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ARTICLEINFO

Bu ¢aliymanin amaci, gelismekte olan iilkelerin dijital lojistik pazar performansini biitiinlesik Cok Kriterli
Karar Verme (CKKV) yontemlerini kullanarak degerlendirmektir. Bu ¢alismada kullanilan kriterler literatiir
taramast sonucu belirlenmistir. Kriter agirliklarmin hesaplanmasinda LOPCOW yoéntemi kullanilirken,
alternatifler MAUT, TOPSIS, MARCOS ve CoCoSo gibi farkli CKKV yoéntemlerine gore siralanmusti.
Ayrica, bu ¢alismada Borda sayimi yontemi kullanilarak alternatiflere iliskin son siralama elde edilmistir.
LOPCOW yonteminden elde edilen sonuglar, gelecege hazirlik (FR) ve yurt igi lojistik firsatlarinin (DLO)
sirastyla en 6nemli ve en az dnemli kriterler oldugunu gostermistir. MAUT, TOPSIS, MARCOS ve CoCoSo
yontemlerinden elde edilen siralama sonuglari, Birlesik Arap Emirlikleri'nin (BAE) en yiiksek dijital lojistik
pazar performansina sahip oldugunu, onu Cin ve Katar'm takip ettigini gostermistir. Bu galigmanin,
gelismekte olan tilkelerdeki politika yapicilar ve sirketlere dijital lojistik pazar performans: hakkinda fikir
saglayacagi diistiniilmektedir. Bu ¢alismanin temel smirhiligy, tilkelerin dijital lojistik pazar performansinin
AEMLI ve DCI raporlarindan elde edilen verilere dayanarak degerlendirilmesidir. Gelecekteki arastirmalarda
farkli kriterlerin kullanilmast miimkiin olabilir.
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The aim of this paper is to evaluate the digital logistics market performance of developing countries using
integrated MCDM methods. For this investigation, the criteria were determined based on the previous
research. While the LOPCOW method was used to determine the weights of the criteria, the alternatives were
ranked based on various MCDM methods, namely MAUT, TOPSIS, MARCOS, and CoCoSo. Additionally,
in this study, the final ranking was obtained by the Borda count method. Results from the LOPCOW method
showed that future readiness (FR) and domestic logistics opportunities (DLO) were the most and least
important criteria, respectively. According to results obtained by the MAUT, TOPSIS, MARCOS and
CoCoSo methods showed that, the United Arab Emirates (UAE) has the highest digital logistics market
performance, followed by China and Qatar. It is thought that this study will provide insight into digital
logistics market performance for policy makers and companies in developing countries. The main limitations
of this study that the digital logistics market performance of countries was evaluated based on the data from
the AEMLI and DCI reports. In future investigations, it might be possible to use different criteria.

1. Introduction

possible. Therefore, it is important for companies to work
efficiently in carrying out their logistics’ operations to

With globalization, demand for the logistics industry has
increased significantly in recent years. Due to the fact that
the exchange of products and services between countries
will generate competition, one of the companies’ objectives
is to deliver the goods to the right place as quickly as

* Sorumlu yazar/Corresponding author.
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protect their brand reputation (Surucu and Sakar, 2018: 1).
Additionally, the development of logistics infrastructure
has a direct relationship with the improvement of national
competitiveness and contribution to economic growth
(Bensassi et al.,, 2015: 54). According to research
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conducted by Fraunhofer Institute, globalization is one of
the driving forces affecting the logistics industry (Kovacs
and Kot, 2016: 116). On the basis of this information, it is
possible to conclude that the effective development of
logistics systems contributes to the global economy
(Navickas et al., 2011: 236).

Logistics is a managerial system that systematically
enables the efficient, reliable, and cost-effective
transportation of goods to their specified destinations. In
other words, it provides the effective distribution of goods
and services to the appropriate unit, such as the customer,
at the best possible level (Rasool et al., 2023: 564). Thus,
nations need to improve their logistics systems to adapt to
the global economy. One of the components of this process
is measurement of logistic performance index (LPI).
Logistics performance is the assessment of the
effectiveness with which logistics activities are being
administered inside an organization. This aspect is crucial
since it directly impacts profitability, efficiency, and
customer satisfaction (Chow et al., 1994). In this respect,
logistics performance index was designed by the World
Bank with the purpose of evaluating and tracking the
logistical performance of countries, as well as assisting
them in understanding the obstacles and opportunities
associated with international logistics (Bugar¢i¢ et al.,
2020: 453). Agility Emerging Markets Logistics Index
(AEMLI) announced the logistics market performance of
developing countries. AEMLI determines four key factors
to develop the logistics market performance. These are
domestic logistics opportunities, international logistics
opportunities, business fundamentals, and digital readiness
(Agility, 2023). Additionally, World Digital
Competitiveness (WDC) Ranking (2022) has released three
main factors, knowledge, technology, and future readiness,
as indexes that define digital competition. Digital
competitive ranking takes into consideration to improve the
logistics market performance. This ranking indicates the
significance of national factors in explaining the digital
transformation of business. Kara and Yal¢in (2022)
emphasized the importance of digitalization in logistics
market performance. Therefore, it can be pointed out that

Table 1. Literature Review on Logistics Performance

nations improve their logistics performance by using
digitalization. Besides that, previous studies demonstrated
that multi-criteria decision-making methods (MCDM) have
been applied significantly to analyze the logistics
performance of nations. For instance, Marti et al. (2017);
Ulutas and Karakoy (2019); Chejarla et al. (2022); Miskié
et al. (2023) applied MCDM to evaluate the logistics
performance of nations. However, few researchers have
examined the logistics market performance of nations
using MCDM methods. For instance, Kara et al. (2022);
Kara and Yalgin (2022); Ozekenci (2023) investigated the
logistics market performance of countries using the
MCDM methods.

Accordingly, the objective of this study is to investigate the
digital logistics market performance of developing
countries using integrated MCDM methods. In this study, a
new objective weighting method (LOPCOW) was applied
to determine the weights of the criteria. Additionally,
various ranking methods based on new (MARCOS and
CoCoSo) and old approaches (MAUT and TOPSIS) were
conducted to evaluate the digital logistics market
performance of developing countries. Thus, the results
obtained from modern and traditional approaches can be
compared. To the best of the authors’ knowledge, this is
the first study to investigate the digital logistics market
performance in developing countries using the LOPCOW-
based MAUT, TOPSIS, MARCOS and CoCoSo methods.
Thus, this paper aims to contribute to this growing area of
research by proposing a new model. The rest of the paper is
organized as follows. The second section gives a brief
overview of previous research in relevant fields. The third
section is concerned with the methodology used for this
study. The fourth section presents the findings of the
research. Finally, the conclusion gives a summary and
critique of the findings.

2. Literature Review

This section presents previous research on the evaluation of
logistics performance. Some studies are shown in Table 1.

