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Purpose: This study aims to provide a comparative evaluation of the affordability of healthy diets in Tiirkiye
and BRICS countries (Brazil, Russia, India, China, South Africa, Egypt, Ethiopia, Indonesia, Iran and the
United Arab Emirates) during the years 2017 and 2021. The study focuses on understanding the evolution of
diet-related economic challenges and the structural disparities affecting food affordability in emerging
economies.

Design/Methodology/Approach: A Multi-Criteria Decision-Making (MCDM) framework is used
incorporating the Statistical Variance (SV) method for objective weighting of criteria and two decisionmaking
techniques — CoCoSo and MARCOS—for ranking country performances. Data for the analysis are obtained
from FAOSTAT and other international databases, covering key nutrition cost indicators such as Cost of a
Healthy Diet (CoHD), Cost of Starchy Staples (CoSS), and Number of Unaffordable (NUA).

Findings: Results show that NUA was the most significant indicator in both years, reflecting its dominant
role in healthy diet access. The importance of CoSS increased significantly in 2021, likely due to
postpandemic market disruptions. Tiirkiye, Russian Federation, and UAE ranked highest in affordability
across both years. On the other hand, countries such as India and Egypt experienced persistent challenges.
MARCOS and CoCoSo methods provided consistent and complementary rankings, validating the robustness
of the integrated MCDM approach.

Originality/Value: This research is among the first to apply a combined SV-CoCoSo-MARCOS approach
to compare the affordability of healthy diets over time across Tiirkiye and BRICS countries. The integration
of dynamic MCDM methods with updated cross-country nutrition data provides a valuable contribution to the
literature on nutrition economics and food policy.

Keywords: CoCoSo method, healthy diet affordability, MARCOS method, Multi-Criteria Decision-Making,
statistical variance.

CoCoSo ve MARCOS yontemleri kullanilarak Tiirkiye ve BRICS iilkeleri arasinda
saghkl beslenmenin karsilanabilirliginin karsilastrmali analizi

Ozet

Amag: Bu ¢alisma, Tiirkiye ve BRICS iilkelerinde (Brezilya, Rusya, Hindistan, Cin, Giiney Afrika, Misir,
Etyopya, Endonezya, Iran ve Birlesik Arap Emirlig) 2017 ve 2021 yillarinda saghkli diyetlerin
karsilanabilirligini karsilagtirmali olarak degerlendirmeyi amaglamaktadir. Arastirma, beslenmeyle iliskili
ekonomik sorunlarin gelisimini ve gelismekte olan ekonomilerdeki yapisal esitsizliklerin  gida
karsilanabilirligine etkisini ortaya koymay1 hedeflemektedir.

Tasarim/Metodoloji/Yaklasim: Cok Kriterli Karar Verme (CKKV) ¢ercevesinde olusturulan analiz
modelinde, kriterlerin objektif agirliklarmin belirlenmesinde Istatistiksel Varyans (SV) yéntemi kullanilnus;
iilke performanslarmin siralanmasinda ise CoCoSo ve MARCOS ydntemlerinden yararlanilmistir. Analiz i¢in
gerekli veriler FAOSTAT ve diger uluslararas: veri tabanlarindan elde edilmis olup; analizde Saglikli Diyet
Maliyeti (CoHD), Nisasta Bazli Temel Gida Maliyeti (CoSS) ve Karsilayamayan Birey Sayis1t (NUA) gibi
temel gostergeler kullanilmustir.

Bulgular: Her iki y1lda da NUA en belirleyici gosterge olarak dne ¢ikmustir ve saglikli diyete erisimdeki temel
engelleri yansitmaktadir. CoSS gostergesinin onemi ise 2021 yilinda dnemli 6lgiide artmustir, bu durum
pandemi sonrasi piyasa dalgalanmalari ile iliskilendirilmektedir. Tiirkiye, Rusya ve BAE her iki yilda da en
yiiksek karsilanabilirlige sahip iilkeler olmustur. Ote yandan, Hindistan ve Misir gibi iilkeler siirekli olarak
diisik performans gostermistir. CoCoSo ve MARCOS yontemleri, tutarli ve birbirini tamamlayici siralama
sonuglar1 sunmus ve bu biitiinlesik karar verme modelinin saglamligini dogrulamistir.

Ozgiinliik/Deger: Bu arastirma, Tiirkiye ve BRICS iilkelerinde saglikli diyetlerin zaman igerisindeki
karsilanabilirligini karsilastirmak i¢in SV— CoCoSo-MARCOS ydntem kombinasyonunu uygulayan ilk
calismalardan biridir. Giincel iilke verileriyle entegre edilen dinamik CKKV yontemleri, beslenme ekonomisi
ve gida politikalar literatiiriine anlamli katki saglamaktadir.

Anahtar kelimeler: CoCoSo yontemi, saglikli beslenmenin karsilanabilirligi, MARCOS yontemi, Cok
Kriterli Karar Verme, istatistiksel varyans.
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INTRODUCTION

In recent years, food systems have been recognized as complex structures with far-reaching impacts on public
health, environmental sustainability, and economic equity (Herforth et al., 2020; FAO et al., 2021). Ensuring access
to affordable and nutritious diets remains a major global challenge, particularly in developing and emerging economies
where structural disparities between income levels and the cost of healthy foods create significant barriers to food
security (Rehm et al., 2008; Darmon & Drewnowski, 2015). Healthy nutrition, acknowledged as a basic human right,
is still subject to inequalities shaped by national economic policies, trade dynamics, agricultural systems, and
consumer behavior (Aljuraiban et al., 2020; FAO, 2021).

