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Abstract: Analyzing the food security performance of large economies is vital due to its significant impact on global food security policies
and the broader economy. This study utilizes the most up-to-date data from 2022 obtained from the Global Food Security Index (GFSI)
to assess the food security performances of G7 countries using the Logarithmic Percentage Change-driven Objective Weighting
(LOPCOW) based Double Normalization-Based Multiple Aggregation (DNMA) Multi-Criteria Decision-Making (MCDM) method.
Additionally, the food security performance of these countries is examined using various criterion weighting methods such as
ENTROPY, Criteria Importance Through Inter Criteria Correlation, Statistical Variance Procedure, and Method based on the Removal
Effects of Criteria, alongside multiple MCDM techniques including Range of Value, Additive Ratio Assessment, Technique for Order
Preference by Similarity to Ideal Solution, Simple Additive Weighting, Weighted Product Method, and Weighted Aggregated Sum
Product Assessment, incorporating previously assessed data from Economist Impact. The analysis reveals that the most significant
GFSl indicator for these countries are Sustainability, Compliance, and Accessibility. According to the LOPCOW-based DNMA method,
the food security performances of the countries are ranked as follows: Canada, Japan, Italy, France, the United States, the United
Kingdom, and Germany. Notably, the food security performance values of the United States, the United Kingdom, and Germany are
below the average. The findings suggest that G7 countries should prioritize meaningful actions related to Sustainability, Compliance,
and Accessibility to enhance their contributions to global food security and the economy. Furthermore, it is essential for Germany, the
United Kingdom, and the United States to improve their food security performances to bolster global food security. Methodologically,
the LOPCOW-based DNMA method has been observed to align with sensitivity in sensitivity analysis, reliability and validity in
comparative analysis, and robustness and stability in simulation analysis. Therefore, it has been evaluated that the LOPCOW-based
DNMA method can effectively measure the food security performance of G7 countries within the GFSI framework.
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G7 Ulkelerinin Gida Giivenligi Performanslarinin Analizi: LOPCOW tabanli
DNMA Yontemi ile Bir Uygulama

Ozet: Blylk ekonomilerin gida glvenligi performansini analiz etmek, kiresel gida giivenligi politikalari ve daha genis ekonomi
Uzerindeki 6nemli etkisi nedeniyle hayati 56neme sahiptir. Bu ¢alisma, G7 Ulkelerinin gida glvenligi performanslarini Logaritmik Yizde
Degisimine Dayali Objektif Agirliklandirma (LOPCOW) tabanh Cift Normalizasyon Tabanli Coklu Birlestirme (DNMA) Cok Kriterli Karar
Verme (MCDM) yontemi ile degerlendirmek icin 2022 yilina ait en giincel Verileri Kiresel Gida Glivenligi Endeksi (GFSI) kullanmaktadir.
Ayrica, bu ulkelerin gida guvenligi performansini, Economist Impact tarafindan daha 6nce degerlendirilen verilerle birlikte, ENTROPY,
Kriterler Arasi Korelasyon Uzerinden Kriter Onemlendirme, istatistiksel Varyans Yéntemi ve Kriterlerin Cikarma Etkilerine Dayall
Yéntem gibi cesitli kriter agirliklandirma yéntemleri ile Deger Araligi Yéntemi, Toplam Oran Degerlendirme Yéntemi, ideal Céziime
Benzerlik ile Tercih Siralama Teknigi, Basit Toplam Agirliklandirma Yontemi, Agirhikh Carpim Yontemi ve Agirlikli Toplam ve Carpim
Birlestirme Degerlendirme Y&ntemi gibi birgok MCDM teknigi ile incelenmektedir. Analiz, bu Ulkeler igin en énemli GFSI kriterlerinin
Sirdurdlebilirlik, Uyumluluk ve Erisilebilirlik oldugunu ortaya koymaktadir. LOPCOW tabanli DNMA ydntemine gore, Ulkelerin gida
giivenligi performanslari sirasiyla Kanada, Japonya, italya, Fransa, ABD, Birlesik Krallik ve Almanya seklindedir. Ozellikle, ABD, Birlesik
Krallik ve Aimanya 'nin gida guvenligi performans degerleri ortalamanin altindadir. Bulgular, G7 Ulkelerinin kiiresel gida givenligi ve
ekonomiye katkilarini artirmak igin Sirdiralebilirlik ile Uyumluluk ve Erisilebilirlik ile ilgili anlamli eylemlere 6ncelik vermeleri gerektigini
Onermektedir. Ayrica, Almanya, Birlesik Krallik ve ABD'nin kiresel gida guvenligi ve kuresel artirmak igin s6z konusu Ulkelerin gida
guvenligi performanslarini artirmalari gereklidir. Metodolojik olarak, LOPCOW tabanli DNMA yéntemi, duyarlilik analizi ile duyarlilik,
karsilastirmali analizde guvenilirlik ve gegerlilik, simllasyon analizinde ise saglamlik ve istikrara uyum sagladigi gézlenmistir. Bu
nedenle, LOPCOW tabanli DNMA yoénteminin, GFSI gergevesinde G7 (lkelerinin gida givenligi performansinin odlgllebilecegi
degerlendirilmistir.

Anahtar Kelimeler: Gida guvenligi, Kiresel Gida Guvenligi Endeksi, G7, LOPCOW tabanli DNMA.
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1.Introduction

Food security is a fundamental necessity for healthy and
balanced nutrition worldwide (Kerr, 2023). Therefore,
sustainable food production and access within the scope of
food security are critical for preserving human health and
welfare (Martin Ralph & May, 2019). Because food security
not only plays a significant role in combating hunger and
malnutrition but also supports social stability and economic
development (Denning, 2023). Additionally, on a global scale,
investment in food security shapes the quality of life for future
generations and the sustainability of our planet (Martindale,
2014). Therefore, food security is recognized and supported
as a global priority (Zhou, 2020).

The concept of food security arose during World War | as the
international community commenced the gathering of
national food balance sheet data for the first time. This effort
persisted and intensified throughout World War I, with the
objective of facilitating the distribution and allocation of food
in conflict-affected regions (Shakeel, 2018). Subsequently,
food security became more prominent as a right to not suffer
from hunger during the 1974 world food crisis. Particularly,
the technocratic conceptions of economic growth and free
trade influenced this concept as a development goal. By the
1990s, the idea of food security expanded to include not only
access to affordable and nutritious foods but also recognized
cultural food preferences as a fundamental human right
(Bozsik, et al., 2022). However, the concept of food security
has become a flexible notion as a result of numerous
attempts to define it in research and policy usage
(Roetterband & Van Keulen, 2007; Akbari et al., 2022).
Consequently, various related definitions of the concept of
food security have been formulated (Barrett & Lentz, 2009;
Peng & Berry, 2019). The most common and comprehensive
definition among these definitions has been provided by the
Food and Agriculture Organization (FAO) (Dutta & Saikia,
2018; Ala & Ridwan, 2020; Naz et al., 2023). According to
this, food security is described as the physical, social, and
economic access of all people at all times to sufficient, safe,
and nutritious food, meeting their dietary needs for a healthy
life (FAO, 2012).

In general, food security consists of four dimensions: food
availability, food access, utilization, and food stability. Food
availability is defined as the presence of sufficient quantities
of food of adequate quality, supplied through local production
or imports (including food aid). Food access refers to
individuals' ability to obtain appropriate food and a nutritious
diet through sufficient resources. Utilization is defined as the
biological use of food through adequate nutrition, drinking
water, sanitation, and medical care, to achieve a state of
nutritional well-being in which all physiological needs are
satisfied, a concept that highlights the importance of non-food
inputs in food security. Food stability refers to both the
presence and accessibility of reliable food sources for
individuals (Gibson, 2012; Ahmad, 2021; Garcia-Diez, et al.,
2021).