Authors Years Indicators Methods Topics
Calculating a synthetic index of overall logistics
, Data Envelopment . e
Garcia et al. 2015 LPI . performance and comparing logistics performance of
Analysis (DEA) .
countries
Fuzzy-Analytical N . L .
Srisawat et al. 2017 LPI Hierarchy Process Estimating a set ostKT_t'lsln?gtc:]cl)c;glstlcs attributes by
(FAHP) '
Rezaei et al. 2018 LPI Best Worst Method Measuring the relative |.mportfalnc'e of the logistics
(BWM) performance index indicators
Examining and Analyzing the Trade Logistics
Dare et al, 2019 LPI TOPSIS Performance Index of Ghana, Nigeria and Morocco
. Multi-Attribute Utility measuring the attractiveness of a maritime clusters based
Lagoudis et al, 2019 LPI Theory (MAUT) on logistics performance index
Yildirim & 2020 LPI Grey Additive Ratio  Evaluating of LPI for OECD countries using the ARAS-




Ozbek, H. & Ozekenci, E.K. / Journal of Emerging Economies and Policy 2023 8(2) 559-576 561

Adiguzel Mercangoz

Assessment (ARAS-G)

G and FAHP methods.

and fuzzy AHP

Statistical Variance &

Analyzing the Logistics Performance Index of Central

Isik etal. 2020 LPI MABAC and Eastern European Countries (CEECs)
Investigating the efficiency of the LPI by selecting an
'Iol;?;ﬁilmDahab & 2020 LPI TOPSIS appropriate criterion for the weighting the LPI
component
Adigiizel Mercang6z 2020 LPI COPRAS-G Providing logistics performar_lce scores of the selected
etal. countries
. CRITIC & Examining Western Balkans countries to compare their
Mesi¢ et al. 2022 LPI MARCOS logistic performance
AEMLI & RAFSI & Determining the digital logistics market performance of
Kara & Yalgin 2022 wDC MEREC developing nations
. CRITIC & . . .
Vukadin & Jovigi¢. 2022 LPI MARCOS Analyzing and ranking of the LPI in Western Balkans
YU & Rakshit 2023 LPI H.DEA Investigating the |_mpc_)rtance of the indicators
constituting the LPI
Orekenci 2023 AEMLI SWARA-CRITIC Assessing the |OgIStIF:S market performance of
CoCoSo developing countries
Based on previous research, it can be concluded that
different weighting and ranking techniques are frequently r; = fmax~*_if j is a cost criterion )
used to evaluate the logistics performance of nations. Much ¥max~¥min
of the current literature has focused on the LPI. So far, ry = Xij~Xmin_ if j is a benefit criterion ?)

however, there have been few empirical investigations into
the evaluation of the digital logistics market performance
of nations. Correspondingly, this study aims to contribute
to existing literature by exploring the digital logistics
market performance of developing countries using different
MCDM methods.

3. Methods

This section of the study describes the techniques used to
assess the performance of the digital logistics market in
developing countries. The brief information regarding the
method used in this study is presented below.

3.1. LOPCOW Method

The Logarithmic Percentage Change-driven Objective
Weighting (LOPCOW) method was proposed by Ecer and
Pamucar in 2022. This technique is one of the new
approaches among objective weighting methods. The
application steps of the LOPCOW method are follows
(Ecer & Pamucar, 2022):

Step 1. For a decision-making problem with m alternatives
and n criteria, at first initial decision matrix (IDM) is
created.

X11 xlj "n
M=\ i i )

Xmi o Xmj o Xmn

Step 2. Then, IDM is normalized. In order to determine
the normalized values of IDM elements, the linear max-
min standardization technique is used.

Xmax~Xmin

Step 3. Each criterion’s percentage value (PV) is
determined. In this step, the mean square value of each
criterion is computed as a percentage of their respective
standard deviations. This calculation aims to reduce the
influence of data size on the observed differences.

Z'{erlzj

m

.100 4

o: standard deviation
m: the number of alternatives

Step 4. Calculate the weights of the criteria using Eq. (5).
Q)

PVij
Wi ==
D a0y o 4T

3.2. MAUT Method

Multi-Attribute Utility Theory (MAUT) was developed by
Keeney and Raiffa in 1976. MAUT has become one of the
important approaches in the field of MCDM and it has
been widely used to deal with several significant problems.
The application steps of the MAUT method are follows
(Keeney and Raiffa, 1993; Wang et al., 2010):
Step 1. Construct the decision matrix

1 T2 = Tin

r21 r22 e rz.n_

X=[% & - 6)

Tm1 Tm2 T
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Step 2. Developing a standardized decision matrix by
using Eg. (7) and obtained Eq. (8).

rij—min ()
= J J

)

max(r;j)—min ()

l’nil’l(T,:j)—Tij

nj =1+ max(rl-j)—min i)

L

®)
Step 3. Marginal utility point of alternatives is calculated
by using Eq. (9).

*52
e(rU) -1

Uiy = ©)
Step 4. Eq. (10) is used for the calculation of final utility
and ranking.

U; = Z?=1 Ui - Wj (10)
3.3. TOPSIS Method

Technique for Order Preference by Similarity Ideal
Solution (TOPSIS) is one of the ranking methods proposed
by Hwang and Yoon in 1981 to select the ideal solution
among the criterions (Cakir and Perg¢in, 2013: 452). The
basic concept of this approach is that the alternative with
the closest proximity to the positive ideal solution is
considered the most acceptable (Han and Trimi, 2018:
136). The application steps of the TOPSIS method are
follows (Roszkowska, 2011: 206-208):

Step 1. Construct the initial decision matrix by using Eg.
11)

1,71

X= (11)

X11 X122 X3 " x1nl

Xm1 Xm2 Xm3 = Xmn

Step 2. Eq (12) is used for normalization and Eq. (13)
obtained as a standardization of decision matrix.

Xij

i=1%ij
1 = T
Tmi - Tmn

Step 3. Criterion weights should be determined before
constructing weighted decision matrix. Then, weighted
normalization decision matrix should be computed by
using Eq. (14):

Vi1 " U1nl

V= (14)

Umi - VUmn

Step 4. Determine both the positive and negative ideal
solution.

A* = {(maxV;;\j € B),(minV;;\j € C)}; i =123,..,m
(15)

A~ = {(minV;;\j € B), (maxV;;\j € C)}; i =1,23,..,m

(16)
At = (wh,vf, . vkh) @17
A™ = (v{,v3, ., V) (18)

Step 5. The deviations of the alternatives from the positive
and negative ideal solutions are obtained by Euclidean
distance formula.

Si+ = JZ(UU - Vj+)2 (19)
_\2

JZ =)

Step 6. Compute the relative closeness for alternative ideal

solution by using Eq. (21). Finally determine the ranking
with the maximum number of C;*.

ST = (20)

CH=—t_;0<( <1 1)

==
St+s;

3.4. MARCOS Method

Measurement of Alternatives and Ranking according to
COmpromise Solution (MARCQOS) method was developed
by Stevi¢, Pamucar, Puska and Chatterjee in 2020. The
advantage of this method is considering both ideal and
anti-ideal solutions at the same time. It also provides to
determine utility functions with a new perspective. The
application steps of the MARCOS method are follows
(Stevi¢ et al., 2020):

Step 1. Construct the initial decision matrix.

Step 2. Construct the extended initial matrix by describing
the ideal (Al) and anti-ideal (AAIl) solution in Eg. (22).

Ay Xaa1 Xaa2 Xaan
_ A2 xll x12 xln L .
X = - X . . 1= 12,0.m; ) =
Ap
A LXm1 Xm2 o Xmn
1,2,...n (22)

Step 3. Extended initial matrix (X) should be normalized
by using Eq. (23) and Eq. (24)

ng = % if j €agroup of cost criteria (23)
)

ng; = ;f# if j € abenefit group of criterion (24)

Normalized matrix: N = [n;] (25)

x;; and x,; represents the elements of the matrix X.

Step 4. Eq. (25) is multiplied by weight coefficients of
criterion w; and from this formula weighted matrix is
calculated.

Uij = nij X W] (26)

Step 5. Utility degree of alternatives K; is calculated by
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using Eq. (27) and Eq. (28) for both ideal and anti-ideal
solutions.

K =5 27)
Si

K =5 (28)

Si = Z?:l Vij » i=1,2,..,m (29)

Step 6. Utility function of alternatives is determined by
using Eqg. (30). Eq. (31) represents the utility function
according to the anti-ideal solution and Eq. (32) represents
the utility function according to the ideal solution.

f0 = A e
HCHINNICH

F) = ()

FUD) = (32)

Final ranking of alternatives is arranged in a descending
order.

