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ABSTRACT 

 

It is more important than ever to measure and ensure the sustainability of food systems. 

There are now more people suffering from nutrition related disorders than forecasted before, 

despite massive developments in agricultural industrialization and globalization. This, combined 

with the fact that global agricultural production is facing immediate threats from climate change, 

has made it clearer and clearer to the global policy makers that it is imperative to study and 

understand the sustainability of food systems. The goal of this thesis is to use the most up-to-date 

data from free online sources to study the performance of countries in four main income groups 

globally; High Income, Low Income, Upper Middle Income, Lower Middle Income; on the seven 

metrics of sustainable nutrition metrics, as proposed by Gustafson and others (2016). Data analysis 

was done via the statistical packages of the Python programming language, and a combination of 

MANOVA and ANOVA analyses was used to assess statistical significance of differences in 

performance in these countries‟ food systems. High income countries dominated all other income 

groups in all 7 metrics, something different from the 2 previous studies which used the same 

methodology. In those studies, high income countries performed well in 5 of the 7 metrics, but 

lagged behind in the second and seventh metrics, which are; Ecosystem Stability, and Waste and 

Loss Reduction. The research also revealed a positive linear relationship between the size of an 

economy and performance on the seven metrics, with a statistically significance of less than 0.05 (p 

< 0.05). The study revealed the need to accumulate more up-to-date data for the methodology to be 

even more robust. 

 

Keywords: Food Systems, Nutrition Security, Sustainability  
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ÖZ 

 

Gıda sistemlerinin sürdürülebilirliğini ölçmek ve sağlamak giderek daha fazla önem arz 

etmektedir. Tarımsal sanayileşme ve küreselleşmedeki büyük gelişmeler ile birlikte, tahmin 

edilenden daha fazla insan beslenmesiyle ilgili sorunlar bulunmaktadır.  Bu, küresel tarımsal 

üretimin iklim değişikliğinden kaynaklanan acil tehditlerle karşı karşıya kalmasıyla birleştiğinde, 

küresel politika yapıcıları için gıda sistemlerinin sürdürülebilirliğini incelemenin ve anlamanın 

zorunlu olduğunu daha açık ve net hale getirmektedir. Bu çalışmanın amacı, Gustafson ve diğerleri 

(2016) tarafından önerilen sürdürülebilir beslenmenin yedi ölçütü kullanılarak, küresel ülkelerin 

dört ana gelir grubu değerlendirmektir. Çalışmanın verisi, ölçümler ile ilgili olan internetteki en 

güncel ücretsiz genel veri tabanlardan alınmıştır. Veri hazırlama ve işleme, Python programlama 

dilinin istatistiksel paketleri kullanarak yapılmıştır. Ülkelerin gıda sistemlerindeki performans 

farklılıklarının istatistiksel önemini değerlendirmek için MANOVA ve ANOVA analizlerinin 

birleşimi kullanılmıştır. “Yüksek gelirli ülkeler" grubu, aynı yöntembilim kullanan önceki 2 

çalışmadan farklı olarak, 7 ölçütün hepsinde diğer tüm gelir gruplarına (üst orta gelir, alt orta gelir 

ve düşük gelir) hükmetmiştir. Bu çalışmalarda, ”Yüksek Gelirli Ülkeler" yedi ölçütten beşinde iyi 

performans sergilerken; Ekosistem İstikrarı ve Atık ve Kayıp Azaltma ölçütlerinden geri kalmıştır. 

Araştırma, bir ekonominin büyüklüğü ile yedi ölçütteki performans arasında istatistiksel olarak 

0,05'ten az anlamlı pozitif bir doğrusal ilişki olduğunu ortaya koymuştur (p <0,05). Çalışma, bu 

yöntembilim daha da sağlam olması için daha güncel veriler biriktirme ihtiyacını ortaya koymuştur. 

 

Anahtar Kelimeleri: Gıda Sistemleri, Beslenme Güvenliği, Sürdürülebilirlik 
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GENİŞLETİLMİŞ ÖZET 

 

21. Yüzyılın başından bu yana toplumlar, küresel gıda sisteminin kendi sürdürülebilirlikleri 

üzerindeki etkisini kabul etmişlerdir. Gerek bitkisel gerekse hayvansal üretimden elde edilen 

ürünlerin artışında elde edilen başarıyı bir kenara bırakırsak, küresel olarak gıda sistemlerinin 

çevreye ciddi zararlar verdiğini ve muhtemelen ortaya çıkmaya başlayan iklim değişikliklerden de 

en fazla zarar göreceği bir gerçektir. 

 Bu tehditle başa çıkabilmek için küresel araştırma ve politika oluşturma topluluğu, gıda 

sistemlerinde sürdürülebilirliği ölçmenin çeşitli yollarını bulmuşlardır. Bu çalışma, özellikle gıda 

beslenme güvenliğinde sürdürülebilirliği değerlendirmek için tasarlanmış bu metodolojilerinden 

birini kullanmaktadır. Diğer metodolojilerden farklı olarak, bu metodoloji yalnızca gıda güvenliğini 

değil, aynı zamanda düzenli öğünlerdeki besin çeşitliliğini, temel olmayan gıdalardan tüketilen 

enerji ve benzerleri gibi gıda beslenme güvenliğinin yönlerini de değerlendirmede ele alarak daha 

derine inmektedir. Bunun dışında sürdürülebilirliğin tüm yönlerini, sosyal, ekonomik ve çevresel 

boyutlarını kapsayacak şekilde tasarlanmıştır.  

 Bu çalışmanın amacı, dört ülke gelir grubunun (yüksek gelirli, üst-orta gelirli, alt-orta 

gelirli ve düşük gelirli), bu metodolojinin yedi ölçütünün performansını ölçmek ve bu gelir 

gruplarının olduğu ölçütlerde performansın istatistiksel olarak anlamlı bir etkisinin olup olmadığına 

bakmaktır. Veri analizinde ANOVA, MANOVA, ve tanımlayıcı istatistikler kullanılmıştır. 

 Sonuç olarak, bütün ölçütlerde yüksek-gelirli ülke grubunun, başka ülke gruplarından daha 

iyi performans gösterdiği belirlenmiştir. Aynı metodu kullanan çalışmalardan farklı bir bulguya 

sahip olunmuştur. Çalışmada, “gelir grubu” değişkeninin yedi ölçütün performansında istatistiksel 

olarak anlamlı bir etkisi olduğunu göstermiştir. Diğer önemli bir bulgu ise, daha önceki 

çalışmalarda en iyi performansı göstermelerine rağmen bu çalışmada düşük gelirli ülkelerin atık ve 

kayıp azaltma ölçütünde en kötü performansı sergilemeleridir. Orta-düşük ve orta-üst gelirli 

ülkelerin politika yapıcıları, ekosistem stabilitesi ve gıda besin yeterliliği konularında 

performanslarını artırarak fayda sağlayabilirler, çünkü bu alanlar en iyi performans göstermedikleri 

alanlardır. 
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1.  INTRODUCTION 

1.1 . Background 

Currently, there are deeper and more nuanced nutritional problems in food systems 

globally than anticipated before (Lang, 2010). This happens despite massive success in grain yield 

improvements and supply chain expansion that occurred in the second half of the twentieth century 

(Lang, 2010). On top of that, there is an increasing pressure on ecological resources of production 

that threatens the sustainability of the current agricultural supply system (FAO and WHO, 2020; 

Gustafson et al., 2016; Harrison et al., 2022). 

Over the past two decades, the global community has recognized the failure of current food 

systems to meet the nutritional goals, albeit in a sustainable manner (Johnston et al., 2014; Lang, 

2010). On the nutritional side, there is a problem commonly referred to as “The Triple Burden of 

Malnutrition”; the persistence of hunger at a global scale, growing rates of obesity, and the hidden 

hunger: the prevalence of people with inadequate intake of essential minerals and vitamins for 

proper body function (del Valle M et al., 2022; Johnston et al., 2014; Lang, 2010). There were 

almost 720 to 811 million people who faced hunger in 2020, 118 more than in 2019 (del Valle M et 

al., 2022), and obesity is becoming an issue even in poor countries (Lang, 2010). The amount of 

people with hidden hunger was estimated to be between 1 to 2 billion in 2021 (del Valle M et al., 

2022). 

On the ecology, agriculture is being blamed for the depletion of fresh-water resources, soil 

degradation, biodiversity disruption and several others. (Molden, 2013) shows that agriculture is 

responsible for 70% of fresh water withdrawals at a global scale. (Tilman et al., 2017) shows that 

the conversion of natural ecosystems to croplands and pasture lands is one of the greatest drivers of 

biodiversity loss. (Diaz & Rosenberg, 2008) shows that the over-application of fertilizers and its 

misuse results in nitrogen and phosphorous runoffs, creating poisonous lakes and rivers, and thus 

affecting negatively the ecological systems that depend on those ecological resources. Apart from 

this danger, there are concerns about the extent to which climate change will likely affect the 

function and productivity of food systems in the near future (Myers et al., 2017). 