When examining the relationships between food security and
other dimensions in the literature, it is noteworthy that there
are more studies explaining the relationship of food security
with economic growth. In this context, according to the
relevant literature, the relationship between food security and
economic growth dimensions has been evaluated in three
parts based on data related to countries' food security and
economic growth dimensions. Firstly, the mutual impact
between food security and the economic dimension is
addressed. In this relationship, it has been determined in the
literature that firstly, there is a positive and significant
relationship between food security and economic (Timmer,
2006; Desta, 2017; Pourreza et al.,, 2018; Fernandes &
Samputra, 2022). Secondly, the mutual interaction between
food security and economic growth has been observed to be

significant as U-shaped according to temporal and panel data
(Kang, 2015) and inverted U-shaped (Chen & Chen, 2023).
Thirdly, it has been determined that the food security
dimension positively and significantly influences the
economic growth dimension (Manap & ismail, 2019; Ojimadu,
2022), and economic growth also positively affects food
security (Gnedeka, 2023). From another perspective in the
literature, it has been observed that climate change
negatively and significantly affects food security between the
dimensions of food security and climate change (FAO, 2008;
HLPE Steering, 2012; ElI Mokhtar et al.,, 2019). When
evaluating the relationship between life data and food
security dimensions, it has been found that food security
significantly and negatively affects the dimensions of quality
of life (Moafi et al., 2018) and life satisfaction (Salahodjaev &
Mirziyoyeva, 2021). Again from another perspective, when
examining the relationship between food security and
sustainable development dimensions, it has been determined
that ensuring food security contributes significantly and
positively to sustainable development (Bazga, 2015; Berry,
2015). Due to the global nature of food security, countries
have recognized the need to be aware of their performance
in food security and accordingly require metrics that
objectively measure their progress in food security
(Economist Impact, 2022). Therefore, the only scale that
measures countries' food security performances is the Global
Food Security Index (GFSI) developed by the Economist
Impact organization. The index primarily consists of four
indicator (components), namely affordability, availability,
quality and safety, and sustainability and adaptation.
Methodologically, countries' performances on GFSI indicator
are scored between 0 and 100. The food security
performances of countries can be measured by the arithmetic
average of these GFSI indicator (Economist Impact, 2022).
Accordingly, the explanations of the GFSI indicator are
shown in Table 1 below.

Table 1. Explanation of GFSI indicator (Economist impact,
2022).
Tablo 1. GFSI indikatérlerin agiklamas! (Economist impact,
2022).

GFSl Indicator

Explanations

Assesses consumers' ability to buy
food, their susceptibility to price
shocks, and the existence of programs
and policies to assist consumers
during shocks.

Evaluates agricultural production and
on-farm capabilities, the risk of supply

Affordability

Availability disruption, national capacity for food
distribution, and research efforts to
enhance agricultural output.

Quality and Assesses th_e dlvgrsr[y and nutritional
value of typical diets, as well as the

Safety

safety of food.

Evaluates a nation's vulnerability to the
Sustainability effects of climate change, its exposure

and Adaptation to risks related to natural resources,

and its efforts to adapt to these risks.

In this study, the food security performances of the G7
countries, which are the world's largest economies, were
measured for the latest and most current year, 2022, using
values from GFSI indicator through the Logarithmic
Percentage Change-driven Objective Weighting based
(LOPCOW) Double Normalization-Based Multiple
Aggregation (DNMA) Multi-Criteria Decision-Making (MCDM)
method. Additionally, in this study, the food security
performance of G7 countries, previously measured by the
Economist Impact institution, is evaluated using different
criteria weighting methods (ENTROPY, Criteria Importance
Through Inter Criteria Correlation (CRITIC), Statistical
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Variance Procedure (SVP), Method based on the Removal
Effects of Criteria (MEREC)) and various Multi-MCDM
methods (Range of Value (ROV), Additive Ratio Assessment
(ARAS), Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS), Simple Additive Weighting (SAW),
Weighted Product Method (WPM), and Weighted Aggregated
Sum Product Assessment (WASPAS)). The weights of the
GFSI indicator and the food security performance of the
countries are measured, and the resulting values are
compared.

In the scope of the LOPCOW method, there is no limitation
on the number of criteria when calculating the degrees of
importance of criteria relative to decision alternatives. The
most significant difference between the LOPCOW method
and other objective weighting methods lies in its calculation
of the percentage of standard deviations of mean squared
values, thereby eliminating the dimensionality-related
differences in data (Bektas, 2022). The DNMA method
possesses several advantages within its unique framework in
the MCDM literature. Firstly, one of its strengths lies in its
flexibility. Flexibility refers to the ability to adjust the weights
of different clustering models, decision-making requirements,
and goals according to decision makers' risk attitudes.
Secondly, the method exhibits a reliability feature. Reliability
entails compensating for the advantages and disadvantages
of the two normalization methods used in the method, thereby
reducing information loss during the normalization process.
By utilizing three types of utility functions, a balance can be
achieved between overall performance and worst-case
scenarios, enabling the ranking of decision alternatives.
Lastly, the method is based on simplicity. Consequently,
through the integration approach employed in the method, a
direct set of alternatives can be derived (Wu & Liao, 2019;
Ecer, 2020). Therefore, in accordance with the specified
advantages of the methods, the LOPCOW method was
utilized to measure the weights (degrees of importance) of
GFSI indicator for the countries under study, while the
LOPCOW-based DNMA method was employed to assess the
food security performances of the countries.

ENTROPY, CRITIC, SVP, and MEREC are objective criteria
weighting methods frequently utilized by researchers for
weighting criteria in decision-making problems within the
MCDM literature (Keles, 2022; Demir et al., 2021). The
ENTROPY method is based on the premise that data groups
with higher entropy values exhibit greater uncertainty (Aygin,
2019). In the CRITIC (Criteria Importance Through Inter
Criteria Correlation) method, the correlation values between
criteria are taken into account (Diakoulaki et al., 1995). The
MEREC (Method based on the Removal Effects of Criteria)
method relies on exclusion procedures rather than inclusion
steps to derive criterion weights, taking into account the
effects of removal or exclusion (Keshavarz-Ghorabaee et al.,
2021). In this context, objective criterion weights have been
preferred for the comparative analysis. Because objective
weighting methods determine the importance level of criteria
without relying on personal judgments, instead using values
directly calculated from data. These methods ensure
consistency by eliminating the influence of personal biases
and subjective evaluations, thus reducing the likelihood of
human error (Ecer, 2020).

A review of the MCDM literature reveals that methods such
as ROV, ARAS, TOPSIS, SAW, WPM, and WASPAS are
commonly employed in selection problems or in measuring
the performance of decision alternatives (Demir et al., 2021).
In this context, In the ROV method, The ROV method is an
approach that equally considers both cost and benefit criteria
(Ulutas & Topal, 2020). In the ARAS method, the evaluation
and selection of decision alternatives are based on analyzing
the benefit levels of each alternative (Uludag & Dogan, 2021).
In the TOPSIS method, the evaluation and ranking of
decision alternatives depend on their closeness to the

positive ideal solution and their distance from the negative
ideal solution (Ciardiello & Genovese, 2023). The WPM
method is based on a weighted product approach. The SAW
method, on the other hand, is a technique based on weighted
averages. The WASPAS method is based on the combined
use of the SAW and WPM methods (Demir et al., 2021).
These MCDM methods are frequently utilized by researchers
in the literature for solving selection problems or measuring
the performance of decision alternatives (Aygin, 2019; Ulutas
& Topal, 2020). Therefore, in the comparative analysis, the
ROV, ARAS, TOPSIS, SAW, WPM, and WASPAS MCDM
methods have been employed from an MCDM perspective.

It can be considered that countries with particularly large
economies play a significant role in global food supply and
access. Therefore, changes and fluctuations in food security
in large economies can affect the global food market.
Additionally, considering the relationship between economic
growth and food security dimensions, the strategies and
methods of large economies regarding food security can
influence the policies of other countries in terms of food
security (Economist Impact, 2022). The G7 countries are
among the largest economic organizations in the world,
holding approximately 30% to 40% of global capital between
the years 2000 and 2024 (Dyvik, 2024). When examining the
relationship between economic size and food security
dimensions, many studies have observed that food security
positively and significantly contributes to economic growth
(Kavallari et al., 2014; Desta, 2017; Abogahsem et al., 2018;
Manap & Ismail, 2019). Therefore, as the G7 countries rank
among the largest economies in the world, analyzing their
food security performance is critically important for
understanding the connections between economic growth
and sustainable food access. Economic growth can enhance
agricultural productivity and improve food systems. Thus,
examining the food security strategies of G7 countries can be
considered a valuable contribution to the development of
more effective policies at the international level.