In this context, the BRICS nations—DBrazil (Federative Republic of Brazil), Russia (Russian Federation), India
(Republic of India), China (People’s Republic of China), and South Africa (Republic of South Africa)—represent key
players in the global food system. Together, these countries account for a substantial proportion of the world’s
population and food demand, and are increasingly shaping global trade and nutrition markets (Giines, 2019). Similarly,
Tiirkiye is a dynamic emerging economy with strategic geopolitical importance and expanding food markets. It is also
exploring alternative economic alliances, such as deeper engagement with BRICS, in addition to its long-standing EU
accession efforts (Giines, 2019).

Despite this significance, comparative analyses of the affordability of healthy diets across Tiirkiye and BRICS
countries remain scarce in the academic literature (Yasar & Bolat, 2023). To address this gap, this study conducts a
systematic evaluation of daily healthy diet costs in Tiirkiye and BRICS countries for the years 2017 and 2021. The
analysis employs advanced Multi-Criteria Decision-Making (MCDM) methods, specifically the Combined
Compromise Solution (CoCoSo) and Measurement Alternatives and Ranking according to Compromise Solution
(MARCOS) techniques. These methods have demonstrated superior capability in integrating diverse socio-economic
and nutritional indicators, providing a balanced and robust assessment framework (Stevi¢ et al., 2020; Yazdani et al.,
2019; Hami et al., 2019).

Additionally, the Statistical Variance (SV) method is used to determine criteria weights. The SV method is
preferred for its objectivity, as it relies on the variability of indicators within the dataset, allowing for a data-driven
prioritization of more informative variables (Cilek, 2022). The combination of SV, CoCoSo, and MARCOS methods
ensures comprehensive and accurate comparative results, capturing the complexity of food affordability across
different national contexts.

The focus on Tiirkiye and BRICS countries is particularly relevant, as these economies share similarities in
their growth trajectories while differing in trade structures, agricultural systems, and public health challenges (Giines,
2019; Yasar & Bolat, 2023). The insights generated from this research aim to support policymakers in designing
effective food security strategies and promoting equitable access to healthy diets in line with sustainable development
goals (FAO et al., 2021; Herforth et al., 2020).

In this study, the affordability of healthy diets was analyzed comparatively for Tiirkiye and BRICS countries
between 2017 and 2021 in the context of the pandemic impact and structural inequalities.

LITERATURE REVIEW

In recent years, healthy nutrition has evolved into a multidimensional issue, shaped by economic conditions,
food policies, and price variability rather than individual choices alone (Aljuraiban et al., 2020; Herforth et al., 2020).
Numerous studies have demonstrated that food affordability directly affects the quality of diets, especially in low- and
middle-income countries (Rehm et al., 2008; Darmon & Drewnowski, 2015).

To address this complexity, researchers increasingly use MCDM methods, which allow for the integration of
economic, social, and nutritional factors (Stevi¢ et al., 2020; Yazdani et al., 2019). The Table 1 below summarizes
key studies that have applied different MCDM or economic methods in related fields.
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Table 1. The related studies in the literatiire

YearAuthors Method Title Main Findings
Drewnowski Lconomic- . .
2004 Nutrition Poverty and Obesity Energy-dense cheap foods are linked to obesity.
& Specter Analysis
2008 Rehm et al.  HEI Score Diet Quality of Low-Income and Higher IncomeLower income leads to poorer diet quality.

Americans
Darmon &  Economic

2015 Drewnowski  Analysis Is Cost a Major Factor in Eating Healthy? Healthy foods are more expensive.

2018 ?gﬁ:;lllr & AHP - TOPSISAgricultural Sector Performance in Tiirkive =~ AHP & TOPSIS are effective in ranking productivity.
2019Hami etal. MARCOS Sustainable Supplier Selection MARCOS method is sensitive to sustainability criteria
2019 Yazdani et al. CoCoSo ?’fsjg)g’;ﬁd CoCoSo  Method  for MCDMEffective integration is obtained for multiple solutions.
2020$ljuralban et Iﬁgj{:svure Defining a Healthy Diet Diet patterns reduce disease risk.

2020Stevi¢ etal. MARCOS  MARCOS: A New MCDM Method Balanced ranking are obtained using ideal/anti-ideal
2021 FAO (UN) Conceptual The True Cost of Food Food costs must include social & environmental factors.

Analysis
. In this study, interval-valued fuzzy soft decision-making
A Novel Interval-Valued Fuzzy Soft Decision-algorithm-based CoCoSo is developed. The validity of
CoCoSo  andMaking Method Based on CoCoSo and CRITICalgorithm is demonstrated with the experimental results of
CRITIC for  Intelligent  Healthcare = Managementof some MCDM methods on the healthcare management
Evaluation industry.

2021Peng et al.

An Integrated BWM-LBWA-CoCoSo
2021 Torkayesh et CoCoSo Framewgrk for Evaluation of Healthcare
al. Sectors in Eastern Europe

Method is used to evaluate healthcare performances of
several countries. Seven Easthern Europe countries’ health
systems are compared to indicate the best one.

