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Abstract: The United Nations has adopted 17 sustainable development goals for 2030 with environ-
mental sustainability being one of the main pillars. A key point to address this pillar is the proper
management of waste generation. Within the broad spectrum of waste types, food loss and waste is
produced worldwide in large quantities. In this framework, the development of composite indexes
is recommended to measure the level of compliance of any context with Sustainable Development
Goals. This work presents a novel composite index for food loss and waste generation and man-
agement systems, the so-called sustainable development goals-food (SDG-Food) index, aiming to
determine the level of compliance of any concrete national, regional, or local context regarding five
different sustainable development goals with a water-climate-food nexus thinking. The pilot case
study of Spain is presented by analyzing the environmental performance between 2015 and 2040 in a
context of (i) compliance and (ii) non-compliance with the Paris Agreement targets. Additionally,
four different diets are assessed. Results suggested a numerical index score of 13.79, highlighting
the categories of eggs, cereals, meat, and vegetables, and the stages of agricultural production and
consumption, as the furthers ones for compliance with the five SDG assessed. Moreover, the scenario
of compliance with the Paris agreement targets presented better values for all stages, and a vegan
diet was highlighted as the one with the best index score.

Keywords: sustainable development goals; food waste; composite index; water-climate-food nexus

1. Introduction

Nowadays, freshwater and food access are far from being ensured for a big part of
the global population. Moreover, among these problems, food security is being affected by
climate change. It is observed especially in African dryland areas and the high mountain
regions of Asia and South America, due to declines in yields and crop suitability, as well as
impacts in pastoral activities [1]. In this sense, on the one hand, the energy consumption
of food systems represents, globally, about 30% of the final energy use [2], and 70% of the
world ’s freshwater withdrawals are used for agriculture (as well as 78% of the eutroph-
ication in oceans and freshwater reserves). Additionally, food systems produce around
26% of the anthropogenic greenhouse gas emissions [3]. On the other hand, in a global
context of increasing population, food production needs and global water use are expected
to increase in 2050 by 60% and 50%, respectively [4].

Dietary choices are strong determinants of human health, but recent awareness has
grown around the fact that foods and beverages we produce, choose, and consume may
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significantly affect the environment [5]. According to Clark et al. [6], Mediterranean,
pescetarian, vegetarian, and vegan diets could reduce the incidence of diet-related diseases
and improve environmental outcomes.

In this framework, in 2015, the United Nations member states adopted 17 sustainable
development goals (SDG) that prompte a global political agenda in which environmental
sustainability is one of the main pillars. To achieve it, a key point is undoubtedly the proper
management of waste generation. Within the broad spectrum of waste types, food loss and
waste (FLW) is highly produced worldwide, representing at least one-third of all edible food
production [7]. To measure the level of compliance of any national, regional, or local context
with the SDG, the development of composite indexes is recommended for providing useful
information to decision-makers [8]. Different composite indexes are being established to
monitor the progress of sustainable development. The SDG index was originally composed
of 77 indicators but now compiles 99 indicators, measuring the degree of sustainability
in more than 150 countries [9]. Based on the SDG index, Jabbari et al. [10] presented a
composite index called the development index (DEVI), which has a high correlation with
the human development index. Moreover, different sectorial indicators already exist. As
an example, the SDG-9 index measures a country’s progress towards achieving industry-
related targets of the SDG-9 (industry innovation and infrastructure) [11]. Other examples
are the multilevel sustainable development index implemented to analyze62 industries
in the German economy [12], or the three dimensional resource-efficiency capacity index
suggested by Moreno and Garcia-Mérquez [13]. Furthermore, there are also indicators
with a territorial approach, using data collected and reported sub-nationally, as is the case
of the indicator promoted by Alaimo and Maggino [14], which analyses the first three
SDGs (no poverty, zero hunger, and good health and well-being) regarding the different
Italian regions. In this context, an emerging body of research promotes decision criteria for
sustainable FLW management related to the characteristics of food [15], linking different
food security and food system dimensions spanning from local to global levels [16]. In this
field, Agovino et al. [17] introduced a revised version of the so-called food sustainability
index by computing two indices for 25 countries worldwide using data envelopment
analysis. Azzurra et al. [18] developed three indices for measuring sustainable food
consumption, summarizing a set of variables for (i) assessing organic consumption intensity,
(ii) the degree of both food sustainability concerns, and (iii) sustainability in consumers ’
lifestyle. Finally, regarding environmental impacts of different diets, Rosi et al. [5] presented
the Italian Mediterranean index in order to evaluate the nutritional quality of each diet,
concluding that regardless of the environmental benefits of plant-based diets, there is a
need for thinking in terms of individual dietary habits.