The G7 countries, which are home to the world's largest
economies, first attempted to unite global efforts on food
security and nutrition in 2016. In line with the 2030 Agenda
for sustainable development and the COP21 Paris
Agreement, the G7 countries proposed an Action Vision for
Food Security and Nutrition to advance the global nutrition
agenda. They focused on improving nutrition with a people-
centered approach and aimed to ensure sustainability and
resilience in agriculture and food systems (Ministry of Foreign
Affairs of Japan, 2016; Group G7, 2019). In this context, the
G7 countries have engaged in collaboration with the World
Bank to address potential global food security issues.
Furthermore, the efforts and collaborations of G7 countries in
the field of food security create synergy, significantly
enhancing their contributions to global food security and the
global economy. Therefore, the analysis of the food security
performance of G7 countries can be considered crucial.
(Germany G7, 2022). According to Economist Impact (2022),
the average food security performance of 114 countries
within the GFSI framework was observed to be 58, while the
performance of G7 countries was 78. Thus, the food security
performance of G7 countries is 35% higher than the global
average. Accordingly, the overall food security performance
of G7 countries is significantly above the global average due
to their advancements in factors such as sustainable food
systems and food accessibility. In this context, the food
security performances of G7 countries have been analyzed
using the LOPCOW-based DNMA method. In the literature,
no studies have been found that measure food security using
any numerical or MCDM method in relation to the subject of
this research. Therefore, this study contributes to the
literature in terms of both its subject and methodology.
Therefore, this study holds global significance in terms of
analyzing the current food security performance of G7
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countries. Methodologically, it has been demonstrated that
the LOPCOW-based DNMA method is successful in
measuring the performance of decision alternatives.
Consequently, within the scope of the research motivation,
firstly, it was evaluated which indicator of the GFSI should be
prioritized for the G7 countries to contribute to global food
security and the economy. Secondly, it was examined which
country or countries among the G7 should prioritize
increasing their food security performances to contribute to
global food security and economic recovery using the
LOPCOW-based DNMA method. Thirdly, from a
methodological perspective, it was assessed whether
countries' food security performances within the scope of the
GFSI could be measured using the LOPCOW-based DNMA
MCDM method. In this context, in the materials and methods
section of the research, the analysis of the study, dataset,
LOPCOW, and DNMA methods were explained respectively.
In the results and discussion section, insights regarding the
quantitative findings identified in the study were provided.

2. Material and Method
2.1. Analysis of the Study and Data Analysis

The dataset for the research consists of GFSI criterion values
for the latest and most current year, which is 2022, for the G7
countries. In this study, the food security performance of G7
countries, previously assessed by the Economist Impact
organization, is analyzed using various criteria weighting
techniques, including ENTROPY, CRITIC, SD, SVP, and
MEREC. Additionally, multiple MCDM methods such as ROV,
ARAS, TOPSIS, SAW, WPM, and WASPAS are employed.
The weights assigned to the GFSI indicator, along with the
countries' food security performance metrics, are calculated
and compared to derive insightful conclusions. Accordingly,
in the study, the food security performances of G7 countries
were measured using the LOPCOW based DNMA method
with the relevant data. For ease of reference, the
abbreviations of the GFSI indicator are provided in Table 2.

Table 2. Abbreviations of the GFSI indicator.
Tablo 2. GFSI indicator kisaltmasi.

GFSI Indicator Abbreviations

Affordability GFSI1
Availability GFSI2

Quality and Safety GFSI3
Sustainability and Adaptation GFSl4

2.2 LOPCOW Method

LOPCOW method is an objective weighting method
introduced to the MCDM literature by Ecer & Pamucar (2022).
The logic of the method is based on aggregating data from
different dimensions to obtain appropriate or ideal weights.
Additionally, this method aims to minimize the gaps between
the most important and least important indicator.
Furthermore, LOPCOW takes into account the mutual
relationships between indicator. Moreover, the method is not
influenced by negative raw data (Bektas, 2022; Wu and Liao,
2019; Ecer & Pamucar, 2022; Keles, 2023). The application
steps of the method are explained below (Ecer & Pamucar,
2022; Ecer & Zolfani, 2022).

Step 1: Obtaining of the Decision Matrix (X)

i:1,2,3...n, where m shows the number of decision
alternatives.

j:1,2,3,...m, where n shows the number of criteria

X: Decision matrix

d;j: The decision matrix is constructed according to Equation
1, where "i;" explains the i — th decision alternative on the
j — th criterion. In this context, the decision matrix is formed
according to Equation 1.

X11 X12 X1in
X21 X2 v Xop

X = : : . : €Y)
Xm1i Xmz - Xmn

Step 2: Normalization of the Decision Matrix (r;%

During this stage, the values in the decision matrix are
computed for benefit-driven criteria using Equation 2 and for
cost-centric criteria employing Equation 3.

For benefit-oriented criteria:

Xij — Xmin
= (2

Xmax — Xmin
For cost-oriented criteria:

Xmax — Xij
= 3)

Xmax — Xmin
Step 3: Determining the Percentage Value of Each Criterion
(PVi;)
In this stage, Equation 4 is employed to represent the
squared mean value as a fraction of the standard deviations
for each criterion. This method effectively eliminates the
impact of data size on variability. Within Equation 4, the

symbol ¢ denotes standard deviation, and In represents the
natural logarithm.

ﬁlrz%‘
m
PVy = In|F—— 4)

Step 4: Measuring Criterion Weights (w;)
PV;;
W. —3
7 Xk PV

Although the LOPCOW obijective criterion weighting method
is relatively new and up-to-date, many researchers have
utilized it for measuring the weight values of criteria in the
literature. In this regard, research related to LOPCOW is
presented in Table 3.

Table 3. LOPCOW literature
Table 3. LOPCOW literattirti.

)

Author(s) Method(s) Theme(s)
Biswas et LOPCOW, Firm capacity in energy
al., 2024 ERUNS field
Fermatean
Dhruva et Fuzzy Set, Analysis of suitable cloud
LOPCOW, vendors for health
al, 2024
and centre
CoCoSo
Ecer at al., g-rung fuzzy Analysis the role of
LOPCOW-V - .
2023 IKOR unmanned aerial vehicles

ARAS: Additive Ratio Assessment, CRITIC: Criteria Importance Through Inter
Criteria Correlation, COCOSO: Combined Compromise Solution, CRITIC:
Criteria Importance Through Inter Criteria Correlation, ERUNS: Evaluation
based on Relative utility and nonlinear standardization, LOPCOW: Logarithmic
Percentage Change-Driven Objective Weighting, MARCOS: Measurement
Alternatives and Ranking According to Compromise Solution, MEREC: Method
Based on the Removal Effects of Criteria, VIKOR: Vise Kriterijumska

C: Criterion Optimizacija | Kompromisno Resenje.
Table 3. LOPCOW literature (continue).
Tablo 3. LOPCOW literattirii (devami).
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Author(s) Method(s) Theme(s)
LOPCOW, . .
sketal,  SwaRAl, AT of Ui nor
2023 and financial performgnce
MARCOS
Oztas & LOPCOW Assessment of innovation
Oztas, and performance analysis of
2024 MAIRCA G20 countries
Neutrosophic LOPCOW
ARAS model for
Simcetal,  Lopcow PO e Lo
2023 and ARAS ater 9
technologies in smart and
sustainable warehouse
management systems
MEREC, Evaluation of the
Yalman et LOPCOW m?croeconor?lﬁ
al., 2023 and . performance of the
MARCOS urkls_h economy in the
period 2000-2020
MEREC, Impact of objective
Chatterjee LOPCOW, weighting methods on
& IDOCRIW, TOPSIS-Based
Chakrabort SPC, parametric optimization
y 2024 CILOS, and of non-traditional
PCA machining processes
CRITIC,
Kahreman, LOPCOW Asse_ssmefnt of the f
2024 and econt?lmlgger orrtngnce o}
CoCoSo e D8 countries
MEREC,
LOPCOW,
Duaetal., CRITIC, Material selection
2024 MARA,
RAM, and
PIV

ARAS: Additive Ratio Assessment, CILOS: CRITERION Impact LOSs,
COCOSO: Combined Compromise Solution, CRITIC: Criteria Importance
Through Inter Criteria Correlation, IDOCRIW: Integrated Determination of
Obkective Criteria Weights, LOPCOW: Logarithmic Percentage Change-Driven
Objective Weighting, MAIRCA: Multi-Atributive Ideal-Real Comparative
Analysis, MARA: Magnitude of the Area for the Ranking of Alternatives,
MARCOS: Measurement Alternatives and Ranking According to Compromise
Solution, MEREC: Method Based on The Removal Effects Of Criteria, PCA:
Principal Component Analysis, PIV: Proximity Index Value, RAM: Root
Assessment Method, SPC: Symmetry Point of Criterion.

