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Abstract

This study aims to evaluate the agricultural performance of BRICS countries
(Brazil, Russia, India, China, and South Africa) and Tiirkiye using CRITIC
(Criteria Importance through Inter-Correlation) and GRA (Grey Relational
Analysis) approaches. The following criteria are applied to assess each country's
agricultural performance: Livestock Production, Primary (Ton/Population), Crop
Production, Primary (Ton/Population), Gross Production Value (constant 2014-
2016 thousand US$) (Value/Hectare), Self-sufficiency in Agriculture
(Export/Import) (%), Methane (CH4) Emission from  Agriculture
(Value/Agricultural Land) in million metric tonnes of carbon dioxide equivalents
(Mt CO2e), Employment in Agriculture (as a percentage of total employment),
and Fertilizer Consumption (kilograms per hectare of arable land), Arable Land
(% of land area). The years 2000, 2010, and 2022 are all included in the analysis.
According to the GRA approach, South Africa had the worst agricultural
performance in all reviewed years. While Russia had the highest rank in 2000,
Brazil rose to the top ten years later, in 2010, its rank remained unchanged in
2022. Specifically, the top and bottom-ranked nations remain unchanged from
2010 to 2022. In terms of Tiirkiye, it ranked fourth in all studied years.

Oz

Bu ¢alismanin amaci, CRITIC (Kriterler Arasi Korelasyon Yoluyla Kriter
Onemi) ve GRA (Gri Iliskisel Analiz) yaklagimlarim kullanarak, BRICS iilkeleri
(Brezilya, Rusya, Hindistan, Cin ve Giiney Afrika) ve Tirkiye'nin tarimsal
performansin1  degerlendirmektir. Her {ilkenin tarimsal performansini
degerlendirmek icin asagidaki kriterler uygulanmustir: Hayvancilik Uretimi,
Birincil (Ton/Niifus), Bitkisel Uretim, Birincil (Ton/Niifus), Gayri Safi Uretim
Degeri (sabit 2014-2016 bin ABDS$) (Deger/Hektar), Tarimsal Oz Yeterlilik
(Ihracat/ithalat) (%), Tarimsal Metan (CH4) Emisyonu (Deger/Tarimsal Arazi)
milyon metrik ton karbondioksit esdegeri (Mt CO2e), Tarimsal Istihdam (toplam
istihdamin yiizdesi olarak) ve Giibre Tiiketimi (hektar basina ekilebilir arazi
kilogrami), Ekilebilir Arazi (% arazi alani). Analize 2000, 2010 ve 2022 yillar
dahil edilmistir. GRA yaklasimina gore, Gliney Afrika incelenen tiim yillarda en
kot tarimsal performansa sahiptir. Rusya 2000 yilinda en yiiksek siraya
sahipken, Brezilya on yil sonra 2010'da zirveye yiikselmis, siralamasi 2022'de
degismemistir. Ozellikle, en iist ve en alt siradaki iilkeler 2010'dan 2022'ye
degismeden kalmistir. Tiirkiye, incelenen tiim yillarda dordiincii sirada yer
almistir.
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1. Introduction

Agriculture, which has always made its presence and importance felt due to meeting the
nutritional needs of people, is a strategic, political, and economic sector that all countries in the
world pay attention to. The industrial sector, which rose to prominence with the start of the
international development race and the concept of development after the Second World War, has
caused agriculture to be neglected, especially in developing countries. This situation has also
brought about disruptions in the development process. The food price crisis of 2007 and the
fragility of global food supply chains during the 2019-2021 pandemic reminded us that the
agricultural sector is sensitive and critical today, bringing it to the forefront again. The
protectionist and nationalist policies implemented in the agricultural sector have shown an
increasing trend in this process.

The social and economic changes experienced are exciting to all sectors globally. On the
one hand, developments that mainly manifest themselves with concerns about high efficiency
require advanced technology. On the other hand, they have begun to shape agricultural and
economic policies that may impact climate change, sustainability, food supply security, efficient
use of water resources, employment, and price stability. While the world population continues to
grow, the need for agricultural products is increasing day by day; in this context, the tendency for
water resources to shrink and developments that may limit productivity and production, such as
global warming/climate change, are causing concern, and are placing the sector in a critical
position to a great extent.

Countries must use natural resources to be self-sufficient in agricultural foreign trade and
increase competitiveness. Developed countries have already completed their industrialization
processes, while developing countries have entered the industrialization process without
completing this process. Rapid and uncontrolled industrialization creates adverse, severe effects
on the environment. Policymakers must interpret, analyze, and understand all these problems and
development trends. Policymakers must closely follow all these developments on a regional,
national, and global scale.

While neo-liberal policies are excluded from the agricultural field in developed countries,
developing countries are forced to implement these policies through several international
organizations. This situation negatively affects their agricultural competitiveness and
performance. Therefore, it would be a more accurate approach to evaluate the agricultural
performances of developed and developing countries separately.

Tirkiye and the BRICS nations—Brazil, Russia, India, China, and South Africa—share
specific economic characteristics. These parallels stem from their positions in the global
economy, dynamic economic structures in particular industries, and status as developing nations.
In this context, this study will attempt to measure the agricultural performances of developing
countries, BRICS countries, and Tiirkiye, using CRITIC-based GRA analysis. This study is not
an analysis measuring the performance of countries’ agricultural production but rather presents a
holistic approach that addresses the agricultural sector in terms of production, consumption,
employment, productivity, and environmental dimensions. Several policy recommendations will
be made based on the findings obtained from the analysis.

In previous MCDM analyses (TOPSIS, ARAS, ELECTRE, GRA, etc.), the importance
levels of the criteria were determined subjectively by taking expert opinion. Later, objective
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weighting methods such as CRITIC, Entropy, LOPCOW, Standard Deviation, etc., were
developed and combined with MCDM methods. The fact that the objective weighting methods
do not require different data in their application, i.e., they use the same decision matrix as in the
ranking method, has facilitated the frequent use of these methods together. A distinctive feature
of this study is that it uses the CRITIC method, which is one of the objective weighting methods,
together with the GRA method used in rankings. The agricultural performance of Tiirkiye and the
BRICS countries was examined using the CRITIC and GRA methodologies. This hybrid model
is developed using the CRITIC and GRA approaches. The importance of agricultural performance
criteria was assessed using the CRITIC approach. The countries were ranked based on their
agricultural performance using the GRA approach.

MCDM methods do not show a causal relationship as in econometric models (Granger
causality analysis, time series analysis, panel data analysis). The MCDM methods do not identify
the relationship between variables. As a result, it cannot be applied to forecast future events using
cause-and-effect relationships. Several policy suggestions can be offered to improve the
performance of underperforming nations. It is, therefore, not used for testing hypotheses. These
methods enable the ranking of the best-performing solutions according to preset standards.