On the other hand, as the environmental impacts of water use, climate change, and
food consumption are closely related to each other, the use of indicators highlighting this
kind of linkages is still needed [19]. A good example is the wastewater reuse effectiveness
index, which couples biophysical and institutional models of water-energy-food interac-
tions [20]. Moreover, Laso et al. [21] developed an integrated water-energy-food-climate
nexus index (WEFCNI). It was used to assess the management of residues from the an-
chovy canning industry in the region of Cantabria (Spain). Additionally, Leivas et al. [22]
presented an integrated index combining the life cycle assessment and linear programming
under a water-energy-climate nexus approach implemented in the spirit drinks field as a
case study.

This work presents a novel composite index—the SDG-food (SDG-Food) index—
which interrelates five SDG (SDG2, SDG6, SDG7, SDG12, SDG13) through three different
environmental impacts indicators related to the water-climate-food nexus for the specific
analysis of FLW generation at any food supply chain (FSC). All told, it aims to develop a
sectorial indicator regarding food systems and to determine which SDG are most important
when developing policy strategies to reduce the impact of FLW generation. This indicator
aspires to be implemented at different territorial levels, analyzing different stages of the FSC
and several categories of food. In order to test the index, the case study of the Spanish FSC
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was analyzed. The assessment was first developed in the current context (2015) and then
in different situations over time between 2015 and 2040 in a framework of (i) compliance
(2DS) and (ii) non-compliance with the Paris Agreement targets (BAU). Among the targets,
the goal of limiting global warming to well below 2 °C above pre-industrial levels and
pursuing efforts to limit it to 1.5 °C stands out [23]. Finally, the evolution of the index in
four different diets was also assessed:

(i) Anomnivorous/Mediterranean (currently) diet could be considered a plant-oriented
dietary approach [5]. The Mediterranean diet represents the crystallization of the
centuries-old cooking legacies of different civilizations [24], and is considered one of
the healthiest dietary models [25]. It is characterized as containing large amounts of
fruits, vegetables, whole grains, legumes, moderate amounts of seafood, and small
amounts of other meats. Moreover, olive oil is used as the primary oil [6].

(ii) A pescatarian diet includes fish, dairy products, and eggs. In other words, it is a
vegetarian diet including fish and seafood [26].

(iii) A vegetarian diet includes cereals, roots, sugar, vegetable oils, vegetables, fruits,
pulses, dairy products, and eggs [26].

(iv) A vegan diet is a vegetarian diet excluding dairy products and eggs [26].

2. Methods

Figure 1 depicts the proposed methodology to determine a composite index to eval-
uate FLW generation based on water, climate, and nutritional impacts related to the five
SDGs: (i) SDG2 to end hunger, to achieve food security and improved nutrition, and to
promote sustainable agriculture; (ii) SDG6 to ensure availability and sustainable manage-
ment of water and sanitation for all; (iii) SDG7 to ensure access to affordable, reliable,
sustainable, and modern energy for all; (iv) SDG12 to ensure sustainable consumption and
production patterns; and (v) SDG13 to take urgent action to combat climate change and its
impacts. From the five goals considered, SDG7 and SDG13 were assumed to represent the
climate pillar of the index. In order to quantify those goals, the FLW generated along the
whole FSC was transcribed into the global warming potential (GWP), excluding biogenic
carbon, selected from the CML v3.06 methodology [27]. The method was selected as a
widely used method in the life cycle assessment (LCA) literature [28]. For the nutritional
FLW (NFLWF) analysis, SDG2 and SDG12 were considered and determined using the
methodology for calculating the so-called nutritional FLW footprint from cradle to gate
(NFLWF cto¢) and nutritional FLW footprint from gate to grave (NFLWF ¢1o¢), based on Garcia-
Herrero et al. [26]. Finally, SDG6 was assumed to embody the water impacts and was
quantified considering the water footprint (WF) results of Batlle-Bayer et al. [29]. The WF is
an indicator of freshwater use that looks not only at the direct water use of a consumer or
producer but also at the indirect water use [30]. According to Hoekstra et al. [31], the water
footprint of a product comprises three color-coded components: (i) green water (water
evaporated from soil moisture supplemented by rainfall), blue water (water withdrawn
from ground or surface water sources), and gray water (the polluted volume of blue water
returned after production). The data used in this work represents only blue water, i.e.,
the water use for producing the food that was lost or wasted. The selection was due to
the fact that blue water assessment is the most used in the literature, being green and
gray WF less frequent measurements to date. According to the Organization for Economic
Cooperation and Development (OCDE) [32], the first step to obtaining a composite index is
to normalize the individual indicators, and thereupon dimensionless values are aggregated
using weighting factors. Therefore, after calculating the three proposed indicators related
to SDG2, SDG6, SDG7, SDG12, and SDG13; an internal normalization was done, using as
reference the highest value in the different food categories.