2.3. DNMA Method

The DNMA (Double Normalization-Based  Multiple
Aggregation) method is based on the combination of linear
and vector normalization techniques. Therefore, in this
method, the ideal decision alternative is selected to be
closest to the expected solution consisting of the expected
values of each criterion or component (Wu & Liao, 2019; Ecer
& Zolfani, 2022).

Below are the application steps of the DNMA method (Wu &
Liao, 2019; Ecer, 2020).

Step 1: Obtaining the Decision Matrix
i:1,2,3 ...n,n: Number of decision alternative
Jj:1,2,3,...m,m: Number of criteria
D: Decision matrix

d;j: The decision matrix is formed with the Equality 6 for the
i'th decision alternative on the j'th criterion.

Step 2: Calculation of Linear (%
Normalization Values: (%}

and Vector (7"

Linear Normalization:

|xY =

77 )} — min {min(x¥,7; )} (7)

(x Ny=1-

max {max(x¥,

Vector Normalization:

|x¥ =
@MH=1- (8)
/ 22+ (17)?
Step 3: Correction of Criterion Weights
In order to establish balance between conflicting

components, criterion weights are adjusted. The third step of
the method is carried out through three operations.

1st Operation: Calculation of the standard deviation (o;) of
criterion j.

2
)

=1 G 27 mak xY )

Y Goopmr oy

mak xJ _m
m

g']-:

2nd Operation: Measurement of normalized values for the

standard deviations found in (i) concerning the criteria (wf):
o

HEES (10)
J 1 ]

3rd Operation: Correction of weights (&;):

B=——— (11)
j=1 | @;

Step 4: Measurement of Utility Functions:

In the fourth step, three utility functions are calculated for
each decision alternative.

First Function: CCM (Complete Compensatory Model):

Under the CCM, the low performance of a decision alternative
under certain criteria can be compensated by its good
performances under other criteria.

Second Function: UCM (Uncomplete Compensatory Model):
UCM aims to ensure that the selected decision alternative
does not perform significantly worse than any other decision
alternative or to determine the worst performance of the
decision alternative across all criteria.

Third Function: ICM (Incomplete Compensatory Model): This
function addresses the need to compromise in selection
problems where we prefer an alternative with an average
performance instead of one that performs very poorly for
some criteria but very well for others.

CCM, UCM, and ICM functions are calculated using the
equations specified below.

yn & %N
CCM:y, (a;) = ’m Zx;m (12)
ij
UCM: u,(a;) = maxa;(1 — %1Y) /maxzi’ (13)
ICM: u;3(a;) = H(x /maxx Nyw; (14)

;11 ;12 xlm Step 5: Integration of Utility Functions and Establishment of
21 22 o 2 .
b= [dij]nxm =1 : P o (6) Rankings. (DN;)
Xn1 Xnz 7 Xpm
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2
DNi=W1.\/(p.<M> +(1_ (p).m_rl(ai)-l-l_

maksu,(a;) m

. 2 _ .
wz.\/qo.( uy(a)) ) b1 ) moraadrt |

maksu,(a;) m
ua)  \? m-r3(a)+1
Ws. \/(P- (maksu3(ai)) +(1- (P)- m (15)

The DN; values of decision alternatives are ranked from
highest to lowest value. In Equation 15, 1 (a;) represents the
rank number for the CCM function, and r,(a;) represents the
rank number for the ICM function, with the highest value
being in the first place. r;(a;) represents the rank number for
the UCM function, with the lowest value being in the first
place. (¢) denotes the relative importance of utility functions
and ranges between '0' and '1' (¢ € [0,1]). The method's
developers have emphasized that the value of (¢) could be
0.5 w;,w, and w; represent the degrees of importance
(weights) of the CCM, UCM, and ICM utility functions,
respectively, and the sum of criterion weights should be '1'
(w; + wytwy =1). The values of w;,w, andws; can be
determined by the decision maker depending on the risk
situations. These weights can be determined in three
scenarios based on the overall performance or worst
performance of decision alternatives.

First Scenario: Decision makers may assign the highest
weight to the CCM if they prioritize comprehensive
performance of decision alternatives or if most decision
alternatives perform best across criteria.

Second Scenario: If decision makers prefer to avoid risks or
if the selected decision alternatives should not perform poorly
across certain criteria, the highest weight can be given to the
UCM.

Third Scenario: If decision makers aim to evaluate both
comprehensive performance and risks, the highest weight
can be assigned to the ICM.

Weights can also be determined using linear and vector
normalization techniques. If linear normalization is
considered more efficient and effective, larger weights can be
assigned to CCM and UCM. Otherwise, the largest weight is
allocated to the ICM utility function.

When reviewing the literature on MCDM, it has been
observed that many researchers utilize the DNMA method to
measure the performance of alternatives or to address
selection problems. In line with this, studies related to the
DNMA method are shown in Table 4.

Table 4. DNMA literature.
Tablo 4. DNMA literattirti.

Author(s) Method(s) Theme(s)
Hesistant Utilizing Cardinal
Nie et al., Fuzzy Consensus Reaching
2019 Linguistic Process for Selecting
DNMA Shopping Mall Locations
SWARA,
Liao et DNMA, Selection of_ Sustainable
L 2020 WASPAS, Suppliers for
al, and Construction
TOPSIS

DNMA: Double Normalization-Based Multiple Aggregation, WASPAS:
Weighted Aggregated Sum Product Assessment. SWARA: Step-Wise Weight
Assessment Ratio Analysis, TOPSIS: Technique for Order Preference by
Similarity to Ideal Solution.

Table 4. DNMA literature (continue).
Tablo 4. DNMA literatiirii (devami).

Author(s) Method(s) Theme(s)

Analysis of Internet

Zhang et Pythagorean Financial Investment
al., 2020 Fuzzy DNMA Products
Evaluation of the
. Financial Performance
%%nglzr ! LMDA,\\Ill\\//lind of the Deposit Banking
Sector During the
COVID-19 Period.
Ecer & Assessing economic
Zolfani, MEgSﬁ:nd freedom of OPEC
2022 countries
etal., MEREC, RS sustainability
2022 and DNMA perspective
g-Rung
Orthopair Assessing of
aSIahZ%ZetZ Fuzzy Healthcare Waste
" FUCOMD, Treatment Methods
DNMA
Evaluation of the
Dindar, LMAW and Performance of
2023 DNMA Regional Development
Agencies
Lai et al., DNM.A.and Devglopment ofa
2020 Gini- sustainable provider
Coeffcient for cloud services.
Analysis of a
. MEREC- sustainable site for the
I\;Illsgrgzzt SWARA establishment of a
N DNMA lithium-ion battery

manufacturing facility.
DNMA: Double Normalization-Based Multiple Aggregation, FUCOMD: Full
Consistency Method, LMAW: A New Logarithm Methodology of Additive
Weights, MEREC: Method Based on the Removal Effects of Criteria, RS:
Ranking Sum, SWARA: Step-Wise Weight Assessment Ratio Analysis.

3. Result

3.1. Computational Analysis

In the study, initially, the weights of the GFSI indicator for
each country were measured using the LOPCOW method. In
this context, in the first step of the LOPCOW method,
decision matrix was formed with Equation 1. In the second
step of the method, since GFSI is benefit-oriented, the
normalized values of the decision matrix were measured with
Equation 2. In the third step, the percentage weight value of
each criterion was calculated with Equation 4. In the final
step, the weights of the GFSI indicator were calculated with
Equation 5. The relevant values determined in this regard are
shown in Table 5.

Upon examining Table 5, the weights of the GFSI indicator for
each country have been ranked as GFSI4 (Sustainability and
Adaptation), GFSI1 (Affordability), GFSI3 (Quality and
Safety), and GFSI2 (Availability). Additionally, it has been
observed that the weight value of GFSI4 criterion significantly
differs from the weight values of the other indicator in terms of
having a higher weight value. Furthermore, the average
weight value of the indicator has been calculated (Wyeqn =
0,250), and it has been determined that the criteria GFSI4 and
GFSI2 have weight values higher than the average value.
Therefore, based on this result, it can be concluded that the
criteria GFSI4 and GFSI2 are more important compared to the
other indicator.

