the first time in history. This flood is the biggest
flood peak in 40 years. At 7 a.m. on August 19, the highest water level at Hechuan Yazui
Station was 212.28 m, which was 5.35 m above the guaranteed water level. As of 15:00 on
26 August the district has organized and dispatched more than 220,000 professional rescue
teams, party members and cadres at all levels, and volunteers. The flood caused a direct
economic loss of about 652 million yuan in the entire region.
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4.2. Data Collection

In this study, the Delphi method was used to collect feedback and modify expert
opinions, finally obtaining a consensus. In the Delphi method, the invited experts do not
know each other and are conducted anonymously to eliminate the mutual influence [57].
According to the research of Winkler and Moser, the effectiveness of the Delphi method
depends on the composition of the expert panel. They proposed that there should be
a high degree of heterogeneity within the expert panel to avoid grouping opinions [58].
Belton suggested that 5–20 experts can get a good survey result, and more experts can be
invited if possible. At the same time, his research results revealed that three rounds of
investigations can obtain stable opinions [59]. Therefore, 60 formal or alternate members of
the expert panel were selected for this study. After the first round of the Delphi survey, a
total of 45 recoveries were collected, with 75% of the experts answering the questionnaire.
After the second and third rounds of the Delphi survey, only 32 participating experts
remained. Simultaneously, 81% of expert opinions are concentrated in one category, which
verifies that the experts have reached a consensus. The characteristics of the expert panel
are shown in Table 3.

Table 3. Expert panel characteristics.

Characteristics Number

Job Experience ≥10 12
5~10 20

Job position

Academic 9
Municipal manager 12

Non-governmental organization (NGO) 5
Volunteer 6

Expertise or research field

Humanitarian Supply Chain 2
Supply chain resilience 4

Risk management 3
Flood management 11

Emergency assistance 12

Through three rounds of Delphi surveys, the interactions and weights of the indicators
were analyzed. The first round of Delphi surveys was implemented from December 2020
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to January 2021, the second round was implemented from January to March 2021, and
the third round was implemented from March to April 2021. The Likert scale and Satty’s
1–9 scale were used to collect expert opinions during the interview. In the first round of the
Delphi survey, the questionnaire was sent to the panel members via email. In the second
round of the survey, the statistical results of the first round and the revised questionnaire
were sent to the experts (the statistical results include the probability distribution and the
median). Finally, in the third round of the Delphi survey, the statistical results of the second
round and the revised questionnaire were sent to the experts again, and the experts gave
their opinions through evaluation. After three rounds, the Delphi survey was completed.

4.3. Construct the Network Structure Based on Fuzzy-DEMATEL

Step 1: Construct the initial fuzzy direct-relation matrix. The expert opinions collected
by the Delphi method are sorted into an 18×18 initial fuzzy direct relationship matrix, as
shown in Table 4.

Table 4. The initial fuzzy direct relationship matrix.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3

A1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
A2 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0
A3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
B1 3 0 0 0 1 0 3 4 2 0 1 0 3 2 2 0 0 0
B2 1 1 3 3 0 1 1 0 2 3 2 3 2 1 2 1 1 2
B3 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0
C1 0 0 0 2 3 0 0 1 2 2 3 2 1 2 2 1 1 1
C2 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0
C3 0 0 1 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0
D1 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0
D2 0 0 0 0 1 0 0 0 0 2 0 0 0 2 1 0 0 0
D3 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0
E1 0 0 0 0 0 0 2 0 1 0 3 0 0 2 1 0 0 0
E2 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0
E3 0 0 0 0 0 0 0 0 1 3 2 0 2 2 0 0 0 0
F1 1 1 0 2 0 0 0 0 0 1 0 1 1 0 0 0 0 0
F2 0 0 0 0 0 0 0 0 0 0 1 1 0 1 2 0 0 0
F3 0 0 0 1 1 0 0 0 1 2 0 0 0 0 0 0 0 0

Step 2: Obtain the interdependence matrix. Combining the CFCS method and the
DEMATEL method, the total relationship matrix after defuzzification is obtained. Further,
based on expert opinions and literature review, the threshold is set to 0.032. After deleting
the values less than 0.032 in the total relationship matrix, the normalized total influence
matrix can be obtained, which will be used as the network structure diagram in the ANP
method, as shown in Table A1 in Appendix A. Additionally, according to the normalized
total influence matrix, the network structure diagram in the ANP method can be obtained,
as shown in Figure 3.