The three dimensionless values are aggregated in the global SDG-Food index, and
therefore a weighting process is necessary. The weighting factor for the water and cli-
mate pillars was assumed to have a value of one, as they are represented by only one
environmental impact category—the WF and the GWP, respectively. On the other hand,
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as the nutritional loss, representing the food pillar, was assessed by the NFLWF o, and
the NFLWF 1o, which together are representing the whole FSC, a weighting factor of 0.5
was implemented.

Sustainable Development Goals (SDG) Related indicator Normalisation and weighting

SDG6: Ensure lability and inabl g Water Footprint
of water and sanitation for all (WF) I

WATER

SDG7: Ensure access to affordable, reliable, sustainable
and modern energy for all

Global Warming | SDG- Food
SDG13: Take urgent action to combat climate change Potential (GWP) z > Bdex
and its impacts
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SDG2: End hunger, achieve food security and improved

g nutrition and promote sustainable agriculture Nutritional FLW
2 SDG12: E tainabl ti d producti Footprint Is
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patterns

Figure 1. Conceptual diagram of the sustainable development goals (SDG)-Food index development methodology.

The index has a minimum limit around 6 and a maximum around 33 (dimensionless).
The interest of the presented methodology is (i) the comparability between different stages
of a FSC and food categories, and (ii) the comparability of the calculated values of the index
with future studies (e.g., countries, regions, cities, etc.).

3. Case Study
3.1. System Description

The methodology was applied to analyze the impacts of FLW generation in Spain
along the FSC in 2015 (Figure 2). This case study was selected because Infante-Amate and
Gonzélez de Molina [33] suggested that the present way the country feeds the Spanish pop-
ulation is an inefficient process. However, when comparing between different countries or
regions, the subject of a case study and could be addressed in future works. The definition
of FLW used in this work refers to FLW occurring at every stage of the FSC [34]. The Span-
ish basket is divided into 11 food categories: eggs, meat, fish and seafood, dairy products,
cereals, sweets, pulses, vegetable oils, vegetables, fruits, and roots. Moreover, the four
stages of the FSC included agricultural production, processing/packaging, distribution,
and consumption.

In addition, several hypotheses were proposed to determine the evolution of the
impacts over time and under certain policy conditions. The environmental performance
was assessed from 2015-2040 considering a framework of compliance (2DS) and non-
compliance (BAU) with the Paris Agreement targets, based on the approach developed
by Aldaco et al. [35]. The simulations over time were constructed using the energy mix
projections developed by the TIMES integrated assessment model from the University
College London (TIAM-UCL). These simulations consider 16 regions covering all the
world [36]. For this work, data for the Western European Region, which includes Spain,
were used. As represented in Figure 3a, the projection in a BAU framework highlights
a continuous increase in the energy produced from coal. Thereby coal would be the
source of around 60% of the total energy generation in 2040, followed by hydropower
(20%), and natural gas, with less than 10%. On the other hand, in a 2DS framework, as
represented in Figure 3b, nuclear power seems to have an enormous increase, reaching a
surprisingly percentage of 55% of the total electricity mix in 2040, followed by hydropower
(20%) and onshore wind (10%). This indicates that certain decarbonization policies in
the electricity sector may foster the rise of other problems (i.e., increase in nuclear energy
generation), opening the discussion about whether the outcome justifies any strategy to
meet the Paris Agreement targets. Finally, regarding biomass and biomass with carbon
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capture sequestration, both options suggested a start to decreasing by 2025 until almost
disappearing by 2040.