Table 5. Decision Matrix, normalized Matrix, PV;; and w
values.
Tablo 5. Karar Matrisi, normalize Matriks, PV;; ve w degerleri.
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Decision Matrix (D)

G7 GFSl1 GFSI2 GFSI3 GFSl4
Oriented Mak. Mak. Mak. Mak.
Canada 88.3 81.2 89.5 60.1
Germany 91.3 69 87.7 70.3
France 87.9 67 79.9 70.8

Italy 89.5 68.7 75.9 57.3

Japan 89.8 81.2 77.4 66.1

UK 91.5 71.6 77.6 71.1

USA 87.1 65.1 88.8 69.4
Maximum 91.5 81.2 89.5 71.1
Minimum 87.1 65.1 75.9 57.3

Normalized Matrix (r7;)

G7 GFSl1 GFSI2 GFSI3  GFSl4
Canada 0.273 1.000 1.000 0.203
Germany 0.955 0.242 0.868 0.942
France 0.182 0.118 0.294 0.978

Italy 0.545 0.224 0.000 0.000

Japan 0.614 1.000 0.110 0.638
UK 1.000 0.404 0.125 1.000
USA 0.000 0.000 0.949 0.877

PVy
Indicator GFSl1 GFSI2 GFSI3 GFSl4
PV 48.56 33.10 35.42 62.95
w
Indicator GFSl1 GFSI2 GFSI3 GFSl4

w 0,270 0,184 0,197 0,350

Rank 2 4 3 1

GFSI1: Affordability, GFSI2: Availability, GFSI3: Quality and Safety, GFSI4:
Sustainability and Adaptation.

In the second step of the research, countries' food security
performances were measured using the LOPCOW-based
DNMA method. In this context, in the first step of the DNMA
method, a decision matrix is formed with Equation 6. The said
decision matrix has been previously shown in Table 3 with the
assistance of Equation 1 within the framework of the
LOPCOW method. In the second step of the method, due to
the benefit-oriented nature of the GFSI indicator, linear
normalization is measured with Equation 7 and vector
normalization values are measured with Equation 8. The
calculated linear and vector normalization values are
explained in Table 6.

Table 6. Lineer and vector values.
Tablo 6. Dogrusal ve vektér degerleri.

Lineer Normalization (3

Countries GFsSI1 GFSI2 GFSI3 GFsSl4

Canada 0.273 1 1 0.203
France 0.955 0.242 0.868 0.942
Germany 0.182 0.118 0.294 0.978
Italy 0.545 0.224 0.000 0.000
Japan 0.614 1 0.110 0.638
UK 1 0.404 0.125 1
USA 1 0.000 0.949 0.877

GFSI1: Affordability, GFSI2: Availability, GFSI3: Quality and Safety, GFSI4:
Sustainability and Adaptation.

Table 6. Lineer and vector values (continue).
Tablo 6. Dogrusal ve vektér degerleri (devami).

Vector Normalization (%"
Countries GFSlI1 GFSI2 GFSI3 GFSl4

T

Canada 0.987 1 0.942
France 0.999 0.941 0.992 0.996
Germany 0.986 0.932 0.959 0.998
Italy 0.992 0.940 0.942 0.927
Japan 0.993 1 0.949 0.974
UK 1 0.954 0.950 1
USA 0.983 0.922 0.997 0.991

GFSI1: Affordability, GFSI2: Availability, GFSI3: Quality and Safety, GFSI4:
Sustainability and Adaptation.

In the third step of the method, adjusted criterion weight
values have been calculated. In this regard, firstly, the
standard deviation (SD) of the indicator is determined with
Equation 9, and the normalized standard deviation (NSD)
values are determined with Equation 10. Subsequently, the
adjusted criterion (AW) weight values are measured with
Equation 11. The relevant measured values are shown in
Table 7.

Table 7. SD, NSD and AW values of criteria.
Tablo 7. Kriterlerin SD, NSD ve AW degerleri.

Standard Deviations (SD: o)

SD GFSI1 GFSI2 GFSI3 GFSI4
g; 0.969 0.885 0.917 0.932
Normalized Standard Deviations (NSD: wy)
NSD GFSI1 GFSI2 GFSI3 GFSlI4
w;-’ 0.262 0.239 0.248 0.252

Adjusted Weights (AW: @;)

Indicator GFSI1 GFSI2 GFSI3 GFSl4

@; 0.268 0.211 0.222 0.299

GFSI1: Affordability, GFSI2: Availability, GFSI3: Quality and Safety, GFSI4:
Sustainability and Adaptation.

In the fourth step of the method, the utility function values for
CCM are measured with Equation 12, for UCM with Equation
13, and for ICM with Equation 14. In order to ensure a
comprehensive approach in the study, taking into account
both the strengths and weaknesses of the countries (decision
alternatives) in terms of performance, the weights assigned
were 0.2 for CCM, 0.2 for UCM, and 0.6 for ICM, based on
their extensive performance and risks. Consequently, the
highest weight was assigned to ICM. The utility function
values for the countries are presented in Table 8.

Table 8. CCM, UCM and ICM scores.
Tablo 8. CCM, UCM ve ICM skorlari.

Countries CCM UCM ICM
Canada 0.567 0.238 0.9302
France 0.818 0.168 0.9301
Germany 0.441 0.224 0.881
Italy 0.354 0.548 0.821
Japan 0.590 0.198 0.918
UK 0.680 0.195 0.906
USA 0.499 0.282 0.898

CCM: Complete Compensatory Modeli, ICM: Incomplete Compensatory Model,
UCM: Uncomplete Compensatory Model.

In the final step of the DNMA method, Equation 15 is used to
combine the values of CCM, UCM, and ICM, resulting in the
combined values of countries' utility functions (food security
performance values) being measured. In this context, the
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food security performance values of countries and their
rankings are indicated in Table 9.

Table 9. DN scores of countries.
Tablo 9. Ulkelerin DN skorlari.

Countries DN Rank
Canada 1.018 1
France 0.848 4
Germany 0.670 7
Italy 0.851 3
Japan 0.899 2
UK 0.706 6
USA 0.710 5

Mean 0.815

DN: Integration of Utility Functions and Establishment of Rankings.

LOPCOW DNMA

Canada

UK "'.-‘_ > Germany

Japar; .......................... ‘I.talv

Figure 1. Position of LOPCOW-DNMA method
Sekil 1. LOPCOW-DNMA ydnteminin pozisyonu

Upon examining Table 9 and Figure 1, countries' food
security performances are ranked as Canada, Japan, Italy,
France, USA, UK, and Germany. Additionally, according to
Table 8, the average food security performance value of
countries has been calculated, and it has been observed that
the countries with performance values higher than the
calculated average performance value are Canada, Japan,
Italy, and France.

3.2. Sensitivity Analysis

One approach to assessing the robustness of MCDM
methods is by introducing new alternatives to the original set
or eliminating weaker alternatives from it. In such instances,
the MCDM method is expected not to exhibit significant shifts
in the ranking of alternatives. This issue is known as the ‘rank
reversal problem' and has received substantial attention in
the literature (Demir & Arslan, 2022). In this context, a rank
reversal application was conducted for sensitivity analysis,
starting with the lowest-performing alternative according to
the LOPCOW-based DNMA method. The resulting country
rankings are presented in Table 10, while the visual
representation of the rankings is shown in Figure 1.

Table 10. Rank reversal.
Tablo 10. Ters Siralama.

France 4 4 4 4
Germany 7
Italy 3 3 3 3 3
Japan 2 2 2 2 1 2
UK 6 6
USA 5 5 5

SO: Result, S1: 1. Scenario, S2: 2. Scenario, S3: 3. Scenario, S4: 4. Scenario,
S5: 5. Scenario

j A #Canada

6 i #France

| — m am + @Germany
4 —m u | i “ltaly

3 —X X X

2 —= X &

1 ¢ g ¢

S0 51 52 53 S4 55

Figure 2. Rank Reversal Visual.
Sekil 2. Siralama Tersligi Gérseli.

When Table 9 and Figure 2 are evaluated together, it is
observed that the countries' food security performance
rankings are generally consistent across scenarios in the
rank reversal method used for sensitivity analysis. According
to Table 10 and Figure 2, only in the fourth scenario, Canada
ranks second while Japan is placed first. Therefore, based on
these results and referencing the literature, it can be
concluded that the LOPCOW-based DNMA method
demonstrates reasonable sensitivity in assessing countries'
food security performances using GFSI indicator.

