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Abstract. Determining the most important criteria to evaluate the performance of a
Humanitarian Relief Supply Chain (HRSC) is aimed in this study. For this purpose,
the Supply Chain Operations Reference (SCOR) model was adapted in the HRSC.
A trapezoidal Type-2 Fuzzy Analytic Hierarchy Process (T2F-AHP) methodology was
developed to evaluate the criteria influencing the performance of the HRSC as well as the
performance of different Non-Governmental Organizations (NGOs) operating in Turkey as
a real case study. Results of this methodology can be used by both governmental and
NGOs to improve their HRSC strategies. The results underwent a sensitivity analysis to

fuzzy numbers;

AHP.

identify the feasibility and applicability of the proposed methodology.
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1. Introduction

Supply chain generally connects the sources of supply
to the owners of demand. The main goal of supply
chains is to deliver the right supplies in the right quan-
tities to the right places at the right time [1]. Supply
chains include all processes and activities associated
with the transformation and flow of goods from the
raw material through the end customer [2]. A Hu-
manitarian Relief Supply Chain (HRSC) is defined as
a network created through the flow and transformation
of supplies, services, finance, and information between
suppliers, donors, and beneficiaries of humanitarian
organizations to provide aid to beneficiaries [3]. Similar
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to a regular supply chain, HRSC starts from the
donation and finishes at the point of end consumers.
Although there is more than one type of HRSC,
a typical HRSC is given Figure 1 [4]. The main parties
in the HRSC are governmental and Non-Governmental
Organizations (NGOs) [5]. Governments have power to
enact or enforce laws. They can control the economic
and political conditions with the power they hold.
Thus, they affect all processes of the HRSC with
their decisions and practices. Other significant players
in the HRSCs are public and private organizations,
donors, and beneficiaries. Donors become particularly
influential in prompting humanitarian organizations to
think in terms of greater donor accountability and
transparency of the whole supply chain [6].
Humanitarian organizations were among the first
NGOs founded. They were generally faith-based orga-
nizations. These NGOs may be active in different areas
such as working to save lives of malnourished children,
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ending poverty and saving lives, achieving social jus-
tice, assisting populations in distress, helping people
affected by war, assisting those in urgent need of first-
response health care and related emergency services,
and carrying out humanitarian relief operations to help
victims of disasters.

HRSC is not usually stable, although the struc-
ture of HRSCs is similar to general supply chains [7].
Therefore, management and coordination of HRSC is
a basic requirement. The goals, performance criteria,
and income sources of human and business supply
chains are different. Unlike the business supply chains,
HRSCs do not have any profit goals. As the regular
supply chains rely on stakeholders, HRSC relies on
volunteers and donors. The sources of revenue for
HRSCs are government funding, donations from cor-
porations or individuals, and in-kind donations. The
goal of HRSC is to be able to respond to multiple
interventions as quickly as possible and within a short
time frame [6]. Studies in the field of HRSC and its
extensions are increasing. Sheu worked on the chal-
lenges of emergency logistics management by focusing
on disasters in the world [8]. Ge et al. evaluated the
post disaster plan of China’s government [9]. Khan and
Salman worked on the spatial pattern of vulnerability
to climate change hazards in Pakistan by developing a
human vulnerability index [10]. Ozdamar and Demir
described a hierarchical cluster and route procedure for
coordinating vehicle routing in large-scale post-disaster
distribution and evacuation activities [11]. Alexander
et al. performed a successful analysis that focused on
risk identification, analysis, and assessment: a dynamic
household economy [12]. Wang et al. constructed a
nonlinear integer open location routing model for a
relief distribution problem and tested their model in
real case [13]. Liu et al. worked on both deterministic
and stochastic medicine logistics planning models by
using a time-space network approach [14]. Singh
et al. proposed a big-data analytics-based approach
that considered Twitter data for the identification of
supply chain management issues in food industries [15].
Gharib et al. used a three-stage approach to solving
an emergency vehicle routing problem in disaster [16].
According to Balcik and Beamon [17], performance
evaluation in the non-profit sector includes immeasur-
ability of the missions; intangibility of the services of-

fered; unknowable outcomes; and the variety, interests,
and standards of stakeholders. Tatham and Kovacs
aimed to understand the swift trust in hastily formed
networks as a means of improving relief operations
in rapid onset disasters [18]. Swift trust model and
its conditions were examined in their work. Blecken
developed a process reference model, which aimed
to support humanitarian organizations by designing
appropriately adapted supply chain processes in order
to support their operations, visualize their processes,
measure their performance and thus, improve commu-
nication and coordination of organizations [19]. Van
der Laan et al. pointed out that the biggest challenges
in evaluating performance were data accuracy and
that the performance indicators in hand were not
geared towards future improvement [20]. Kabra and
Ramesh worked on a disaster in India to investigate
the obstacles and solutions ahead of the coordination
[21]. Then, they used the fuzzy AHP technique to find
solutions for overcoming the barriers.