FLW for Spanish FSC in 2015
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Figure 2. Description of the case study. FLW: food loss and waste, FSC: food supply chain, SDG:
Sustainable Development Goals, LCA: life cycle assessment.
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for the Western European region. (a) Projected BAU and (b) 2DS energy mix contexts from 2015 until 2040. PV: photovoltaic,
CCS: carbon capture sequestration. Waste-to-energy technologies, such as thermal treatment, are included in the biomass.
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3.2. Data Collection and Calculation

Firstly, the amount of FLW in the Spanish FSC and its embodied energy loss were
determined using the material flow analysis developed by Garcia-Herrero et al. [26] and
the energy flow assessment presented in Hoehn et al. [37]. Based on those inventories the
climate, nutritional, and water indicators were calculated.

To determine the climate indicator, the amount of primary energy required to produce
each food category was converted into GWP using the database of the GaBi software [38]
and the CML v3.06 methodology [27].

The allocation, conversion, and FLW factors used were extracted from Gustavs-
son et al. [39]. The exception were concrete products, such as apples and bananas, for
which specific FLW factors from Vinyes et al. [40] and Roibas et al. [41] were used. For
the quantitative calculations, data reported by the Spanish Department of Agriculture and
Fishery, Food, and Environment [42] were used.

The water consumption assessment was based on Batlle-Bayer et al. [29]. The kilo-
grams of water needed per ton of generated FLW for the 1 food categories (blue WF) are
presented in Table 1.

Table 1. Water footprint values assumed for each food loss and waste category (in kilograms per
ton), based on Batlle-Bayer et al. [29]. WE: water footprint.

Food Category WF (kg of Water/Ton FLW)
Eggs 458.9
Meat 665.1

Fish and seafood 413.0
Dairy products 435.3
Cereals 523.0
Sweets 234.2
Pulses 134.3
Vegetable oils 1517.0
Vegetables 214.1
Fruits 220.2
Roots 168.2
Total 4983.4

Finally, the data from the nutritional analysis carried out in Garcia-Herrero et al. [26]
were implemented to construct the nutritional indicator of the index. The combination of
these three data sets aims to provide a novel holistic water-climate-food nexus approach
regarding the Spanish context of FLW generation for future policy-making.

3.3. Main Limitations and Assumptions of the Study

The data used of FLW generated have considerable limitations, as they are important
gaps in the clarity of the currently developed databases [43]. Additionally, the reported
information normally refers to the generation of biodegradable municipal waste instead of
specifying bio-waste or FLW generation [44]. In this line, biodegradable municipal waste
can also include paper, cardboard, and biodegradable textiles. On the other hand, FLW is
often mixed with general waste, especially in the more advanced stages of the FSC. Due
to this fact, the determination of which percentage corresponds to FLW exclusively is a
difficult task. The generation of FLW also varies depending on factors such as the time of
year, and region. Thereby, the main limitations are the uncertainty in the data used.

Regarding the TTAM-UCL data used for the practical example, it is needed to highlight
that any scenario simulation represents always a simplification of reality.

Moreover, this work described a methodology for developing a composite index,
considering that indexes are an interesting and useful tool for guiding policy-makers.
Nevertheless, there are several criticisms regarding the fact of analyzing and quantifying
complex problems through composite indexes, as it transforms complex realities into
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single quantitative or qualitative rankings. In that sense, Ringler et al. [45] stated that
aggregating different indicators into a unique number could be a source of losing a lot
of information. Additionally, the OCDE [32] suggested that composite indicators might
send misleading policy messages if they are not well constructed or interpreted, leading to
mistaken analytical or policy conclusions. In this framework, a recent publication of the
FAO highlighted the SDG14 (marine resources) and SDG15 (terrestrial ecosystems, forestry,
biodiversity) to be considered when searching for a higher environmental sustainability in
food systems [46], which are out of the scope of this work.

Finally, it is important to highlight that the weighting process carried out in this
methodology is based on assumptions that inevitably respond in order to hide value
judgments. In that sense, although many different weighting techniques exist, weights
always represent value judgements with a certain level of uncertainty. Moreover, in order
to test the replicability of the methodology presented in this work, it would have been
interesting to implement it in multiple-case studies. It would be an important future path
for assuring internal coherence of the findings and concepts presented in this work [47].