3.3. Comparative Analysis

The comparative analysis assesses the relationships and
standings of the proposed approach relative to other
methodologies used for calculating MCDM methods. The
proposed method should demonstrate credibility, reliability,
and consistency with other methodologies, while also
exhibiting a favorable and statistically significant correlation
with various MCDM methodologies (Keshavarz-Ghorabaee
et al., 2021). In this context, the food security performance
values of countries, computed using the LOPCOW-based
DNMA method, were juxtaposed with performance values
calculated by LOPCOW-based ROV, ARAS, TOPSIS, SAW,
WPM, and WASPAS.

When Tables 9 and 11 are examined together, it becomes
apparent that the rankings of countries' food security
performance values, as determined by the LOPCOW-based
DNMA method, differ from those identified by the ROV,
ARAS, TOPSIS, SAW, WPM, and WASPAS methods.
Accordingly, the correlation values between the methods are
presented in Table 12.

Table 11. Performance score of countries by the other
LOPCOW based MCDM models.
Tablo 11. Diger LOPCOW tabanli MCDM yéntemlerine gére

G7 S0 S1 S2 S3 S4 S5 tilkelerin performans skorlari.
Canada 1 1 1 1 2 1
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LOPCOW LOPCOW LOPCOW
ROV ARAS TOPSIS

Country

Scor R Scor R Scor R
e . e . e

Canada 0.049 1 0.779 1 0.823 1
France 0.047 3 0.754 3 0.541 3
Germany 0.045 6 0721 6 0.209 6
Italy 0.045 7 0.721 7 0.206 7
Japan 0.047 2 0.755 2 0.558 2
UK 0.046 4 0.738 4 0.369 5
USA 0.046 5 0.734 5 0.443 4
LOPCOW LOPCOW LOPCOW
SAW WPM WASPAS

Country
Scor R Scor Scor R

e . e e

Canada 0.642 1 0.990 1 0.779 1
France 0.619 3 0.966 3 0.754 3
Germany 0587 6 0934 6 0721 6
Italy 0.587 7 0.933 7 0.721 7
Japan 0619 2 0.967 2 0.755 2
UK 0.603 4 0950 4 0.738 4
USA 0.600 5 0946 5 0.734 5

ARAS: Additive Ratio Assessment, LOPCOW: Logarithmic Percentage
Change-Driven Objective Weighting ROV: Range Of Value, SAW: Simple
Additive Weighting, TOPSIS: Technique for Order Preference by Similarity to
Ideal Solution, WPM: Weighted Product Method, WASPAS: Weighted
Aggregated Sum Product Assessment; R: Rank.

Table 12. Correlation Values Between the LOPCOW-Based
DNMA Method and Other LOPCOW-Based MCDM Methods.
Tablo 12. LOPCOW tabanli DNMA Yénteminin Diger
LOPCOW tabanli MCDM Yéntemleriyle Olan Korelasyon
Degerleri.

Methods ROV ARAS TOPSIS
0.795%* 0.791** 0.755%*
DNMA SAW WPM WASPAS
0.791** 0.791* 0.791*

ARAS: Additive Ratio Assessment, DNMA: Double Normalization-Based
Multiple Aggregation, SAW: Simple Additive Weighting, TOPSIS: Technique for
Order Preference by Similarity to Ideal Solution, WPM: Weighted Product
Method, WASPAS: Weighted Aggregated Sum Product Assessment. **p<.01

Thus, it has been assessed that the performance of G7
countries in food security, measured using the LOPCOW-
based DNMA method and GFSI indicator, is aligned with
credible and reliable standards. Since different weight-based
DNMA methods provide various MCDM approaches, the
health security performances of the countries have been
calculated using DNMA methods based on the ENTROPY,
CRITIC, SVP, and MEREC objectve weighting techniques.
The calculated values have been ranked and presented in
Table 13.

Table 13. Weight values of indicator according to weighting
methods.

Tablo 13. Agirliklandirma yéntemlerine gére kriterlerin agirlik
degerleri.

S
Methods - GFSI1 GFSI2 GFSI3 GFSI4
R
ENTROPY S 0.017 0.391 0.249 0.343
R 4 1 3 2
CRITIC S 0.219 0.254 0.288 0.239
R 4 2 1 3
S 0.233 0.250 0.269 0.248
SD
R 4 2 1 3
svp S 0.025 0.383 0.316 0.276
R 4 1 2 3
MEREC S 0.241 0.302 0.199 0.257
3 1 4 2

CRITIC: GFSI1: Affordability, GFSI2: Availability, GFSI3: Quality and Safety,
GFSI4: Sustainability and Adaptation, MEREC: Method Based on the Removal
Effects of Criteria, SD: Standart Deviation, SVP: Statistical Variance Procedure;
S: Score, R: Rank.

Upon examining Table 13, it is observed that the weight
rankings of GFSI indicator differ from each other according to
objective weighting methods. Continuing analysis, Table 14
illustrates food securiity performances of countries and their
corresponding performance rankings, as calculated using the
ENTROPY, CRITIC, SVP, and MEREC-based DNMA method

Table 14. Performance scores of countries using various
methodologies.
Tablo 14. Farkli metotlara gére (lkelerin performans skorlari.

ENTROPY CRITIC

Country DNMA DNMA
Score R. Score R.
Canada 0.866 3 0.906 2
France 0.867 2 0.928 1
Germany  0.648 6 0.693 7
Italy 1.139 1 0.905 3
Japan 0.683 5 0.838 4
UK 0.604 7 0.806 5
USA 0.697 4 0.719 6

SVP MEREC LOPCOW

Country DNMA DNMA DNMA
Score Score . Score

Canada 0.82 0.92 1.018

France 0.866 0.983 0.848

Italy 1.183 0.894 0.851

Japan 0.729 0.758 0.899

R R

3 2

2 1
Germany  0.675 7 0.702 7 0.67

1 3

4 4

5 6

UK 0.695 0.724 0.706

go(Nw(N|~R|D

USA 0.687 6 0.745 5 0.71

CRITIC: Criteria Importance Through Inter Criteria Correlation, DNMA: Double
Normalization-Based Multiple Aggregation, LOPCOW: Logarithmic Percentage
Change-Driven Objective Weighting, MEREC: Method Based on the Removal
Effects of Criteria, SVP: Statistical Variance Procedure, R: Rank.

Upon examining Table 14, it has been observed that the
rankings of countries' food performance values calculated
using the LOPCOW-based DNMA method differ from those
calculated using other weight-based LOPCOW methods.
Accordingly, the correlation values between the methods are
presented in Table 15.

Table 15. Correlation Values Between the LOPCOW-Based
DNMA Method and Other weight method-based DNMA
Methods.
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Tablo 15. LOPCOW Tabanli DNMA Yéntemi ile diger
agirliklandirma  tabanli  DNMA  ydntemleri  arasindaki
korelasyon degerleri.

Methods ENTROPY CRITIC SVP

LOPCOW 0.514* 0.795** 0.408*

CRITIC: Criteria Importance Through Inter Criteria Correlation, LOPCOW:
Logarithmic Percentage Change-Driven Objective Weighting, SVP: Statistical
Variance Procedure. **p<.01, *p<.05.

Upon examining Table 15, it has been observed that all the
relationships between the food performance values of
countries calculated using the LOPCOW-based DNMA
method and the food security performance values calculated
using DNMA methods based on other weighting techniques
are significant and positive. Therefore, considering all
correlation values within the comparative framework,
LOPCOW:-based DNMA method has been found to be aligned
with reliability and credibility in measuring the food
performance of G7 countries within the GFSI framework.

3.4. Simulation Analysis

To evaluate the robustness and stability of the proposed
method's outcomes, a simulation analysis will be conducted.
This analysis will entail generating various scenarios by
applying different values to decision matrices. A reliable
method should demonstrate increasing divergence in its
outcomes compared to other methods as the number of
scenarios increases. Subsequently, the average variance of
MCDM methods determined by the proposed method across
the scenarios should be notably higher than that of at least
one other MCDM method. This would indicate the superior
ability of the proposed method to differentiate between the
relative importance of alternative. Finally, the analysis should
establish consistency in the variance of MCDM methods
across all methods within each individual scenario
(Keshavarz-Ghorabaee et al., 2021). Firstly, performance
values ranging from O to 100 were assigned randomly to
countries according to the GFSI methodology, resulting in the
creation of 10 distinct decision matrices (Appendix-A:
Decision Matrices). In this context, Table 16 displays the
correlation coefficients between the LOPCOW-based DNMA
method and other LOPCOW-based MCDM methods,
calculated based on the initial 10 scenarios of the simulation
analysis.

Table 16. Corrrelation values.
Tablo 16. Korelasyon degerleri.