In MCDM analyses, a single year of data is usually used to determine the ranking of the
alternatives subject to the study in the relevant year. In this case, the ranking for the relevant year
does not contain information about the past status of the alternatives. For example, in a single-
year analysis with 10 alternatives, it is not possible to make a judgment about whether an
alternative ranked 5th in the relevant year rose from 10th place or fell from 1st place. The
distinctive feature of this study is the use of three data sets for the years 2000, 2010, and 2022 (no
data are available after this year) at approximately 10-year intervals to determine how far nations
have progressed during that time. In addition, it takes a certain period of time for the agricultural
policies implemented in a country to be reflected in the agricultural performance of that country
and for their results to fully emerge. The periodic determination of the data used in the study
provides the opportunity to observe the developments that may emerge in the relevant period. The
originality of this study and its contribution to the literature can be summarized as follows: (i)
There are very few studies that conduct agricultural analysis with MCDM methods, but there are
no studies that rank countries according to their agricultural performance using a hybrid MCDM
method (CRITIC-GRA). (ii) There are no studies that rank BRICS countries according to their
agricultural performance. (iii) It is the study that uses the most criteria in agricultural performance
analysis. In this respect, it has the potential to inspire future studies. (iv) In the analysis, the
agricultural performance of countries is addressed not only according to the amount of production,
but also in a multi-faceted macro dimension by considering productivity, agricultural production
potential, self-sufficiency, employment, and environmental effects of production. (v) Unlike other
studies, not only data from one year but three separate datasets with an interval of approximately
10 years were used. This method provided the opportunity to observe the change in agricultural
performance of countries over time from a comparative static analysis perspective.

A review of the literature, an explanation of the data, the stages involved in the CRITIC
and GRA methodologies, the results, the sensitivity analysis, and a conclusion are all included in
the following chapters.
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2. Literature Review

There is no study in the literature that analyzes the agricultural performance of countries
using the CRITIC-GRA method. Therefore, after specifying the studies on agricultural
performance using other methods, information will be given about the studies that use the CRITIC
GRA method in different areas.

The paper was written by Madiyoh et al. (2021) to assess the performance of the agriculture
sector in ASEAN nations, pinpoint policy shortcomings, investigate competitive advantages, and
direct food and nutrition policies. The TOPSIS approach was used in the study to examine
secondary time series data spanning ten ASEAN nations from 1967 to 2016. In 1967, according
to the data, Thailand, the Philippines, and Indonesia were the most prosperous nations in terms of
agricultural policy performance. However, Malaysia has become a leader in recent years, with its
industrial sector using financial investments to drive agricultural success.

Giirlik and Uzel (2016) examined the historical success of agro-environmental and
economic policies to ensure food security in Germany, France, the Netherlands, and Tiirkiye.
Using the TOPSIS method, countries were ranked according to sustainability criteria.

The above two studies that can be associated with agricultural performance used TOPSIS,
one of the MCDM methods. In these studies, the weights were determined by the authors by
preferring the subjective method instead of the objective criterion weight determination methods.
Other studies using the CRITIC GRA method in different fields are listed below:

Brodny and Tutak (2023) evaluated EU nations' levels of digital maturity in the 2015 Three
Seas Initiative. Using the CRITIC GRA technique, the study calculated the digital maturity
indices to assess the degree of adoption of Industry 4.0 technology in various nations. According
to the findings, Hungary, Romania, and Bulgaria have the lowest degrees of digital maturity,
while the Czech Republic, Lithuania, and Estonia have the highest levels.

Through the Brazilian Antarctic Program, Almeida et al. (2022a) seek to support the Naval
Administration in choosing volunteer officers for open positions in Antarctica. In order to rank
possible candidates, the CRITIC-GRA-3N method combines the CRITIC method for establishing
criteria weights with the GRA with three normalizations. Value-focused thinking is utilized to
determine the most appropriate criteria.

Almeida et al. (2022b) focus on assisting a Rio de Janeiro microbusiness in allocating
available funds. After defining investment alternatives and evaluation criteria using Value-
Focused Thinking (VFT), the CRITIC-GRA-3N method ranks the investment options using the
GRA with three normalizations and the CRITIC method for determining criteria weights.

Xu et al. (2020), in their analysis of worldwide ship total loss data from 2013 to 2017,
employ GRA and CRITIC techniques to look at the connections between contributory elements
such as ocean areas, accident causes, and ship types. Three levels of each contributing component
are distinguished, and by mixing these levels, several scenarios are produced.

Geeri et al. (2024) use Computational Fluid Dynamics (CFD) simulations to study how
input parameters, like spear locations and pressure levels, affect output parameters, such as outlet
velocity, outlet pressure, and tangential force component, to determine how well a Pelton wheel
performs. These parameters' contribution to the Pelton wheel's performance was evaluated using
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several optimization approaches, including GRA, TOPSIS, Taguchi Design of Experiments
(DoE), and CRITIC.

Junior et al. (2024) use the CRITIC-GRA-3N approach to rate and choose suppliers and
distributors to improve the Supply Chain Management (SCM) of an auto parts dealership in
Guaratingueta-SP. The new approach outperformed the original CRITIC and GRA techniques in
terms of consistency and proved straightforward, useful, and efficient in locating and ranking
substitute sources.

Liu et al. (2023) address shortcomings in current state-of-health calculation techniques by
proposing a thorough battery health evaluation indicator based on actual electric car data. The
indicator is created by using GRA with the enhanced CRITIC weighting approach.

Miao et al. (2018) evaluate environmental factors, population exposure, and capacities to
determine China's population's susceptibility to geological disasters. An index system was created
using the CRITIC and GRA methodologies to assess how vulnerable provincial administrative
units are to calamities such as debris flows and landslides.

Nguyen et al. (2020) use a mix of MCDM techniques, such as the CRITIC approach,
GM(1,1) grey model first-order one variables, and GRA, to examine the evolution of electric car
sales and market share across 14 nations. While the CRITIC technique establishes the objective
weights of variables annually, the GM(1,1) model predicts future sales based on historical data.

Qi (2021) presents a new multi-attribute group decision-making (MAGDM) method that
combines intuitionistic fuzzy sets (IFSs) and GRA to assess the development potential of cultural
and creative industry parks. The CRITIC technique addresses the subjective unpredictability
frequently present in these assessments by determining the criteria weights.

Saeheaw (2022) looks into optimizing several parameters in the Nd: YAG laser welding
process by integrating the GRA-based Taguchi method with the CRITIC method for objective
weighting. Six parameters were optimized to improve weld strength and minimize weld width:
beam diameter, laser power, flow rate, welding speed, laser offset, and pulse form.