 

1.2 . History of Sustainability in Food Systems 

Before sustainability emerged as a central theme in global development policy, most of 

global efforts were directed towards reducing hunger, undernutrition, and food insecurity (del Valle 

M et al., 2022). The goal was quite noble, considering that as a policymaker in the 1980‟s, ones‟ 

focus would‟ve been on how to feed an increasing global population without knowing the 



2 

unforeseen consequences of the blueprint you have at hand (Lang, 2010; Population, n.d.). Since 

1920‟s and 1930‟s, there was a wide adoption of a policy framework that encouraged agricultural 

industrialization, production intensification, and food globalization due to the high global burden of 

underfed people and the successes in applied sciences of soil and animal breeding (Lang, 2010). 

The policy was successful. It intensified farms and created timely supply chains that overcame 

seasonality and geo-biological barriers of food products through global trade (Lang, 2010). 

It wasn‟t until the turn of the 21st century that the global community realized the 

consequences of this approach (Harrison et al., 2022). It exacerbated existing inequalities and 

putting a negative pressure on natural resources (Harrison et al., 2022). The success of the system 

also crumbles in its own doing, as despite there being more food produced and marketed than ever 

before, the global community still suffers from nutrition-related diseases than it was originally 

forecasted (del Valle M et al., 2022; Lang, 2010). Since then, the focus has been on developing 

food systems that deal with both malnutrition, over-nutrition, and undernutrition, all the while 

maintaining sustainable development at societal and ecological level (Harrison et al., 2022). 

 

1.3 . Objectives of this Research 

The extent of the problems mentioned above and their impact to the food system and the 

environment has been associated with the size of economy countries have achieved (Lang, 2010; 

Malassis, 1983). (Lang, 2010), for example, recognized that the extent of these problems and their 

relative importance is highly dependent on the size of an economy. Other studies have also come to 

a conclusion that when it comes to nutritional or welfare outcomes of food policies and rural 

development policies that heavily depend on agriculture, a one-size-fits-all approach doesn‟t work 

(Behrens et al., 2017; Harrison et al., 2022). This study is a continuous attempt to evaluate the 

strengths and weaknesses of national food systems of different countries in different sizes of 

economies towards achieving sustainable nutrition security. It is a continuous attempt since the first 

attempt done by Gustafson and others (Gustafson et al., 2016) which defined the metric, and a later 

study by Chaudhary and others (Chaudhary et al., 2018), had either taken a too narrow scope when 

it came to the number of countries in the study (Gustafson et al., 2016) or a rather outdated data for 

the countries (Chaudhary et al., 2018 used datasets from 2011). With that in mind, the following are 

the objectives of the study: 

1. To assess the performance of countries of different income groups on the seven metrics of 

sustainable nutrition by using the most up-to-date data up until the period of the COVID-

19 pandemic (2019). 

2. To assess the statistical significance of the size of an economy on the seven metrics. 
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The study will contribute to the body of literature by providing an up-to-date outlook of the subject 

matter and hopefully provide a clearer picture to policy-makers on what they should look out for 

when it comes to designing food systems that will likely lead to sustainable nutrition security. 
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2.  PREVIOUS STUDIES 

 

2.1  On Dimensions of Sustainability 

Defining the dimensions of a sustainable food system has been a challenge since the 

beginning (Harrison et al., 2022; von Braun et al., 2021b). For some countries, sustainability means 

dealing with the environmental issues caused by food system operations, for other countries it is 

dealing with the nutritional issues, and yet for others it is dealing with the socio-economic issues 

(Harrison et al., 2022).  

Attempts to define sustainability had started since 1986, but it wasn‟t until 2010 that a 

widely accepted definition of sustainability, albeit in-terms of diets, was coined (Gussow & Clancy, 

1986; Harrison et al., 2022). The definition defined sustainable diets as those which cause low 

environmental impacts and contribute to food and nutrition security, and thus a healthy life for 

present and future generations (Harrison et al., 2022). 

But, like how other studies later came to mention (Boylan et al., 2020; Finley et al., 2017), 

defining the sustainability of a food system by defining a sustainable diet is an incorrect way of 

approaching the problem. (Boylan et al., 2020) for example, points out that all sustainable diets 

have a threshold beyond which the diet no longer remains sustainable. They give an example cited 

from Finley and others (Finley et al., 2017), that plant-based diets, which are now popularly known 

to be the most sustainable, will continue to be sustainable as long as a certain proportion of the 

population in a particular country hasn‟t yet adopted the diet. They show that once a particular 

population threshold is reached, a plant-based diet will cease to be sustainable, as the need to 

import plant-based foods into the food system will increase the GHG emissions associated with 

importation. After that, a food system that relies only in this deemed sustainable diet won‟t be 

sustainable anymore. 

If that wasn‟t enough, findings from another study (Behrens et al., 2017) concerning the 

reduction of environmental impacts when adopting a nationally recommended diet vis-a-vis a 

national average diet also show that a diet can be sustainable in one place but not in others. 

According to their research, adopting a nationally recommended diet led to a significant decrease 

of environmental impacts in high-income countries, a slight decrease in middle-income countries, 

but an increase in low-income countries. Boylan and others (Boylan et al., 2020) takes it further by 

proposing that not only nationally recommended diets, but also nationally recommended food 

systems, can be sustainable in some places and not in others. 

Other studies (von Braun et al., 2021a) explained that a practical definition of a sustainable 

food system has to: 1) Be able to support global and national efforts to bring about a positive 
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change and acceleration towards Sustainable Development Goals (SDG‟S); 2) Be precise enough 

in defining domains for policy and programmatic action, and broad enough not to exclude any 

social, economic, and environmental aspects of sustainability. The problem with the two definitions 

above is that each one relies heavily on one analytical approach, each of which are indispensable 

but inadequate when used independently. 

Works that focused on the sustainability of food systems and tried to analyse it tended to 

adopt a positive approach; the one that goes into detail to explain how food systems work and how 

they can/should be changed (HLPE Report # 12 - Nutrition and Food Systems, n.d.; Malassis, 

1983). They approach the issue of sustainability by mapping all food system actors and how they 

work, and then use that map for policy-setting (von Braun et al., 2021b).  

Works that looked at sustainable and healthy diets tend to adopt a normative approach, the 

one that starts by first setting value-judged goals about what it is that should be achieved and then 

work backwards to design the system accordingly (Auestad & Fulgoni, 2015; Johnston et al., 2014; 

Sustainable Diets and Biodiversity - Directions and Solutions for Policy, Research and Actions, 

n.d.). 

The first approach, if implemented separately, tends to collapse under the sheer scale and 

complexity of real-life food systems (von Braun et al., 2021b). The second approach, also when 

implemented independently, leads to the danger of wishful thinking, that is, setting goals that aren‟t 

achievable (von Braun et al., 2021b).  

Von Braun and others (von Braun et al., 2021a) propose a holistic approach that starts with 

the second approach (since it starts from the SDG‟S), and then measure those goals using the 

positive tools that are at hand. The resulting goals will then be appropriate enough for scientific and 

political action (von Braun et al., 2021b). 

Other attempts on defining a what a sustainable food system is came in the form of 

international conferences on nutrition and food security (Harrison et al., 2022). Made between 

2013 and 2019, these conferences aimed to tackle the issue of which conceptual frameworks can 

lead to a sustainable food system. Many publications on the topic came out, some more robust than 

others (Harrison et al., 2022). Authors of (Harrison et al., 2022) noted that; while some of the 

publications attacked only a single aspect of the issue (Thompson et al., 2013), some were well 

rounded, including the environmental, economic, and societal goals (Harrison et al., 2022). 

In 2019, the Food and Agriculture Organization of United Nations (FAO) released a 

publication that provided an authoritative guidance on what a sustainable food system should have 

(FAO and WHO, 2020). The document had 16 dimensions which FAO believed a food system 

should have if it is to quote; “Promote all dimensions of individuals‟ health and wellbeing; have 
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low environmental pressure and impact, and is accessible, affordable, safe, equitable, and culturally 

acceptable.” (FAO and WHO, 2020). The guiding principles were intended to provide a flexible 

framework, upon which policy-makers in different economies can target their policy actions 

(Harrison et al., 2022). 

Clear methodologies and indicators to measure how a food system will perform within 

these dimensions had not been mentioned though. Most studies that tried to tackle that problem had 

to go back and hand-pick several indicators and methodologies from social and environmental 

sciences. The following part of this chapter will explore the different methodologies and indicators 

used so far in the literature. 

 

2.2 . On Methodologies Used to Measure Sustainability 

2.2.1 . Linear Programming 

One of the earliest methodologies from the more recent studies, linear programming was 

first used in nutritional sustainability studies in the UK‟s Livewell Project in 2014 (Johnston et al., 

2014). The aim of the study was to understand how UK‟s diets can achieve nutritional adequacy, 

affordability, and reduced environmental impact (Johnston et al., 2014). It goes without saying that 

those three were the main metrics used for the study. 

The study was carried out at the time when there wasn‟t any definitive metric at hand, and 

most used metrics at that time were nutritional indexes that didn‟t cover much the whole scope of 

sustainability (environmentally, socially, or economically) (Johnston et al., 2014). The authors of 

(Johnston et al., 2014) that the methodology has several dimensions which causes confusion of 

how it should be used. They point out, for example, that should the measurement be framed in-

terms of agricultural growth such that you reduce hunger to X amounts by Y amounts of inputs 

used? Or should one use constraints such as good nutrition is achieved at certain levels of 

emissions? 