3.5. CoCoSo Method

Combined Compromise Solution (CoCoSo) method was
proposed by Yazdani, Zarate, Zavadskas and Turskis in
2019. The integrated simple additive weighting and
exponentially weighted product model form the basis of the
proposed approach. It can be a combination of compromise
solutions. The application steps of the CoCoSo method are
follows (Yazdani et al., 2019):

Step 1. Determine the initial decision-making matrix

X11 X12 X1n
X21  X22 Xon | ..
xl] = _ H 1= 192: :ma.l = 1929 9n
xm1 xmz xmn
(33)

Step 2. The compromise normalization equation provides a
basis for normalizing the criteria values.

xij—min(x;;)

B ; _ o
= max(r)) = min(r) for benefit criterion (34)
i i
max(xij)—xij
B ; _ I
T = G i)’ for cost criterion (35)

l l

Step 3. S; and P; values are calculated by using Eq. (36)
and Eq. (37) respectively. The sum of weighted
comparability sequence and the total power weight of
comparability sequences for each alternative is formulated
as S; and P; values.

Sy =X (wiry) (36)
Table 2. Summary of Criteria

The determination of S; value is accomplished through the
utilization of the grey relational generation approach.

P, =%, (n j)Wj (37)

Step 4. The computation involves determining the relative
weights of the alternative through the utilization of various
aggregation strategies. In this step, three evaluation score
methodologies are used to generate other possibilities by
using the following formulas.

The arithmetic mean of sums of Weighted Sum Method
(WSM) and Weighted Product Method (WPM) scores is
formulated in Eq. (38), while Eq. (39) represents a sum of
relative scores of WSM and WPM compared the best.

P;i+S;

3ia = Z—{Zl(Pi*'Si)’ (38)
S: P:
Bip = minESi) min(lPi)’ (39)
i i
ASi+(1-)P; .
Bic = lmax(si)L— (1—l)rriaX(Pi) 0s1<1 (40)

L i

Eq. (40) is the balanced compromise of WSM and WPM
models cores. (A is a decision-maker in equation and
usually taken 0.5.)

Step 5. Final ranking alternatives are calculated.
1
3 = (3ia3ip3ic)? + 3 Bia + 30 + 3ic) (41)

3.6. Borda Count

Borda Count provide a comprehensive ranking for
researchers using different ranking methods by combining
the ranks determined by various approaches (Uluskan et
al., 2022: 29). The steps of the Borda count method is
follows (Akyiiz and Aka, 2017: 36-37):

Step 1. Borda criteria determine by using each criteria.

by = Xk=1(M —1y.) (42)
M: total number of alternatives

1. the order of ith alternative under kth criterion

M: the number of total alternatives

4. Applications and Results

In this part, the findings obtained by various methods are
presented. The weight of criteria was calculated by the
LOPCOW method. Then, the alternatives were ranked
based on the MAUT, TOPSIS, MARCOS and CoCoSo
methods. Final ranking was obtained by the Borda count
method. Table 2 illustrates the overview of criteria used in
this study.
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Criteria Description Year Report
. I . Measures the performance of each emerging market and its potential to
Domestic logistics opportunities . . . . L
(DLO) sustain and develop domestic demand that requires competitive logistics
markets
. - ... Measures internal and external demand for trade intensive logistics services
International logistics opportunities i L . -
(ILO) and the capacity of individual emerging markets to facilitate cross-border
logistics operations AEMLI
Business fundamentals (BF) Measur’es the. 0pennes§, robustness, fairness and strength of each emerging
market’s business environment, rule of law and market independence 2022
Measures the potential and progress of an emerging market in becoming a
Digital Readiness (DR) digitally-led, skills rich, innovation-oriented and sustainable economy for the
future
Knowledge (KNO) Know-how necessary to discover and understand new technologies
Technology (TECH) O.V(.Erall context that enables the development of DCl
digital technologies
Future readiness (FR) Level of country preparedness to exploit digital transformation
Source: Agility (2023); IMD (2022)
It can be seen above; the evaluation of digital logistics Bahra_'n 499 470 715 534 6647 7417 6453
market performance of developing countries was carried Brazil 542 542 4,13 519 49,52 4438 52,13
out based on seven criteria. The criteria were determined Chile 483 518 7,01 555 49,78 61,42 65,11
ggzgre\goui fes?afggzg§af;het all-, 2022; Kara and Talclg Colombia 4,67 508 4,55 453 4590 3453 44,84
; Ozekencl, . ¢ alternatives were selecte .
from the AEMLI and DCI reports. According to the Ind'a_ 804 7,45 594 761 5395 60,25 5520
AEMLI and DCI reports, more than sixty developing ~ Indonesia 634 589 577 621 4220 5533 5031
countries were included in the ranking. However, two- Jordan 488 4,75 6,72 514 48,63 51,19 4591
thirds of theseI cc;untries ha:jve ilnsufficient data. For tf|1is Kazakhstan 4,66 4,66 6,19 5,10 67,64 6156 67,51
reason, a total of twenty developing countries namely, :
) . . . : . . Malaysia 529 588 7,85 6,72 70,08 71,45 65,33
China, Argentina, Bahrain, Brazil, Chile, Colombia, India, y
Indonesia, Jordan, Kazakhstan, Malaysia, Mexico, Peru, Mexico 537 632 493 511 4917 42,79 4983
Philippines, Qatar, Saudi Arabia, South Africa, Tirkiye, Peru 4,72 512 4,48 458 46,34 4133 46,12
the UAE, and Thailand were involved in this study. The Philippines 5,02 5,28 4,31 599 40,51 51,58 43,95
results obtained from each method are presented below. Qatar 501 496 792 638 5911 78,65 7498
4.1. The Results Obtained from the LOPCOW Saudi Arabia 5,38 5,74 7,86 6,30 6196 7292 64,34
Method South Africa 4,81 500 4,99 501 47,76 40,06 4350
. .. . . Tiirki 514 5,70 5,80 5,50 42,34 46,83 53,49
At first, decision matrix was formed and shown in Table 3. urxye ' ' ' ' ' ' '
Then, decision matrix was normalized based on Eq. (3) and UAE 560 589 910 7,37 80,67 9378 7740
the results are shown in Table 4. Thailand 511 598 577 6,04 5552 7497 51,7
Table 3. Decision Matrix max 847 9,75 9,10 7,61 8067 9378 80,93
min 448 396 156 3,99 40,39 0,00 1822
Country DLO ILO BF DR KNO TECH FR Source: Authors’ calculations.
China 8,47 9,75 7,11 6,63 79,27 76,69 80,93
Argentina 4,87 4,63 424 468 4546 30,36 5246
Table 4. Normalized Decision Matrix
Country DLO ILO BF DR KNO TECH FR