Based on financial data, Silva et al. (2023) suggest an integrated multi-criteria decision-
making (MCDM) model that combines GRA and CRITIC approaches to choose investment
portfolios. The model uses ten financial parameters from literature research to assess 190
companies listed on the Brazilian stock exchange.

Singh et al. (2023) use a brass C360 electrode to micro-EDM drill aluminum 6061 and
examine how operational parameters like capacitance, voltage, feed rate, and rotation speed affect
material removal rate, tool wear, overcut, and taper angle. The best process parameters are found
using a novel hybrid optimization technique incorporating Taguchi, GRA, and CRITIC. In order
to improve the multi-response results, the experiment used a Taguchi L18 orthogonal array. GRA
was used to evaluate the responses, and CRITIC was used to determine the weighting values for
each response.

Wei et al. (2020) investigate how probabilistic uncertain linguistic MAGDM problems with
unknown attribute weights can be solved using the GRA method. The CRITIC approach
objectively determines attribute weights based on expected values.

Zhou et al. (2024) offer a hybrid decision-making model that enhances decision stability
and dependability in transport safety engineering by combining CRITIC, GRA, and Gaussian
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mixture model (GMM) with a multiple restart simulation. In order to improve resilience, the
model embeds a simulation, which solves problems that the classical GMM encounters, like
uncertain initialization and local optima.

Altmntas (2021) uses the CRITIC-based GRA method to study the innovation performance
of the Black Sea Economic Cooperation Organization member countries. Based on the component
values identified in the Global Innovation Index (GlII) for 2020, the CRITIC-based GRA was used
to assess the innovation performances of the concerned nations.

A study by Cilek et al. (2024) examine the connection between dividend yield and
profitability rates of businesses listed on the Borsa Istanbul Dividend 25 index between 2020 and
2022. The objective weighing method, known as the CRITIC method, was used to weight the
evaluation criteria. The organizations' grey connection degrees were sorted from largest to
smallest using the GRA approach based on their profitability rates.

Keles (2023) focuses on 42 nations' sustainable transportation over the period 2015-2020
based on eight economic, social, and environmental parameters. Out of 42 countries, Norway,
Switzerland, Russia, Romania, and Lithuania ranked in the top five for sustainable transportation.
Montenegro came in last, according to the results of the GRA method used to assess the
alternatives.

Gok Kisa (2021) uses a GRA approach based on CRITIC to assess the renewable energy
(RE) resources in the TR83 region. In order to do this, RE resources in the TR83 region were
assessed using the CRITIC-based GRA approach, and their performance was ranked.

Tirkoglu et al. (2023) use CRITIC-based GRA and WASPAS software to assess the
logistics performance of G20 nations. As a result, it was obtained within the G20 member
countries and used to develop a decision matrix. The CRITIC method was used to calculate the
logistics performance variable indices of the countries in question, and the GRA and WASPAS
methodologies were used to conduct the ranking analysis.

Baki (2024) compares the innovation performances of BRICS countries with the CRITIC
and GRA methods in his study. In the first stage of the application, the importance levels of the
criteria are obtained with the CRITIC method. In the second stage, the countries are ranked
according to their innovation performance through GRA.

3. Data and Methodology
3.1. Data

In this study, the agricultural performance of Tiirkiye and BRICS countries was ascertained
using an integrated CRITIC-based GRA method. The CRITIC method provides the objective
weights of the criteria that will be used in the GRA method to rank the countries. The GRA
Method measures each country's agricultural performance and ranks the countries. The dataset
has been obtained from the Food and Agriculture Organization (FAO, 2024) and the World Bank
(2024) Database. Eight agricultural performance criteria for the years 2000, 2010, and 2022 for
each country have been used in the computations to see the changes in performance through the
years.
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Criteria for determining the country's agricultural performance are as follows: Livestock
Production, Primary (Ton/Population), Crops Production, Primary (Ton/Population), Gross
Production Value (constant 2014-2016 thousand US$) (Value/Hectare), Self-sufficiency in
Agriculture (Export/Import) (%), Methane (CH4) Emission from Agriculture (Mt CO2e),
Employment in Agriculture (% of total employment) (modeled ILO estimate), Fertilizer
Consumption (kilograms per hectare of arable land), Arable Land (% of land area). The first five
criteria have been adapted from Madiyoh et al. (2021). The use of fertilizer consumption as a
criterion for measuring agricultural performance was adapted from Gtirlitk and Uzel (2016). The
authors have added the rest of the criteria to make a more robust analysis since there are other
indicators of agricultural performance. The data on Methane (CH4) Emissions from Agriculture
(Mt CO2e), Employment in Agriculture (% of total employment) (modeled ILO estimate), and
Fertilizer Consumption (kilograms per hectare of arable land) have been downloaded from the
World Bank database, and others from the FAOSTAT (2024) database. As can be noticed, the
criteria chosen in the study represent many aspects of agriculture since they reflect production
capacity, consumption capacity, productivity, and environmental effects of agriculture. Thus, this
study will not rank the countries according to the amounts of their agricultural production but to
agricultural performance, reflecting all aspects of agriculture. The agricultural performance
criteria, abbreviations, and directions are listed in Table 1.

Table 1. Criteria, Abbreviations, and Directions

No. Criteria Abbreviation Direction
1  Livestock Production, Primary (Ton/Population) LPP Maximum
2 Crop Production, Primary (Ton/Population) CPP Maximum
3 Gross Production Value (constant 2014-2016 thousand US$) GPV Maximum

(Value/Hectare)

1 1 0,

4 Employ_ment in Agriculture (% of total employment) (modeled EAG Maximum

ILO estimate)
5  Self-sufficiency in Agriculture (Export/Import) (%) SSA Maximum
6  Fertilizer Consumption (kilograms per hectare of arable land) FER Maximum
7 Arable Land (% of land area) ARL Maximum
8 Methane (CH4) Emission from Agriculture (Mt CO2e) EMI Minimum

(Value/Agricultural Land (Hectare))
Source: FAOSTAT (2024), World Bank (2024).

Benefit criteria are those included in Table 1 with the numbers 1, 2, 3, 4, 5, 6, and 7; the
higher the performance score, the higher the criterion value. The number 8 stands for the cost
criterion, and a higher performance score is associated with a lower criterion value. The definition
and direction of all criteria, as well as their linkages with agricultural performance, can be
explained as follows. The definitions of the criteria are taken from the FAOSTAT and World
Bank websites.

Livestock Production, Primary: Primary livestock products are made from both living and
killed animals. Meat, raw fats, offal, and fresh hides and skins are all products of slain animals.
Live animal products include milk, eggs, honey, beeswax, and animal-derived fibers. In order to
make cross-country comparisons more meaningful, the amount of production divided by
population is included in the analysis. In order to ensure food security, improve nutrition, reduce
poverty, and spur economic growth, livestock production is a crucial part of global agriculture.
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The direction of this criterion should be maximum, which means higher values imply better
performance.