4. Results and Discussion

The aim of implementing a water-climate-food nexus thinking is to obtain results that
interconnect with the three pillars, which are considered representative in order to measure
the environmental impacts of any FSC and FLW management system. This approach is
based on the hypothesis that results of any separate analysis can vary much from a holistic
study approach including the three pillars. The results of this work aimed to be a first
example to stand up future studies in other contexts. Section 4.1 analyzes the results of
the SDG-Food index in the current Spanish FSC, evaluating the different stages of the
FSC and food categories. Section 4.2 analyzes the evolution of the indicator in a BAU
and 2DS frameworks in relation to the compliance and non-compliance with targets of
the Paris Agreement. Finally, Section 4.3 highlights the index results regarding the four
selected diets.

4.1. SDG-Food Index in the Spanish Food Supply Chain

The water, climate, and nutrition indicators denote that eggs, cereals, meat, and
vegetables are the categories with the highest negative influence when aiming to achieve
compliance with the five SDG analyzed (in red in Table 2). On the other hand, pulses,
sweets, and dairy products showed the best environmental performance regarding the
three indicators (in green in Table 2). The nutritional (NFLWF) had the highest contribution
to the SDG-Food index in 8 of the 11 categories because many of the NFLWF values
were close to the maximum values, which were transcribed in higher normalized values
compared to the other two indicators. The exceptions were the categories of eggs, where
the WF was the one with the highest value; fish and seafood, where the GWP presented the
highest impact value; and meat, where GWP and the NFLWF presented the highest values.
According to the results, the NFLWF was, broadly, the one presenting higher impacts.
Thereby, we suggest that Spanish policy-makers put special focus on SDG2 (zero hunger)
and SDG12 (ensuring sustainable consumption and production patterns), followed by
SDG7, SDG13, and SDG, all of which aim to achieve compliance with the SDG on the food
sector. This is in line with the conclusions of Aldaco et al. [48], who highlight the reduction
of FLW as a critical factor for achieving the SDG2 and the SDG12. On the other hand,
the less vegetarian or more non-animal product-based diets then the greater influence the
impacts have on WF (SDG6) and GWP (SDG7, SDG13) due to the values presented by the
categories of eggs, fish, and seafood and meat.
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Table 2. Total and individual values of the three pillars (normalized, i.e. dimensionless). GWP:
Global Warming Potential, NFLWEF: Nutritional Food Loss and Waste Footprint.

Food Category WF GWP NFLWF
(SDG6) (SDG7,SDG13) (SDG2, SDG12)
I; I, I3 It
Eggs 1.00 0.12 0.60 1.72
Meat 0.20 1.00 1.00 2.20
Fish and seafood 0.05 0.62 0.60 1.26
Dairy products 0.04 0.13 0.40
Cereals 0.72 0.80 0.87 2.39
Sweets 0.01 0.03 047
Pulses 0.01 0.10 0.40
Vegetable oils 0.02 0.06 0.73 0.82
Vegetables 0.13 0.64 1.00 1.77
Fruits 0.13 0.13 1.00 1.26
Roots 0.03 0.07 0.67 0.76
Total 2.36 3.70 7.73 13.79

Note: red means the highest negative influence, and green means the highest positive influence when aiming to
achieve compliance with the five SDG analyzed.

Although the database used in previous works was used, the results differed consider-
ably. Regarding the food categories with more impact, Garcia-Herrero et al. [26] suggested
that fruit, vegetables, and meat have the highest rates of nutritional FLW in Spain, and
Chen et al. [49] highlighted cereals, fruits, and vegetables as the three major food groups
contributing to nutrient loss, followed by meat, dairy, and eggs. Moreover, Hoehn et al. [37]
suggested meat FLW as the category with the highest embodied energy loss, which was
much higher than fruit or vegetables. Recently, a new work developed by Laso et al [50]
highlighted vegetables, fruits, and cereals as the categories less efficient in terms of gen-
erated FLW mass. In this work, if the total of the three indicators (WF, GWP, and NFLW)
of each FLW category assessed eggs, cereals, meat, and vegetables then the categories
highlighted as the most important when developing strategies for FLW management in
Spain, by policy-makers, achieved compliance with the five SDGs assessed. This reinforces
the importance of seeking holistic approaches when determining the best political decisions
for the future. If the index values were analyzed in stages, the agricultural production and
consumption showed the highest values (13.02 and 12.99, respectively). On the other hand,
the stages of distribution (12.23) and processing and packaging (11.73) showed the lowest
values, as seen in Table 3. Those results are in line with previously mentioned works (when
they include an assessment by stages) as they agree with the fact that strategies should
focus on the beginning and end of the FSC, suggesting the possibility of decentralizing the
FLW management strategies.