Step 3: Calculate Di and Ri values. The Di and Ri values of each indicator can be
calculated by Equations (12)–(15), as shown in Table 5. According to Table 5, the cause-effect
diagram of all indicators can be drawn, as shown in Figure 4.
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Table 5. Centrality degree and cause degree for indicators.

Tr Tc Di Rank Ri Rank

A1 0.106 0.233 0.339 16 −0.127 13
A2 0.133 0.090 0.223 18 0.043 8
A3 0.151 0.274 0.425 13 −0.123 12
B1 1.009 0.466 1.475 3 0.543 3
B2 1.404 0.503 1.907 1 0.901 1
B3 0.250 0.148 0.398 15 0.102 6
C1 1.211 0.636 1.846 2 0.575 2
C2 0.253 0.243 0.496 11 0.009 9
C3 0.196 0.582 0.778 10 −0.387 15
D1 0.253 0.781 1.033 5 −0.528 18
D2 0.297 0.615 0.913 7 −0.318 14
D3 0.164 0.657 0.821 9 −0.492 16
E1 0.519 0.534 1.053 4 −0.015 10
E2 0.186 0.704 0.890 8 −0.518 17
E3 0.434 0.531 0.964 6 −0.097 11
F1 0.356 0.119 0.476 12 0.237 4
F2 0.226 0.106 0.332 17 0.119 5
F3 0.250 0.174 0.423 14 0.076 7
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4.4. Calculate Weights by ANP Method

Step 1: According to the network structure diagram obtained by the fuzzy-DEMATEL
method, the impact-relation map in the ANP method can be obtained. On this basis, the
pairwise comparison matrices were constructed to combine the data collected by the Delphi
method. According to Equations (17)–(19), all pairwise comparison matrices are checked
for consistency. If the consistency test fails, the paired comparison matrix will be fed back
to the expert group until all the matrices pass the test.

Step 2: Calculate the super-matrices. The super-matrix in this research is calculated by
super decision (SD) software, and the process is as follows. First, clusters and nodes were
designed according to the evaluation index system. Secondly, the node connections were
constructed according to the network structure diagram obtained by fuzzy-DEMATEL.
Finally, the unweighted super-matrix, weighted super-matrix, and limiting super-matrix
were calculated based on inputting the paired comparison matrices that pass the consistency
test, as shown in Tables A2–A4, respectively.

Step 3: According to the limiting super-matrix, the limited weight and global weight
of each indicator can be obtained, as shown in Table 6.
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Table 6. The limited weight and global weight for indicators.

Indicator Limited Weight Local Rank Global Weight Global Rank

A1 0.584 1 0.017 13
A2 0.161 3 0.005 18
A3 0.255 2 0.008 16
B1 0.405 2 0.149 3
B2 0.511 1 0.188 2
B3 0.084 3 0.031 11
C1 0.652 1 0.195 1
C2 0.152 3 0.045 7
C3 0.196 2 0.058 6
D1 0.445 1 0.064 5
D2 0.274 3 0.039 10
D3 0.281 2 0.040 9
E1 0.310 2 0.042 8
E2 0.518 1 0.070 4
E3 0.172 3 0.023 12
F1 0.442 1 0.011 14
F2 0.360 2 0.009 15
F3 0.198 3 0.005 17