Crop Production, Primary: Primary crop production data are the actual yields harvested
from fields, orchards, and gardens without having undergone any real processing, apart from
cleaning; they do not include harvesting and threshing losses or the portion of the crop that is not
collected for whatever reason. Thus, production encompasses both the amounts of the commodity
sold in the market and the amounts used or consumed by the producers. An essential part of
agriculture, which ensures the world's food security, is crop production. The direction of this
criterion should be maximum.

Gross Production Value: The production value is calculated as the monetary amount of
agricultural output at the farm gate. The value has been divided into agrarian land to show the
agricultural revenues obtained per hectare. The direction of this criterion should be maximum for
better performance.

Employment in Agriculture: Individuals of working age are considered employed if they
engaged in any activity that produced goods or services for compensation or monetary benefit,
regardless of whether they were actively working during the designated period or not, due to
factors such as a temporary job absence or alternative work arrangements. This sector
incorporates farming, hunting, forestry, and fishing as its primary components. Agriculture is the
second greatest source of employment worldwide after services. The direction of this criterion
should be maximum.

Self-sufficiency in Agriculture: The capacity of a nation or region to generate enough food
and agricultural products to meet its own needs without depending on imports is known as
agricultural self-sufficiency. Since it highlights the significance of local agricultural production
in guaranteeing a steady supply of food for the populace, this idea is strongly related to food
security, sustainability, and economic independence. The direction of this criterion should be
maximum.

Fertilizer Consumption: Fertilizer consumption quantifies how much plant nutrition is
utilized for each unit of arable land. Fertilizers give plants the vital minerals they require for
healthy growth, including potassium, phosphorus, and nitrogen. Crops would fall short of their
potential without these nutrients, producing lower yields and lower quality. The direction of this
criterion should be maximum.

Arable Land: Land that can be plowed and used for crop cultivation is referred to as arable
land. In general, it excludes areas that are densely forested, excessively stony or rocky, poorly
drained, or prone to flooding. Arable land is essential to the production of food and agriculture
worldwide. It acts as the base for agricultural cultivation, offering the resources required for food
production and harvest. The direction of this criterion should be maximum.

Methane (CH4) Emissions from Agriculture: Tropical forest and other vegetation fires,
industrial production, landfills, wastewater treatment facilities, and agricultural operations are the
main sources of methane emissions. The global warming potential is typically used to quantify
the emissions in carbon dioxide equivalents, allowing for a comparison of the effective
contributions of various gases. Compared to one kilogram of carbon dioxide, one kilogram of
methane traps 21 times as much heat in the Earth's atmosphere in 100 years.
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The Earth's radiative equilibrium is upset when man-made greenhouse gases are added to
the atmosphere. The Earth's surface temperature is rising as a result, and this has an impact on
global agriculture, climate change, and sea level rise. CO2 emissions come from burning wood
and garbage, burning coal, oil, and gas for energy, as well as from industrial activities like making
cement. The average rate at which a certain pollutant is released from a particular source,
concerning the intensity of a particular activity, is known as emission intensity. Comparing the
environmental effects of various fuels or activities is another use for emission intensities. Carbon
intensity and emission factor are related words that are frequently used interchangeably. A
nation's carbon dioxide emissions are just one measure of its greenhouse gas emissions. Gases
like methane and nitrous oxide should be considered for a more comprehensive understanding of
a nation's role in climate change. In an agricultural economy, this is especially crucial. There is
a lot of curiosity about how carbon dioxide affects the environment. The majority of the
greenhouse gases causing climate change and global warming are carbon dioxide (CO2).
Methane (CH4), nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulfur hexafluoride (SF6), and all other greenhouse gases can be compared, and their respective
and combined contributions to global warming can be calculated by converting them to carbon
dioxide (or CO2) equivalents.

3.2. CRITIC Method

Diakoulaki et al. (1995) conducted the first study to document the CRITIC method. This
method creates objective weights by compiling actual data for each evaluation criterion. The
objective weighting of the CRITIC technique is the most significant aspect, as it is determined by
incorporating the inter-criteria correlation and the standard deviation of the criteria rather than the
subjective outcomes of the expert opinions (Kargi, 2022: 365).

Some advantages of the CRITIC technique include the following (Zardari et al., 2015); (i)
The weights determined consider conflict and contrast intensity, which are incorporated into the
decision problem’s structure, (ii) The developed approach can be easily translated into an
algorithmic version and is predicated on examining the assessment matrix to extract all of the data
contained in the evaluation criteria, (iii) The weights derived from the CRITIC approach were
found to capture the information that the criterion in the multi-criteria problem conveys.

The procedures that must be adhered to when employing the CRITIC technique are detailed
below (Diakoulaki et al., 1995: 765):

Step 1: To display i alternatives to be ranked and j criteria, a decision matrix of dimension
mxn is initially constructed using Equation (1).

Xol XO] en XOn
Xit  Xij - Xin | . .

X= ) ;i=01,...,mandj=1,2,..,n Q)
Xm1 Xmj - Xmn

Step 2: The normalization process is now carried out using the formulas in Equation (2) for
the benefit criterion and Equation (3) for the cost criterion in the decision matrix.

i=01,..,mandj=12,..,n 2
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—_— Xi]. )
_ ymin ’
j %

i=01,...,mandj=12,..,n 3

Step 3: The degree of relationship between the criteria is determined by calculating the
correlation coefficient between the criteria pairs using Equation (4) following the normalization
step.

Y2y (v — 5) (i — T

Pjk = 5
JZFQ (rij—15)" - 22, (rix — F)?

,k= 1,2,3,,n (4)

Step 4: Each criterion's standard deviation is obtained using Equation (5).

m =2
Zi=1(r” ) (5)

T m-—1

Step 5: At this point, Equation (6) uses the values determined in Equations (4) and (5) to
determine the total information values of each criterion.

n
¢ =o 2(1 —pi0) Gk =12, ...,n) 6)
k=1

Step 6: Equation (7) is used in the final step to determine the importance weights of each
criterion.

G
w; = n—(]'k = 1,2, ...,1’1)

) Z c
k=1 ]

3.3. GREY Relational Analysis Method

()

Grey relational analysis, a method for ranking, classifying, and making decisions, has
become one of the subheadings of grey system theory in scientific studies. Julong Dung's 1982
study "Control Problems of Gray Systems" was the first to introduce grey theory in Thailand.
With subheadings including grey relational analysis, grey modeling, grey estimation, and grey
decision-making, the grey theory is applied in various domains in the literature (Dinger, 2019:
61).