Anjomshoae et al. aimed to identify the concep-
tual interdependencies among key performance indica-
tors and represented them in the form of a conceptual
model for HRSC [22]. Lu et al. applied the Supply
Chain Operations Reference (SCOR) framework to the
context of humanitarian supply chains and identified
the most important metrics through examining the
supply chain processes [23]. Laguna-Salvadé et al.
developed an algorithm to solve a multi-objective
problem, which aimed to support the tactical planning
of the sustainable HRSC [24]. Roh et al. identified the
key factors in selecting humanitarian relief warehouse
location as criteria in the AHP [25]. Drakaki et
al. developed an intelligent multi-agent system, which
used a fuzzy AHP extended with risk factors to address
a refugee settlement site planning decision making
problem [26].

Humanitarian challenges are arising from famines,
civil wars, and natural disasters. The Middle East
region hosts the populations that are among the most
vulnerable to humanitarian crises in the world. As an
instance, Turkey, which is our area of interest (Figure
2), has become home to many war victims.

In such a context, supporting NGOs to man-
age, procure, and distribute aid is crucial. In this
paper, three important NGOs operating in Turkey
were considered to evaluate their supply chain per-
formances by the proposed SCOR-based trapezoidal
Type-2 Fuzzy (T2F) Multi-Criteria Decision Making
(MCDM) methodology.

The literature on HRSC was reviewed to de-
termine and define performance indicators for NGOs
based on the SCOR model. Data was collected from
different humanitarian relief organizations in Turkey
to evaluate NGOs. Then, data was analyzed and
Type-2 Fuzzy-Analytic Hierarchy Process (T2F-AHP)
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methodology was employed to determine the most
effective criteria in HRSC performance evaluation.
Finally, the supply chain performances of three NGOs
from Turkey were evaluated as a real case application.

Determining the most important criteria for the
performance evaluation of HRSC was aimed in this
study. Here, the SCOR model was modified to evaluate
HRSC performances. Then, T2F-AHP was applied to
evaluate the determined criteria, which influenced the
performance of the HRSC. Finally, opinions of experts
about the criteria were gained from three NGOs and
their performances were determined.

This study is organized as follows: In Section 2,
the adapted SCOR criteria hierarchy is described.
The proposed MCDM methodology is presented in
Section 3. In Section 4, the performances of the three
NGOs are evaluated using the proposed fuzzy-MCDM
methodology. Finally, Section 5 draws the conclusions,
limitations, and future recommendations.

2. The humanitarian relief SCOR model

In 1996, Supply Chain Council (SCC) developed the
SCOR model to assist companies in improving the
effectiveness of their supply chains and to provide a
process-based approach to the management of supply
chains [27]. SCOR is a combination of benchmarking,
business process reengineering, and best practices,
which is considered as a reference model at an in-
dustrial standard. Standard means how a company

performs, how it is configured, the way of interaction
among the processes, and the requirements of the staff
who operate the processed. In order to be more easily
and effectively applied to the industry, the current
version of SCOR has undergone continuous updating
and detailing. This model is the first reference model
in the world, which is recognized as the cross-industry
standard for supply chain management.

There are four basic components in the SCOR
reference model. These four components are described
below:

o Performance: Standard metrics for defining supply
chain performance and defining strategic objectives;

e Processes: Standard definitions of process relations
and management processes;

o Practices: Management applications that provide
better process performance;

e People: The standard for the people’s skills needed
to better perform the supply chain processes.

The performance part of the SCOR reference model
consists of two types of components: performance
attributes and metrics. Performance attributes are
a group of metrics used to explain a strategy. An
attribute is used to determine the strategic direction
and cannot be utilized for measurement by itself.
Metrics, on the other hand, measure the ability to
achieve the strategic directions and are the standard for
measurement. SCOR recognizes five key supply chain
performance attributes, which can be seen in Figure 3:
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1. Reliability: The right distribution of the supply
chain to the right customer at the right place,
at the right time, in the right shape and in the
right package, in the right amount, with the right
documents;

2. Responsiveness: Delivery speed of the products
of the supply chain to customers;

3. Agility/Flexibility: The ability of the supply
chain to respond to changes in the market to
maintain or enhance competitiveness;

4. Cost: All costs related to the management of the
supply chain;

5. Assets: Efficiency of managing the assets of the
supply chain organization to meet demand.

The SCC recommends supply chain scorecards
to contain at least one metric for each performance
attribute to ensure balanced decision making and
governance [28]. Performance evaluation in HRSC
starts from the storage of goods, materials, and infor-
mation from the point of origin to the point of end
customer. Efficient and low-cost processes need to
be implemented in order to fulfill the objective of the
supply chain, i.e., reaching for alleviating the disaster
problems for the victims.

As it can be seen from the figure below (Figure 4),
there are three attributes that must be directly con-
sidered for HRSC performance evaluation in terms of
reliability, flexibility, and responsiveness. These perfor-
mance attributes are determined based on the general
SCOR model considering relief needs and agility of
victims, according to the judgement of the experts on
the considered three Turkish NGOs. Then, their sub-
levels are determined in the same way. Here, cost and
asset attributes are not taken into account, because
monetary subjects do not have primary importance in
humanitarian relief management. The humanitarian
relief SCOR model proposed in this study is shown in
Figure 4.