Figure 4 represents the importance of each category by each of the indicators in the four
stages of the FSC. As can be seen, the fact that agricultural production and consumption
are the stages with the greatest impacts is not determined by the NFLWF, which practically
does not vary between stages but is determined by the differences in the WF and GWP.
In the agricultural production stage, the categories with the highest contribution to the
index value are meat (2.17), eggs (1.79), and cereals (1.52). In processing and packaging,
the highest values are those of cereals (2.18), meat (2.00), and fish/seafood (1.29). In the
distribution stage, the categories of cereals (2.24), meat (2.00), and fish/seafood (1.56)
stand out. Finally, in the consumption stage, the categories with the highest values are
cereals (3.00), meat (1.98), and vegetables (1.83). Thereby, the four categories that were
highlighted when analyzing the total results (eggs, cereals, meat, and vegetables) presented
the highest influence at each stage. Additionally, the category of fish and seafood in the
processing /packaging and distribution stages presented an important influence as well.
It is interesting that the one with the highest values for three of the four stages was the
category of cereals. This fact connects with the conclusions of Hoehn et al. [37] in relation
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to the so-called energy return on investment and circular economy (EROl.), suggesting
that FLW cereals in Spain have a high level of embodied energy loss, as well as a specific
potential as a source for energy recovery, especially through anaerobic digestion.

Table 3. SDG-Food index results, regarding each considered stage and the totality of the food supply
chain (in 2015). Total means the index results of the totality of the food supply chain, instead of the
sum of the individual results of each stage (i.e., results of singular stages cannot be added). Values

are normalized, i.e., dimensionless.

Stages WF GWP NFLWF SDG-Food
8 (SDG6) (SDG7,SDG13) (SDG2, SDG12) Index
L I I3 I
Agricultural 1.79 3.57 7.66 13.02
production
Processing and 1.49 2.58 7.66 11.73
packaging ’ ‘ ’ ’
Distribution 1.77 2.66 7.80 12.23
Consumption 1.33 3.86 7.80 12.99
Total 2.36 3.70 7.73 13.79
@9
< 8
g7
g 6
g 5
g 4
x 3
% 2 = E e E s - E —
R
E WF GWP NFLW WF GWP NFLW WF GWP NFLW WF GWP NFLW
3 Agricultural Processing and Distribution Consumption
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Eggs ™ Meat Fish and seafood I Dairy products
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Figure 4. Each food category on each stage and pillar of the SDG-Food index (normalized, i.e.,
dimensionless).

Finally, regarding the SDG-Food indeXx, a value of 13.79 was determined, which, in
accordance with the minimum and maximum possible on the index scale, is in a medium-
high range. If this value is compared with the current ones of the SDG index, Spain is in
the 17th position with an index value of 78.11 out of 100 [51], which proportionally would
be an equivalent value to the medium-high value obtained in this work. Thus, although
this study focuses on only five goals, the results seemed to be by the range of values of the
SDG index.

This value could be compared with newly calculated indexes in other countries,
regions, or localities by implementing the same methodology in other works.