In comparison to other statistical methods, the grey relational analysis method has the
following advantages: it requires a small sample size, yields effective results with uncertain data,
does not require any probability distribution of the data, measures the grey relational coefficient,
and requires fewer operations (Atan et al., 2020: 63).

The relationship between the series to be compared can be computed numerically using the
Grey Relational Analysis method, which can be used to measure the relationship between two
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series logically and numerically. The relationship degree that is determined as a result of the
operations carried out is known as the grey relationship degree (Wang et al., 2004).

The GRA method's application stages are explained below (Wen, 2004; Zhai et al., 2009:
7076).

Step 1: Creating the Decision Matrix

Equations 8 and 9 help create a decision matrix with m alternatives and n criteria.
x1(1)  x1(2)  x1(n)

X = ngl) X2 (2) X2 (I’l) (8)
Xm.(l) Xm.(z) Xm'(n)
Xi = (Xi(j)' "'Xi(n))'i =12,..,n (9)

Xi(j) shows the value of the i alternative (i =1 .... m) according to the j™ criterion (j =

Step 2: Generation of Reference Sequence and Comparison Matrix

At this stage, reference series are determined according to minimum or maximum values.
If the criterion requires benefit/maximization, the reference series value of the relevant criterion
is the maximum of the alternative series; if it involves cost/minimization, the minimum value of
the appropriate criterion. The purpose of creating the reference series is to determine the closest
alternatives to the reference series, which are determined by the minimum and maximum values
according to the study. The determined reference series is placed in the decision matrix's first row,
thus creating the comparison matrix.

Xo = (Xo())),j=12,..n (10)

The Xo(j) value in Equation 10 shows the best value of the j* criterion among the normalized
values to be obtained in the next stage.

Step 3: Normalization of Decision Matrix

Since the series used in decision problems are measured in different units, a normalization
process must be performed to make them comparable. In other words, if the series in question are
in broad ranges, "normalization” must be applied by pulling them to smaller ranges. In the
normalization process, three different equations are used depending on whether the benefit, cost,
or optimal value is preferred.

If the higher is the better (benefit situation), the normalization process is done using
Equation 11.
xi() — m].inXi )

* 11
i max ) — minx, () (1)

If the lower is the better (cost situation), the normalization process is formulated using
Equation 12.
m].aXXi(j) —xi())

Xi = - — 12
' m].aXXi(])_m].mXi(]) (12)
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Equation 13 is utilized in the study to conduct a normalization process based on the
researcher's optimal value rather than cost and benefit scenarios.

o = 1% () — Xob ()
! m].aXXi(j) — Xop ()

(13)

The Xon(j) value is the optimal value determined by the researcher and shows the target
value of the j™ criterion.

The optimal value can take values in the range, minx;(j) < Xop, < maxx;(j).
j j

After the normalization process, all values obtained will be between 0 and 1. The
normalization matrix created after the operations is shown in Equation 14. x; represents the
normalization matrix.

x1(1)  x1(2)  x3(n)
X, = Xz:(l) Xz:(Z) Xzz(n) (14)
Xm(1) Xm(2) Xm(n)
Step 4: Creating the Absolute Value Matrix

The value of the absolute difference between the normalized values of the reference series
and the values of the normalized decision matrix is shown in Equation 15.

Ap1 (1)  Ap1(2) Agi(n)
boi®) = x5 () — )] = Aoz B0z Aoz () (15)

Bom(D) Bom(@  Aom(®)

Step 5: Creating the Grey Relational Coefficient Matrix
The values in the grey relational coefficient matrix are obtained using Equations 16 and 17.

Amin + {(Amax

Aoi(§) + CAmax (16)

Yoi() =
Amax = maxmaxAg;(j) and Amin = minminAg;(j) (17)
i j 1 ]

The T parameter in Equation 11 is the distinguishing coefficient between 0 and 1. The
reason for using the  parameter is the necessity of regulating the difference between Ao and
Amax. In this context, the { parameter eliminates the possibility of Amax being the most extreme
value in the data series. It has been observed in the literature that the ¢ parameter generally takes
a value of 0.5.

Step 6: Grey Relational Grade

Grey relational grades are calculated using two different formulas for cases where the
criteria have equal weights and different weights.

If all criteria have equal weight, it can be calculated with Equation 18, and if the criteria
have different weights, it can be calculated with Equation 19.

607



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2025, 10(2): 596-618
Journal of Research in Economics, Politics & Finance, 2025, 10(2): 596-618

1 n
T == Yoi@i=1,.,m (18)
=1
T = ) Wi(Yoi(hi=1,..,m (19)
j=1

After calculating the grey relational grades, a ranking is made among the series according
to their similarity to the reference series. The alternative with the highest grey relational grade is
accepted as the best alternative.

4. Findings

The CRITIC approach established the criteria weights in this section. After that, the GRA
technique was used to rank the BRICS countries and Tiirkiye based on their agricultural
performance in 2000, 2010, and 2022. Every calculation about the GRA and CRITIC
methodologies was completed using the Excel application. FAOSTAT and the World Bank
databases provided the data used in this section.

The empirical results reported herein should be considered in the light of some limitations.
It is possible to create a more comprehensive scale by increasing the criteria that can be used to
measure agricultural performance. For example, criteria related to agricultural support programs
implemented in countries, indicators related to agricultural modernization and machine use,
indicators related to irrigation opportunities, indicators related to agricultural planning, indicators
related to digitalization in agriculture, etc. However, the limited data on these issues limits the
scope of the study. It is possible to apply many methods to determine the importance levels of the
criteria used. One of these methods was selected in the study and its calculation steps were
mentioned. Although the results of several other methods were also examined during the
sensitivity analysis, the calculation steps related to each method were not included. In addition,
although there are many MCDM methods other than GRA in the ranking of countries, only one
of them and its calculation steps were presented. MCDM methods make a ranking among
alternatives for a certain period according to certain criteria. This method does not create a trend
for the future, but it is possible to make policy recommendations to the relevant countries
according to the ranking results. Again, with this method, it is not possible to determine, for
example, how much a certain increase in fertilizer use will increase crop production or agricultural
revenue. For such analyses, it will be necessary to use different econometric methods.

4.1. Results of the CRITIC Method

Using the CRITIC Method, the importance of the criteria is objectively determined when
comparing the performance levels of agriculture across countries. According to the CRITIC
method calculations, the highest score represents the most important criterion’s percentage weight
for each year. These weights are used in the GRA method to determine each country's rank in the
related year. The decision matrix used in calculations for both the CRITIC method and the GRA
method is the same and is presented in the appendix. Tables related to the other stages of the
calculations are not included in the text due to the large amount of space they take up. However,
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they will be sent if requested by the reader. The weights obtained by the CRITIC method for the
years 2000, 2010, and 2022 are shown in Table 2.