Countries are comparatively evaluated and ranked using the

Comparative Assessment of Social SusmmabllltyCOCOSo. The result shows the best performance with respect

2021 Torkayesh et CoCoSo Performance: Integrated Data-Driven

al. Weighting System and CoCoSo Model to social sustainability indicators.
New Model for Occupational Health and Safety . o . .
2022Chenetal.  CoCoSo Risk Assessment based on Fermatean FuzzyTrl}ericocf(‘) ti(; i?i[c): [r)l {?ggg lscmgiizel?altﬁaggggmme the risk
Linguistic Sets and CoCoSo Approach priority o occupatio :
2022 Cilek SV - CoCoSo Activity Analysis with Integrated SV-CoCoSolntegrated SV-CoCoSo method_ have effectively evaluated
Techniques and ranked the decision alternatives.

TOPSIS reveals the relative economic performance
BRICS Ulkeleri ile Tiirkive'nin Ekonomikeffectively. China and Russia had the highest economic
2023 Yasar & Bolat TOPSIS Performansinin Dig Ticaret Verileriperformances while South Africa and India had the worst.
Kapsaminda TOPSIS Yontemi ile Incelenmesi  Brazil's and Turkey's performances have changed with
respect to time.
Bazi Avrupa Birligi Ulkelerim_‘n Organik TarlmThe analyisis reveals that France is the country with the

.. . highest organic agriculture performance in terms of the
2024 Gukur & Ism TOPSIS gi'g::;gsz;ﬁz:g TOPSIS Yontemiy lecriteria considered for the period 2017-2021

Underground Mine Safety and Health: A HybridA novel hybrid MEREC - CoCoSo system is proposed to

2024 Wang et al. MEREC  andMEREC-CoCoSo System for the Selection ofaddress safety and health conditions in underground mines

CoCoSo Best Sensor through the selection of optimal sensor technologies.
. According to the analysis, significant differences have been
Bazi Avrupa Birligi Ulkelerinin Gida Giivencesiobserved in terms of food security in the European Union
2025Is1n et al. VIKOR Géstergelerinin VIKOR Yontemiylecountries. The countries such as Austria, Belgium and

Degerlendirilmesi France are in the best situation when compared with other
European countries.
The MEREC method is utilised to calculate the criteria
. S weights. The MARCOS method is applied to rank the
Arikan Kargi, MEREC basedAnaly sis of the Performance of Companies in theperformance of the individual pension companies, and the

2025 Individual Pension System Using the Merec- - - e .
V.S. MARCOS analysis showed that Turkey Life and Pension is the highest-
Based Marcos Method performing company

According to the research results, occupational fraud is most
SWARA anddnalysis of Occupational Frauds Based onprevalent in the construction sector, while the information
MARCOS SWARA and MARCOS Method. industry experiences the least occupational fraud. Retail also
has a relatively low incidence of occupational fraud.
Main findings of the study are that “accidents during

Khalilzadeh e¢e DEMATEL  Related Risks Considering Secondary andmatenal transportation” _ (primary _ risk), _*corrosion

2025 al. and MARCOS Residual Risks in Water Transfer Projects Usingglslecondz:ry rtls k)l’ ?.n(i pip eflllne P (esm}llre (remdly:lfl_sk) arﬁ
the DEMATEL-MARCOS Method e most critical factors influencing human capital in suc!

projects.

2025 Luki¢

Identification and Ranking of Human Resource-

While these studies have contributed valuable insights, certain limitations remain:
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1. Limited comparative focus: Most previous works either focused on single countries (Rehm et al., 2008;
Darmon & Drewnowski, 2015) or broad conceptual analyses (FAO, 2021), rather than systematic cross-country
comparisons, particularly among Tiirkiye and BRICS nations.

2. Lack of dynamic time analysis: The majority of studies used static data from a single year or period. Few
examined changes over time (e.g., 2017 vs. 2021), which is critical given the rapid evolution of food prices and policy
impacts (Bai et al., 2021).

3. Insufficient integration of MCDM techniques: Although MCDM methods such as TOPSIS and AHP have
been used (Ozdemir & Toksari, 2018), more recent techniques like CoCoSo and MARCOS, which offer greater
flexibility and sensitivity (Stevi¢ et al., 2020; Yazdani et al., 2019), remain underutilized in nutrition affordability
research.

4. Weighting bias: Many earlier studies used subjective weighting systems. The SV (Statistical Variance)
method provides an objective alternative by identifying the most informative criteria based on variability (Cilek,
2022).

Therefore, this study aims to fill these gaps by systematically comparing the cost of healthy nutrition in Tiirkiye
and BRICS countries across two time points (2017 and 2021), using an integrated MCDM framework combining SV,
CoCoSo, and MARCOS. This approach enables a more accurate and dynamic analysis, capturing both economic
diversity and evolving food system trends across these emerging economies.