4.2. SDG-Food Index in a Framework of Non-Compliance and Compliance with the Paris
Agreement Targets

If the scenarios of non-compliance and compliance with the Paris Agreement targets
are applied to the data, with the foreseeable evolution of the energy mix, the SDG-Food
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index shows a decrease, i.e., higher sustainability and compliance with the SDG, in all
stages and in the total value for the 2DS framework. Figure 5 represents the total values,
whose trends are similar for the separate stages. Thus, in 2040, the index would decrease
by 24.8% compared to 2015, reaching the value of 10.3. On the other hand, if the Paris
Agreement targets are not achieved (BAU framework), there would be an increase in
the index in all stages and in its total value, increasing 19.0% in 2040 compared to 2015,
reaching a value of 16.3. If the specific values of each stage are observed, the highest
values would be found in the consumption stage in 2040 with a value of 15.6 (in the BAU
framework). On the contrary, the processing/packaging (9.3) and consumption stages
(9.4) stages would reach the lowest values in 2040 (in the 2DS framework). However, the
differences are not very significant in the evolution between each of the stages, and the
interesting information is the reduction of the index that would be achieved by complying
with the Paris Agreement targets until 2040, as well as the increase in the index that this
would be happening in a situation of non-compliance with the targets. This results reinforce
the statement presented in other works, showing how the Paris Agreement targets can be
made consistent with food security objectives and how multiple SDG can be achieved [52].

18

= R e
O N = O

SDG-Food index (dimensionless)

O N = O

2015 2020 2025 2030 2035 2040
@2DS @mBAU

Figure 5. SDG-Food index results regarding the total of the food supply chain between 2015 and
2040, in a scenario of non-compliance (BAU) and compliance (2DS) with the Paris Agreement targets

(normalized, i.e., dimensionless).

4.3. SDG-Food Index Regarding Different Diets

Food commodities have been assessed according to four different diets: omnivorous-
Mediterranean (currently), pescatarian, vegetarian, and vegan diet. The current diet in
Spain is assumed as a mix between omnivorous and Mediterranean diets. As seen in
Figure 6, the results indicate that the lowest values of the index, i.e., better environmental
performance, for the vegan diet, followed by vegetarian and pescatarian diets (in all stages
of FSC). Specifically, a vegan diet would reach a 29.88% reduction in the values of the
SDG-Food index with respect to the current diet, a vegetarian diet 18.33%, and a pescatarian
diet 13.06%. The greatest differences between a vegan diet and the current diet occur in
the stages of agricultural production and processing/packaging, where the differences
are 37.50% and 37.14%, respectively. An exception is highlighted in the distribution stage,
where the pescatarian diet appears with a slightly lower value of the index than the
vegetarian one. The results are in line with a previous degrowth assessment of the Spanish
FSC [53], where a re-vegetarianization of the diets seemed to be the best pillar for achieving
a spiral bioeconomy towards sustainable food production and FLW management systems.
Moreover, in the literature, there are also a wide range of works concluding that “going
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back” to plant-based diets worldwide seems to be a reasonable alternative for a sustainable
future [54].

16

14 —

10 —

SDG-Food index (dimensionless)

Currently Pescetarian Vegetarian Vegan

[ Agricultural production [ Processing and packaging [ Distribution [ Consumption [ Total

Figure 6. SDG-Food index results regarding the four different diets considered (normalized, i.e.,

dimensionless).

5. Conclusions

This work presented a methodology with a water-climate-food nexus for the develop-
ment of the so-called SDG-Food index, which is based on five SDG-related food systems
and their FLW generation. We aimed provide policy-makers with an understandable novel
tool to highlight the level of compliance or non-compliance of any national, regional, or
local FSC and FLW management system, for the development of decentralized policies
based on each concrete context. We further considered 4 stages of the FSC and 11 FLW
categories. Results of the Spanish case study highlighted a SDG-Food index value of
13.79, suggesting the food pillar as the most decisive one when developing future political
strategies. Regarding the food categories, results suggested the categories of eggs, cereals,
meat, and vegetables as better for compliance with the five SDG assessed. The stages of
agricultural production and consumption seemed the highest index values if they were
separately assessed. Moreover, a scenario of compliance with the Paris Agreement targets
until 2040 presented better values for all stages, and a vegan diet was highlighted as the one
with the best index score, followed by a vegetarian and a pescatarian diet. Future works on
different FSC and FLW management systems could lead to comparative possibilities.

Additionally, a challenge that should be addressed in the future is the possibility of
adding social aspects to this composite index. Nevertheless, there is an important problem
with many composite indicators when they add together scores of environmental and social
indicators, as they often make the implicit wrong assumption that environmental and social
objectives can be substituted between them. Therefore, future work will be important to
consider that more societies do not compensate for less environmental work, or vice versa.
The same principle applies to each of the SDGs, as each of the goals should be measured
and they cannot be replaced by better values in other goals. Finally, the possibility of
expanding this index to analyze regional and local contexts should also be considered.
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