Table 2. Importance Level of Criteria by the CRITIC Method
2000 2010 2022

Criteria Rank Criteria Rank Criteria Rank
Value Value Value
EAG 0.1424 1 EMI 0.1538 1 EMI 0.1519 1
EMI 0.1420 2 EAG 0.1333 2 GVP 0.1493 2
LPP 0.1328 3 LPP 0.1327 3 ARL 0.1295 3
GVP 0.1278 4 GVP 0.1290 4 EAG 0.1295 4
ARL 0.1256 5 ARL 0.1267 5 LLP 0.1250 5
FER 0.1136 6 FER 0.1120 6 FER 0.1128 6
CPP 0.1097 7 CPP 0.1083 7 SSA 0.1019 7
SSA 0.1061 8 SSA 0.1043 8 CPP 0.1000 8

Note: ARL: Arable land (% of land area), CPP: Crops Production, Primary (Ton/Population), EAG:
Employment in agriculture (% of total employment) (modeled ILO estimate), EMI: Methane (CH4)
Emission from Agriculture (Mt CO2e) (Value/Agricultural Land Hectare), FER: Fertilizer consumption
(kilograms per hectare of arable land), GPV: Gross Production Value (constant 2014-2016 thousand US$)
(Value/Hectare), LPP: Livestock Production, Primary (Ton/Population), SSA: Self-sufficiency in
Agriculture (Export/Import) (%).

According to Table 2, the most important criterion is employment in agriculture in 2000,
with a rate of 14,24%, but emissions from agriculture in 2010 and 2022 rates of 15.38% and
15,19%, respectively. Self-sufficiency in agriculture is the least important criterion, with rates of
10,61% in 2000, 10,43% in 2010, and Crop production at 10% in 2022.

4.2. Results of Grey Relational Analysis Method

This study examined the value of data spanning almost a decade to determine the progress
made by countries throughout the reviewed time. The data covers the years 2000, 2010, and 2022.
The scores and rankings of the countries by the GRA Method on agricultural performance for the
related years can be seen in Table 3. The CRITIC method calculated the criteria weights used in
the GRA method. So, the results come from the CRITIC-based GRA model, an integrated MCDM
model recently used in academic research.

Table 3. Scores and Rankings of Counties by Grey Relational Analysis Method
Countries 2000 Values Rank Countries 2010 Values Rank Countries 2022 Values Rank

Russia 0.5880 1 Brazil 0.6118 1 Brazil 0.6400 1
India 0.5767 2 Russia 0.5869 2 Russia 0.5778 2
Brazil 0.5762 3 India 0.5567 3 India 0.5727 3
Tiirkiye 0.5291 4 Tiirkiye 0.5102 4 Tiirkiye 0.5478 4
China 0.5229 5 China 0.5042 5 China 0.4984 5
S. Africa 0.4679 6 S. Africa 0.4603 6 S. Africa 0.4617 6

Table 3 shows that Russia had the best agricultural performance, and South Africa had the
worst in 2000. Ten years later, in 2010, Brazil came to the first rank and South Africa to the last.
In 2022, the rank did not change. Namely, the first- and last-ranked countries are the same as in
2010. As for Tiirkiye, it was in the fourth rank in all studied years. The countries' position changes
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throughout the years can also be observed from the table. In 2000, Russia was the country with
the highest agricultural performance. However, it decreased to the second rank in 2010 and 2022.
Brazil's position attracted attention since it was in the third rank in 2000, but increased rapidly to
the first rank in 2010 and stayed at the top in 2022. India had the second rank in 2000 but
decreased to third in 2020 and stayed at the same rank in 2022. South Africa and China had similar
ranks. China had the fifth rank, and South Africa followed it with the sixth rank in all the years
reviewed.

This study can be compared with Madiyoh et al. (2021), which we were inspired. Madiyoh
et al. (2021) analyzed the agricultural performance of ten ASEAN countries using the TOPSIS
method, using the criteria of total agricultural production value of the land, self-sufficiency of
animal products, self-sufficiency of crop products, rural population rate, greenhouse gas
emissions from agriculture, and value of foreign trade in agricultural products. In our study, the
employment in agriculture criterion was used instead of the rural population rate, and methane
(CH4) emissions from the agriculture criterion were used instead of greenhouse gas emissions
from agriculture. In our study, in addition to the above criteria, the arable land criterion was used
to measure agricultural production potential, and fertilizer consumption criterion was used to
measure productivity. While the analysis in question was carried out for ASEAN countries with
the TOPSIS method, our study was carried out with the CRITIC-GRA method for BRICS and
Tiirkiye. While the criterion weights were determined subjectively by the authors in Madiyoh et
al. (2021), in our study, the criterion weights were determined with the CRITIC method, which is
one of the objective criterion weight determination methods. While no sensitivity analysis was
conducted in Madiyoh et al. (2021), a sensitivity analysis was conducted in our study.

4.3. Sensitivity Analysis and Examination of GRA Results

The MCDM method’s outcomes heavily rely on the criteria' weight coefficient values, or
the proportional weights given to each criterion. Generally, the results of MCDM approaches
should be followed by an investigation of their sensitivity to these changes, since sometimes, a
minor change in the weight coefficients of the criterion causes the final selections to alter. A
sensitivity analysis was conducted to determine how the ranking of alternatives would shift if the
weights assigned to the criterion were altered (Pamucar and Cirovi¢, 2015).

The sensitivity analysis of the GRA method was carried out using different criterion
weights obtained from different objective weighting methods. For this purpose, in addition to the
CRITIC method, the Entropy, LOPCOW (Logarithmic Percentage Change-driven Objective
Weighting), and standard deviation methods were used. Finally, a situation in which each criterion
was equally weighted was also included in the analysis. The criterion weights obtained using
these methods for the years 2000, 2010, and 2022 are given in Table 4.
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Table 4. Criterion Weights Obtained by Different Weighting Methods, 2000, 2010, 2022