There was also a problem of which indicators to use. The first implementation of this 

methodology only evaluated dietary recommendations based on the GHG emissions. But there 

weren‟t any indicators to be used to measure other dimensions such as cultural relevance or 

ecosystem health (Johnston et al., 2014). Authors who explored this method recognize the need to 

develop better metrics and indicators to be used for this model (Johnston et al., 2014; Thompson et 

al., 2013). 
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2.2.2 Life-Cycle Assessments 

Used primarily in diet based studies, this methodology looks at environmental impacts of a 

product in its life-cycles, from inception to consumption (Auestad & Fulgoni, 2015; Muralikrishna 

& Manickam, 2017). A very good tool for natural-resource based food system analyses, the 

methodology has a problem of one-dimensionality, that is, exploring everything only in an 

environmental impacts perspective (Auestad & Fulgoni, 2015). It is also burdened by the problem 

of non-objectivity as results from different LCAs tend to be contradictory to one another (Ekvall, 

2019). This is due to the fact that at the beginning of any LCA analysis, the researcher defines 

subjective goals which in-turn influence very much the methodology used therein (Ekvall, 2019). 

There is also a problem of which type of an LCA is done, and why. The two major types of 

LCAs are Attributional and Consequential (Ekvall, 2019). Attributional LCA aims at pinning the 

environmental impacts of a product‟s production or consumption to one of its processes (Ekvall, 

2019). On the other hand, consequential LCAs studies for the relevant environmental flows of the 

current supply chain will change as a result of decision changes (Ekvall, 2019). As one can see, an 

LCA for a study like this would have a limited scope, and this wouldn‟t suffice the envisioned 

goals of this research. 

 

2.2.3 Material Flow Analysis 

This is one of the most popular methods in resource accounting literature. It is a method 

that studies the transportation, transformation, and storage of materials within a defined system 

(Allesch & Brunner, 2015). A system in this context can be a production process, a firm, a country, 

or simply a chemical reaction, as long as it is a productive force (Ayres et al., 1999).  

The method is based on the mass-balance principle and it gives rise to Substance Flow 

Analysis (SFA). SFA is a similar method, only that it looks at substances rather than economic or 

ecological entities themselves (Brunner, 2012). Both methods are robust considering the fact that 

they measure things in mass (which is immutable across space and time) and they have been 

applied extensively in industrial ecology studies where LCA had been a design tool for policy 

(Fischer-Kowalski, 1998; Kytzia et al., 2004). 

This strength is what has been criticized of them in other literature, stating that they don‟t 

really capture the immaterial forces that shape and influence real-world production system (Kytzia 

et al., 2004). (Kytzia et al., 2004) for example mentioned that neither MFA, SFA, nor LCA capture 

the cultural, social, and economic factors that drive industrial production, factors that are very 

relevant in the real-world. Together with this issue, these three techniques don‟t address a major 

issue in food system sustainability literature, that is, they don‟t have a set of metrics that can be 
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applied explicitly to food system sustainability analysis. That being said, they have been used 

extensively to measure metrics that are already in-place from other conceptual frameworks 

(Gustafson et al., 2016). 

 

2.2.4  Input-Output Analyses 

Developed by Wassily Leontief in 1936 (Boylan et al., 2020), this is a method that is useful 

in tracing economic activity across different industries (Boylan et al., 2020). It also checks the 

consumption and value added on a particular product (Boylan et al., 2020). The method follows a 

life cycle approach similar to an LCA, and it is one of principle methods used in LCAs (Boylan et 

al., 2020). It is not confined into looking only at environmental impacts though, but rather capable 

of analyzing both social-economic and environmental impacts of products across industries. 

It is a very good and robust method, only that it doesn‟t have a conceptual framework specifically 

designed for food system sustainability assessment. A researcher has to first go and tailor the 

dimensions of sustainability he/she will work on, and then use the method, as it was used in Boylan 

et al (Boylan et al., 2020). This makes it dependent to other frameworks such as the Seven Metrics 

of Nutritional Sustainability to some degree. 

 

2.2.5  Global Access to Nutrition Index 

This is a corporate-ranking methodology created back in 2013 by the Global Alliance for 

Improved Nutrition (GAIN) for the purpose of ranking how well companies do in-terms of 

marketing nutritious, ethical and legally compliant foods (Johnston et al., 2014). It is now 

maintained by the Access To Nutrition Initiative (ATNI), which collects data from global Food and 

Beverage (F&B) companies in relation to their policies and commitments to facilitate good 

nutrition through their products and marketing (Johnston et al., 2014). 

The index has three key areas of measurements;  

1. The Corporate Profile, which measures a company‟s policies, practice and 

disclosure related to promoting good nutrition and preventing malnutrition and 

undernutrition in all forms; 

2. The Product Profile, which assesses the nutritional quality of a company‟s product 

portfolio across different markets, taken by analyzing the levels of fat, sugar, salt, 

fruit and vegetables, and other components within an individual product; 

3.  The Baby-Milk Substitute / Complimentary Foods (BMS / CF) Marketing 

Assessment, which assesses whether the marketing policies of major global baby 

food manufacturers are in full compliance of the International Code of Marketing 



9 

of BMS and subsequent World Health Assembly (WHA) resolutions; and whether 

they have the management systems in place that can ensure proper implementation 

of those policies (210630-ATN-_-Global-Methodology-Report_V4.Pdf, n.d.).  

The metric is very good for showing which companies (though only those that provide 

sufficient data to the ATNI) do more to influence sustainable diets, but it is not a good 

methodology for measuring sustainability according the scope mentioned so far. It doesn‟t cover 

issues related to environmental sustainability, contribution of companies to climate change, and a 

fair treatment of workers and communities, all of which are among pillar aspects of the social and 

environmental dimensions of a food system sustainability analysis (Gustafson et al., 2016). It also 

fails to cover the contribution that companies, as a node of players in the food system, have on 

influencing sustainable diets (Johnston et al., 2014). This makes it a relatively an undesirable 

methodology for a full food system sustainability assessment. 

 

2.3  On The Seven Metrics of Sustainable Nutrition Security 

Proposed by Gustafson et al (Gustafson et al., 2016), the aimed at bridging the gap 

between nutritional thinking, food security, and sustainability in food system analyses (Gustafson 

et al., 2016). The authors proposed seven nutritional security metrics, covering nutrition, climate 

change, societal welfare, and micro and macro food economics. The metrics were created after a 

consensus report by scientists in the aforementioned fields and a stakeholder workshop involving 

stakeholders from governments, academia, and industry (Gustafson et al., 2016). The metrics are 

shown in the table below: 

Table 2.1. The Seven Metric of Sustainable Nutrition Security and their Indicators.  

The Metric Indicator Weights 

Food Nutrient Adequacy 

Non-Staple Food Energy 0.20 

Shannon Diversity 0.20 

Modified Functional 

Attribute Diversity (MFAD) 
0.20 

Nutrient Density Score 0.20 

Share of Population With 

Adequate Nutrients 
0.20 

Ecosystem Stability 

Ecosystem Status 0.20 

Per-Capita GHG Emissions 0.20 

Per-Capita Net Freshwater 0.20 
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Withdrawals 

Per-Capita Non-Renewable 

Energy Use 
0.20 

Per-Capita Land Use 0.20 

Food Affordability & 

Availability 

Food Affordability 0.25 

GFSI Food Availability 

Score 
0.25 

Poverty Index 0.25 

Income Inequality 0.25 

Sociocultural Wellbeing 

Gender Equity 0.25 

Extent of Child Labor 0.25 

Respect for Community 

Rights 
0.25 

Animal Health & Welfare 0.25 

Resilience 
ND-GAIN Country Index 0.50 

Food Production Diversity 0.50 

Food Safety 
Foodborne Disease Burden 0.50 

GFSI Food Safety Score 0.50 

Waste & Loss Reduction 
Pre & Post-Consumer Food 

Waste 
1 

GFSI: Global Food Security Index; ND-GAIN: Notre Dame Global Adaptation Index. For a deeper 

definition of the metrics and their indicators, visit (Gustafson et al., 2016) 

 

According to the authors, two of the main criteria used in creating the metrics were: 1) To 

avoid needless creation of new metrics when suitable ones already exist in the literature; 2) The 

metrics being based on open data (Gustafson et al., 2016). These give a very good relevance to the 

method, as they avoid unnecessary repetition and make sure that studies can easily be made by 

anyone, using these metrics, without much bureaucracy. The scope of the metrics also provides a 

conceptual framework that adequately covers the whole scope of sustainability when it comes to 

food systems (Boylan et al., 2020), something that is very useful in policy-setting and country 

comparison.  

While other methods such as Input-Output analyses can be hailed for producing a 

framework in which different aspects of food and nutrition security can be measured under an 

identical scope (Boylan et al., 2020), most of them don‟t provide this tailored set of indicators 
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specifically for food system analysis. Besides, most of these methods, such as LCA analysis, are 

part of measurements used within the seven metrics framework to measure indicators that are 

measurable in a life-cycle perspective (Gustafson et al., 2016). 