China 1,0000 1,0000 0,7361 0,6724 10,3064 9,9642 10,5265
Argentina  0,0977 0,1157 0,3554 0,4138 5,8223 3,8196 6,7507
Bahrain 0,1278 0,1278 0,7414 0,5013 8,6088 9,6300 8,3515
Brazil 0,2356 0,2522 0,3408 0,4814 6,3607 5,6790 6,7069
Chile 0,0877 0,2107 0,7228 0,5292 6,3952 7,9390 8,4284
Colombia 0,0476 0,1934 0,3966 0,3939 5,8806 4,3727 15,7401
India 0,8922 0,6028 0,5809 0,8024 6,9483 7,7838 7,1141
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Indonesia  0,4662 0,3333 0,5584 0,6167 5,3899 7,1313 6,4655
Jordan 0,1003 0,1364 0,6844 0,4748 6,2427 6,5822 5,8820
Kazakhstan 0,0451 0,1209 0,6141 0,4695 8,7639 7,9576 8,7467
Malaysia  0,2030 0,3316 0,8342 0,6844 19,0875 9,2692 8,4576
Mexico 0,2231 0,4076 0,4469 0,4708 6,3143 5,4682 6,4019
Peru 0,0602 0,2003 0,3873 0,4005 5,9390 5,2745 5,9098
Philippines  0,1353 0,2280 0,3647 0,5875 5,1658 6,6340 5,6220
Qatar 0,3584 0,1727 0,8435 0,6393 7,6326 10,2241 09,7374
Saudi Arabia 0,2256 0,3074 0,8355 0,6286 8,0106 9,4642 8,3263
South Africa 0,0827 0,1796 0,4549 0,4576 6,1273 5,1061 5,5623
Tiirkiye 0,1654 0,3005 0,5623 0,5225 5,4085 6,0040 6,8873
UAE 0,2807 0,3333 1,0000 0,7706 10,4920 12,2308 10,0584
Thailand  0,1181 0,2637 0,3300 0,3843 10,3400 14,2535 19,5714
Mean
square 0,2142 0,2029 0,3946 0,3258 10,2584 10,8817 10,7341
Standard
deviation  0,2740 0,2303 0,2931 0,1799 2,4427 3,4507 2,3490
Source: Authors’ calculations.
PV values of each criterion was calculated according to Eq. Chile 483 518 7,01 555 49,78 6142 6511
(4) and the results are presented in Table 5. Colombia 467 508 455 453 4590 3453 4484
Table 5. PV Values of Criteria India 8,04 745 594 761 5395 6025 5520
DLO ILO BF DR KNO  TECH FR Indonesia 6,34 589 577 621 4220 5533 50,31
PV  -24637 -12672 29,7251 59,370 143,499 114,850 151,943 Jordan 488 475 6,72 514 4863 51,19 4591
Source: Authors’ calculations. Kazakhstan 4,66 4,66 6,19 510 67,64 6156 67,51
The final i  criteri det ined by Eq. (5) and Malaysia 529 588 785 6,72 70,08 7145 65,33
e final ranking of criteria was determined by Eq. (5) an .
the results are shown in Table 6. Mexico 5,37 6,32 4,93 511 49,17 42,79 49,83
|  Weidhts of Criteri Peru 472 512 448 458 4634 4133 46,12
Table 6. Final Weights of Criteria Philippines 502 528 431 599 4051 5158 43,95
DLO ILO BF DR KNO TECH FR Qatar 591 49 7,92 6,38 59,11 78,65 74,98
w 0053 -0,027 0064 0128 0311 024855 032883  Saudi ;a0 o4 785 630 6196 7292 6434
Arabia ’ il i) ’ i) 1 ’
Rank 7 6 5 4 2 3 1 South
Africa 481 500 4,99 501 47,76 40,06 4350
Source: Authors’ calculations.
Tiirkiye 514 570 580 550 4234 46,83 53,49
According to results obtained by LOPCOW method, future UAE 560 580 910 737 8067 9378 7740
readiness (FR), knowledge (KNO) and technology (TECH) i ’ ' ' ' ' ’ '
were found to most important criteria, while domestic _1hailand 511 598 577 604 5552 7497 517
logistics opportunities (DLO), international logistics w -0,053 0(;27 0,064 0,128 0,311 0,249 0,329

opportunities (ILO) and business fundamentals (BF) were
found to least important criteria, respectively.

4.2. The Results Obtained from the MAUT Method
Firstly, decision matrix was formed and shown in Table 7.

Table 7. Decision Matrix

Country DLO ILO BF DR KNO TECH FR

China 847 975 7,11 6,63 7927 76,69 80,93
Argentina 4,87 463 424 468 4546 30,36 5246
Bahrain 499 470 715 534 6647 7417 64,53
Brazil 542 542 4,13 519 4952 4438 52,13

Source: Authors’ calculations.

Then, decision matrix was normalized based on Eg. (6) and
the results are shown in Table 8.
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Table 8. Normalized Decision Matrix

Country DLO ILO BF DR KNO TECH FR
China 1,000 1,336 0,643 0,517 19,583 18,906 20,018
Argentina 0,055 -0,008 -0,110 0,005 10,709 6,745 12,546
Bahrain 0,087 0,011 0,654 0,179 16,223 18,244 15714
Brazil 0,200 0,200 -0,139 0,139 11,774 10,425 12,459
Chile 0,045 0,137 0,617 0,234 11,843 14,898 15,866
Colombia 0,003 0,110 -0,029 -0,03 10824 7,840 10,546
India 0,887 0,732 0336 0,774 12937 14591 13,265
Indonesia 0,441 0,323 0,291 0,407 9,853 13,299 11,982
Jordan 0,058 0,024 0541 0,126 11,541 12,213 10,827
Kazakhstan 0,000 0,000 0,402 0,116 16,530 14,934 16,496
Malaysia 0,165 0,320 0,837 0,541 17,171 17,530 15,924
Mexico 0,186 0,436 0071 0,118 11,682 10,008 11,856
Peru 0016 0,121 -0,047 -0,02 10940 9,625 10,882
Philippines 0,095 0,163 -0,092 0,349 9,409 12,315 10,312
Qatar 0,328 0,079 085 0451 14,291 19,420 18,457
Saudi Arabia 0,189 0,284 0,840 0,430 15,039 17,916 15,664
South Africa 0,039 0,089 0,087 0,092 11,312 9,291 10,194
Tiirkiye 0,126 0,273 0,299 0,221 9,890 11,068 12,816
UAE 0,247 0,323 1,165 0,711 19,950 23,391 19,092
Thailand 0,118 0,347 0,291 0,362 13,349 18,454 12,347

Source: Authors’ calculations.

According to Eg. (8), the marginal utility score was calculated, and the results are presented in Table 9.
Table 9. Marginal Utility Score

Country DLO ILO BF DR KNO TECH FR
China 1,0048 2,8996 0,2995 0,1792 2E+166 9,8E+154 6,4E+173
Argentina 0,0018 0,0000 0,0071 0,0000 3,7E+49 3,4E+19 1,3E+68
Bahrain 0,0044 0,0001 0,3116 0,0189 1,2E+114 2,1E+144 1,0E+107
Brazil 0,0237 0,0237 0,0114 0,0114 9,4E+59 9,3E+46 1,5E+67
Chile 0,0012 0,0110 0,2707 0,0328 4,7E+60 1,4E+96 1,2E+109
Colombia 4,0E-06 0,0071 0,0005 0,0007 4,5E+50 2,89E+26 1,17E+48
India 0,6999 0,4150 0,0699 0,4802 2,8E+72 1,67E+92 1,54E+76
Indonesia 0,1255 0,0642 0,0518 0,1053 8,5E+41 3,8E+76 1,3E+62
Jordan 0,0020 0,0003 0,1986 0,0094 4,1E+57 3,5E+64 4,7E+50
Kazakhstan 0,0000 0,0000 0,1023 0,0079 2,7TE+118 4,3E+96 8,9E+117
Malaysia 0,0162 0,0631 0,5940 0,1986 6,5E+127 1,7E+133 7,8E+109
Mexico 0,0207 0,1222 0,0029 0,0082 1,1E+59 1,8E+43 6,5E+60
Peru 0,0001 0,0086 0,0013 0,0003 5,5E+51 9,9E+39 1,6E+51
Philippines 0,0052 0,0157 0,0050 0,0758 1,7E+38 4,3E+65 8,9E+45
Qatar 0,0665 0,0036 0,6313 0,1322 2,9E+88 3,6E+163 5,1E+147
Saudi Arabia 0,0213 0,0489 0,5992 0,1190 9,9E+97 1,5E+139 2,1E+106
South Africa 0,0009 0,0047 0,0044 0,0050 2,2E+55 1,8E+37 7,9E+44
Tiirkiye 0,0094 0,0452 0,0548 0,0291 1,8E+42 9,3E+52 1,3E+71
UAE 0,0367 0,0642 1,6892 0,3851 4,2E+172 2,A4E+237 1,2E+158
Thailand 0,0082 0,0746 0,0518 0,0820 14E+77 4,6E+147 9,3E+65

Source: Authors’ calculations.
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The final utility score was determined based on the Eq. (9) Philippines  1,06E+65 15
and the final rankings are demonstrated in Table 10.