MATERIAL and METHOD

In this study, a comparative analysis of the daily costs of healthy eating for Tiirkiye and BRICS was conducted
for the years 2017 and 2021. The dataset includes agricultural and food statistics, foreign trade data, and population
indicators for the selected countries. The criteria used in the study are summarized in Table 2 below:

Table 2. The criteria and their descriptions

Criteria Descriptions Unit

CoHD  Cost of a healthy diet PPP dollar per person per day
CoSS  Cost of starchy staples PPP dollar per person per day
CoASF  Cost of animal source foods PPP dollar per person per day
CoLNS Cost of legumes, nuts and seeds PPP dollar per person per day
CoV Cost of vegetables PPP dollar per person per day
CoF Cost of fruits PPP dollar per person per day
CoOF  Cost of oils and fats PPP dollar per person per day
PUA Prevalence of unaffordability Percent

NUA Number of people unable to afford a healthy diet Million

In this study, SV method was used to determine the weights of the criteria. SV prioritizes criteria with higher
variance, allowing data-driven emphasis on the most informative indicators (Cilek, 2022).

For the ranking of the countries, CoCoSo and MARCOS methods were used. These methods were chosen
because they provide objective, balanced, and accurate results in multi-criteria analyses (Stevi¢ et al., 2020; Yazdani
et al., 2019). MARCOS evaluates alternatives according to both ideal and anti-ideal solutions, offering greater
sensitivity (Hami et al., 2019).

The datasets for 2017 and 2021 were compiled and analyzed in Excel. The data represent various socio-
economic and agricultural indicators affecting the cost of healthy eating. These indicators reflect multiple structural
factors that influence diet affordability (Bai et al., 2021; Herforth et al., 2020).
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The criterion values for each country and each year are presented in the following tables Tables 3 and 4.

Table 3. Country based data for the Year 2017

Country CoHD CoSS CoASF CoLNS CoV CoF CoOF PUA NUA
Brazil 3.22 0.44 0.64 0.74 0.47 0.46 0.07 27.40 57.20
China 2.68 0.43 0.67 0.28 0.48 0.62 0.09 2820  398.10
Egypt 3.83 0.58 1.21 0.38 0.49 0.53 0.26 53.00 53.90
Ethiopia 2.83 0.44 0.88 0.27 0.55 0.78 0.19 59.30 64.20
India 2.86 0.41 0.89 0.29 0.59 0.50 0.14 69.50  941.10
Indonesia 3.69 0.69 0.93 0.43 1.16 0.79 0.13 5140  135.90
Iran 3.01 0.44 0.70 0.68 0.49 0.63 0.17 7.70 6.50
Russian Federation 225 0.36 0.98 0.19 0.74 0.74 0.13 3.10 4.50
South Africa 3.05 0.63 1.06 0.85 0.70 0.73 0.13 61.00 34.60
Turkiye 3.44 0.36 0.82 0.27 0.45 0.85 0.13 11.70 9.60
United Arab Emirates 242 0.39 0.86 0.27 0.53 0.56 0.15 1.00 0.10

Table 4. Country based data for the Year 2021

Country CoHD CoSS CoASF CoLNS CoV CoF CoOF PUA NUA
Brazil 3.84 0.62 0.83 0.94 0.67 0.65 0.13 30.20 64.70
China 3.08 0.45 0.90 0.29 0.59 0.73 0.13 17.60 251.30
Egypt 3.88 3.66 1.59 0.47 0.50 0.47 0.24 42.30 46.20
Ethiopia 3.37 0.57 1.28 0.29 0.34 0.72 0.16 55.20 66.30
India 3.11 0.42 0.91 0.37 0.64 0.53 0.24 59.00 830.90
Indonesia 4.22 0.69 1.25 0.46 0.78 0.91 0.13 46.60 127.60
Iran 4.17 — — — — — — 15.00 13.20
Russian Federation 2.63 041 0.64 0.29 0.52 0.62 0.15 1.90 2.70
South Africa 3.39 0.56 1.08 0.31 0.68 0.66 0.01 61.20 36.40
Tiirkiye 3.82 0.51 1.14 0.42 0.60 0.97 0.19 8.70 7.40

United Arab Emirates 2.86 045 0.99 035 032 0.48 0.26  <0.1 <0.1

These tables were then analyzed using SV, CoCoSo, and MARCOS methods to perform a comparative
evaluation across countries and over time.

SV method

The SV method is an objective technique used in weighting criteria. By calculating the variance of each
criterion within the data set, criteria with higher variance are considered to have higher information density and are
assigned higher weights. Thus, a weighting based on statistical distribution is made instead of subjective judgments
on the data. This approach contributes to the determination of weights by taking into account the homogeneous or
heterogeneous structures of the criteria (Cilek, 2022).

Step 1. In the first step of the technique, the initial decision string X, consisting of decisionoptions and
evaluation criteria, is prepared by taking into account Equation (1).

X12 X12 - Xin
X21  X22 . Xop . .

X=]": : . . i=12, .m j=12, wn 1
Xm1  Xm2 - Xmn

In the matrix prepared in Equation (1), xij represents the value of the i. option in terms of the j. criterion.

Step 2. Using different units in the measurement of the evaluation criteria in the decision matrix makes it
difficult to compare these criteria. In the second step of the technique, a normalization calculation is performed to
bring these criteria values of X in different units to a uniform form with the help of Equation (2).

i=12,.m j=12, o n 2

Step 3. In this step, the variance value of each criterion is obtained with the help of Equation (3).
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v = (%)Z(x, = (X{)or)” 3

Step 4. In the last step of the technique, the importance weights of each criterion are found using Equation (4).

b= () s
TR

When interpreting the importance levels of the criteria, the criterion with the highest value is interpreted as the
most important effectiveness criterion.