5. Discussion

The humanitarian supply chain is of great significance to alleviating the loss and
suffering of flood-affected people. However, due to the uncertainty of flood events and
the unpredictability of demand, it is necessary to develop a resilient humanitarian supply
chain. This study used the fuzzy-DEMATEL method combined with the ANP method for
analyzing humanitarian supply chain resilience. The interrelations and weights among
the indicators were determined as shown in Tables 5 and 6, respectively. It can be seen
from these two tables that capability and strategic planning (C1) is the key indicator.
Agarwal discussed the main obstacles faced by the humanitarian supply chain and pro-
posed corresponding solutions. Their research results showed that capabilities and strategic
planning directly positively impact the humanitarian supply chain. This result is consistent
with the results of this study [21]. In the humanitarian supply chain, long-term capability
and strategic planning, including logistics deployment and resource allocation, are crit-
ical. Moreover, capacity and strategic planning should include different stages of work
meetings and work update links to eliminate the uncertainty. It is vital to note that the
lack of forward-looking strategic planning has a significant impact on the resilience of
humanitarian supply chains. Therefore, the managers of the humanitarian supply chain
should be careful in making plans.

Coordination and cooperation (B2) among stakeholders is the second most important
resilience indicator. Ergun’s research emphasized that good coordination between stake-
holders is beneficial to improving the resilience of the humanitarian supply chain, which is
consistent with the results of this research [60]. The humanitarian supply chain involves
many stakeholders. Hence, in the recovery process of flooding events, it is often seen that
the rescue work is slow even with sufficient funds and materials. John’s research showed
that many supplies were donated by the National Crisis Committee during the Chennai
flood relief operation. Nevertheless, many poor communities did not receive the materials
due to poor coordination [35]. In addition, it is indispensable to consider the expectations of
different stakeholders when coordinating the response. For example, volunteers usually do
not seek rewards for their rescue behavior, while companies and NGOs pay more attention
to the reciprocal results brought about by cooperation [61]. Further, the expectations of
companies and NGOs for cooperation are quite different. Companies expect their brand
image to be promoted. The focus of NGOs is to ensure that the affected communities
and individuals receive the donated materials. Generally speaking, when NGOs donate
materials, they hope that cooperative organizations can deliver materials to the affected
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communities and individuals. It seems unreasonable for NGOs to cooperate with other
organizations and expect something in return. However, given that NGOs face increasing
scrutiny and fierce competition for donor funding, this expectation is understandable.

Transparency of information (B1) is the third-ranked resilience indicator. Dubey
pointed out that information sharing and supply chain transparency are the keys to a
resilient humanitarian supply chain [34]. Prasanna’s research results revealed that infor-
mation sharing among stakeholders is the main factor in the success of the humanitarian
supply chain [62]. Their views coincide with the results of this research. Due to the
large number of stakeholders involved in the humanitarian supply chain and the lack of
formal information-sharing agreements between agencies, information exchange in the
humanitarian supply chain is often quite problematic. Thus, achieving timely and effective
transmission of information is an inevitable prerequisite for realizing the coordination
among the humanitarian supply chain. Dubey’s research suggested that blockchain technol-
ogy in disaster relief operations can effectively guarantee the exchange of information [33].
Nagendra pointed out that a cloud computing platform based on satellite big data can also
improve the collection of real-time information [5].

Risk awareness (E2) is the fourth most important indicator of resilience. Patil et al.
emphasized that the lack of risk awareness is an obstacle to the operation of the humanitar-
ian supply chain. They also proposed that the cultivation of risk awareness is a long-term
process [45]. This view is consistent with this research. Risk awareness includes the training
of rescuers and the understanding of flood-affected community members. The temporary
and voluntary nature of disaster relief operations leads to uneven risk awareness among
rescuers. Therefore, basic training and practical guidance should be provided for rescuers.
In the meanwhile, flood-affected people often demonstrate wait-and-see behavior as they
are often reluctant to evacuate their homes. Kensuke Takenouchi pointed out that disaster
prediction models may lead to information dependence and wait-and-see behavior of the
public [63]. Strahan argued that wait-and-see behavior is influenced by the level of warning
and the psychology of protecting one’s property [64]. The appearance of wait-and-see
behavior will bring great trouble to rescue operations. Hence, it is essential to cultivate risk
awareness among people in disaster-prone areas. Agility in processes (D1) is the fifth-most
weighted indicator. Richard discussed the importance of agility for emergency disaster
relief activities. Moreover, they emphasized that the realization of agility is positive for
the resilience of the humanitarian supply chain, which is consistent with the results of
this research [65]. Changes in the needs of the affected people and the uncertainty of
floods require an agile and flexible humanitarian supply chain that improves handling
emergencies in the rescue period.