Table 10. Final Utility Score

Country  Utility Score Rank

Qatar 8,9E+162

Saudi Arabia  3,7E+138
South Africa  6,84E+54 18
Tiirkiye 4,17E+70 12

According to results obtained by the MAUT method, the
UAE, China, and Qatar have the highest digital logistics
market performance, while Colombia, Peru and South
Africa have the lowest digital logistics market performance

According to Eq. (12), decision matrix was normalized and

China 2,1E+173 2
Argentina 4,39E+67 13 U'_A‘E 6,1E+236 1
Bahrain 5,2E+143 5 Thailand 1,2E+147 4
Brazil 5,03E+66 14 Source: Authors’ calculations.
Chile 4,1E+108 9
Colombia 1,39E+50 20
India 4,14E+91 10
Indonesia 9,46E+75 11 i .
in 2022, respectively.
Jordan 8,64E+63 16
Kazakhstan ~ 1,1E+118 4.3. The Results Obtained from the TOPSIS Method
Malaysia 4,2E+132
Mexico 2,16E+60 7 shown in Table 11.
Peru 2,23E+51 19
Table 11. Normalized Decision Matrix
Country DLO ILO BF DR KNO TECH FR
China 0,3400 0,3914 0,2854 0,2662 3,1824 3,0789 3,2491
Argentina 0,1955 0,1859 0,1702 0,1879 1,8251 1,2189 2,1061
Bahrain 0,2003 0,1887 0,2870 0,2144 2,6686 2,9777 2,5907
Brazil 0,2176 0,2176 0,1658 0,2084 1,9881 1,7817 2,0928
Chile 0,1939 0,2080 0,2814 0,2228 1,9985 2,4658 2,6140
Colombia 0,1875 0,2039 0,1827 0,1819 1,8427 1,3863 1,8002
India 0,3228 0,2991 0,2385 0,3055 2,1659 2,4188 2,2161
Indonesia 0,2545 0,2365 0,2316 0,2493 1,6942 2,2213 2,0198
Jordan 0,1959 0,1907 0,2698 0,2064 1,9523 2,0551 11,8431
Kazakhstan 0,1871 0,1871 0,2485 0,2047 2,7155 2,4714 2,7103
Malaysia 0,2124 0,2361 0,3152 0,2698 2,8135 2,8685 2,6228
Mexico 0,2156 0,2537 0,1979 0,2051 1,9740 1,7179 2,0005
Peru 0,1895 0,2056 0,1799 0,1839 1,8604 1,6593 1,8516
Philippines 0,2015 0,2120 0,1730 0,2405 1,6263 2,0708 1,7644
Qatar 0,2373 0,1991 0,3180 0,2561 2,3731 3,1575 3,0102
Saudi Arabia  0,2160 0,2304 0,3156 0,2529 2,4875 2,9275 2,5830
South Africa 0,1931 0,2007 0,2003 0,2011 1,9174 1,6083 1,7464
Tiirkiye 0,2064 0,2288 0,2329 0,2208 1,6998 1,8801 2,1474
UAE 0,2248 0,2365 0,3653 0,2959 3,2386 3,7650 3,1074
Thailand 0,2051 0,2401 0,2316 0,2425 2,2289 3,0098 2,0756

Source: Authors’ calculations.

Based on the Eq. (14), weighted normalized decision matrix was calculated and the results are presented in Table 12.
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Table 12. Weighted Normalized Decision Matrix

Country DLO ILO BF DR KNO TECH FR
China -0,0181 -0,0107 0,0184 0,0342 0,9883 0,7653 1,0684
Argentina -0,0104 -0,0051 0,0110 0,0241 0,5668 0,3029 0,6925
Bahrain -0,0107 -0,0052 0,0185 0,0275 0,8287 0,7401 0,8519
Brazil -0,0116 -0,0060 0,0107 0,0268 0,6174 0,4428 0,6882
Chile -0,0103 -0,0057 0,0181 0,0286 0,6206 0,6129 0,8595
Colombia -0,0100 -0,0056 0,0118 0,0234 0,5723 0,3446 0,5919
India -0,0172 -0,0082 0,0153 0,0393 0,6726 0,6012 0,7287
Indonesia -0,0136 -0,0065 0,0149 0,0320 0,5261 0,5521 0,6642
Jordan -0,0104 -0,0052 0,0174 0,0265 0,6063 0,5108 0,6061
Kazakhstan -0,0100 -0,0051 0,0160 0,0263 0,8433 0,6143 0,8912
Malaysia -0,0113 -0,0065 0,0203 0,0347 0,8737 0,7130 0,8624
Mexico -0,0115 -0,0070 0,0127 0,0264 0,6130 0,4270 0,6578
Peru -0,0101 -0,0056 0,0116 0,0236 0,5777 0,4124 0,6088
Philippines -0,0107 -0,0058 0,0111 0,0309 0,5051 0,5147 0,5802
Qatar -0,0127 -0,0055 0,0205 0,0329 0,7370 0,7848 0,9898
Saudi Arabia -0,0115 -0,0063 0,0203 0,0325 0,7725 0,7276 0,8494
South Africa -0,0103 -0,0055 0,0129 0,0258 0,5955 0,3997 0,5743
Tiirkiye -0,0110 -0,0063 0,0150 0,0284 0,5279 0,4673 0,7061
UAE -0,0120 -0,0065 0,0235 0,0380 1,0058 0,9358 1,0218
Thailand -0,0109 -0,0066 0,0149 0,0312 0,6922 0,7481 0,6825
Source: Authors’ calculations.
Ideal positive and negative solution values were calculated ~ Table 13.
according to Egs. (19-20) and the results are illustrated in
Table 13. Ideal Positive and Negative Solution Values
DLO ILO BF DR KNO TECH FR
v+ -0,0100 -0,0051 0,0235 0,0393 1,0058 0,9358 1,0684
V- -0,0181 -0,0107 0,0107 0,0234 0,5051 0,3029 0,5743
Source: Authors’ calculations.
Distance values from ideal solution was determined by Philippines  0,206253 15
using Eq. (21) and the results are shown in Table 14. Qatar 068038
Table 14. Distance Values to Ideal Solution Saudi Arabia 0,599938
Country cr rank South Africa 0,136981 18
China 0828734 2 Tiirkiye 0,218037 14
Argentina  0,134976 19 U_AE 0,951859
Bahrain 0641356 5 Thailand 0,482185
Brazil 0,224696 13 Source: Authors’ calculations.
Chile 0445293 9 According to results obtained by the TOPSIS method, the
Colombia  0,085315 20 UAE, China, and Qatar have the highest digital logistics
India 0,392419 10 market performance, while Colombia, Argentina and South
Indonesia  0.265612 11 Africa have the_lowestdigital logistics market performance
in 2022, respectively.
Jordan 0,238923 12
Kazakhstan 0,581651 7 4.4. The Results Obtained from the MARCOS
Malaysia  0,652851 Method
Mexico 0194879 16 Extended decision matrix was formed using Eq. (22) and
Peru 0,142788 17

shown in Table 15.
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Table 15. Extended Decision Matrix Peru 4,72 512 4,48 458 4634 41,33 46,12
Country DLO ILO BF DR KNO TECH FR Philippines 502 528 431 599 4051 5158 4395
China 847 975 7.1 6,63 79,27 76,69 80,93 Qatar 591 4,96 7,92 638 5911 7865 7498

. Saudi
Argentina 4,87 4,63 424 468 4546 3036 5246 aapin 538 574 786 63 6196 7292 6434
Bahrain 499 47 715 534 6647 7417 64,53 Z?gth 481 5 499 501 4776 4006 435

Brazil 542 542 413 519 4952 44,38 52,13 \rica
Chile 483 518 701 555 4978 6142 6511 Tarkiye 514 57 58 55 4234 4683 5349
Colombia 4,67 508 455 453 459 3453 4484 UAE 56 58 91 7.37 8067 9378 774
ndia 804 745 594 761 5395 6025 552 Thailand 511 598 577 604 5552 7497 517
Indonesia 6,34 589 577 621 422 5533 50,31 Al 847 075 9,10 761 8067 9378 80,93
AAI 466 463 413 453 4051 3036 4350

Jordan 488 475 6,72 514 48,63 51,19 4591
Kazakhstan 4,66 4,66 6,19 51 67,64 6156 67,51 Source: Authors’ calculations.