MARCOS method

MARCOS method is a method developed by Stevic et al. in 2019. This method is based on defining the
relationship between alternatives and reference values; ideal and non-ideal alternatives. Based on the defined
relationships, the utility functions of the alternatives are determined, and a consensus ranking is made according to
ideal and non-ideal solutions. Decision preferences are defined on the basis of utility functions. Utility functions
represent the position of the alternative regarding an ideal and non-ideal solution. The best alternative is the closest
point to the ideal solution and at the same time the farthest point from the non-ideal reference (Stevic et al., 2019).

The steps of the MARCOS method are as follows (Stevic et al., 2019).

Step 1. Creating a Decision Matrix

The decision matrix is obtained as in Equation (1), with the criteria in the columns and the alternatives in the
rows.

Step 2. Creating an Extended Decision Matrix

The ideal solution (AI) and the non-ideal solution (AAI) are added to the decision matrix to obtain the extended
decision matrix (X°).

AAIl (Xaa1 Xaa2 - Xgan
A | X112 X2 o X
A, [X21 X2 - X
X0 = 72 5
Am Xm1 X22 < Xmn
Al 'Xgi1  Xai2 -+ Xain

In order to calculate the ideal solution and non-ideal solution values, the criteria must be classified as benefit
and cost. After the relevant classification, the Al and AAI lines are calculated with the help of Equation (6) and
Equation (7).

AAl = minx;;ifj € Band maxx;; if j € C 6
Al = maxx;;ifj € Bandminx;; if j € C 7
Step 3. Creating the Normalized Extended Decision Matrix

While creating the normalized extended decision matrix (N), Equation (8) is used for cost-oriented criteria
and Equation (9) is used for benefit-oriented criteria.

X. . .

ni]-=X—:1jl lf] eC 8
X..

nij=—l] lf] EB 9

al

Step 4. Creating the Weighted Normalized Extended Decision Matrix

In this step, the weighted normalized extended decision matrix (V) is created and the calculation of the
elements of the matrix is given in Equation (10). The weighted normalized extended decision matrix is obtained by
multiplying the criterion weights vector (w) with the normalized extended decision matrix (N).
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Vij = Nl] X W] 10
Step 5. Calculation of Benefit Degrees for Alternatives

In this step, benefit degrees for ideal and non-ideal solutions are calculated for each criterion by means of

Equation (11) and Equation (12). S; represents the sum of the weighted matrix elements and is calculated by means
of Equation (13).

S.
K+ =-L 11
' Sai
Kr = 12
' Saai
n
i=1

Step 6. Utility Function Calculation of Alternatives

In this step, the compromise solution values of the observed alternatives according to the ideal and non-ideal
solutions are obtained. The utility function values of the alternatives are obtained with the help of Equation (14).

While f(K ) expresses the utility function according to the ideal solution, f(K ;) expresses the utility function
according to the non-ideal solution.

K+ K~
Ki=1z [COIEE G 14
f(K") f(K;)
k) = 15
' K + K}
s
fK) = I(L’“—-:-K} 16

Step 7. Ranking of Alternatives

In this step, the ranking of the alternatives is obtained by ranking the utility function values of the alternatives
calculated according to K; value obtained using Equation (14), with the order from largest to smallest.

CoCoSo method

The CoCoSo technique, which is based on both the consensus of preferred decision options and the
identification of the best alternative, was developed by Yazdani, Zarate, Zavadskas, and Turskis (2019). The
application of this technique consists of five steps and is as follows (Yazdani et al., 2019: 2507-2508; Ulutas, Karakus
and Topal, 2020: 9-12; Ozdagoglu, Ulutas and Keles, 2020: 376-377; Ecer and Pacamur, 2020: 7-8; Deveci, Pamucar
and Gokasar, 2021: 7-9; Akbulut and Hepsen, 2021: 687-689; Akgiil, 2021: 78-79);

Step 1. The initial decision string indicated by “X” is prepared with the help of Equation (17).

Xlz X12 T Xln
X221 X22 . Xop , .

X=]7: P : i=12,.m j=12,..n 17
Xmi Xmz - Xmn

Step 2. In this step, the benefit-oriented evaluation criteria are normalized with the help of Equation (18) and

the cost-oriented criteria are normalized with the help of Equation (19).

Xji—min x; i
;= ——~ 1 for benefit criteria 18
miax xij—mim xi]'
max Xx;i—Xji
;= — % " for cost criteria 19
miax xij—mim xi]'
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Step 3. In this step, the total weighted comparability matrices of each decision option, shown as S;, and the
total exponentially weighted comparability matrices, shown as P;, are obtained with the help of Equation (20) and

Equation (21).
n
z -~ (wymy) 20
j=1

n .
D )" 21
j=1

Step 4. In this step, the triple evaluation scores of each decision option are obtained by using Equation (22),
Equation (23) and Equation (24).

S;

P;

The arithmetic mean of the sum of the weighted multiplication technique and the weighted sum technique is

calculated using Equation (22).
Kiq = B i=1.2 m 22
e = S Py 5" )2,

The sum of the weighted total and weighted product scores compared to the best decision option is calculated
using Equation (23).

Si P;
= . + . )
minS; minPp;
L L

Kip i=12,....m 23

The balanced scores of the weighted sum technique and the weighted product technique are calculated using
Equation (24).