The methodology also creates what (von Braun et al., 2021a) calls a right definition of a 

sustainable food system, that is, one that is precise enough to narrow down policy goals and assist 

in the implementation of national and global development agenda, but also one that is detailed 

enough not to exclude any aspects of the economic, social and ecological dimensions of 

sustainability. Input-Output Analyses, for example, doesn‟t have these dimensions inherently as a 

method, but instead, it is left on the discretion of the researcher to go and look for appropriate 

metrics that can measure such dimensions of sustainability in food systems. Such an approach 

brings everybody back to the problem of national and regional agenda, where dimensions of 

sustainability which are less relevant to some are left unmeasured (Harrison et al., 2022).  

It is therefore important that even though the metrics do contain indicators that cannot be 

measured at the same scale at different geographical areas in some dimensions (Boylan et al., 

2020), they still provide an adequate platform for measuring exactly what sustainability of a food 

system is. It can also be said further that the difference in scale culminates to an adequate, location 

specific performance of a metric, as opposed to a standard scale, which might, in some cases 

obscure or misrepresent the true performance of a region. Boylan et al (Boylan et al., 2020) for 

example, criticized food affordability as one of the indicators that can‟t be measured in a life-cycle 

perspective (because it is only relevant to consumers), but affordability is an important dimension 

in all food security analyses (von Braun et al., 2021a), and measuring it makes the conceptual 

framework complete. 
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3.  MATERIALS AND METHODS 

3.1 . Materials 

3.1.1 . Sample Size 

According to (Hair et al., 2018), the base analysis for this study, MANOVA, requires a 

minimum of 5 respondents in each of the groups to be analysed. A dataset containing 216 countries 

and their sizes of economies was taken from the World Bank Group‟s database (The World Bank 

Group, 2019). The countries are recognized under the Standard Country or Area Codes for 

Statistical Use (M49) of the United Nations (UN), and their categorization was based on the World 

Bank Group‟s country classification by income using the atlas method. The table below displays all 

countries and their respective income groups. 

Table 3.1. Countries and Their Income Groups 

Country Income group Region 

Aruba High income Latin America & Caribbean 

Afghanistan Low income South Asia 

Angola Lower middle income Sub-Saharan Africa 

Albania Upper middle income Europe & Central Asia 

Andorra High income Europe & Central Asia 

United Arab Emirates High income Middle East & North Africa 

Argentina Upper middle income Latin America & Caribbean 

Armenia Upper middle income Europe & Central Asia 

American Samoa Upper middle income East Asia & Pacific 

Antigua and Barbuda High income Latin America & Caribbean 

Australia High income East Asia & Pacific 

Austria High income Europe & Central Asia 

Azerbaijan Upper middle income Europe & Central Asia 

Burundi Low income Sub-Saharan Africa 

Belgium High income Europe & Central Asia 

Benin Lower middle income Sub-Saharan Africa 

Burkina Faso Low income Sub-Saharan Africa 

Bangladesh Lower middle income South Asia 

Bulgaria Upper middle income Europe & Central Asia 

Bahrain High income Middle East & North Africa 

Bahamas, The High income Latin America & Caribbean 

Bosnia and Herzegovina Upper middle income Europe & Central Asia 
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Belarus Upper middle income Europe & Central Asia 

Belize Lower middle income Latin America & Caribbean 

Bermuda High income North America 

Bolivia Lower middle income Latin America & Caribbean 

Brazil Upper middle income Latin America & Caribbean 

Barbados High income Latin America & Caribbean 

Brunei Darussalam High income East Asia & Pacific 

Bhutan Lower middle income South Asia 

Botswana Upper middle income Sub-Saharan Africa 

Central African Republic Low income Sub-Saharan Africa 

Canada High income North America 

Switzerland High income Europe & Central Asia 

Channel Islands High income Europe & Central Asia 

Chile High income Latin America & Caribbean 

China Upper middle income East Asia & Pacific 

Cote d'Ivoire Lower middle income Sub-Saharan Africa 

Cameroon Lower middle income Sub-Saharan Africa 

Congo, Dem. Rep. Low income Sub-Saharan Africa 

Congo, Rep. Lower middle income Sub-Saharan Africa 

Colombia Upper middle income Latin America & Caribbean 

Comoros Lower middle income Sub-Saharan Africa 

Cabo Verde Lower middle income Sub-Saharan Africa 

Costa Rica Upper middle income Latin America & Caribbean 

Cuba Upper middle income Latin America & Caribbean 

Curacao High income Latin America & Caribbean 

Cayman Islands High income Latin America & Caribbean 

Cyprus High income Europe & Central Asia 

Czech Republic High income Europe & Central Asia 

Germany High income Europe & Central Asia 

Djibouti Lower middle income Middle East & North Africa 

Dominica Upper middle income Latin America & Caribbean 

Denmark High income Europe & Central Asia 

Dominican Republic Upper middle income Latin America & Caribbean 

Algeria Lower middle income Middle East & North Africa 
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Ecuador Upper middle income Latin America & Caribbean 

Egypt, Arab Rep. Lower middle income Middle East & North Africa 

Eritrea Low income Sub-Saharan Africa 

Spain High income Europe & Central Asia 

Estonia High income Europe & Central Asia 

Ethiopia Low income Sub-Saharan Africa 

Finland High income Europe & Central Asia 

Fiji Upper middle income East Asia & Pacific 

France High income Europe & Central Asia 

Faeroe Islands High income Europe & Central Asia 

Micronesia, Fed. Sts. Lower middle income East Asia & Pacific 

Gabon Upper middle income Sub-Saharan Africa 

United Kingdom High income Europe & Central Asia 

Georgia Upper middle income Europe & Central Asia 

Ghana Lower middle income Sub-Saharan Africa 

Gibraltar High income Europe & Central Asia 

Guinea Low income Sub-Saharan Africa 

Gambia, The Low income Sub-Saharan Africa 

Guinea-Bissau Low income Sub-Saharan Africa 

Equatorial Guinea Upper middle income Sub-Saharan Africa 

Greece High income Europe & Central Asia 

Grenada Upper middle income Latin America & Caribbean 

Greenland High income Europe & Central Asia 

Guatemala Upper middle income Latin America & Caribbean 

Guam High income East Asia & Pacific 

Guyana Upper middle income Latin America & Caribbean 

Hong Kong SAR, China High income East Asia & Pacific 

Honduras Lower middle income Latin America & Caribbean 

Croatia High income Europe & Central Asia 

Haiti Lower middle income Latin America & Caribbean 

Hungary High income Europe & Central Asia 

Indonesia Lower middle income East Asia & Pacific 

Isle of Man High income Europe & Central Asia 

India Lower middle income South Asia 
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Ireland High income Europe & Central Asia 

Iran, Islamic Rep. Lower middle income Middle East & North Africa 

Iraq Upper middle income Middle East & North Africa 

Iceland High income Europe & Central Asia 

Israel High income Middle East & North Africa 

Italy High income Europe & Central Asia 

Jamaica Upper middle income Latin America & Caribbean 

Jordan Upper middle income Middle East & North Africa 

Japan High income East Asia & Pacific 

Kazakhstan Upper middle income Europe & Central Asia 

Kenya Lower middle income Sub-Saharan Africa 

Kyrgyz Republic Lower middle income Europe & Central Asia 

Cambodia Lower middle income East Asia & Pacific 

Kiribati Lower middle income East Asia & Pacific 

St. Kitts and Nevis High income Latin America & Caribbean 

Korea, Rep. High income East Asia & Pacific 

Kuwait High income Middle East & North Africa 

Lao PDR Lower middle income East Asia & Pacific 

Lebanon Upper middle income Middle East & North Africa 

Liberia Low income Sub-Saharan Africa 

Libya Upper middle income Middle East & North Africa 

St. Lucia Upper middle income Latin America & Caribbean 

Liechtenstein High income Europe & Central Asia 

Sri Lanka Lower middle income South Asia 

Lesotho Lower middle income Sub-Saharan Africa 

Lithuania High income Europe & Central Asia 

Luxembourg High income Europe & Central Asia 

Latvia High income Europe & Central Asia 

Macao SAR, China High income East Asia & Pacific 

St. Martin (French part) High income Latin America & Caribbean 

Morocco Lower middle income Middle East & North Africa 

Monaco High income Europe & Central Asia 

Moldova Upper middle income Europe & Central Asia 

Madagascar Low income Sub-Saharan Africa 
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Maldives Upper middle income South Asia 