3. The proposed methodology

In this study, a three-level hierarchy was established
with the SCOR model attributes suitable for human-
itarian relief performance evaluation as the model
criteria. Then, the experts (representing each NGO)
evaluated both criteria and sub-criteria. Evaluations of
the experts were gained by interviews and consolidated
by modified Delphi method. Subsequently, weights of
the criteria were determined by the proposed T2F-
AHP methodology using the consolidated pairwise
comparison. Then, experts from the NGOs acting
in Turkey evaluated the NGO alternatives on the
basis of these criteria. Lastly, sensitivity analysis was
performed to emphasize the results of the proposed
methodology. Steps of the proposed methodology are
given in Figure 5 and detailed in following sub-sections.

3.1. The modified Delpht method

To consult multiple experts can be necessary to gain
different opinions from different points of view on a
particular topic. The Delphi method can be employed
to consolidate these opinions. The method analyzes
and accumulates opinions of anonymous experts. Opin-
ions of the experts can be gained in different ways such
as writing, discussion, feedback formats, etc. [29]. In
this study, first, experts shared their knowledge, skills,
opinions, and expertise until a mutual consensus was
reached [30-33]. The method started with the selec-
tion of multiple anonymous experts and conducting
a questionnaire survey with them for the first time.
Then, the questionnaire survey was conducted for the
second and third times. This step was repeated until a
consensus was reached. Finally, opinions of the expert
were integrated to achieve a consensus. The number
of experts in the decision making group should not be
too large or too small (between 5 and 50) [34]. The
interviews were conducted with 17 anonymous experts
from three different NGOs in Turkey in this study.
It should be noted that experts were experienced in
humanitarian relief operations.

Humanitarian Relief Supply
Chain Performance

| Reliabilty |

Level 1 |:

| Responsiveness |

Accuracy

Level 2 |:

| Quality

| | Volume Flexibility | I Delivery Flexibility | I Risk |

| Quantity Supplied | I Response Time |

| [MixFlexibility | [ supply by Type | ['source cycle Time |

Damage Free

Delivery Item | Orders Delivered | | Quantity change in | | Time to Deliver

Supply

Level 3

| Time to Return

| | Plan Flexibility | | Supply by Region | | Delivery Cycle Time |

I Delivery Quantity |
- - | Faultless | Quantity change in |
Delivery Location Installations Return

Source Flexibility

Figure 4. The proposed humanitarian relief SCOR model.
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Figure 5. The proposed methodology.

3.2. Trapezoitdal T2F-AHP

AHP is a mathematical approach first introduced in
1968 by Myers and Alpert [35]. However, the method
was developed by Saaty in the 1970s and has become
one of the most frequently used MCDM methods
[36]. AHP allows the decision maker to include expert
opinions and judgments in the evaluation process using
linguistic terms, in addition to factor comparisons
defined on a numerical scale. In this study, the
1-9 scale introduced by Saaty was used to convert
non-numerical judgments into numerical data and the
importance of each criterion could be shown on a
numerical scale [37]. Furthermore, the AHP method
allows all factors affecting the decision-making process
to be ranked hierarchically within the framework of
their relative importance. Therefore, complex decision-
making problems can be easily solved by applying
AHP. However, the method, which is applied by
getting information from experts, sometimes fails to
reflect the humanitarian way of thinking [38]. AHP
was integrated with Fuzzy Logic (FL) to tackle this
problem, called the fuzzy AHP [39]. FL was introduced
by Zadeh in 1965 [40]. FL is a useful tool representing
both qualitative assessment and subjective judgment
in decision making. Using linguistic terms is an appro-
priate approach to handling uncertainty in assessments
and judgments [41]. Trapezoidal fuzzy sets were used in
this study to better represent the fuzzy set membership
of the elements. These sets had both mathematical
traceability and simplicity [42-45].

AHP can be integrated with T2F sets to bet-
ter handle vagueness and uncertainty. Celik et al.
identified and evaluated the success factors for man-
aging a humanitarian supply chain using T2F-AHP
methodology [46]. Alegoz and Yapicioglu handled the

problem of supplier selection in a fuzzy environment.
They developed a hybrid methodology based on the
T2F-AHP, fuzzy Technique for Order Preference by
Similarity to an Ideal Solution (TOPSIS), and goal
programming [47]. Yildiz et al. presented a T2F-
AHP methodology to prioritize public expectations
from water treatment plants [48]. Ayyildiz et al. pro-
posed a T2F-AHP integrated with a T2F Elimination
and Choice Expressing the Reality (ELECTRE)-based
model for individual credit ranking [45]. Abbasimehr
and Tarokh developed interval type 2 AHP TOPSIS
methodology to evaluate online community reviewers.
The criteria weights were determined by interval type
2 AHP and reviewers were ranked by TOPSIS [49].

Some definitions about T2F sets are given and the
combined AHP and T2F approach is briefly described
in this section.

Definition 1. The fuzzy set is a set of objects with
membership levels between 0 and 1. If the membership
value of an element equals 1, it completely belongs to
the fuzzy set. On the contrary, if a membership value
equals 0, it completely does not belong to the fuzzy set.

The membership function of the T2F number “m” is
represented by m = (a, b, ¢, d):

=2 if a<x<b

b—a
pm(z) =91 if b<z<ec (1)
Z:f it e<ax<d
Here, “a” is the lower limit of “m”, “[b,c]” is a mode

interval of “m”, and “d” is the upper limit of “m” [50].