Malaysia 529 588 7,85 6,72 70,08 7145 6533 Decision matrix was normalized based on Eq. (24) and the
Mexico 537 6,32 493 511 49,17 42,79 49,83 results are presented in Table 16.

Table 16. Normalized Decision Matrix

Country DLO ILO BF DR KNO TECH FR
China 1,0000 1,0000 0,7813 0,8712 0,9826 0,8178 1,0000
Argentina 0,5750 0,4749 0,4659 0,6150 0,5635 0,3237 0,6482
Bahrain 0,5891 0,4821 0,7857 0,7017 0,8240 0,7909 10,7974
Brazil 0,6399 0,5559 0,4538 0,6820 0,6139 0,4732 0,6441
Chile 0,5702 0,5313 10,7703 0,7293 0,6171 0,6549 0,8045
Colombia 0,5514 0,5210 0,5000 0,5953 0,5690 0,3682 0,5541
India 0,9492 10,7641 0,6527 1,0000 0,6688 0,6425 0,6821
Indonesia 0,7485 10,6041 10,6341 0,8160 0,5231 0,5900 0,6216
Jordan 0,5762 0,4872 0,7385 0,6754 0,6028 0,5459 0,5673

Kazakhstan 0,5502 0,4779 0,6802 0,6702 0,8385 0,6564 0,8342
Malaysia 0,6246 0,6031 0,8626 0,8830 0,8687 0,7619 0,8072

Mexico 0,6340 0,6482 0,5418 0,6715 0,6095 0,4563 0,6157
Peru 0,5573 0,5251 10,4923 10,6018 0,5744 0,4407 0,5699
Philippines 0,5927 0,5415 10,4736 0,7871 0,5022 0,5500 0,5431
Qatar 0,6978 0,5087 0,8703 0,8384 10,7327 10,8387 0,9265

Saudi Arabia ~ 0,6352 0,5887 0,8637 10,8279 10,7681 10,7776 0,7950
South Africa 0,5679 0,5128 0,5484 0,6583 0,5920 0,4272 0,5375
Tiirkiye 0,6068 0,5846 0,6374 0,7227 0,5249 0,4994 0,6609
UAE 0,6612 0,6041 1,0000 0,9685 1,0000 1,0000 0,9564
Thailand 0,6033 0,6133 0,6341 0,7937 0,6882 0,7994 0,6388

Source: Authors’ calculations.
Based on the Eq. (26), weighted normalized decision matrix was calculated and the results are presented in Table 17.

Table 17. Weighted Normalized Decision Matrix

Country DLO ILO BF DR KNO TECH FR Total
China -0,0533  -0,0274 0,0503 0,1119  0,3052 0,2033 0,3288 0,9187
Argentina -0,0307  -0,0130 0,0300 0,0790  0,1750 0,0805 0,2131 0,5339
Bahrain -0,0314  -0,0132 0,0505 0,0902  0,2559 0,1966 0,2622 0,8107
Brazil -0,0341  -0,0152 0,0292 0,0876  0,1906 0,1176 0,2118 0,5875
Chile -0,0304  -0,0146 0,0496 0,0937  0,1916 0,1628 0,2645 0,7173
Colombia -0,0294  -0,0143 0,0322 0,0765 0,1767 0,0915 0,1822 0,5154
India -0,0506  -0,0210 0,0420 0,1285  0,2077 0,1597 0,2243 0,6906

Indonesia -0,0399  -0,0166 0,0408 0,1048  0,1625 0,1466 0,2044 0,6027
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Jordan -0,0307  -0,0134 0,0475 0,0868  0,1872 0,1357 0,1865 0,5996
Kazakhstan -0,0293  -0,0131 0,0438 0,0861  0,2604 0,1632 0,2743 0,7853
Malaysia -0,0333  -0,0165 0,0555 0,1135  0,2698 0,1894 0,2654 0,8437
Mexico -0,0338  -0,0178 0,0349 0,0863  0,1893 0,1134 0,2025 0,5747
Peru -0,0297  -0,0144 0,0317 0,0773  0,1784 0,1095 0,1874 0,5402
Philippines -0,0316  -0,0149 0,0305 0,1011  0,1559 0,1367 0,1786 0,5564
Qatar -0,0372  -0,0140 0,0560 0,1077  0,2276 0,2085 0,3047 0,8532

Saudi Arabia -0,0339  -0,0161 0,0556 0,1064  0,2385 0,1933 0,2614 0,8051
South Africa -0,0303  -0,0141 0,0353 0,0846  0,1839 0,1062 0,1767 0,5423

Tiirkiye -0,0324  -0,0160 0,0410 0,0929  0,1630 0,1241 0,2173 0,5899
UAE -0,0353  -0,0166 0,0643 0,1244  0,3106 0,2486 0,3145 1,0105
Thailand -0,0322  -0,0168 0,0408 0,1020  0,2137 0,1987 0,2101 0,7163
Al -0,4516  -0,2674 0,5854 09778 25,0522 23,3092 26,6119 75,8174
AAI -0,2485  -0,1270 0,2657 0,5820 12,5804  7,5460 14,3039 34,9027

Source: Author’s calculations.

Utility degree of alternatives for both ideal and anti-ideal and anti-ideal solutions were determined using Egs. (27-
solutions and utility function of alternatives for both ideal 32) and the results are shown in Table 18.

Table 18. Utility Degrees and Utility Functions of Alternatives

Country S; K; K} fK7) f(KS)  f(K;) Ranking
China 0,918702 0,026322 0,012117 0,315233 0,684767 0,038439 2
Argentina  0,533929 0,015298 0,007042 0,315233 0,684767 0,02234 19
Bahrain 0,810727 0,023228 0,010693 0,315233 0,684767 0,033921 5
Brazil 0,587525 0,016833 0,007749 0,315233 0,684767 0,024582 14
Chile 0,717254 0,02055 0,00946 0,315233 0,684767 0,03001 8
Colombia  0,515366 0,014766 0,006797 0,315233 0,684767 0,021563 20
India 0,690565 0,019785 0,009108 0,315233 0,684767 0,028894 10
Indonesia  0,602674 0,017267 0,007949 0,315233 0,684767 0,025216 11
Jordan 0,599624 0,01718 0,007909 0,315233 0,684767 0,025089 12
Kazakhstan 0,785269 0,022499 0,010357 0,315233 0,684767 0,032856 7
Malaysia  0,843706 0,024173 0,011128 0,315233 0,684767 0,035301 4
Mexico 0,574706 0,016466 0,00758 0,315233 0,684767 0,024046 15
Peru 0,540206 0,015477 0,007125 0,315233 0,684767 0,022603 18
Philippines  0,556377 0,015941 0,007338 0,315233 0,684767 0,023279 16
Qatar 0,853206 0,024445 0,011253 0,315233 0,684767 0,035699 3
Saudi Arabia 0,805127 0,023068 0,010619 0,315233 0,684767 0,033687 6
South Africa 0,542297 0,015537 0,007153 0,315233 0,684767 0,02269 17
Tirkiye 0,589918 0,016902 0,007781 0,315233 0,684767 0,024683 13
UAE 1,010529 0,028953 0,013328 0,315233 0,684767 0,042281 1
Thailand  0,716272 0,020522 0,009447 0,315233 0,684767 0,029969 9

Source: Authors’ calculations.

According to results obtained by the MARCOS method, 4.5. The Results Obtained from the CoCoSo Method
the UAE, China, and Qatar have the highest digital
logistics market performance, while Colombia, Argentina
and Peru have the lowest digital logistics market
performance in 2022, respectively.