Mexico Upper middle income Latin America & Caribbean 

Marshall Islands Upper middle income East Asia & Pacific 

North Macedonia Upper middle income Europe & Central Asia 

Mali Low income Sub-Saharan Africa 

Malta High income Middle East & North Africa 

Myanmar Lower middle income East Asia & Pacific 

Montenegro Upper middle income Europe & Central Asia 

Mongolia Lower middle income East Asia & Pacific 

Northern Mariana Islands High income East Asia & Pacific 

Mozambique Low income Sub-Saharan Africa 

Mauritania Lower middle income Sub-Saharan Africa 

Mauritius Upper middle income Sub-Saharan Africa 

Malawi Low income Sub-Saharan Africa 

Malaysia Upper middle income East Asia & Pacific 

Namibia Upper middle income Sub-Saharan Africa 

New Caledonia High income East Asia & Pacific 

Niger Low income Sub-Saharan Africa 

Nigeria Lower middle income Sub-Saharan Africa 

Nicaragua Lower middle income Latin America & Caribbean 

Netherlands High income Europe & Central Asia 

Norway High income Europe & Central Asia 

Nepal Lower middle income South Asia 

Nauru High income East Asia & Pacific 

New Zealand High income East Asia & Pacific 

Oman High income Middle East & North Africa 

Pakistan Lower middle income South Asia 

Panama Upper middle income Latin America & Caribbean 

Peru Upper middle income Latin America & Caribbean 

Philippines Lower middle income East Asia & Pacific 

Palau High income East Asia & Pacific 

Papua New Guinea Lower middle income East Asia & Pacific 

Poland High income Europe & Central Asia 

Puerto Rico High income Latin America & Caribbean 
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Korea, Dem. Rep. Low income East Asia & Pacific 

Portugal High income Europe & Central Asia 

Paraguay Upper middle income Latin America & Caribbean 

West Bank and Gaza Lower middle income Middle East & North Africa 

French Polynesia High income East Asia & Pacific 

Qatar High income Middle East & North Africa 

Romania Upper middle income Europe & Central Asia 

Russian Federation Upper middle income Europe & Central Asia 

Rwanda Low income Sub-Saharan Africa 

Saudi Arabia High income Middle East & North Africa 

Sudan Low income Sub-Saharan Africa 

Senegal Lower middle income Sub-Saharan Africa 

Singapore High income East Asia & Pacific 

Solomon Islands Lower middle income East Asia & Pacific 

Sierra Leone Low income Sub-Saharan Africa 

El Salvador Lower middle income Latin America & Caribbean 

San Marino High income Europe & Central Asia 

Somalia Low income Sub-Saharan Africa 

Serbia Upper middle income Europe & Central Asia 

South Sudan Low income Sub-Saharan Africa 

Sao Tome and Principe Lower middle income Sub-Saharan Africa 

Suriname Upper middle income Latin America & Caribbean 

Slovak Republic High income Europe & Central Asia 

Slovenia High income Europe & Central Asia 

Sweden High income Europe & Central Asia 

Eswatini Lower middle income Sub-Saharan Africa 

Sint Maarten (Dutch part) High income Latin America & Caribbean 

Seychelles High income Sub-Saharan Africa 

Syrian Arab Republic Low income Middle East & North Africa 

Turks and Caicos Islands High income Latin America & Caribbean 

Chad Low income Sub-Saharan Africa 

Togo Low income Sub-Saharan Africa 

Thailand Upper middle income East Asia & Pacific 

Tajikistan Lower middle income Europe & Central Asia 
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Turkmenistan Upper middle income Europe & Central Asia 

Timor-Leste Lower middle income East Asia & Pacific 

Tonga Upper middle income East Asia & Pacific 

Trinidad and Tobago High income Latin America & Caribbean 

Tunisia Lower middle income Middle East & North Africa 

Turkey Upper middle income Europe & Central Asia 

Tuvalu Upper middle income East Asia & Pacific 

Tanzania Lower middle income Sub-Saharan Africa 

Uganda Low income Sub-Saharan Africa 

Ukraine Lower middle income Europe & Central Asia 

Uruguay High income Latin America & Caribbean 

United States High income North America 

Uzbekistan Lower middle income Europe & Central Asia 

St. Vincent and the Grenadines Upper middle income Latin America & Caribbean 

Venezuela, RB  Latin America & Caribbean 

British Virgin Islands High income Latin America & Caribbean 

Virgin Islands (U.S.) High income Latin America & Caribbean 

Vietnam Lower middle income East Asia & Pacific 

Vanuatu Lower middle income East Asia & Pacific 

Samoa Lower middle income East Asia & Pacific 

Kosovo Upper middle income Europe & Central Asia 

Yemen, Rep. Low income Middle East & North Africa 

South Africa Upper middle income Sub-Saharan Africa 

Zambia Lower middle income Sub-Saharan Africa 

Zimbabwe Lower middle income Sub-Saharan Africa 

All countries from each income group were included in the study. Although countries were 

unevenly distributed in the dataset (High income countries: 79; Lower middle: 55; Upper middle: 

55; and Low income 27) it wasn‟t deemed a problem since the dataset represented the entire 

population of countries around the world. Such being the case, including every country in the 

dataset whose income group was specified was the best way to ensure robustness in the results. 

In the case of the food groups selected for the first and second indicators of the first metric, 

the sample size included all groups available in the FAOSTAT (FAOSTAT, n.d.-a) database. The 

resulting dataset contained 98 different foods which letter were aggregated into different food 

groups as the need arose. 
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3.1.2 . Base Year 

Year 2019 was selected to be the base year for the study since this was the year 

immediately before the COVID-19 pandemic. As there were many hurdles associated with data 

collection in the period during the pandemic, it was deemed diligent to not include any years during 

the pandemic period. And as the study itself was conceived near the end of the pandemic (early 

2022), the base year of 2019 was deemed the best year to represent global economy when many 

countries were operating in their normal conditions. 

 

3.1.3 . Sources of Data 

Data used for the study was sourced from various online open-source databases. Table 3.1 

shows the list of all the indicators used and their sources of data. 

 

Table 3.1. The List of Sources for Each Metric‟s Data 

Metric Indicator Source 

Food Nutrient 

Adequacy 

Non-Staple Food 

Energy 

(FAOSTAT, n.d.-a) 

Shannon Diversity (FAOSTAT, n.d.-a) 

Modified 

Functional Attribute 

Diversity 

(FAOSTAT, n.d.-a) & (SR11-SR28 : USDA ARS, n.d.) 

Nutrient Density 

Score 

(FAOSTAT, n.d.-a), (SR11-SR28 : USDA ARS, n.d.) & 

(Otten et al., 2006) 

Population Share 

with Adequate 

Nutrients 

Not Used 

Ecosystem 

Stability 

Ecosystem Status (Yale Center For Environmental Law And Policy-

YCELP-Yale University & Center For International 

Earth Science Information Network-CIESIN-

Columbia University, 2023) 

Per-Capita GHG 

Emissions 

(Ritchie et al., 2020) 

Per-Capita Net 

Freshwater 

Withdrawals 

(Ritchie & Roser, 2017) 
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Per-Capita Non-

Renewable Energy 

Use 

(FAOSTAT, n.d.-b) 

Per-Capita Land 

Use 

(Ritchie & Roser, 2013) 

Food 

Affordability & 

Availability 

Food Affordability (Global Food Security Index (GFSI), 2023) 

GFSI Food 

Availability Score 

(Global Food Security Index (GFSI), 2023) 

Poverty Index Insufficient Data 

Income Equality Insufficient Data 

Sociocultural 

Wellbeing 

Gender Equity (World Economic Forum, n.d.) 

Extent of Child 

Labor 

Insufficient Data 

Respect for 

Community Rights 

Insufficient Data 

Animal Health & 

Welfare 

Insufficient Data 

Resilience ND-GAIN Country 

Index 

(Dame, n.d.) 

Food Production 

Diversity 

(FAOSTAT, n.d.-c) 

Food Safety Foodborne Disease 

Burden 

Outdated Data 

GFSI Food Safety 

Score 

(Impact, n.d.) 

Waster & Loss 

Reduction 

Pre & Post-

Consumer Food 

Waste & Loss 

(Food Waste per Capita, n.d.) 

 

As one can see from the table above, 6 out of 23 targeted indicators weren‟t assessed. For 

the indicator “Percentage of The Population with Adequate Nutrients”, the method of analysis used 

by original authors was out of reach for this analysis, so the indicator wasn‟t used. 

In the case of the Poverty Index and the Income Inequality indicators; up-to-date data was 

available in the available databases (Hasell, Arriagada, et al., 2023; Hasell, Roser, et al., 2023) but 
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when the data was filtered to include the relevant variables (the base year of 2019, both rural and 

urban areas, and all ages) both two dataset remained with 2 low income countries. This sample size 

was too small for the analysis that was to follow on the data.  

Same for the Extent of Child Labor. An up-to-date dataset was available at ILO‟s website 

(ILO, 2020), but when it was filtered to include the targeted variables (both male and female sexes, 

an age-band of „5-17 years old, and the base year of 2019) only 4 countries remained. This was to 

represent all 4 income group for the study and yet still, some of the four countries identified as a 

single income group. With this much small data, no meaningful analysis could be done. 

In the case of Foodborne Disease Burden, the only available data was the one taken in 

2010. Another problem was that the results were presented in-terms of geographical regions instead 

of individual countries, which is opposite from what this study aimed to achieve. Now one could 

go inside and pick countries based on their size of economies from these regions, but since a lot 

must have changed from the last 9 years which is the difference between the base year of this study 

and the time period the dataset was taken, a lot could have changed at the regional level thus 

making the dataset outdated for the study. 