Among the top 5 indicators in terms of weight, three resilience indicators, transparency
of information (B1), coordination and cooperation (B2), and capability and strategic plan-
ning (C1), are the cause indicators. This shows that the impact of these three indicators
on other indicators in the evaluation system is greater than other indicators. On the other
hand, agility in processes (D1) and risk awareness (E2) are effect indicators, which shows
that these two indicators are easily affected by other indicators. When decision-makers
implement optimization strategies for these two indicators, they should pay full attention
to other indicators that impact these two indicators.

During the flood event in Hechuan District, Chongqing established an emergency
command system, including two committees, eleven special offices, and four special
commands. Nevertheless, the participation of multiple humanitarian agencies, companies,
and more than 600 volunteers made coordination and information exchange difficult.
Differences in the core interests of various organizations have rendered the relief efforts of
many actors ineffective and marginalized. Many volunteers arrived with relief supplies
but knew little about the situation. Furthermore, relief materials donated from all over the
country flooded into Hechuan District due to the spread of the disaster on social media.
However, the lack of coordination and information exchange resulted in the donated relief
materials generally converging in one location, causing unnecessary waste. The Municipal
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Flood Control and Drought Relief Headquarters of Chongqing advocates the normalization
of consultations on flood relief and conducts emergency consultations based on the trend
of important periods and the important nodes. Such a model not only guarantees the
combination of strategic planning and actual conditions but also realizes the agility of
the process. This consultation model is very worthy of reference for humanitarian supply
chain decision-makers when similar incidents occur. Risk awareness, especially the risk
awareness training of disaster-affected people, needs to be improved. Due to the lack
of accuracy of the early warning system, there was an early warning of the flood peak
crossing in 2019, and many manufacturers chose to transfer their activities in anticipation
of the flooding, which ultimately did not occur. When facing the flood peak transit early
warning again in 2020, this has caused some people affected by the event to wait and
see. This kind of wait-and-see behavior has caused serious losses to many small and
medium-sized enterprises.

These research results are based on the flood relief operations in Hechuan District and
can also be applied to any large-scale disaster relief activities. Although various disaster
situations are different, this model can be followed to operate resilient humanitarian supply
chains in different locations and for a range of hazards. This study proposes that trans-
parency of information (B1), coordination and cooperation (B2), capability and strategic
planning (C1), agility in processes (D1), and risk awareness (E2) are key indicators for
building a resilient humanitarian supply chain. Decision-makers should take optimization
measures based on a full understanding of the interrelationships between such indicators.

6. Conclusions and Future Research

Nowadays, frequent disasters have brought great trauma to the economy and people
all over the world. However, the humanitarian supply chain, which is of great significance
to post-disaster rescue, has to operate in a turbulent environment with uncertain demand.
It is therefore apparent that any humanitarian supply chain must be resilient. The main
contributions of this research are as follows. First, through literature review and the Delphi
method, 18 indicators for building the resilience of the humanitarian supply chain are
summarized. Secondly, according to the fuzzy-DEMATEL method, the interrelationships
between these 18 indicators are determined, as shown in Figure 4. Finally, based on the
ANP method, this research has derived the key indicators of these 18 indicators, including
transparency of information (B1), coordination and cooperation (B2), capability and strate-
gic planning (C1), agility in processes (D1), and risk awareness (E2). The finding of this
research will help decision-makers involved in humanitarian supply chain management
to visualize the interrelationships between the key indicators of resilience. These results
will be of great significance for managers to have a deeper understanding of resilience
indicators. Moreover, the approaches developed in this study can be applied not only to
flood risk management but also to other disaster situations and in different locations.