Decision matrix was normalized according to Eq. (34) and
shown in Table 19.
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Table 19. Normalized Decision Matrix

Country DLO ILO BF DR KNO TECH FR
China 1,0000 1,0000 0,5996 0,6818 0,9651 0,7305 1,0000
Argentina  0,0551 0,0000 0,0221 0,0487 0,1233 0,0000 0,2394
Bahrain ~ 0,0866 0,0137 0,6076 0,2630 0,6464 0,6908 0,5618
Brazil 0,1995 0,1543 0,0000 0,2143 0,2244 0,2211 0,2306
Chile 0,0446 0,1074 0,5795 0,3312 0,2308 0,4898 0,5773
Colombia  0,0026 0,0879 0,0845 0,0000 0,1342 0,0658 0,0358
India 0,8871 0,5508 0,3642 1,0000 0,3347 0,4713 0,3126
Indonesia 00,4409 0,2461 0,3300 0,5455 0,0421 0,3937 0,1819
Jordan 0,0577 0,0234 0,5211 0,1981 0,2022 0,3284 0,0644
Kazakhstan 0,0000 0,0059 0,4145 0,1851 0,6755 0,4920 0,6415
Malaysia  0,1654 0,2441 0,7485 0,7110 0,7363 0,6479 0,5832
Mexico 0,1864 0,3301 0,1610 0,1883 0,2156 0,1960 0,1691
Peru 0,0157 0,0957 0,0704 0,0162 0,1452 0,1730 0,0700
Philippines  0,0945 0,1270 0,0362 0,4740 0,0000 0,3346 0,0120
Qatar 0,3281 0,0645 0,7626 0,6006 0,4631 0,7614 0,8410
Saudi Arabia 0,1890 0,2168 0,7505 0,5747 0,5341 0,6711 0,5568
South Africa 0,0394 0,0723 0,1730 0,1558 0,1805 0,1529 0,0000
Turkiye  0,1260 0,2090 0,3360 0,3149 0,0456 0,2597 0,2669
UAE 0,2467 0,2461 1,0000 0,9221 1,0000 1,0000 0,9057
Thailand  0,1181 0,2637 0,3300 0,4903 0,3738 0,7034 0,2191

Source: Authors’ calculations.

According to Egs. (36) and (37), weighted comparability
sequences and the total power weight of comparability

Table 20. Weighted Comparability Sequences and S;

sequences for each alternative was calculated and the

results are presented in Table 20 and 21, respectively.

Country DLO ILO BF DR KNO TECH FR S
China -0,0533 -0,0274 0,0386 0,0876 0,2997 0,1816 0,3288 0,8556
Argentina  -0,0029 0,0000 0,0014 0,0063 0,0383 0,0000 0,0787 0,1217
Bahrain -0,0046 -0,0004 0,0391 0,0338 0,2007 0,1717 0,1848 0,6251
Brazil -0,0106 -0,0042 0,0000 0,0275 0,0697 0,0549 0,0758 0,2131
Chile -0,0024 -0,0029 0,0373 0,0426 0,0717 0,1217 0,1898 0,4578
Colombia  -0,0001 -0,0024 0,0054 0,0000 0,0417 0,0163 0,0118 0,0727
India -0,0473 -0,0151 0,0234 0,1285 0,1039 0,1171 0,1028 0,4134
Indonesia  -0,0235 -0,0067 0,0212 0,0701 0,0131 0,0979 0,0598 0,2318
Jordan -0,0031 -0,0006 0,0335 0,0254 0,0628 0,0816 0,0212 0,2208
Kazakhstan  0,0000 -0,0002 0,0267 0,0238 0,2098 0,1223 0,2109 0,5933
Malaysia  -0,0088 -0,0067 0,0481 0,0914 0,2287 0,1610 0,1918 0,7055
Mexico -0,0099 -0,0091 0,0104 0,0242 0,0670 0,0487 0,0556 0,1869
Peru -0,0008 -0,0026 0,0045 0,0021 0,0451 0,0430 0,0230 0,1142
Philippines  -0,0050 -0,0035 0,0023 0,0609 0,0000 0,0832 0,0040 0,1418
Qatar -0,0175 -0,0018 0,0491 0,0772 0,1438 0,1893 0,2766 0,7166
Saudi Arabia -0,0101 -0,0059 0,0483 0,0738 0,1659 0,1668 0,1831 0,6218
South Africa -0,0021 -0,0020 0,0111 0,0200 0,0561 0,0380 0,0000 0,1212
Tirkiye -0,0067 -0,0057 0,0216 0,0405 0,0142 0,0645 0,0878 0,2161
UAE -0,0132 -0,0067 0,0643 0,1185 0,3106 0,2486 0,2978 1,0198
Thailand  -0,0063 -0,0072 0,0212 0,0630 0,1161 0,1748 0,0720 0,4336
S; overall 8,0828

Source: Authors’ calculations.
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Table 21. Exponentially Weighted Comparability Sequence and P;

Source: Authors’ calculations.

Based on Egs. (38)-(41), three appraisal score were
calculated, and the final ranking results are presented in

Country DLO ILO BF DR KNO TECH FR P;
China 1,0000 1,0000 0,9676 0,9520 0,9890 0,9249 1,0000 6,8336
Argentina  1,1671 ***** (7826 0,6782 0,5220 0,0000 0,6249 3,7748
Bahrain 1,1393 1,1249 0,9685 0,8423 0,8733 0,9122 0,8273 6,6878
Brazil 1,0898 1,0526 0,0000 0,8204 0,6287 0,6872 0,6173 4,8959
Chile 1,1803 1,0631 0,9655 0,8676 0,6343 0,8374 0,8347 6,3830
Colombia 11,3728 1,0690 0,8530 0,0000 0,5360 0,5084 0,3346 4,6737
India 1,0064 1,0165 0,9371 1,0000 0,7118 0,8295 0,6822 6,1835
Indonesia  1,0446 1,0392 0,9312 0,9251 0,3739 0,7932 0,5710 5,6781
Jordan 1,1642 1,1084 0,9589 0,8122 0,6087 0,7583 0,4058 5,8165
Kazakhstan ***** 11514 0,9449 0,8051 0,8853 0,8384 0,8642 5,4892
Malaysia ~ 1,1007 1,0394 0,9815 0,9571 0,9093 0,8977 0,8375 6,7234
Mexico 1,0937 1,0309 0,8891 0,8069 0,6210 0,6669 0,5575 5,6660
Peru 1,2477 1,0665 0,8431 0,5889 0,5492 0,6465 0,4171 5,3591
Philippines  1,1341 1,0582 0,8078 0,9085 0,0000 0,7618 0,2337 4,9041
Qatar 1,0612 1,0781 0,9827 0,9366 0,7874 0,9345 0,9447 6,7252
Saudi Arabia 1,0929 1,0428 0,9817 0,9313 0,8230 0,9056 0,8248 6,6022
South Africa 1,1882 1,0747 0,8933 0,7875 0,5877 0,6271 0,0000 5,1585
Tiirkiye 1,1168 1,0439 0,9322 0,8620 0,3832 0,7153 0,6477 5,7011
UAE 1,0775 1,0392 1,0000 0,9896 1,0000 1,0000 0,9680 7,0743
Thailand  1,1206 1,0372 0,9312 0,9125 0,7367 0,9163 0,6070 6,2614
P; overall 116,5914
Saudi Arabia 0,0579 10,3048 10,5811 09,0873 6

Table 22.
Table 22. Final Aggregation and Ranking of the
Alternatives
Country k, ky k. k R:r:lziar:gs
China 0,0617 13,5817 10,9339 11,2453 2
Argentina  0,0313 2,6749 7,4476 3,5921 20
Bahrain 0,0587 10,3720 10,6700 19,1973 5
Brazil 0,0410 4,2290 8,6366 4,8011 15
Chile 0,0549 7,9892 10,2755 7,6080 8
Colombia 0,0381 2,2381 8,3398 3,7755 19
India 0,0529 7,3255 10,0498 7,1079 10
Indonesia  0,0474 4,6936 19,4437 15,4286 12
Jordan 0,0484 45795 9,5793 5,4438 11
Kazakhstan 0,0488 9,6170 9,4318 7,8409 7
Malaysia  0,0596 11,4876 10,7465 9,8832
Mexico 0,0469 4,0719 19,4089 5,1087 14
Peru 0,0439 2,9915 9,0595 4,4282 16
Philippines  0,0405 3,2506 8,6093 4,3443 18
Qatar 0,0597 11,6413 10,7539 19,9758 3

South Africa 0,0423 3,0335 8,8584 4,3574 17
Tirkiye  0,0475 4,4835 19,4593 5,3344 13
UAE 0,0649 15,9055 11,2615 12,9536 1

Thailand ~ 0,0537 7,6250 10,1394 7,3233 9

Source: Authors’ calculations.