2000
CRITIC ENTROPY LOPCOW STD DEV EQUAL
LPP 0,1328 0,0666 0,0960 0,1204 0,1250
CPP 0,1097 0,0756 0,0678 0,1004 0,1250
GPV 0,1278 0,1471 0,1237 0,1323 0,1250
EAG 0,1424 0,0875 0,1025 0,1262 0,1250
SSA 0,1061 0,0993 0,1769 0,1296 0,1250
FER 0,1136 0,1721 0,1221 0,1381 0,1250
ARL 0,1256 0,1907 0,0670 0,1268 0,1250
EMI 0,1420 0,1610 0,2440 0,1261 0,1250
2010
CRITIC ENTROPY LOPCOW STD DEV EQUAL
LPP 0,1327 0,0398 0,1285 0,1087 0,1250
CPP 0,1083 0,1345 0,0347 0,1124 0,1250
GPV 0,1290 0,1105 0,1506 0,1347 0,1250
EAG 0,1333 0,0818 0,1319 0,1201 0,1250
SSA 0,1043 0,2194 0,0731 0,1340 0,1250
FER 0,1120 0,1490 0,1294 0,1354 0,1250
ARL 0,1267 0,1365 0,0698 0,1263 0,1250
EMI 0,1538 0,1285 0,2819 0,1283 0,1250
2022
CRITIC ENTROPY LOPCOW STD DEV EQUAL
LPP 0,1250 0,0401 0,1396 0,1091 0,1250
CPP 0,1000 0,1024 0,0547 0,1163 0,1250
GPV 0,1493 0,1117 0,1603 0,1339 0,1250
EAG 0,1295 0,0828 0,1330 0,1201 0,1250
SSA 0,1019 0,2750 0,0427 0,1275 0,1250
FER 0,1128 0,1185 0,1548 0,1323 0,1250
ARL 0,1295 0,1419 0,0575 0,1299 0,1250
EMI 0,1519 0,1277 0,2573 0,1310 0,1250

When the criteria weights are determined using various objective weight determination
methods, the differences among these methods are significant. In 2000, the EAG (Employment
in Agriculture) criterion ranked first with 14.24% using the CRITIC method, the ARL (Arable
Land) was at 19.07% using the Entropy method, the EMI (Methane (CH4) Emissions from
Agriculture) accounted for 24.4% with the LOPCOW method, and the FER (Fertilizer
Consumption) had 13.81% according to the Standard Deviation method. In the equal-weight
method, each criterion was assigned a weight of 12.5%.

In 2010, the EMI (Methane (CH4) Emissions from Agriculture) criterion ranked first with
15.38% using the CRITIC method, followed by SSA (Self-sufficiency in Agriculture) at 21.94%
with the Entropy method, EMI (Methane (CH4) Emissions from Agriculture) at 28.19% with the
LOPCOW method, and FER (Fertilizer Consumption) at 13.54% using the Standard Deviation
method. In the Equal-weight method, each criterion was allocated a weight of 12.5%.

In 2022, the EMI (Methane (CH4) Emissions from Agriculture) criterion was ranked first
with 15.19% using the CRITIC method, SSA (Self-sufficiency in Agriculture) with 27.5% in the
Entropy method, EMI (Methane (CH4) Emissions from Agriculture) with 25.73% in the
LOPCOW method, and GPV (Gross Production Value) with 13.39% in the Standard Deviation
method. In the equal-weight method, each criterion was assigned a weight of 12.5%.

611



Ekonomi, Politika & Finans Aragtirmalar1 Dergisi, 2025, 10(2): 596-618
Journal of Research in Economics, Politics & Finance, 2025, 10(2): 596-618

2000 2010 2022

2500

2000

00500 || I I I I 0,000 || I I | 00500 || |
I [ il

STopDEr  EquaL | CRIMC  ENTROPY  LOPCOW  STDDEV  EQUAL | CRMIC  ENTROPY

man Py

Figure 1. Criteria Weights by Different Methods (2000, 2010, 2022)

The weight values derived from the CRITIC method, the Standard Deviation method, and
the equal-weight approach are quite similar, as shown in Figure 1; however, the weights derived
from the Entropy and LOPCOW approaches differ. When the weights obtained with the
LOPCOW method are examined, it is noteworthy that the EMI criterion differs significantly from
the weights of other criteria in the three periods examined. In the Entropy method, it is seen that
the weight of the SSA criterion differs from the weights of other criteria in 2010 and 2022.

Countries were ranked by integrating the criteria weights obtained with the CRITIC,
Entropy, LOPCOW, Standard Deviation, and Equal-weight methods with the GRA method. The
sensitivity analysis results on how the GRA method responds to changes in the criteria weights
are given in Table 5.

Table 5. GRA Method Sensitivity Analysis Results
2000
CRI_GRA ENT_GRA LOP_GRA STD GRA EQU GRA

Brasil 3 3 2 2 1
Russia 1 1 1 1 2
India 2 2 6 3 3
China 5 5 5 5 5
S. Africa 6 6 4 6 6
Tiirkiye 4 4 3 4 4
2010
CRI_GRA ENT GRA LOP GRA STD GRA EQU GRA
Brasil 1 1 2 1 1
Russia 2 2 1 2 2
India 3 3 6 3 3
China 5 5 4 4 5
S. Africa 6 6 5 6 6
Tiirkiye 4 4 3 5 4
2022
CRI_GRA ENT GRA LOP GRA STD GRA EQU GRA
Brasil 1 1 2 1 1
Russia 2 3 1 2 2
India 3 2 4 3 3
China 5 5 5 5 5
S. Africa 6 6 6 6 6
Tiirkiye 4 4 3 4 4

When Table 5 is examined, it is seen that the rankings obtained from the CRITIC-GRA
method in the relevant years are largely similar to the results obtained from the Entropy-GRA
method. In addition, the results of the Standard Deviation-GRA method and the Equal Weights-
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GRA method are almost the same. It is noteworthy that the results of the LOPCOW-GRA method
differ from the other methods. The weight rankings obtained with the LOPCOW method also
differed from the other methods. Namely, according to the LOPCOW method, Methane (CH4)
Emissions from Agriculture were determined as the most important criterion by far from the other
criteria in the relevant three years. This situation seems to have caused the results of the
LOPCOW-GRA method to differ from the results of the other methods. Therefore, it is possible
to say that the GRA method is sensitive to changes in the criterion weights.

5. Conclusion

Brazil, Russia, India, China, and South Africa are the five leading emerging economies of
the BRICS international economic alliance. Due to their similar economic potential, these nations
hope to unite and have a bigger voice in the global economy. These nations are regarded as major
actors because of their size, quick development, and strategic significance in the global economy.

This study used the CRITIC-based GRA approach to examine the agricultural performance
of the BRICS countries and Tiirkiye. The CRITIC approach was used to establish the criteria's
importance, and the countries were ranked based on their agricultural performance in 2000, 2010,
and 2022. The reason for choosing three different years is to monitor the changing trend of the
agricultural performance of the countries over time. This is a multifaceted agricultural
performance analysis that covers a wide range of agricultural topics, including production,
consumption, employment, agricultural potential, productivity, self-sufficiency, and the
environment, rather than comparing nations based on the production of particular items.