There are some limitations to this study. First of all, sudden flood events can quite
easily turn affected areas into “islands of information” [5]. For example, even if a hot air
balloon with a mobile base station is launched as soon as possible, there will still be a
period when information exchange becomes difficult, if not impossible. This brings a level
of stochasticity to the planning of the humanitarian supply chain in emergencies. How to
best plan for this stochasticity when seeking to improve the resilience of humanitarian
supply chains in such emergencies should be explored in future research. Secondly, rescue
workers often have to face different religious beliefs and regional cultures due to the dif-
ferent countries and regions where disasters occur. Humanitarian supply chain managers
should also consider the differences in problem handling caused by these backgrounds.
Thirdly, rescue workers come from very diverse backgrounds with, for example, different
education levels and experiences. How these characteristics impact the resilience of the
humanitarian supply chain is an area needing further inquiry and investigation. Finally,
this research has focused on the development of the humanitarian supply chain resilience
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mainly during the response stage. Further research is also needed in different phases of the
flood risk management cycle such as the recovery phase.
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Appendix A

Table A1. The normalized total influence.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3

A1 0.000 0.000 0.000 0.000 0.000 0.000 0.043 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.064 0.000 0.000 0.044 0.000 0.000 0.000 0.000 0.000 0.000
A3 0.000 0.000 0.000 0.000 0.000 0.000 0.065 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B1 0.100 0.000 0.000 0.000 0.050 0.032 0.121 0.116 0.084 0.039 0.074 0.000 0.126 0.098 0.086 0.000 0.000 0.000
B2 0.043 0.033 0.106 0.115 0.000 0.067 0.099 0.000 0.095 0.135 0.097 0.138 0.107 0.081 0.102 0.033 0.035 0.067
B3 0.000 0.000 0.000 0.051 0.067 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C1 0.000 0.000 0.000 0.084 0.117 0.000 0.033 0.053 0.102 0.140 0.125 0.107 0.070 0.111 0.090 0.045 0.034 0.050
C2 0.000 0.000 0.000 0.000 0.036 0.000 0.047 0.000 0.000 0.000 0.000 0.050 0.000 0.035 0.000 0.000 0.000 0.000
C3 0.000 0.000 0.000 0.000 0.000 0.000 0.034 0.000 0.000 0.000 0.000 0.079 0.000 0.000 0.000 0.000 0.000 0.000
D1 0.000 0.000 0.000 0.000 0.037 0.000 0.046 0.000 0.000 0.000 0.000 0.050 0.000 0.037 0.000 0.000 0.000 0.000
D2 0.000 0.000 0.000 0.000 0.035 0.000 0.000 0.000 0.000 0.090 0.000 0.000 0.000 0.070 0.035 0.000 0.000 0.000
D3 0.000 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.035 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000 0.000
E1 0.000 0.000 0.000 0.000 0.000 0.000 0.070 0.000 0.051 0.038 0.112 0.000 0.000 0.094 0.074 0.000 0.000 0.000
E2 0.000 0.000 0.000 0.033 0.000 0.000 0.000 0.000 0.000 0.065 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.033 0.111 0.085 0.000 0.066 0.079 0.000 0.000 0.000 0.000
F1 0.039 0.000 0.000 0.065 0.000 0.000 0.000 0.000 0.000 0.037 0.000 0.037 0.040 0.000 0.000 0.000 0.000 0.000
F2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.037 0.000 0.000 0.038 0.066 0.000 0.000 0.000
F3 0.000 0.000 0.000 0.036 0.035 0.000 0.000 0.000 0.037 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table A2. The unweighted super-matrix.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3