K. = AGS) + A =D(P)
€™ Amax$; + (1 — ) max P,’

i=12,.mve0<iA<1 24

The parameter in Equation (24) indicated by A is generally accepted as 0.50 and can also be determined by
decision makers.

Step 5. The efficiency scores shown in the last step of the technique are determined using Equation (25).
11
Ki = (Kia, kip kic)3 + 3 (kiq + kip + kic) 25

The decision option with the highest efficiency score is considered the most ideal option.

FINDINGS

Table 5 presents the SV based weights for each criterion across 2017 and 2021. The results reveal that NUA
(Number of People Unable to Afford a Healthy Diet) consistently holds the highest weight in both years (72.74% in
2017 and 54.40% in 2021), indicating it is the most dominant factor influencing the comparative analysis. This reflects
the direct impact of unaffordability on healthy diet access.

In 2021, CoSS (Cost of Starchy Staples) gains significantly more importance, moving from rank 6 (2017) to
rank 2 (2021), most likely due to rising prices in global staple markets post-pandemic (Bai et al., 2021). PUA and
CoLNS also remain among the more influential criteria in both years, underlining the critical role of logistics,
affordability, and food insecurity on dietary outcomes.

Table 5. Weighting of criteria based on the SV method for the years 2017-2021

Criteria_W;(2017) Rank of SV for (2017) W;(2021) Rank of SV for (2021)

CoHD 0.005787 9 0.003881 9
CoSS 0.012184 6 0.249505 2
CoASF  0.008209 8 0.011275 7
CoLNS  0.062063 3 0.038076 4
CoV 0.025325 5 0.011879 6
CoF 0.008760 7 0.010768 8
CoOF 0.026336 4 0.035216 5
PUA 0.123849 2 0.095385 3
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NUA 0.727488 1 0.544015 1

In Table 6, the MARCOS method results for 2017 show that United Arab Emirates achieved the highest ranking
(Rank 1), followed by Russian Federation and Tiirkiye. This indicates that these countries had relatively better
performance in terms of affordability and access to a healthy diet in 2017, as per the MARCOS utility values. On the
contrary, South Africa, Indonesia, and Egypt ranked lower, suggesting greater challenges in food affordability and
distribution.

Table 6. SV based MARCOS for 2017

Countries S; K} K; (K} f(K;) K; Rank of MARCOS;017
Breazil 0.103291 0.103291  2.006198 0.951035 0.048965 0.103031 7
China 0.120313 0.120313  2.336823 0.951035 0.048965 0.120011 4
Egypt 0.087973 0.087973  1.708672 0.951035 0.048965 0.087751 9
Ethiopia 0.103024 0.103024 2.001018 0.951035 0.048965 0.102765 8
India 0.104217 0.104217  2.024193 0.951035 0.048965 0.103955 6
Indonesia 0.075008 0.075008  1.456869 0.951035 0.048965 0.074820 10
Iran 0.106915 0.106915  2.076587 0.951035 0.048965 0.106646 5
Russian Federation 0.176539 0.176539  3.428874 0.951035 0.048965 0.176095 2
South Africa 0.070174 0.070174 1.362982 0.951035 0.048965 0.069998 11
Tiirkiye 0.128459 0.128459  2.495040 0.951035 0.048965 0.128136 3
United Arab Emirates  0.958735 0.958735 18.621310 0.951035 0.048965 0.956324 1

The 2021 MARCOS results (Table 7) reveal noticeable shifts. United Arab Emirates again leads the ranking,
followed by Russian Federation, India, and South Africa. Notably, Iran was excluded from this analysis in 2021 due
to the unavailability of key data points, a limitation acknowledged in this study. The absence of Iran’s data affects
cross-year comparability and reflects the data collection challenges in certain economies (FAO, 2021).

The change in rankings between 2017 and 2021 reflects the dynamic impact of the COVID-19 pandemic on
food prices, logistics, and economic access to nutrition.

Table 7. SV based MARCOS 2021

Countries S, K{ K; (K f(K{) K, Rank of MARCOS;021
Breazil 0.204275 0.204275 3.515799 0.945089 0.054911 0.203625 8
China 0.292827 0.292827  5.039888 0.945089 0.054911 0.291896 4
Egypt 0.078465 0.078465 1.350476 0.945089 0.054911 0.078216 10
Ethiopia 0.246631 0.246631  4.244808 0.945089 0.054911 0.245847 7
India 0.301578 0.301578  5.190500 0.945089 0.054911 0.300619 3
Indonesia 0.193603 0.193603  3.332129 0.945089 0.054911 0.192987 9
Federation 0.320810 0.320810 5.521504 0.945089 0.054911 0.319789 2
South Africa 0.276476 0.276476  4.758476 0.945089 0.054911 0.275597 5
Tiirkiye 0.249366 0.249366 4.291873 0.945089 0.054911 0.248573 6
United Arab Emirates  0.932910 0.932910 16.056460 0.945089 0.054911 0.929943 1

Table 8 summarizes the 2017 CoCoSo method results. Again, United Arab Emirates ranks highest, consistent
with MARCOS findings. Russian Federation and Iran also appear near the top, demonstrating strong affordability and
food system resilience at that time. Countries such as India, Indonesia, and Egypt are positioned lower in the CoCoSo
ranking, highlighting structural barriers in those markets. The alignment between CoCoSo and MARCOS results in
2017 validates the robustness of the chosen methods (Stevi¢ et al., 2020; Yazdani et al., 2019).