Definition 2. A T2F set is defined by a membership
function in the X universe as follows:
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Let J, denote an interval in [0, 1]. Also, the T2F set A
can be represented as given below:

= :( ) )
A = fxEX quJa, %

J. represents union over all valid v and x [45].

where J, C[0,1], (3)

Definition 3. Both lower and upper membership
functions of a T2F set membership functions of Type-1.

A= (40,4
= ((ag,agﬂg,ag;m (A7), 1 (A7),
(ah,aly, ok, by Hy (AF) H (AF)) ) (4)

L
11

ak, and al are reference points of the T2F A;,

where AY and AL are fuzzy sets, a}y, a%%, a%, al}, a

L
A5, @

H, (Ai )

the element a?(

H, (Af]) represent the membership value of
41 in the upper function AV, H;(AL),
and Hy(AL) represent the membership value of the
element aL(JH) in the upper function fLL A T2F
number is shown in Figure 6.

Sari et al. [51] and Kahraman et al. [52] presented
the first studies to integrate Buckley’s fuzzy AHP with
T2F. The steps of the proposed T2F-AHP methodology
are [45]:

Step 1: The MCDM problem and the criteria related
to this problem are defined.
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Figure 6. T2F membership function.

Step 2: A pairwise comparison matrix is constructed
using the linguistic terms given in Table 1 by experts.

Step 3: The pairwise comparison matrix is tested
for consistency. Crisp values are used to find the
Consistency Ratio (CR) [36]:

/\max - Aw
CI = 711 where )\max = ) (5)
n—1 w
CI
CR=—. 6
RI (6)

The Random Index (RI) is determined based on the
matrix order [36]. CR must be smaller than 0.1 to be
considered as consistent.

Step 4: Geometric mean is calculated for each crite-
rion as follows:

’Izi = ((:11'1 ®(:],i2 ®®C:lzn)(1/n)7 (7)
where:

n

a/zl -

(( gl/ 1]47 \/ 7,]37 ;l/ 7.]27 7,]17
(\/ 1347 \/ 1]37 \/ 1]27 1]1’ lj)’HQ@’Z»)'

i) Ha (a)),

(8)

Table 1. Definitions and related T2F numbers of the linguistic terms.

Linguistic terms

T2F numbers

AW
VW
FW

Absolutely weak
Very Weak
Fairly Weak
Slightly Weak SW

0.1; 0.11; 0.11; 0.13; 1; 1), (0.11; 0.11; 0.11; 0.12; 0.9; 0.9))
0.13; 0.14; 0.14; 0.17; 1; 1), (0.13; 0.14; 0.14; 0.15; 0.9; 0.9))
0.17; 0.2; 0.2; 0.25;
0.25; 0.33; 0.33; 0.5; 1; 1), (0.22; 0.33; 0.33; 0.4; 0.9; 0.9))
1; 1), (1; 1; 1; 1; 0.9; 0.9))

;15 1), (0.18; 0.2; 0.2; 0.22; 0.9; 0.9))

Slightly Strong
Fairly Strong
Very Strong
Absolutely Strong

SS
FS
VS
AS

((
((
((
((
Equal E (15 15 15 1
((2;
((
((
((8

3;3; 45 1; 1), (2.5; 3; 3; 4.5; 0.9; 0.9))
: 1 1) (4.5; 5; 5; 5.5; 0.9; 0.9))

L (6.5; 7; 7; 7.5, 0.9; 0.9))
9; 10; 1; 1), (8.5; 9; 9; 9.5; 0.9; 0.9)

4; 5;
6; T;
9;

)
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Step 5: The fuzzy weight of each criterion is calcu-
lated by:

s o= s = sy —1

Wi =1 @ (FLBTF2®...BT,) . (9)
Step 6: T2F sets are defuzzified to determine the

crisp importance weights:

! 1 1 : L U
wi:§ 52(% +a‘i) [

=1

I

(223 (H: (A") + H; <AU>>> ~ (10)

i=1
Step 7: Crisp weights are normalized:

W'
ST an

w; =

4. Application to Turkey

The importance weight of each criterion for perfor-
mance evaluation of NGOs was obtained by using
the interval T2F-AHP method. The opinions of 17
experts on these criteria were collected to evaluate the
performance of three NGOs operating in Turkey as
the most active ones in HRSC operations. Face to
face interviews were conducted and questionnaires were
distributed to the experts based on the modified Delphi
method to gather their ideas on HRSC performance
criteria and the NGO alternatives.

4.1. Determination of criteria weights
The experts employed a nine-point scale, as shown in
Table 1, to evaluate the criteria and alternatives.
First, pairwise comparisons of the main criteria
defined as SCOR Level 1 were evaluated by the ex-
perts using linguistics variables. Table 2 gives the
consolidated pairwise comparison matrix of the Level 1
criteria. Then, for each SCOR Level 1 criterion,
pairwise comparison was conducted with the respective
SCOR Level 2 criterion. Then, for each SCOR Level
2 criterion, pairwise comparison with the respective
SCOR. Level 3 criterion was performed. In this way,
a pairwise comparison matrix was constructed for
all the criteria. CR was computed for each matrix
and all the matrices were determined as consistent.
Then, the importance weights for the Level 1, Level

Table 2. Pairwise comparison

2, and Level 3 criteria were determined. Consolidated
pairwise comparison matrices for all the Level 1, Level
2, and Level 3 criteria in a hierarchical structure were
constructed. Subsequently, the T2F weight of each
criterion was determined, as shown in Table 3.