According to results obtained from the CoCoSo method
showed that, the UAE, China, and Qatar have the highest
digital logistics market performance, while Argentina,
Colombia and Philippines have the lowest digital logistics
market performance in 2022, respectively. So far, various
MCDM methods were applied to evaluate the digital
logistics market performance of developing countries. In
the following section, the overall ranking results were
determined by the Borda count method.

4.6. The Results Obtained from the Borda Count

In this study, four different ranking methods were
conducted to examine the digital logistics market
performance of selected countries. In addition, Borda
counting method was also used to collect the rankings
obtained from different methods under a single integrated
ranking. Thus, it is thought that more robust and effective
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sorting results will be obtained by using the combining
advantage of the Borda counting method. According to Eq.
(42), all ranking results were combined with the Borda

Table 23. Borda Score and Final Ranking of Alternatives.

counting method,

and the overall
alternatives are shown in Table 23 and 24, respectively.

ranking of the

Country MAUT MAUT TOPSIS TOPSIS MARCOS MARCOS CoCoSo CoCoSo Borda Borda Count
Rank  Score Rank Score Rank Score Rank Score Score Rank
China 2 18 2 18 2 18 2 18 72 2
Argentina 13 7 19 1 19 1 20 0 9 19
Bahrain 5 15 5 15 5 15 5 15 60 5
Brazil 14 6 13 7 14 6 15 5 24 14
Chile 9 11 9 11 8 12 8 12 46 9
Colombia 20 0 20 0 20 0 19 1 1 20
India 10 10 10 10 10 10 10 10 40 10
Indonesia 11 9 11 11 12 35 11
Jordan 16 12 12 11 29 12
Kazakhstan 12 7 13 13 13 51 7
Malaysia 13 16 16 16 61 4
Mexico 17 3 16 4 15 14 6 18 15
Peru 19 1 17 3 18 16 4 10 17
Philippines 15 5 15 16 18 16 16
Qatar 3 17 3 17 3 17 3 17 68 3
Ef:g; 6 14 6 14 6 14 6 14 56 6
2?:;22 18 2 18 2 17 3 17 3 10 17
Tirkiye 12 8 14 6 13 7 13 7 28 13
UAE 19 19 19 19 76 1
Thailand 4 16 12 11 11 50 8
Source: Authors’ calculations.
Based on the results of the integrating ranking, it was seen 13 Tirkiye 28 13
that the country vvjth the highest Borda score was the UAE 14 Brazil 24 14
and the cquntry with the lowest Borda score was C_olombla. 15 Mexico 18 15
The ranking results by Borda score from the highest to
lowest are shown in Table 24. 16  Philippines 16 16
Table 24. Overall Ranking of Alternatives 17 South Africa 10 17
18 Peru 10 17
No Country Borda Score Borda Count Rank 19 Argentina 9 19
1 UAE 76 1 20  Colombia 1 20
2 China 72 2 ]
3 Qatar 68 3 Source: Authors’ calculations.
4 Malaysia 61 4 According to results obtained from the Borda count method
5 Bahrain 60 5 sho_vved tha_t, _the UAE, China, and Qatar ha_ve the highgst
) ) digital logistics market performance, while Colombia,
6 Saudi Arabia 56 6 Argentina, Peru, and South Africa have the lowest digital
7  Kazakhstan 51 7 logistics market performance in 2022, respectively.
8 Thailand 50 8
9 Chile 46 9 5. Conclusion
10 India 40 10 As stated in a recent report published by Strategic Market
11 Indonesia 35 11 Research (2022), the global digital logistics market size is
12 Jordan 29 12 expected to reach $77.52 billion in 2030. The digital
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logistics market is growing rapidly because of the
increasing requirement for cost-effective logistics and
supply chain solutions across various industries. Therefore,
many international corporations are expanding their
partnerships through digitalization in logistics operations.
For instance, Maersk and Microsoft have collaborated on
digitalized and decarbonization logistics (Magli, 2023).
Moreover, GUUD, which is a trade technology company,
has announced a new digital logistics platform called
ClickargoSG (KnowESG, 2023). In line with this, logistics
industry plays a crucial role in increasing of global market
expansion for countries.

This paper aims to evaluate the digital logistics market
performance of developing countries with multiple MCDM
methods. In this study, many MCDM methods such as
LOPCOW, MAUT, TOPSIS, MARCOS, and CoCoSo
were applied to analyze the digital logistics market
performance of selected countries. As mentioned in the
literature review, a limited number of studies have
investigated the digital logistics market performance of
countries using MCDM methods. In this direction, this
research contributes to the relevant literature by applying
the different MCDM methods. For this investigation, a new
objective weighting method, namely LOPCOW was
applied to determine the weights of the criteria. The digital
logistics market performance of countries was evaluated
using various methods namely, MAUT, TOPSIS,
MARCOS, and CoCoSo. Additionally, the overall results
were combined with the Borda count method.

The LOPCOW results show that future readiness and
domestic logistics opportunities were found to be the most
and least important criteria, respectively. Future readiness
criterion is focus on the degree to which technology such
as e-government, robots, cybersecurity, software etc. is
adopted by, society, business and governments. Besides
that, domestic logistics opportunities are concerned with
the performance and potential of a country’s domestic
logistic market. These findings may be explained by the
fact that while future readiness is associated with adaptive
attitudes, information technology integration and business
agility, domestic logistics opportunities is related to
domestic performance of the countries. These findings may
help us understand why the criteria which involves digital
transformation on the international context are more
important, and the criteria which focus only on domestic
drivers of countries are less important.

According to results obtained from the MAUT, TOPSIS,
MARCOS and CoCoSo showed that the top five ranked
(the UAE, China, Qatar, Malaysia and Bahrain) is almost
constant for all ranking methods. Similar ranking results
were obtained based on both traditional (MAUT-TOPSIS)
and modern approaches (MARCOS-CoCoSo0). It can be
assumed that the reliability of the results is confirmed by
applying the different MCDM methods. The overall results
revealed that the UAE, China, Qatar, Malaysia, and
Bahrain have the highest digital logistics market

performance in 2022. Besides that, Colombia, Argentina,
Peru, South Africa, and the Philippines have the lowest
digital logistics market performance in 2022. The findings
of the current study are consistent with those of Kara and
Yalc¢in (2022), who found that China, Qatar, Malaysia, and
Bahrain have the highest digital logistics market
performance, while Argentina, Colombia, Peru, and South
Africa have the lowest digital logistics market
performance. Taken together, it can be concluded that from
the outcomes of the current and previous research (Kara
and Yal¢in, 2022) showed that countries with high export
volumes, investments in innovation and developed logistics
networks have better performance. For instance, the UAE,
China and Qatar stand out predominant by making
extensive investment on digital transformation for logistics
operations. These countries now have the opportunity to
address their logistics challenges and gain a competitive
advantage over peers that are disrupting the logistics sector
and claiming market share through digitization-first
policies and practices (Calabrase, 2022; Borgogna et al.,
2022).

Overall, this paper highlights the importance of the digital
logistics market performance of countries. These findings
have important implications for policymakers and
organizations who have the responsible for improving the
digital logistics market performance in selected countries.
However, several limitations of this study need to be
acknowledged. For instance, the digital logistics market
performance of countries was evaluated based on the data
from the AEMLI and DCI reports. In future investigations,
it might be interesting to use different criteria. Also,
alternatives can be expanded to include developed
countries. Thus, the results can be compared between
developing and developed countries. Additionally, the
previous-year performance of countries might be analyzed
using different MCDM methods such as MEREC, Gray
relational analysis, CRADIS, etc.
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