Table 8. SV based CoCoSo for 2017

Countries Kia K; K; K; Rank
Breazil 0.09982917 8.951729 0.970704 4.294466 5
China 0.09825485 7.017162 0.955396 3.560365 8
Egypt 0.06439183 7.854951 0.626124 3.530113 9
Ethiopia 0.09813110 8.520562 0.954193 4.118440 6
India 0.08144080 2.450062 0.791902 1.648428 11
Indonesia 0.07471273 7.398664 0.726481 3.471061 10
Iran (Islamic Republic of) 0.10107038 9.495569 0.982773 4.507163 3
Russian Federation 0.10260986 9.959268 0.997742 4.693035 2
South Africa 0.08590928 7.953919 0.835352 3.787920 7
Tiirkiye 0.09080796 9.567304 0.882985 4.429123 4
United Arab Emirates 0.10284203 10.03444 1.000000 4.722969 1
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Table 9 displays the CoCoSo results for 2021. The Russian Federation moves into first place, followed closely
by United Arab Emirates and Tiirkiye. Iran is again missing from this year’s results due to unavailable data, limiting
comparative insights for this country in the post-pandemic period.

The general upward movement of countries like Tiirkiye suggests improvements in food affordability and
supply chain management between 2017 and 2021, whereas other countries like India and Egypt remained challenged.

Table 9. SV based CoCoSo 2021

Countries K; K; Kic K; Rank
Breazil 0.099549 3.799254 0.457979 2.009695 7
China 0.109520 3.775834 0.503854 2.055910 6
Egypt 0.084583 2.906074 0.389128 1.583922 9
Ethiopia 0.109512 3.930019 0.503813 2.115217 4
India 0.091289 2.137683 0.419980 1.317358 10
Indonesia 0.085866 3.443578 0.395031 1.796984 8
Russian Federation 0.114250 4.435177 0.525614 2.335077 1
South Africa 0.101065 3.899171 0.518559 2.095275 5
Tiirkiye 0.101431 4.106906 0.520439 2.176996 3
United Arab Emirates  0.102935 4.245974 0.528157 2.239123 2

In summary, across both MARCOS and CoCoSo analyses, the rankings of Russian Federation, Tiirkiye, and
United Arab Emirates suggest positive positioning in terms of healthy diet affordability. The results also demonstrate
that the pandemic significantly impacted food systems, reflected in the increased weights of criteria such as CoSS and
NUA.

Moreover, the absence of Iran’s data for 2021 presents a known limitation. Future studies should address this
gap through expanded data collection or imputation methods to ensure full comparative analysis across all countries
(Herforth et al., 2020).

CONCLUSION and DISCUSSION

Table 10 presents the comparative analysis of SV based criteria rankings between the years 2017 and 2021.
The criterion NUA (Number of People Unable to Afford a Healthy Diet) consistently held the first position across
both years, reinforcing its dominant influence in the assessment of healthy diet affordability. This result indicates that,
despite economic shifts and external shocks, the absolute number of people facing diet unaffordability remains the
most critical factor in determining food system performance (Herforth et al., 2020).

A notable change is observed in CoSS (Cost of Starchy Staples), which rose from 6th place in 2017 to 2nd
place in 2021. This shift likely reflects the pandemic-induced price volatility in staple food markets (Bai et al., 2021).
Additionally, CoLNS (Cost of Legumes, Nuts, and Seeds) remained an influential factor (3rd in 2017, 4th in 2021),
highlighting the continued importance of nutrient-dense food costs.

On the other hand, CoHD (Cost of a Healthy Diet) remained relatively low in weight (9th in both years),
suggesting that broader structural factors (PUA, NUA) play a more critical role than headline diet cost indicators
alone.

This evolution in SV rankings demonstrates that while some criteria (such as NUA) show stability, others (such
as CoSS) can fluctuate significantly depending on external global and regional economic conditions. These dynamics
underscore the importance of ongoing, flexible monitoring of food affordability indicators.

Table 10. Comparison of criteria importance

Criteria Rank of SV Weights for 2017 Rank of SV Weights for 2021

CoHD 9 9
CoSS 6 2
CoASF 8 7
CoLNS 3 4
CoV 5 6
CoF 7 8
CoOF 4 5
PUA 2 3
NUA 1 1
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Table 11 synthesizes the 2017 CoCoSo and MARCOS scores into a combined average and overall rank for
each country. The results indicate that United Arab Emirates ranked 1st overall, followed by Russian Federation (2nd)
and Iran (3rd). Tiirkiye achieved a strong 4th place, demonstrating relatively favorable affordability of healthy diets
during this period.

Countries such as South Africa, India, and Indonesia ranked lower, indicating challenges related to affordability
and food system performance in these contexts.

Importantly, this 2017 snapshot reflects a period prior to the global pandemic, characterized by relatively stable
supply chains and pricing. The alignment of rankings across CoCoSo and MARCOS also supports the reliability of
the integrated MCDM approach (Stevi¢ et al., 2020; Yazdani et al., 2019).