 

3.2 . Methods 

 

3.2.1 . Tools Used 

The main tools used for data handling and analysis were the statistical packages of the 

Python programming language. These include Pandas for data handling, Seaborn for visualization, 

and Statsmodels and Scipy for model fitting and data transformation. 

 

3.2.2 . Data Preparation 

Since the main methods of analysis for this study were ANOVA and MANOVA, a thorough 

data preparation exercise was done on each dataset. This was to ensure that datasets don‟t violate 

the statistical assumptions of the two methods. The preparation process included dealing with 

missing values, removing extreme values, and transforming the data to follow assumptions of 

ANOVA and MANOVA. 

As all indicators in this study had to be represented in a scale of 0 – 100, the study used a 

following equation adopted from (Gustafson et al., 2016) to transform all values that weren‟t in that 

scale into it:  

𝑀𝑒𝑡𝑟𝑖𝑐𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑖 = 100 ∗ 𝑒𝑥𝑝⁡[𝑙𝑛(0.5) ∗ (
𝐹𝑖
𝐹50

)] 
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Where:  

𝐹𝑖 is the indicator that is scaled 

𝑖 =unit (eg., a country that is considered) 

𝐹50 = the median of the full range of values in the indicator considered in the particular 

year. 

 

3.2.3 . Data Analysis  

 

3.2.3.1 . Metric 1 - Indicator 1: Non-Staple Food Energy 

For this indicator, the dataset of per capita daily consumptions of 98 foods (in kilocalories) 

from 186 countries globally was taken from FAO‟s balance sheets (FAOSTAT, n.d.-a). The foods 

were grouped into 13 major food groups according to the grouping done earlier in the United 

State‟s Food Composition Tables (SR11-SR28 : USDA ARS, n.d.). After data cleaning and 

transformation, the analysis continued by looking at the descriptive statistics of the dataset, and 

then calculating the p-values of MANOVA for the dataset by using the Statsmodels package of 

python. 

 

3.2.3.2 . Metric 1 – Indicator 2: Shannon Diversity Index 

For this second indicator; the study used the food supply data from FAO‟s Food Balance 

Sheets. The data represented national per capita annual food supply in Kg. Again, the sample was 

the same 98 foods taken in the first indicator, and after evaluating that the type and extent of 

missing data was both too large and not random to ignore, the step to impute the missing values 

was taken. Two multiple imputation methods were used on the data (KNN and MICE), and the 

result of their r-statistics compared. The dataset imputed by MICE turned out to be more robust, 

with an adjusted r-square of 0.8905 compared to the 0.8821 of the one imputed by using KNN. The 

imputed data was then aggregated to create the same 13 food groups as created in the first 

indicator, and then the next step to calculate the indices was taken. 

To calculate the indices, the following formula was used (Gustafson et al., 2016): 

𝑆ℎ𝑎𝑛𝑛𝑜𝑛𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 = −∑𝑠𝑖𝑙𝑛⁡(𝑠𝑖)

𝑖

 

Where: 𝑠𝑖 = The Share (by weight) of the 𝑖𝑡ℎ food item in the food supply. The results were then 

grouped according to the income group the country is in. ANOVA and descriptive statistics were 

then used to analyze the data. Results are presented in the following chapter. 
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3.2.3.3 . Metric 1 – Indicator 3: Modified Functional Attribute Diversity (MFAD) 

For this indicator, a more complex approach had to be used. The first step was to get the 

per capita annual food supply data for the food groups used. This dataset was already at hand from 

the previous metric; the Shannon Diversity Index. The second step was to get a hold of food 

composition data so that one can know the nutritional value each food has. This was taken from the 

USA‟s food composition databases (SR11-SR28 : USDA ARS, n.d.). The data therein contained 

nutritional values of 149 nutrients per 100g of the food indicated. To get the nutrient supply 

information from each size of economy, the food supply value was converted from kilograms to 

grams. The values were then multiplied by the nutritional values in the food composition table and 

then the MFAD function was created. To put it simply, the MFAD function shows the diversity in 

the supply of nutrients in an economy. The function was created by using the formula below 

(Remans et al., 2014). 

𝑀𝐹𝐴𝐷 =
∑ ∑ 𝑑𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1

𝑁
 

Where:  

n = the number of food groups,  

d = the dissimilarity between any two of the given food groups (i and j) as defined by their 

nutritional values.  

N = number of nutrients used for the study. 

The indices were again grouped according to the size of an economy, and then the study 

continued to the next steps of the analysis. 

 

3.2.3.4 . Metric 1 – Indicator 4: Nutrient Balance Score 

For the fourth indicator; Nutrient Balance Score, two of the datasets needed for developing 

the indices were already ready from the first and third indicators (Non-staple Energy and MFAD). 

The remaining task was only to get the recommended dietary reference intakes. These were 

obtained from (Otten et al., 2006).  

To calculate the index, two steps had to be followed: 1) To calculate the Qualifying Indices 

(QI) of each individual food group in the dataset, 2) To calculate the Nutrient Balance (NB) scores 

of the composite meal and present it in-terms of percentage. 

For the first step, the following formula for calculating a QI of a single meal was used 

(Fern et al., 2015): 

𝑄𝐼 =
𝐸𝑑
𝐸𝑝

.

∑
𝑎𝑞𝑗
𝑟𝑞𝑗

𝑁𝑞
𝑗=1

𝑁𝑞
 



24 

Where: 

𝐸𝑑 = Daily energy needs of the population age group under consideration (kcal) 

𝐸𝑝 = Energy in the amount of the food or meal analyzed (kcal) 

𝑎𝑞𝑗 = Amount of qualifying nutrients in the food analyzed (g, mg or mcg) 

𝑟𝑞𝑗 = DRI (Daily Reference Intakes) of qualifying nutrients for the target section of the 

population.i.e. Male, Female, or Children. 

𝑁𝑞 = Number of qualifying nutrients considered  

 

For the second step, the following formula was used (Fern et al., 2015): 

𝑁𝐵(%) =
∑ 𝑞𝑖𝑞𝑗
𝑁𝑞
𝑖=𝑗

𝑁𝑞
. 100 

Where:  

NB = Nutrient Balance Score 

𝑄𝑖𝑞𝑗 = Value for the Qualifying Index of an individual nutrient (both truncated and non-

truncated) 

𝑁𝑞 = Number of qualifying nutrients considered. 

The truncated values mentioned above refers to the QI of individual foods that were cut-off 

when they exceeded one (𝑞𝑖 = 1.00). This was so because, according to previous studies (Fern et 

al., 2015); 𝑞𝑖 = 1.00 denotes meeting the dietary requirement of the targeted nutrient. The 

remaining amounts of the nutrients represented by the portion where 𝑞𝑖 > 1.00 served no nutritional 

purpose. According to (Fern et al., 2015), this helps to offset the influence of foods with 

abnormally high quantities of a certain qualifying nutrient. 

 

For the other metrics, a simple data cleaning exercise of filtering columns and rows to 

fetch the data needed was all that needed to make the data ready for ANOVA and other steps of the 

analysis. For this, several python statistical packages were used, including Pandas for data 

manipulation, SciPy and Scikit-learn for ANOVA and MANOVA, and Seaborn and Matplotlib for 

data visualization. 
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4. RESULTS AND DISCUSSION 

 

4.1 . Country Groups overall scores. 

 High income dominated all other groups in all metrics. An ANOVA analysis comparing the 

results of all country groups in all seven metrics revealed a statistically significant influence of the 

variable “income group” to the performance on the seven metrics at 0.05 significance level (p < 

0.05). The graph below shows the performance of each income group in each of the seven metrics. 

 

Figure 4.1. Performance of Each Country Group in Each of the Seven Metrics 

Table 4.1. ANOVA Output Between Income Groups and Performance 

 sum_sq Df F PR(>F) 

C(variable) 1095.696220 3.0 3.73781 0.024606 

Residual 2345.108307 24.0 NaN NaN 
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Figure 4.2. Close-up Comparison Between Country Groups On the Seven Metrics 

These results differ to the results by (Chaudhary et al., 2018b; Gustafson et al., 2016), where high 

income countries performed relatively poor than other countries on the second and the seventh 

metrics (Ecosystem stability, Waste and Loss Reduction). Unsurprising though, and as mentioned 

in other studies that employed the metric (Chaudhary et al., 2018b; Gustafson et al., 2016), high 

income countries dominated in other metrics that focused on socio-economic welfare (food 

nutrition adequacy, food affordability and availability, social cultural wellbeing, etc). In these 

metrics, most of their indicators showed a statistically significant positive relationship between the 

size of an economy and its performance on the metric. Below is an articulate exploration results of 

analyses from each metric and its indicators. The domination of high-income countries in the 

second and seventh metrics might indicate a positive impact from the efforts that have been on-

going in the said economies on sustainability and green economy. There is a huge increase of bio-

energy development and use since the last 40 years (visualizing energy, 2023) and all this is in 

favor of developed countries. These developments in part might have caused the seemingly good 

performance of high-income countries in these metrics. 