Fuzzy criteria weights were defuzzified and nor-
malized, and the final weight for each criterion was
determined. The final weights of the Level 1, Level 2,
and Level 3 criteria are determined as shown in Table 4.

As seen from the Table 4, the weights of the
three main criteria, namely, Reliability, Flezibility, and
Responsiveness were obtained as 0.44, 0.24, and 0.32,
respectively. Accordingly, the most important factor
for performance evaluation of the NGOs is Reliability
with the rate of 44%. Also, the results show that
Responsiveness has the least importance weight for
performance evaluation with the rate of 24%. Among
the Level 2 criteria, it can be seen that Quality is
the most important factor with the highest importance
rate of 28%, that is, Quality has higher impact on the
performance of the whole system than the other Level 2
criteria. Response Time is also an important criterion
for performance evaluation at 19%. Then, Accuracy
and Quantity Supplied must be taken into account for
the decisions on corporate strategy.

In the case of Reliability, it appears that Quality
is almost twice as important as Accuracy. Looking at
the Flexibility as a Level 1 criterion, it appears that
the weight of its Level 2 criterion is very close to it.
For the Level 1 criterion of Responsiveness, Response
Time has 61% importance rate and Quantity Supplied
has 39% importance rate. Finally, for the Level 3
criteria, it can be seen that Orders Delivered Damage
Free has the highest weight with the importance rate
of 17%, which means that damage-free products play
the key role for people who need aid. There are
two other factors which have importance rates higher
than 10%; the first one is Source Cycle Time and
the second is Fuaultless Installations. They are also
significant for performance evaluation. Also, the least
important criteria are Quantity Change in Return,
Time to Return, Miz Flexibility, and Plan Flexibility
with importance rates less than 3%.

4.2. Comparison of alternatives

Three NGOs that operated in Turkey were selected
for the evaluation of their HRSC performances as a
real case study to prove validity and applicability of

matrix for Level 1 criteria.

Reliability Flexibility Responsiveness
Reliability Equal Very strong  Slightly strong
Flexibility Very weak Equal Very weak
Responsiveness Slightly weak  Very strong Equal
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Table 3. Type-2 fuzzy weights of Level 1, Level 2, and Level 3 criteria.
Level Criterion T2F numbers

_ Reliability ((0.452:0.6336:0.6336;0.8617;1;1),(0.5388:0.6336;0.6336;0.7581;0.9;0.9))

E Flexibility ((0.0494;0.0628;0.0628;0.0822;1;1),(0.0555;0.0628;0.0628;0.0732;0.9;0.9))
Accuracy ((0.226:0.3036;0.3036;0.4309;1;1),(0.2396;0.3036;0.3036;0.3679;0.9;0.9))
(Reliability) accuracy ((0.1398;0.1667;0.1667;0.2073;1;1),(0.1508;0.1667;0.1667;0.1843;0.9;0.9) )
Quality ((0.6781;0.8333;0.8333:1.0154:1:1),(0.7538:0.8333;0.8333;0.9213;0.9;0.9))

~  Volume flexibility ((0.1863;0.2205:0.2205;0.2746;1;1),(0.1855;0.2205;0.2205;0.2488;0.9;0.9))

E Delivery flexibility ((0.2958;0.3192;0.3192;0.346;1;1),(0.3072;0.3192;0.3192;0.3377;0.9;0.9) )
Risk ((0.3726;0.4603;0.4603;0.5493; 1;1),(0.4169;0.4603;0.4603; 0.5128;0.9;0.9))
Quantity supplied ((0.1847;0.2491;0.2491;0.3694;1;1),(0.1874;0.2491;0.2491;0.3085;0.9;0.9))
Response time ((0.5224;0.7509;0.7509;1.0448;1;1),(0.6316;0.7509;0.7509;0.9125;0.9;0.9) )
Delivery item accuracy ((0.331;0.3591;0.3591;0.3858;1;1),(0.3454;0.3591;0.3591;0.3728;0.9;0.9) )
Delivery quantity accuracy  ((0.1503;0.1606;0.1606;0.1743;1;1),(0.1545;0.1606;0.1606;0.1667;0.9;0.9))
Delivery location accuracy  ((0.2341;0.2401;0.2401;0.2465;1;1),(0.2372;0.2401;0.2401;0.2434;0.9;0.9))
Documentation accuracy ((0.2341;0.2401;0.2401;0.2465;1;1),(0.2372;0.2401;0.2401;0.2434;0.9;0.9) )
Orders del. damage free ((0.6336;0.7956;0.7956;0.9798;1;1),(0.7124;0.7956;0.7956;0.9054;0.9;0.9) )

- Faultless installations ((0.1584;0.2044;0.2044;0.2828;1;1),(0.1575;0.2044;0.2044;0.2442;0.9;0.9))