Scenario ROV ARAS TOPSIS
1. Sce. 0.850** 0.843** 0.812**
2. Sce. 0.870** 0.866** 0.828**
3. Sce. 0.840** 0.834** 0.800**

Scenario ROV ARAS TOPSIS
4. Sce. 0.785** 0.767** 0.743**
5. Sce. 0.743** 0.739** 0.721**
6. Sce. 0.725** 0.719** 0.714**
7. Sce. 0.714** 0.708** 0.704**
8. Sce. 0.711** 0.703** 0.692**
9. Sce. 0.703** 0.700** 0.685**
10. Sce. 0.700** 0.697** 0.685**
Mean 0.764 0.758 0.738

ARAS: Additive Ratio Assessment, ROV: Range of Value, SAW: Simple
Additive Weighting, TOPSIS: Technique for Order Preference by Similarity to
Ideal Solution, WPM: Weighted Product Method, WASPAS: Weighted
Aggregated Sum Product Assessment.

Table 16. Corrrelation values (continue).
Tablo 16. Korelasyon degerleri (devami).

Scenario SAW WPM WASPAS
1. Sce. 0.844** 0.845** 0.845**
2. Sce. 0.866** 0.866** 0.866**
3. Sce. 0.834** 0.835** 0.835**
4. Sce. 0.768** 0.769** 0.769**
5. Sce. 0.739** 0.739** 0.742**
6. Sce. 0.720** 0.722** 0.724**
7. Sce. 0.708** 0.708** 0.708**
8. Sce. 0.703** 0.703** 0.705**
9. Sce. 0.701** 0.702** 0.703**
10. Sce. 0.696** 0.698** 0.700**
Mean 0.758 0.759 0.760

ARAS: Additive Ratio Assessment, ROV: Range of Value, SAW: Simple
Additive Weighting, TOPSIS: Technique for Order Preference by Similarity to
Ideal Solution, WPM: Weighted Product Method, WASPAS: Weighted
Aggregated Sum Product Assessment.

In Table 16, the 10 scenarios are divided into two categories.
The first group comprises the initial 3 scenarios, while the
second group consists of the remaining scenarios. Upon
examining Table 14, it is noted that as the number of
scenarios increases, the correlation values between the
LOPCOW-based DNMA method and other methods
decrease. This trend is illustrated in Figure 4.

0,88 |ROV
APARAS
ATOPSIS
OsAwW
awPM

0,82 \_
0,8 u WASPAS

0,78 FIRST
0,76 GROUP
0,8 3. 5¢ce, BROV
0,78 - WORAS
0,76 - AT OPSIS
0,74 - osaw

072 - i APV
WASPAS
0,7 o

068 s - SECOND
X
4.5ce.  5.5ce.  6.5ce.  T.5ee.  B.Sce.  O.5ce.  10.5ce. GROUP

Figure 4. Correlation status between the LOPCOW-based DNMA
method and other methods across the scenarios.
Sekil 4. Senaryolara gére LOPCOW tabanli DNMA ve diger
yontemlerin arasindaki korelasyon durumlari.

0,86
084 -

Upon examining Figure 4, it is evident that as the scenarios
increase, the LOPCOW-based DNMA method diverges,
separates, and deviates from other LOPCOW-based MCDM
methods. Therefore, based on this observation, it is concluded
that as the scenarios increase, the distinctive characteristics
of the LOPCOW-based DNMA method become more
pronounced. Therefore, based on this observation, it is
concluded that as the scenarios increase, the distinctive
characteristics of the LOPCOW-based DNMA method become
more pronounced. In the continuation of the simulation
analysis, the consistency of variances in the criterion weights
of the LOPCOW-based DNMA method was examined using
ADM (ANOM for variances with Levene) analysis across
various scenarios. This analytical approach provides a visual
representation for assessing the equality of variances. The
graphical representation consists of three components: the
overall mean ADM serves as the central line, flanked by the
upper decision limits (UDL) and lower decision limits (LDL). If
the standard deviation of a group (cluster) exceeds the
decision limits, it indicates a significant deviation from the
overall mean ADM, suggesting variance heterogeneity.
Conversely, if the standard deviations of all clusters fall within
the LDL and UDL, it confirms the uniformity of variances
(Keshavarz-Ghorabaee et al.,, 2021). In this context, the
variance values of the performance scores of countries
measured by the LOPCOW-based DNMA method for each
scenario have been computed. Subsequently, the variance
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values of the LOPCOW based MCDM methods within the
scenarios are presented in Table 17.

Table 17. Variance score of methods in scope of scenarios.

Tablo 17. Senaryolar kapsaminda ydntemlerin varyans
degerleri.

Sce. DNMA ROV ARAS TOPSIS

1. Sce. 0.014  0.0002  0.0005 0.055
2. Sce. 0.014  0.0003  0.0005 0.062
3. Sce. 0.014 __ 0.0001 __ 0.0004 0.059
4. Sce. 0.014  0.0001  0.0004 0.054
5. Sce. 0.014 00001  0.0003 0.051
6. Sce. 0.013 0.0001  0.0003 0.049
7. Sce. 0.013 0 0.0003 0.045
8. Sce. 0.013 0 0.0002 0.041
9. Sce. 0.013 0 0.0001 0.039

10. Sce.  0.012 0 0.0001 0.038
Mean 0.013  0.00009 0.00031  0.0493
Sce. SAW WPM  WASPAS

1.Sce.  0.0005  0.0005  0.0006

2.Sce.  0.0006  0.0006  0.0008

3.Sce.  0.0004  0.0005  0.0006

4.Sce.  0.0003  0.0005  0.0006

5.Sce.  0.0003 __ 0.0004 __ 0.0005

6.Sce.  0.0003  0.0003  0.0005

7.Sce.  0.0002 __ 0.0003 ___ 0.0004

8.Sce.  0.0002  0.0002  0.0003

9.Sce.  0.0002 _ 0.0002 __ 0.0002

10. Sce. 0.0001 0.0002 0.0002

Mean 0.00031  0.00037  0.00047

ARAS: Additive Ratio Assessment, DNMA:ROV: Range Of Value, SAW: Simple
Additive Weighting, TOPSIS: Technique for Order Preference by Similarity to
Ideal Solution, WPM: Weighted Product Method, WASPAS: Weighted
Aggregated Sum Product Assessment.

Upon examination of Table 17, it is observed that within the
scenarios, the LOPCOW-based DNMA method exhibits a
higher average variance except LOPCOW-based TOPSIS
compared to LOPCOW-based ROV, ARAS, SAW, WPM, and
WASPAS methods. Based on these results, it is assessed that
the LOPCOW-based DNMA method performs better in
discriminating between indicator than the LOPCOW-based
ROV, ARAS, SAW, WPM, and WASPAS methods.
Additionally, the ADM analysis for the LOPCOW based DNMA
method within the scenarios is presented in the corresponding
visualization in Figure 5.

E o« = 0,05
3 5 =,
5 o
§ A
< I E——————
S: SCENARIO

Figure 5. ADM visual.
Sekil 5. ADM gérseli.

As shown in Figure 5, the calculated ADM values for each
scenario fall within a homogenous range. All values lie
between the established UDL (Upper Decision Limit) and LDL
(Lower Decision Limit), indicating consistency in the weight
variances across scenarios. In addition, Levene's statistic
was used to test the homogeneity of the data according to the

scenarios. This finding is further supported by the Levene's
Test, the key statistics of which are presented in Table 18.

Table 18. Levene test.

Tablo 18. Levene testi.
Levene Statistic dfl df2 Sig.
0.198 2 10 0.133

p*<.05

Table 18 further supports the homogeneity of variances in
criterion weights across scenarios. The p-value of 0.198
exceeds the significance threshold of 0.05, indicating a lack
of statistical significance. This reinforces the conclusion that
the LOPCOW-based DNMA method demonstrates alignment
with robustness and stability, as evidenced by the simulation
analysis results.

4. Discussion

The measurement of countries' food security performances is
critical for sustainable development and public health (Martin,
2019). Food security is a determining factor not only in terms
of nutrition but also regarding economic stability and social
justice (Zhou, 2020). Therefore, the systematic evaluation of
food security performance contributes to the identification of
potential risks and the development of effective policy-making
processes (Kumar & Reza, 2011).