 

4.2 . Food Nutrient Adequacy 

In this metric, the high income countries emerged the first. Their overall metric score was 

52, followed by upper middle income which had 51.8, then lower middle income with 50.7, and 

then low income with 45.8. As one can see, the difference in the overall metric score wasn‟t at all 

that large, and so one has to check the performance of each country group within the target 
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indicators. This is explained in the paragraphs that follow. Below is a visualization of the metric 

scores. 

 

Fig 4.1. Metric scores for the first metric: Food Adequacy 

 

4.2.1 . Energy from Non-Staple Foods 

The data from the analysis showed a variation of what foods are considered staples in what 

income groups. Unlike (Gustafson et al., 2016), this study didn‟t categorize staple foods as just 

cereals, roots and tubers, and plantains. Rather, staple foods were recognized as the ones 

contributing equal to or more than 12.5% of the total median daily calorie intake per capita. This 

was based on recommendations by (Mäkelä & Rautavirta, 2018) and (FAO, n.d.), both of whom 

who agreed that staples can be anything depending on the factors that determine food supply and 

consumption in a particular country.  

Taking the above factor in question, it is logical that high income countries emerged 

victors, consuming 38.3% of their median daily calorie intake from non-staples. Different from 

previous studies that categorized staples into 3 static groups (Cereals, Roots and Tubers, and 

Plantains (Gustafson et al., 2016)), this study gives a wider definition of staple foods, giving 

flexibility and a touch of reality of what is really a staple in each country. Lower middle income 

came second at 32.6%, upper middle income third at 31.3% and low income fourth at 18.1%. 
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MANOVA showed a statistically significant difference among groups with a p value of less than 

0.01 (p < 0.01).  

According to these results, there is a non-linear relationship between the size of an 

economy and the amount of kilocalories obtained from non-staple foods. Lower middle income 

countries exceeded upper middle income countries in this metric, which means that the size of 

economy doesn‟t influence this indicator linearly. The table below presents the percentage of 

median kilocalorie intake contributed by each food group daily. 

 

Table 4.2. Percent of Daily Kilocalorie Intake from Each Food Group in Each Country Group. 

Income 

group 

Staple 

Foods 

Percent of Median 

Daily Calorie Intake 

Non-Staple 

Foods 

Percent of Median 

Calorie Intake 

Low Income Cereals 55.8 Starch & 

Sugars 

4.4 

Legumes & 

Products 

3.7 

Fruits & 

Plantains 

3.5 

Dairy & Egg 

Products 

2.1 

Roots & 

Tubers 

13.5 Beef Products 1.8 

Vegetables 1.4 

Finfish / 

Shellfish 

Products 

0.4 

Poultry 0.4 

Seeds, Nuts, 

and Oils 

12.6 Pork 0.4 

Spices & Herbs 0 

Infant Foods 0 

Lower 

Middle 

Income 

Cereals 54.6 Starch & 

Sugars 

9.0 

Roots & Tubers 5.0 

Dairy & Egg 

Products 

4.3 
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Fruits & 

Plantains 

3.9 

Beef Products 3.0 

Legumes & 

Products 

3.0 

Seeds, Nuts, 

and Oils 

12.8 Vegetables 1.8 

Poultry 1.0 

Finfish / 

Shellfish 

Products 

0.9 

Pork 0.6 

Spices & Herbs 0.1 

Infant Food 0 

Upper 

Middle 

Income 

Cereals 41.8 Dairy & Egg 

Products 

8.6 

Fruits & 

Plantains 

4.4 

Beef Products 4.1 

Roots & Tubers 3.4 

Poultry 3.3 

Seeds, Nuts, 

and Oils 

14.9 Vegetables 2.5 

Pork 2.2 

Legumes & 

Products 

1.9 

Starch & 

Sugars 

12.5 Finfish / 

Shellfish 

Products 

0.7 

Spices & Herbs 0.1 

Infant food 0.1 

High Income Cereals 32.4 Starch & 

Sugars 

11.7 

Beef Products 5.7 

Pork 5 
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Fruits & 

Plantains 

4.2 

Poultry 3.6 

Seeds, Nuts, 

and Oils 

15.6 Roots & Tubers 2.8 

Vegetables 2.5 

Finfish / 

Shellfish 

Products 

1.5 

Dairy & Egg 

Products 

12.5 Legumes & 

Products 

1 

Spices & Herbs 0.2 

Infant Food 0.1 

  

 

Fig 4.1. Percent of Median Kcal Intakes from Non-Staples 

 

 

4.2.2 . Shannon Diversity Index 

Just like the indicator before it, this indicator also showed a statistically significant 

difference between income groups. High income countries performed best, followed by upper 



31 

middle income countries, lower income middle income countries, and low incomes. This 

arrangement shows a positive linear relationship between the size of an economy and its 

performance on this indicator. The figures below present the output of ANOVA as well as the 

performance indices of countries in this metric. 

Table 4.3. The Output of ANOVA coefficients for Shannon Diversity 

 

4-1: Note the value of the  PR(>F) coefficient. This is the coefficient that displays the p-value. 

 

 

Fig 4.3. The Mean values of Shannon Diversity Indices in Different Income Groups 

 

 

4.2.3 Multiple Functional Attribute Diversity 

In this indicator, Lower middle income countries emerged winners, with a total MFAD 

score of 51.48. Upper middle income countries followed with 49.57, high income came third with 

47.36, and then lastly low income, with 34.81. The arrangement of this order reveals that there 

might be a non-linear relationship between the two factors. This is further proved by the results of 
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ANOVA, which showed statistical insignificance in the MFAD values of each country group. So, 

despite there being a visible difference in the final MFAD values in each country group, one has to 

conclude that there is no statistical significance between them and the country groups. 

Fig 4.4. MFAD values for different country groups 

 

Table 4.4. ANOVA output for Size of Economy vs MFAD values. 

 

4.2.4 . Nutrition Balance Score 

In this indicator, there seems to be a very small difference between income groups. The 

deductive nature of the dataset prevented one from performing ANOVA on it, but a quick 

examination of nutrient balance scores for males and females in each income group shows a 

relatively small difference, although that difference seems to favor high income countries. In the 

dataset, high income countries scored a nutrient balance score of 79.47 for males and 79.34 for 

females, upper middle income countries 79.43 for males and 79.31 for females, lower middle 

income 79.397 for males and 79.286 for females, and low income countries 79.296 for males and 
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79.174 for females. A savvy examination of the data shows that there is a perceptible linear 

relationship between income groups and nutrient balance score, a positive one, as it increases, 

albeit in small amount, as countries move from low income to high income. Below is the resulting 

dataset. 

Table 4.5. Nutrient Balance Scores For Different Country Groups 

 

4.3 . Ecosystem Stability 

In this metric, high income countries emerged victors with an index score of 60.2, followed 

by lower middle income (50.93), followed by upper middle income (48.67), and lastly low income 

(45.38). A close inspection on how country groups are arranged reveals that there is a possibly non-

linear relationship between the variable “income groups” and the performance on this index. Below 

is a graphical presentation of the performance values. 

Fig 4.5. Performance on the second metric: Ecosystem Stability 

 

A deeper inspection of how country groups performed in each indicator might be essential 

in understanding the reason for the non-linear relationship. 
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4.3.1 . Ecosystem Status 

In this metric, the difference in the size of the economy had a statistically significant 

impact on the outcome of the indicator. The ANOVA output for the analysis was p < 0.001. Higher 

income countries tend to score better in this metric, with median values of 57.20 for high income 

countries, 43.60 for upper middle income, 34.20 for lower middle, and 32.25 for low-income. Their 

distribution showed a clearer picture though. The KDE distribution plot of high income countries‟ 

values was leptokurtic in nature, showing the presence of a lot of outliers at both ends of the 

spectrum. The distribution curves of the remaining country groups mesokurtic in nature, showing a 

rather close range of values in these country groups. 

 

Table 4.6. ANOVA Coefficients for EPI‟s of Different Country Groups 

 

 

Fig 4.6. Distribution of EPI values for different country groups 

 

4.3.2 . Per Capita GHG Emissions From Agriculture 

For this indicator, the difference in sizes of incomes didn‟t cause any statistically different 

outcome in different countries. The p value of ANOVA was 0.5899, larger than the alpha value of 

0.05. This was further shown by the median values for this indicator which weren‟t much different 
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among the country groups. For all country groups, the median values were 50. Below are the 

distributions of different countries in this indicator, along with its ANOVA output. 

Fig 4.7. Per Capita GHG emissions from Agriculture 

 

Table 4.7. ANOVA Output for Agricultural GHG per capita. 