A1 0.000 0.000 0.000 1.000 0.196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000
A2 0.000 0.000 0.000 0.000 0.311 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A3 0.000 0.000 0.000 0.000 0.493 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B1 0.000 0.000 0.000 0.000 0.750 0.667 0.333 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 1.000 0.000 0.500
B2 0.000 0.000 0.000 0.750 0.000 0.333 0.667 1.000 0.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.500
B3 0.000 0.000 0.000 0.250 0.250 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C1 1.000 0.000 1.000 0.540 0.540 0.000 0.540 1.000 1.000 1.000 0.000 0.000 0.667 0.000 0.000 0.000 0.000 0.000
C2 0.000 0.000 0.000 0.297 0.297 0.000 0.297 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C3 0.000 1.000 0.000 0.163 0.163 0.000 0.163 0.000 0.000 0.000 0.000 1.000 0.333 0.000 1.000 0.000 0.000 1.000
D1 0.000 0.000 0.000 0.500 0.400 0.000 0.400 0.000 0.000 0.000 1.000 0.000 0.500 1.000 0.500 0.667 0.000 1.000
D2 0.000 0.000 0.000 0.500 0.400 0.000 0.400 0.000 0.000 0.000 0.000 0.000 0.500 0.000 0.500 0.000 1.000 0.000
D3 0.000 1.000 0.000 0.000 0.200 0.000 0.200 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000 0.000
E1 0.000 0.000 0.000 0.400 0.400 0.000 0.400 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.333 1.000 0.000 0.000
E2 0.000 0.000 0.000 0.400 0.400 0.000 0.400 1.000 0.000 1.000 0.667 0.000 0.667 0.000 0.667 0.000 0.667 0.000
E3 0.000 0.000 0.000 0.200 0.200 0.000 0.200 0.000 0.000 0.000 0.333 0.000 0.333 0.000 0.000 0.000 0.333 0.000
F1 0.000 0.000 0.000 0.000 0.493 0.000 0.400 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F2 0.000 0.000 0.000 0.000 0.311 0.000 0.400 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F3 0.000 0.000 0.000 0.000 0.196 0.000 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table A3. The weighted super-matrix.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3

A1 0.000 0.000 0.000 0.088 0.016 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.123 0.000 0.000
A2 0.000 0.000 0.000 0.000 0.026 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A3 0.000 0.000 0.000 0.000 0.041 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B1 0.000 0.000 0.000 0.000 0.267 0.667 0.113 0.000 0.000 0.000 0.000 0.000 0.000 0.701 0.000 0.509 0.000 0.256
B2 0.000 0.000 0.000 0.285 0.000 0.333 0.227 0.367 0.000 0.460 0.589 0.522 0.000 0.000 0.000 0.000 0.000 0.256
B3 0.000 0.000 0.000 0.095 0.089 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C1 1.000 0.000 1.000 0.143 0.134 0.000 0.184 0.367 0.734 0.220 0.000 0.000 0.328 0.000 0.000 0.000 0.000 0.000
C2 0.000 0.000 0.000 0.079 0.074 0.000 0.101 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C3 0.000 0.750 0.000 0.043 0.041 0.000 0.056 0.000 0.000 0.000 0.000 0.250 0.164 0.000 0.493 0.000 0.000 0.304
D1 0.000 0.000 0.000 0.063 0.047 0.000 0.049 0.000 0.000 0.000 0.153 0.000 0.105 0.299 0.105 0.123 0.000 0.185
D2 0.000 0.000 0.000 0.063 0.047 0.000 0.049 0.000 0.000 0.000 0.000 0.000 0.105 0.000 0.105 0.000 0.500 0.000
D3 0.000 0.250 0.000 0.000 0.023 0.000 0.025 0.133 0.266 0.119 0.000 0.000 0.000 0.000 0.000 0.061 0.000 0.000
E1 0.000 0.000 0.000 0.057 0.053 0.000 0.049 0.000 0.000 0.000 0.000 0.228 0.000 0.000 0.099 0.184 0.000 0.000
E2 0.000 0.000 0.000 0.057 0.053 0.000 0.049 0.133 0.000 0.201 0.172 0.000 0.199 0.000 0.199 0.000 0.333 0.000
E3 0.000 0.000 0.000 0.028 0.027 0.000 0.025 0.000 0.000 0.000 0.086 0.000 0.099 0.000 0.000 0.000 0.167 0.000
F1 0.000 0.000 0.000 0.000 0.030 0.000 0.029 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F2 0.000 0.000 0.000 0.000 0.019 0.000 0.029 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F3 0.000 0.000 0.000 0.000 0.012 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table A4. The limiting super-matrix.

A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3

A1 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
A2 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
A3 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
B1 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149 0.149
B2 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188
B3 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031
C1 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195
C2 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045
C3 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058
D1 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
D2 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039
D3 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
E1 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042
E2 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070
E3 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023
F1 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
F2 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
F3 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
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