When reviewing the literature that explains the relationship
between economic size and food security, it is possible to find
numerous studies indicating that food security positively
contributes to economic growth (Breisinger & Ecker, 2014;
Widada et al., 2017). Therefore, considering the positive
contribution of food security to economic growth, the
economic size of the G7 countries is an important factor in
the assessment of their food security performances. These
countries have developed robust policies and infrastructures
to ensure food security, which in turn supports global
economic stability. As a result, the high food security
performances among G7 countries are thought to play a
critical role in their impact on both domestic markets and
global food systems and food security. Through the analysis
of the food performances of G7 countries, they can play an
effective role in taking global measures and determining
strategies through innovation and research and development
assistance to cope with future food security challenges within
the scope of sustainable development (Ministry of Foreign
Affairs of Japan, 2016). This is because changes occurring in
major economies can influence global food markets and the
food security strategies of other countries. Therefore, the
analysis of food security performances in G7 can be
considered relavant for enhancing the effectiveness of global
food security efforts. Therefore, considering the economic
size of the G7 countries as an organization and their
initiatives for global food security, the food security
performances of the G7 countries can be deemed significant
(Group G7, 2019).

A review of the literature indicates that studies aimed at
determining the food security performance of countries are
exceedingly limited. Consequently, according to the
literature, the food security performance of countries has
been measured solely by Economist Impact (2022).
Moreover, there are no findings of any studies that utilize
MCDM methods to assess the food security performance of
countries. According to literature, Economist Impact (2022)
ranked the food security performance of G7 countries
according to the GFSI methodology as France, Japan,
Canada, UK, USA, Germany, and lItaly. However, in this
study, the ranking of countries' food security performances
was Canada, Japan, Italy, France, USA, UK, and Germany.
Additionally, the study calculated the average food security
performance, identifying Canada, Japan, Italy, and France as
countries with performances above the average. In the
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Economics Impact (2022) study, countries with performances
exceeding the average were observed as France, Japan,
Canada and UK. Consequently, when considering both
studies together, it can be concluded that Canada, France,
and Japan exhibit greater superiority in food security
compared to other G7 countries.

Moreover, from a methodological perspective, the food
security performance of countries was assessed through
sensitivity analysis using the ENTROPY, CRITIC, SVP, and
MEREC-based DNMA methods. It was observed that the
rankings of food security performance values determined by
the LOPCOW-based DNMA method differed from those
calculated using other weight-based MCDM methods. In the
comparative analysis, the food security performance of
countries was measured using LOPCOW-based ROV,
ARAS, TOPSIS, SWP, WPM, and WASPAS methods. Based
on these results, it was found that the rankings of food
security performance values identified by the LOPCOW-
based DNMA method differed from those calculated by other
LOPCOW-based MCDM methods. When all these
quantitative findings are taken into account, it can be
concluded that both the LOPCOW method and the
LOPCOW-based DNMA method possess a unique and
distinctive structure.

In the scope of recommendations, firstly, it has been
evaluated that methods, strategies, and policies should be
developed globally, particularly focusing on the improvement
of GFSI4 and GFSI1 indicator, for sustainability of healthy
food and contribute to global food security and consequently
to global economic growth and development. Additionally, for
countries with below-average food security performance,
namely USA, UK, and Germany, it has been assessed that
they should increase their food security performance to
contribute to global food security and consequently to global
economic growth and development. From a methodological
perspective, besides the DNMA method, other methods such
as MARCOS, MAIRCA, PIV, CRADIS, SAW, WASPAS,
OPA, SECA, RAFSI, MAUT, ROV, CODAS, OCRA,
MOOSRA, MULTI-MOORA, OWA Operator, etc., can be
used to measure the food security performances of countries,
and the measured values can be compared in terms of
methods. Additionally, not only for G7 countries but also for
other economic organizations’ member countries such as
G20, BRICS, OPEC, the food security performances can be
measured, and the measured values can be compared on an
organizational basis. Lastly, to make the measurement of
countries' food performances more effective, comprehensive,
and content-rich, either increasing the number of GFSI
components or creating country-specific food security
components or both can be considered.

5. Conclusion

Measuring the food security performance of major economies
is an important step in understanding the relationship
between food security and economic growth. Food security is
a critical factor that influences the health, stability, and
welfare of an economy. High performance in food security is
essential for a healthy population, labor productivity, and
sustainable economic recovery and growth. Conversely, food
insecurity can lead to illnesses, productivity losses, and
economic fluctuations. Therefore, measuring the food
security performance of major economies is of fundamental
importance for global economic recovery and growth,
providing policymakers with guiding information. Additionally,
this measurement can serve as a critical tool for strategic
decision-making in policy development and implementation
processes. Thus, examining the food security performance of
G7 countries can be considered significant. In this study, the
food security performances of the G7 countries, which are the
world's largest economies, were measured using the
LOPCOW-based DNMA method. Furthermore, this study

evaluates the food security performance of G7 nations, which
was earlier analyzed by the Economist Impact organization,
utilizing a variety of criteria weighting methods, including
ENTROPY, CRITIC, SVP, and MEREC. Additionally, several
MCDM techniques such as ROV, ARAS, SWP, WPM, and
WASPAS are employed in this analysis. The weights for the
GFSI indicator, along with the food security performance
metrics of the countries, are computed and compared,
leading to meaningful insights and conclusions. Initially, the
importance degrees (weights) of the GFSI indicator were
determined for each country using the LOPCOW method.
According to the findings, the weights of the GFSI indicator
were ranked as GFSIl4, GFSI1, GFSI3, and GFSI2, with
GFSI4 and GFSI1 indicactor being identified as more
important.  Secondly, the countries' food security
performances were measured using the LOPCOW-based
DNMA method. Accordingly, the food security performances
of countries were ranked as Canada, Japan, Italy, France,
USA, UK, and Germany. Additionally, the average food
security performance was calculated, and it was observed
that Canada, Japan, ltaly, and France had performances
higher than the average value. Therefore, it was evaluated
that these countries have a significant food security capacity
compared to other countries. Thirdly, sensitivity, comparative,
and simulation analyses were conducted in terms of
methodology. According to the results, it has been concluded
that the LOPCOW-based DNMA method is aligned with
sensitivity and accuracy in sensitivity analysis, reliability in
comparative analysis, and robustness and stability in
simulation analysis
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1. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 76 92 81 59
France 53 88 65 75

Germany 67 71 58 91
Italy 83 60 94 85
Japan 99 66 77 90
UK 57 78 69 72
USA 61 84 96 80

2. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 68 90 72 57
France 64 58 96 82

Germany 74 65 81 61
Italy 92 78 99 68
Japan 55 71 88 77
UK 84 85 66 94
USA 73 60 95 80

3. Scenario GFsI1 GFSI2 GFSI3 GFSl4
Canada 93 62 69 58
France 57 94 75 88

Germany 82 77 61 70
Italy 63 99 92 64
Japan 91 85 67 59
UK 71 74 83 87
USA 65 96 72 54

4. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 61 68 90 53
France 76 99 81 84

Germany 62 93 55 71
Italy 85 88 97 67
Japan 69 72 94 79
UK 78 56 89 86
USA 92 64 66 74

5. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 95 81 77 88
France 63 60 98 72

Germany 57 85 74 91
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Italy 89 66 92

Japan 78 94 83 75
UK 64 73 56 87
USA 59 62 95 66

6. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 88 92 66 58
France 97 61 90 82
Germany 63 99 75 72
Italy 80 77 84 96
Japan 58 69 91 63
UK 73 85 57 88
USA 96 72 65 54

7. Scenario GFSI1 GFSI2 GFSI3 GFSI4
Canada 72 79 63 84
France 95 93 87 57
Germany 68 81 92 65
Italy 59 60 97 77
Japan 94 86 74 80
UK 76 68 89 91
USA 83 70 58 99

8. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 85 66 88 95
France 73 94 69 57
Germany 92 78 96 70
Italy 66 81 74 91
Japan 87 62 55 82
UK 59 97 85 64
USA 78 73 99 58

9. Scenario GFSI1 GFSI2 GFSI3 GFSI4
Canada 65 75 60 96
France 98 87 81 73
Germany 79 94 91 58
Italy 61 63 84 99
Japan 72 66 95 83
UK 84 57 89 69
USA 55 92 64 88

10. Scenario GFSI1 GFSI2 GFSI3 GFSl4
Canada 91 98 70 66
France 77 59 94 89
Germany 68 64 80 93
Italy 56 71 92 73
Japan 85 96 83 61
UK 97 78 58 84
USA 63 87 99 74
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