 

4.3.3 . Per Capita Net Freshwater Withdrawals 

The ANOVA of this indicator showed that the size of an economy causes a statistically 

significant effect between countries. The p-value was less than 0.01 (1.499603e-18). An 

examination of the median values for this indicator agreed with this, showing a median value of 

11.5% withdrawals in high income countries, 59.9% in upper middle income, 80.6% for lower 

middle income, and 76.1% for low income countries. Here, the relationship between the size of an 

economy and this indicator might also be non-linear, observing that low income countries withdrew 

less that lower middle income countries. The graph below shows the KDE distribution of different 

income groups in this indicator. 
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Fig 4.8. The KDE Distribution of Water Withdrawals According to Country Group 

 

Fig 4.9. Median Per Capita Water Withdrawals For Agriculture in Different Income groups 
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4.3.4 . Per Capita Energy Use from Non-Renewable Sources 

The ANOVA analysis for this indicator showed a statistically significant difference 

between income groups and proved the alternative hypothesis that sizes of income determine the 

outcome of this particular indicator. The relationship between the two variables also seem to be 

linear as the per capita non-renewable energy used in agriculture increased as countries changed 

from one income group to another. High income countries used a median of 0.00589 TJ per capita, 

Upper middle 0.003237 TJ, lower middle 0.000746, and low income 0.000190 TJ (Terajoules). 

Below are the ANOVA results and a comparison of their means. 

 

Table 4.8. ANOVA output for Per Capita Non-Renewable Energy Use in Agriculture 

 

Fig 4.10. Median Per Capita Energy Use in Agriculture From different Country Groups 

 

4.3.5 . Per Capita Land Use in Agriculture 

Like the previous indicator in this metric, the ANOVA analysis for this indicator showed a 

statistically significant difference between countries in different income groups (p < 0.01). There 

seems to be a negative linear relationship between the two variables such that per capita land 

increase used in agriculture reduces as a country becomes richer. This makes sense considering the 

productivity increases that are usually common in high income countries compared to low income 
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countries when it comes to agriculture. The difference between lower and upper middle income 

countries on this metric seems negligible though, though lower middle income countries still use a 

slightly larger median amount of land for agriculture per capita. Below are the figures displaying 

the ANOVA results for the indicator, along with the comparison of its median values. 

Table 4.9. ANOVA Output of Per Capita Land Use Between Income Groups 

 

Fig. 4.11. Median Per Capita Land Use According to Income groups 

 

4.4 . Food Affordability and Availability 

As mentioned in the materials and methods section of this writing, 2 of the 4 indicators of 

this metric weren‟t used. Again, high income countries won by a considerably good margin. Their 

total score in this metric is 78.4, followed by upper middle income who have 68.9, then followed 

by lower middle income who have 57.1, then lastly by low income countries who have 45.4. The 

figure below presents a graphical presentation of these findings. 
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Fig. 4.12. Country Group Scores on Metric 3: Food Affordability and Availability 

 

4.4.1 . Food Affordability 

The ANOVA of this indicator showed a statistically significant difference caused by size of 

income (p < 0.01). The sample size 34 high income countries, 15 low income countries, 30 lower 

middle income countries, and 23 upper middle income countries led to this output. Median 

affordability score for low income countries was 42.6, 59.85 for lower middle, 78.00 for upper 

middle, and 89.35 for high income. Here, there is a positive linear relationship suggesting that 

affordability increases as a country becomes richer. 

Table 4.10. ANOVA Output For Food Affordability Score Among Income Groups 
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Fig 4.13. Bar plot of Median Food Affordability Scores 

 

 

4.4.2 . Food Availability 

Just like the previous indicator, the size of an economy shows to cause a statistically 

significant difference in food availability between countries (p < 0.01). Again, the relationship is 

positively linear, meaning you are more likely to find food easier in higher income countries than 

in lower. The median availability values for high income countries are 67.45, 59.8 for upper 

middle, 54.3 for lower middle, and 48.2 for low income. Below are the figures displaying the 

ANOVA output and the bar plot of this analysis. 

 

Table 4.11. ANOVA Output for Food Availability 

 

  



41 

 

Fig 4.14. Median Food Availability Values 

 

 

4.5 . Social cultural Wellbeing 

3 out of 4 indicators for this metric didn‟t have enough data. That being the case, the 

inference for the metric was taken from only one of its indicators, which is the gender gap index. 

According to this indicators, there is a statistically significant difference between income groups 

and the relationship between the two variables seems to be positively linear. The ANOVA output of 

the indicator had a p-value smaller than 0.01 (p < 0.01). Below are figures showing the ANOVA 

output for the indicator, and the bar graph of each country‟s median values. 
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Table 4.12. ANOVA Output for Gender Equity Values Between Income Groups 

 

Fig 4.15. Gender Gap Index Values 

 

 

4.6 Resilience 

 Here, high income countries again take the mantle, leading all other groups with an overall 

score of 53.8. The metric seems to have a positively linear relationship with size of an economy, as 

the score goes on increasing as the size of an economy gets larger. The remaining scores are as 

following: 48.01 for upper middle income, 43.88 for lower middle income, and 42.98 for low 

income. The graph below gives a graphical presentation of these results. 
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Fig 4.16. Metric Score for the Fifth Metric: Resilience. 

 

4.6.1 . ND-GAIN 

The ANOVA of this indicator shows a statistically significant difference between country 

groups. The p-value is less than 0.01 (p < 0.01). The relationship also appears to be positively 

linear, with the score getting better as countries change into higher income groups. The median 

index for high income countries in this indicator is 61.69, followed by upper middle income with 

49.75, followed by lower middle income with 41.9, followed by low income at 35.29. The 

following are ANOVA output and bar plot of the median values for this indicator. 

 

Table 4.13. ANOVA Output for the ND-GAIN Index 
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Fig. 4.17. Median ND-GAIN Values 

 

 

4.6.2 . Food Production Diversity 

 Scores in this indicator didn‟t show any statistically significant difference between income 

groups. The p-value was larger than the 0.05 threshold (p > 0.05), and the median scores among 

income groups also portrayed this. Here, low income came first with an indicator score of 50.6, 

upper middle income second with 46.27, high income third with 45.94, and lower middle income 

fourth with 45.84. As one can see, the arrangement of income groups in this ranking suggests a 

non-linear relationship between this and the size-of-economy variable, which to a large extent 

might have also skewed the results of the ANOVA analysis. Below is a visualizations of median 

value performance of income groups in this indicator, and the corresponding ANOVA output. 

 

Table 4.14. ANOVA Output for Food Production Diversity 
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Fig 4.18. Median Values Food Production Diversity 

4.7 . Food Safety 

 As mentioned in the materials and methods section, this metric had only one indicator in it 

that was usable. The GFSI food safety score showed a statistically significant difference between 

income groups, with high income countries leading, followed by upper middle income, lower 

middle income, and lastly low income. As one can see, the relationship is positively linear, with 

food safety proposedly increasing as the size of an economy increases. The graph below presents 

the results of this indicator, along with the corresponding ANOVA output for it. 

 

Table 4.15. ANOVA Food Safety Score 
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Fig. 4.19. Median Food Safety Among Income groups 

 

4.8 . Waste and Loss Reduction 

 In this metric, high income countries again came first, with an overall score of 51.82. 

Upper middle income came second with 51.04, lower middle income third with 46.81, and low 

income last with 43.82. This is surprising, considering the fact that it has been known, and even 

found in previous studies that used the same methodology (Gustafson et al., 2016), that high-

income countries perform poorly in this metrics. The explanation has always been that high income 

countries had more pre-consumer food waste, especially from out-of-home sources such as 

restaurants and fast foods, but recent data from FAO shows this to not be the case. Median values 

from high-income countries on pre- and post-consumer food wastes are below low-incomes values, 

which is a strange thing. 
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The ANOVA analysis showed a statistically significant difference between countries at the 

threshold of 0.01. Below are the ANOVA output and a graphical visualization of the performance 

values of different income groups in this metric. 

Table 4. 16. ANOVA Output: Waste & Loss Reduction Vs Size of Economy 

 

Fig. 4.20. Performance of Different Country Groups in Metric 7: Waste and Loss Reduction  
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5.  CONCLUSION 

 

As displayed via several chapters above, there is still a huge room for improvement in the 

data sourcing side of things for this method to be robust in doing an up-to-date analysis based on 

size of economy. Several key indicators couldn‟t be deduced, which robs away from the robustness 

of the methodology itself. 

Nonetheless, there are still valuable insights that have been accrued from the study, be it as 

limited as it was. We see that, different from what previous studies denoted about high income 

countries, they now perform better than all other groups when it comes to waste and loss reduction, 

a metric whose data was as current as expected. From this finding therefore, one can advise policy 

makers in low-income countries to design better frameworks for recycling pre- and post-

agricultural waste in order to create a less wasteful economy. Low-income economies can also 

improve on other metrics such as Food Safety, Social Cultural Well-being, and Resilience, both of 

which it came last among other groups. 

For a more insightful future study, it would be recommend the study be re-done at a time 

when there is enough data for each indicator up to year 2019. This can happen sooner than later, 

since mainstream databases that couldn‟t cover / collect information on the missing indicators 

(mainly due to the CORONA pandemic) above have now been revamped, and new and up-to-date 

information is being added daily. 

Another good recommendation would be to conduct a similar study at the regional level. At 

this scale, it is possible to have ready data than it was for a global scale and thus the study might be 

more insightful. The same study can be done to analyze sustainable nutrition security in Sub-

Saharan Africa for example, East Asia, and the like. With this approach, one might find it easier to 

collect data for each metric for each country in the sample size. 
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