If an expert had been consulted to define the criteria weights, this study might have been
finished without the use of the CRITIC approach. However, this scenario may have been
questioned because subjectivity would have been involved. A hybrid strategy known as the
CRITIC-GRA model was created to lessen the possible criticisms that can be aimed at this issue.
The CRITIC method is one of the objective weight determination strategies that has been widely
used in recent years.

According to the CRITIC technique, employment in agriculture is the most significant
factor in 2000 and agricultural emissions in 2010 and 2022, while self-sufficiency in agriculture
in 2000 and 2010 and crop production in 2022 are the least significant criteria. According to the
GRA Method, Russia ranked first in 2000 for agricultural performance. However, Brazil topped
the list in both 2010 and 2022. South Africa was ranked lowest in all studied years. Regarding
Tirkiye, it had the fourth rank in 2000 and stayed at the same rate in 2010 and 2022.

Brazil's success can be attributed to its agricultural policies, which have been in effect since
the 1990s. Brazil is among the nations that have made great strides in exporting and producing
agricultural goods. An information technology-focused division of the Brazilian Agricultural
Research Agency has created a range of computerized systems for use in fundamental research
and agro-industrial applications since 1991. Despite a decline in Brazil's agricultural labor market,
the advancements in agro-industrial technological systems with Agriculture 4.0 have increased
the demand for more specialized personnel. As part of Agriculture 4.0, artificial neural networks
are used in Brazil to estimate soybean harvest and determine the ideal planting area size. Brazilian
programs known as "BovChain" use big data and cloud computing to control socio-environmental
aspects. These apps connect buyers, investors, slaughterhouses, and farmers. The real-time
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monitoring of herds and commercial transactions within a shared digital market facilitates
accountability and environmental management of agricultural and animal production chains. In
terms of precision agriculture, Brazil has also advanced significantly. In this context, applications
have been developed in smart irrigation, pesticide optimization, satellite surveillance, and
computational visualization of crops and animals. A Brazilian platform named "Agrosmart" is
another example that stands out in this context. Its goals are to improve product performance and
lessen its influence on the environment (Aydinbas, 2024: 526).

The following can be said about South Africa having the lowest performance. This country
has one of the largest agricultural lands in the world, with 96 million hectares of agricultural land.
However, extraordinary heatwaves and the absence of rain at critical times affect not only summer
planting areas, but also the livestock industry in the country. The recurrence of drought effects in
the country continues to exist as a long-term risk factor for the agricultural sector (Meza et al.,
2021)

The agricultural performance of low-performing nations will improve if they implement
measures to lower agricultural emissions and boost productivity, self-sufficiency, per capita
consumption of agricultural products, agricultural production, and arable land.
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APPENDIX

Decision Matrix, 2000

Country/Criteria EMI LPP CPP GPV EAG SSA FER ARL
Brasil 1,40064E-06 0,227021771 2,7767537 0,533830289 15 286,30 1445168104 5,437573431
Russia 3,56876E-07 0,270182882 0,8731284 0,322427497 14 2540 287,4484879 7,592419179
India 2,75452E-06 0,081768868 0,6978594 1,173913524 60 195,45 103,7861182 54,12704873
China 1,2388E-06 0,083685714 0,9377889 1,900355335 50 126,44 11,41717722 12,69706
S.Africa 2,60892E-07 0,099416829 1,037276 0,181136306 21 141,36 53,5983203  11,3857999
Tiirkiye 7,26303E-07 0,187712512 1,5600961 1,42661627 37 103,72 87,66943675 30,95773294

EMI: Methane (CH4) Emission from Agriculture (Mt CO2e) (Value/Agricultural Land Hectare), LPP:
Livestock Production, Primary (Ton/Population), CPP: Crops Production, Primary (Ton/Population),
GPV: Gross Production Value (constant 2014-2016 thousand US$) (Value/Hectare), EAG: Employment
in agriculture (% of total employment) (modeled ILO estimate), SSA: Self-sufficiency in Agriculture
(Export/Import) (%), FER: Fertilizer consumption (kilograms per hectare of arable land), ARL: Arable
land (% of land area)

Decision Matrix, 2010

Country/Criteria EMI LPP CPP GPV EAG SSA FER ARL
Brasil 1,78274E-06 0,308261142 4,8733455 0,807546945 11 647,81 202,7967653 6,150291811
Russia 3,06273E-07  0,29631289  0,893888 0,369003313 8 18,45 425,2393478 7,428098287
India 2,96537E-06 0,107990323 0,7030008 1,602930285 51 216,72 179,0358769 52,80826318
China 1,23078E-06 0,116549254 1,1216851 2,579383919 37 49,52 15,72450246 12,81035593
S.Africa 2,93113E-07 0,132548035 0,8284638 0,239619779 17 116,60 53,77802601 10,33146757
Tiirkiye 7,40798E-07 0,232383583 1,4255284 1,860068697 24 116,57 98,3756547  27,7847797

EMI: Methane (CH4) Emission from Agriculture (Mt CO2e) (Value/Agricultural Land Hectare), LPP:
Livestock Production, Primary (Ton/Population), CPP: Crops Production, Primary (Ton/Population),
GPV: Gross Production Value (constant 2014-2016 thousand US$) (Value/Hectare), EAG: Employment
in agriculture (% of total employment) (modeled ILO estimate), SSA: Self-sufficiency in Agriculture
(Export/Import) (%), FER: Fertilizer consumption (kilograms per hectare of arable land), ARL: Arable
land (% of land area).

Decision Matrix, 2022

Country/Criteria EMI LPP CPP GPV EAG SSA FER ARL
Brasil 2,00542E-06 0,783180765 10,011142 1,101242886 9 962,22 363,0017726 6,657229958
Russia 2,86319E-07 0,721576295 3,793978  0,592582624 6 90,45 397,6634511 7,428098287
India 3,14181E-06 0,334382394 1,7162437 2,390578085 43 151,07 193,2275591 51,9468813
China 1,22334E-06 0,276034043 2,6855376 3,264454707 23 31,19 28,21271034 11,50847311
S.Africa 2,57419E-07 0,324990817 1,8306842 0,310874913 19 167,48 91,46647417 9,892093744
Tiirkiye 1,38506E-06  0,710496587 3,0269593 3,085078738 17 106,60 1145730415 26,23858218

EMI: Methane (CH4) Emission from Agriculture (Mt CO2e) (Value/Agricultural Land Hectare), LPP:
Livestock Production, Primary (Ton/Population), CPP: Crops Production, Primary (Ton/Population),
GPV: Gross Production Value (constant 2014-2016 thousand US$) (Value/Hectare), EAG: Employment
in agriculture (% of total employment) (modeled ILO estimate), SSA: Self-sufficiency in Agriculture
(Export/Import) (%), FER: Fertilizer consumption (kilograms per hectare of arable land), ARL: Arable
land (% of land area).
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