E Quantity change in supply  ((0.8029;0.9005;0.9005;1.0056;1;1),(0.8503;0.9005;0.9005;0.9492;0.9;0.9))
Quantity change in return  ((0.0898;0.0995;0.0995;0.1147;1;1),(0.0967;0.0995;0.0995;0.1067;0.9;0.9))
Time to deliver ((0.8029;0.9005;0.9005;1.0056;1:1),(0.8503;0.9005;0.9005;0.9492;0.9:0.9))
Time to return ((0.0898:0.0995:0.0995:0.1147;1:1),(0.0967:0.0995;0.0995:0.1067;0.9;0.9))
Mix flexibility ((0.0872;0.1044;0.1044;0.1323;1;1),(0.0961;0.1044;0.1044;0.117;0.9;0.9))
Plan flexibility ((0.2691;0.3331;0.3331;0.4145;1;1),(0.2997;0.3331;0.3331;0.3716;0.9;0.9))
Source flexibility ((1.2322;1.4829;1.4829;1.7862;1;1).(1.3534;1.4829;1.4829;1.6286;0.9;0.9) )
Supply by type ((0.6781;0.8333;0.8333:1.0154:1:1),(0.7538:0.8333;0.8333;0.9213;0.9:0.9))
Supply by region ((0.1398;0.1667;0.1667;0.2073;1;1),(0.1508;0.1667;0.1667;0.1843;0.9;0.9) )
Source cycle time ((0.6781;0.8333;0.8333;1.0154;1;1),(0.7538;0.8333;0.8333;0.9213;0.9;0.9))
Delivery cycle time ((0.1398;0.1667;0.1667;0.2073;1;1),(0.1508;0.1667;0.1667;0.1843;0.9;0.9) )

the proposed methodology. The organizations were
listed alphabetically as Caritas Turkey, Humanitarian
Relief Foundation, and Turkish Red Crescent. Only
the names of the NGOs are mentioned due to privacy
considerations and in the final ranking, NGO-1, NGO-
2, and NGO-3 are used instead of the names.

The determined weights of criteria by the T2F-
AHP were used to compare alternatives. The T2F-
AHP method was executed to evaluate alternatives
again. By following the T2F-AHP steps and calcu-
lations, the three NGOs were ranked. The results and
order of NGOs can be seen in Table 5.
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Table 4. Global weights for Level 1, Level 2, and Level 3 criteria.

Level 1 criteria Level 2 criteria LW* GWP Level 3 criteria LW GW
and weights and weights and weights
Delivery item accuracy 0.281  0.043
Accuracy 0.353  0.154 Delivery quantity accuracy 0.225  0.035
Reliability (0.437) Delivery location accuracy — 0.247  0.038
Documentation accuracy 0.247 0.038
. Orders del. damage free 0.631 0.178
Quality 0.647  0.283
Faultless installations 0.369 0.104
Time to deli 0.676  0.053
Volume flexibility ~ 0.294  0.079 0 SO
Time to return 0.324  0.026
Mix flexibility 0.237 0.021
Reliability (0.240) Risk 0.378  0.091  Plan flexibility 0.278  0.025
Source flexibility 0.485 0.044
. . 0.389  0.126  Supply by type 0.647 0.081
Quantity supplied

Supply b i 0.353  0.044

Responsiveness (0.323) PPy by resion
. 0.611  0.197  Source cycle time 0.647 0.128

Response time

Delivery cycle time 0.353  0.070

a:IW: Local Weight; P:GW: Global Weights.

Table 5. Evaluation of three NGOs.

Level 3 criterion Weight NGO-1 NGO-2 NGO-3
Delivery item accuracy 0.043 0.333 0.333 0.333
Delivery quantity accuracy 0.035 0.333 0.333 0.333
Delivery location accuracy 0.038 0.333 0.333 0.333
Documentation accuracy 0.038 0.492 0.27 0.238
Orders delivered damage free 0.178 0.492 0.27 0.238
Faultless installations 0.104 0.491 0.27 0.24
Quantity change in supply 0.048 0.492 0.27 0.238
Quantity change in return 0.023 0.333 0.333 0.333
Time to deliver 0.053 0.476 0.278 0.247
Time to return 0.026 0.492 0.27 0.238
Mix flexibility 0.021 0.333 0.333 0.333
Plan flexibility 0.025 0.333 0.333 0.333
Source flexibility 0.044 0.492 0.27 0.238
Supply by type 0.081 0.333 0.333 0.333
Supply by region 0.044 0.492 0.27 0.238
Source cycle time 0.128 0.433 0.306 0.26
Delivery cycle time 0.07 0.491 0.27 0.24
AHP-score - 0.420 0.267 0.244

Ranking — 1 2 3
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Table 6. The new weights of criteria after changing the weights of reliability and flexibility.