Tablell. Summary table for 2017

Countries ki - CoCOSo Value K- MARCOS Value Avareage Value Rank
Breazil 4.294465511 0.103031151 2.198748331 5
China 3.560365275 0.120010884 1.840188079 8
Egypt 3.530112766 0.087751316 1.808932041 9
Ethiopia 4.118440033 0.102765144 2.110602589 6
India 1.648427548 0.103955319 0.876191434 11
Indonesia 3.471060627 0.074819613 1.772940120 10
Iran (Islamic Republic of) 4.507162906 0.106646108 2.306904507 3
Russian Federation 4.693035183 0.176094730 2.434564957 2
South Africa 3.787919769 0.069997884 1.928958826 7
Tiirkiye 4.429122719 0.128136305 2.278629534 4
United Arab Emirates 4.722969305 0.956323954 2.839646630 1

Table 12 summarizes the post-pandemic results for 2021. Once again, United Arab Emirates retained the 1st
position, followed by Russian Federation (2nd) and Tiirkiye, which improved to 3rd place — suggesting increased
resilience and adaptability in Tiirkiye’s food systems during the pandemic recovery phase.

Conversely, India and Egypt were positioned at the lower end of the rankings, likely due to lingering structural
issues and pandemic-related disruptions. Iran could not be included in this analysis due to missing data for 2021 —a
recognized limitation that affects longitudinal comparability (Herforth et al., 2020).

Between 2017 and 2021, clear changes emerged in national performance levels. Countries such as Tiirkiye
improved in relative terms, while others (notably India) struggled to maintain affordability gains. The shift in ranks
confirms that the pandemic period had profound impacts on food systems, underlining the importance of responsive
public policies and effective supply chain management (FAO, 2021).

Table 12. Summary table for 2021

Countries ki - CoCOSo Value K;- MARCOS Value Avareage Value Rank
Breazil 2.009695095 0.203624844 1.106659969 7
China 2.055909881 0.291895667 1.173902774 6
Egypt 1.583922376 0.078215665 0.831069021 9
Ethiopia 2.115217367 0.245846921 1.180532144 5
India 1.317358032 0.300618640 0.808988336 10
Indonesia 1.796983848 0.192987205 0.994985526 8
Russian Federation 2.335076827 0.319789460 1.327433144 2
South Africa 2.095275480 0.275597066 1.185436273 4
Tiirkiye 2.176996202 0.248572791 1212784496 3
United Arab Emirates 2.239122977 0.929943216 1.584533097 1

The comparative analysis across Table 10, Table 11, and Table 12 reveals three key insights:

1.Persistent structural challenges: Despite global efforts, NUA remains the dominant factor affecting
affordability across all countries.

2.Dynamic sensitivity to external shocks: Criteria such as CoSS and CoLNS showed notable shifts, indicating
vulnerability to global price volatility.

3.Differentiated national responses: Countries like Tiirkiye and Russian Federation demonstrated relative
resilience, while others faced growing affordability gaps.
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These findings offer valuable guidance for policymakers aiming to design adaptive food security strategies in
the face of ongoing economic and environmental disruptions. In summary, this comparative analysis highlights both
the persistent challenges and the dynamic nature of healthy diet affordability across Tiirkiye and BRICS countries.
The observed shifts between 2017 and 2021 underscore the significant influence of external shocks — such as the
COVID-19 pandemic — on food system performance. These findings emphasize the urgent need for adaptive, data-
driven food security policies that can effectively respond to changing economic and social conditions. The insights
gained from this study provide a valuable foundation for further research and offer practical guidance for policymakers
seeking to promote equitable and sustainable access to healthy diets in emerging markets.

This study has provided a comprehensive comparative analysis of the affordability of healthy diets in Tiirkiye
and BRICS countries for the years 2017 and 2021. By applying advanced Multi-Criteria Decision-Making (MCDM)
methods — namely CoCoSo and MARCOS — combined with objective SV based weighting, the research offers a
robust evaluation of food system performance across time and national contexts.

The findings indicate that structural challenges in food affordability remain widespread, with NUA consistently
emerging as the most influential criterion. The pandemic period introduced notable shifts, particularly in the
importance of CoSS (starchy staples), reflecting global market volatility. Countries such as Tiirkiye and Russian
Federation demonstrated relative resilience and improvement in affordability rankings between 2017 and 2021, while
others — notably India and Egypt — faced increasing difficulties.

Similarly, some researchers studying on this topic have compared EU member states in terms of food security
(Isin et al., 2025) and organic agriculture performance (Cukur and Isin, 2024). The researchers found that EU countries
do not exhibit homogeneous performance and have the significant differences between them. These findings have
supported the results of current study and suggested that multifaceted efforts to access and purchase healthy and safe
food should be among the priority goals of countries in the world.

The absence of complete data for Iran in 2021 represents a known limitation and suggests the need for more
comprehensive and harmonized data collection at the international level. Additionally, the results underscore the value
of applying dynamic, time-sensitive analytical frameworks, such as the integrated SV-CoCoSo-MARCOS approach
used in this study. The overall findings confirm that affordability remains a critical barrier to healthy diets in emerging
economies, particularly influenced by income disparities and staple food inflation.

In conclusion, the results underline the dominant influence of structural affordability constraints — especially
reflected by NUA and CoSS — in shaping healthy diet access. The consistent rankings provided by SV—CoCoSo—
MARCOS methods validate their suitability for cross-country policy assessments. Going forward, food policy in
emerging economies should prioritize affordability through targeted interventions, especially for vulnerable
populations. This research contributes valuable analytical tools for identifying and addressing food inequality
challenges in the post-pandemic global context.
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