Level 0

criteria and weights

Level 1

criteria and weights

Level 2

Lw GW Lw GW

criteria and weights

Delivery item accuracy 0.281 0.024
Delivery quantity accuracy 0.225 0.019

Accuracy 0.353 0.085 . . )
Delivery location accuracy  0.247  0.021
Reliability (0.240) Documentation accuracy 0.247  0.021
Qualit 0647 0.155 Orders del. damage free 0.631 0.098
Y ' ' Faultless installations 0.369  0.057
Volume flexibility 0.294 0.128 Quantity change in supply ~ 0.676  0.087
- Quantity change in return  0.324  0.042
. e Time to deliver 0.676  0.097
Flexibility (0.437) Delivery flexibility 0.328 0143 Time to return 0.324  0.046
Mix flexibility 0.237  0.039
Risk 0.378  0.165 Plan flexibility 0.278  0.046
Source flexibility 0.485  0.08
Quantity supplied 0.389  0.126 Supply by typ.e 0.647  0.081
Supply by region 0.353 0.044
Responsiveness (0.323)
Response time 0611 0197 Source cycle time 0.647 0.128
' ' Delivery cycle time 0.353  0.070
As mentioned before, opinions of 17 experts on g'izgg & < > —
these criteria were collected to evaluate the perfor- 0.4100 —= NGO-1
mances of the three NGOs. First, the CRs for all 0.3900 -8- NGO-2
the evaluations were calculated and determined, which 0.3700 NGO-3
were below 0.1, proving their consistency. Then, the 0.3500
Turkish HRSC NGOs were compared according to the 0.3300
T2F-AHP scores. The ranking of the alternatives was 0.3100 . .
translated into NGO-1, NGO-2, and NGO-3 from the g';igg
best to the worst, that is, the best alternative was 0.2500
NGO-1 with the highest AHP score. No change RL-FL  RL-RS FL-RS

4.3. Sensitivity analysis

A sensitivity analysis was done to discuss and analyze
the proposed methodology. For this aim, Level 1 crite-
ria weights obtained by the T2F-AHP were changed
while the other ones remained constant. That is,
the weight of the first Level 1 criterion was replaced
subsequently with the second and third Level 1 criteria,
while the remaining ones were constant. This was
done to the second and third criteria weights as well.
Then, the criteria weights for Level 2 and Level 3
were recalculated. In this way, the behavior of the
proposed methodology against weight changes was
evaluated. The results help decision makers determine
the priorities and follow a simpler analysis process.
The results of the sensitivity analysis can be seen in
Figure 7.

With mutual changes in the Level 1 criteria
weights, the final ranking of the NGOs also changed.
For example, considering the first criterion as Accuracy
and the second one as Flexibility, the weights of the

RL: Reliability; FL: Flexibility; RS: Responsiveness

Figure 7. Changes in model results caused by the
sensitivity analysis.

Level 1 criteria changed. The final score of the NGO-3
changed from 0.266 to 0.267. Likewise, NGO-2 changed
from 0.291 to 0.292 while NGO-1 decreases from 0.440
to 0.439. It can be seen here that the weights of the
NGOs got closer to each other. It can be seen that
with change in the weights of the third criterion as
Responsiveness and the second one as Flezibility, NGO-
1 became even more prominent.

With mutual change in the criteria weights of
Level 1, the global weight of Level 2 criteria also
changed. For example, considering the first criterion as
Accuracy and the second one as Flexibility, the weights
of the Level 1 criteria changed. Also, with decrease
in the global weight of Delivery Item Accuracy from
0.043 to 0.024, the global weight of Quantity Change
in Supply also changed from 0.048 to 0.087. Level 2
criteria weights can be seen in Table 6 and the scores
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Table 7. The new scores of NGOs after changing the weights of reliability and flexibility.

Criterion Weight NGO-1 NGO-2 NGO-3
Delivery item accuracy 0.024 0.333 0.333 0.333
Delivery quantity accuracy 0.019 0.333 0.333 0.333
Delivery location accuracy 0.021 0.333 0.333 0.333
Documentation accuracy 0.021 0.492 0.27 0.238
Orders delivered damage free 0.098 0.492 0.27 0.238
Faultless installations 0.057 0.491 0.27 0.24
Quantity change in supply 0.087 0.492 0.27 0.238
Quantity change in return 0.042 0.333 0.333 0.333
Time to deliver 0.097 0.476 0.278 0.247
Time to return 0.046 0.492 0.27 0.238
Mix flexibility 0.039 0.333 0.333 0.333
Plan flexibility 0.046 0.333 0.333 0.333
Source flexibility 0.080 0.492 0.27 0.238
Supply by type 0.081 0.333 0.333 0.333
Supply by region 0.044 0.492 0.27 0.238
Source cycle time 0.128 0.433 0.306 0.26
Delivery cycle time 0.070 0.491 0.27 0.24
Score - 0.440 0.292 0.268
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of the NGOs in Table 7 after changing the weight of
reliability with the weight of flexibility.

4.4. Comparative analysis

The results of the proposed T2F-AHP methodology
are compared with the results gained from the fuzzy
Simple Additive Weighting (SAW) method. SAW
is used in many different application areas generally
as an alternative comparison methodology: instances
are location selection [53], health record architectures
identification [54], inventory model determination [55],
network selection [56], outscore manufacturers evalua-
tion [57], and strategic system selection [58]. The score
of each alternative based on the fuzzy SAW method
was calculated via Eq. (12):

K m
S; = Z w;xdefuzzified(Y;;). (12)
k=1 i=1
Yi; denotes the T2F evaluation of NGO j for criterion
i and defuzzified (V;;) denotes the defuzzified value of
the assigned linguistic term to 571] The linguistic terms
are defuzzified using Eq. (10), as given in Table 8.
The alternative evaluation matrix was con-
structed using the defuzzified values. Table 9 shows
both linguistic terms and their defuzzified values.
Then final score for each alternative was calcu-
lated via Eq. (12). According to the results, NGO-1
had the highest final score with 4.721. Then, NGO-
2 was the second best alternative with the final score
of 2.668. The alternative with the lowest final score
was NGO-3 with the final score of 1.335. Thus, the
final ranking order is NGO-1 > NGO-2 > NGO-3.

Table 8. Defuzzified values of linguistic terms.

Linguistic term  Defuzzified value

Absolutely weak 0.107
Very weak 0.135
Fairly weak 0.192
Slightly weak 0.319
Equal 0.95
Slightly strong 2.909
Fairly strong 4.691
Very strong 6.65
Absolutely strong 8.55

The ranking order is the same as the result of the
proposed T2F-AHP methodology. However, defuzzi-
fication, which leads to the loss of some information,
was not required in the proposed methodology.

4.5. Managerial tmplications

The findings obtained from the performance analysis
of NGOs operating in Turkey were examined by six
experts (two from NGOs, one from a governmental
organization, and three academicians). All experts
worked on the HRSC related subjects. They were
asked to evaluate the acceptability and applicability of
the results. First of all, experts were informed about
the purpose of the proposed T2F-AHP methodology,
mathematical expressions, and criteria. Then, they
were asked to evaluate the results by comparing them
with the current situation of NGOs. The general evalu-
ation of the experts was that the findings obtained were
consistent with the real situation. It was emphasized
that the results for NGO-3 should be examined in more
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Table 9. Alternative evaluation matrix.

Criterion NGO-1 NGO-2 NGO-3

Delivery item accuracy E 0.95 E 0.95 E 0.95
Delivery quantity accuracy E 0.95 E 0.95 E 0.95
Delivery location accuracy E 0.95 E 0.95 E 0.95
Documentation accuracy VS  6.65 SS 2.91 E 0.95
Orders delivered damage Free VS  6.65 SS  2.91 E 0.95
Faultless installations VS  6.65 SS 291 SW  0.319
Quantity change in supply AS 855 FS 469 SS 2909
Quantity change in return K 0.95 I 0.95 E 0.95
Time to deliver FS 469 SS 291 E 0.95
Time to return VS 665 FS 469 SS 2909
Mix flexibility FS 469 FS 469 FS 4.691
Plan flexibility FW 019 FW 019 FW 0.192
Source flexibility FW 0.19 VW 0.14 VW 0.135
Supply by type FS 469 FS 4.69 SS 2.909
Supply by region VS 6.65 SS 2091 B 0.95
Source cycle time FS 469 SS 2091 E 0.95
Delivery cycle time VS  6.65 E 0.95 SW 0.319

detail. The performance of the NGOs was expected into account and considered as an Multi-Criteria

to increase in the coming years. The details of some
evaluations made by experts are listed as follows:

e According to the study, NGO-1 is the best NGO
among the three alternatives with both the proposed
T2F-AHP and SAW. This is due to the fact that
NGO-1 has better values for all criteria;

e NGO-3 has the lowest score. The reason is that
NGO-3 has lower values for both Level 1 criteria of
Flexibility and Responsiveness and their inner levels;

e All NGOs must improve their plans and source
flexibility;

e Flexibility is the most important Level 1 criterion
that NGOs must focus on;

e NGOs perform better in time related issues.

The consulted experts also made some suggestions for
the implementation process. First, more effective eval-
uations could be made when income/cost parameters
of NGOs were added. Another suggestion was that
the analysis could be performed with more NGO alter-
natives. Finally, it was suggested that governmental
organizations could be included in the methodology.

5. Conclusion

In this paper, performance evaluation problem of
Humanitarian Relief Supply Chain (HRSC) was taken

Decision Making (MCDM) problem. 17 experts
from three Turkish Non-Governmental Organizations
(NGOs) were interviewed to determine the most im-
portant criteria for performance evaluation. Then, a
novel hybrid Type-2 Fuzzy Analytic Hierarchy Process
(T2F-AHP) methodology for Supply Chain Operations
Reference (SCOR) was structured and the three NGOs
were compared with the help of the proposed method-
ology. Also, a sensitivity analysis was performed
to discuss the results of the proposed methodology.
Finally, a comparative analysis was conducted to show
robustness of the proposed methodology.

The contributions of the paper can be specified as
follows: (1) the SCOR model was adopted for perfor-
mance evaluation of the HRSC; (2) the most important
factors on the HRSC performance were determined
and classified; (3) the factors (Level 1) and their
sub-factors (Level 2 and Level 3) were evaluated by
the proposed T2F-AHP methodology and the weight
of each factor (Level 1, Level 2, and Level 3) was
determined; (4) a real case application was presented
to show the reliability and applicability of the proposed
methodology; (5) the proposed method can be used
by governmental and NGOs to improve their HRSC
strategies; (6) to the best of our knowledge, this study
is the first real case for adopting the SCOR model in
HRSC performance evaluation.

For a future direction, other fuzzy MCDM meth-
ods or heuristics can be included in the methodology
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to ensure more comparative and integrated study.
Organizations in different countries can be compared
using this work or the study can be expanded by
dealing with more organizations.
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