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The ‘Water—Energy—Food’ (WEF) Nexus concept is evolving and expanding, as it is essential
for finding synergies and compromises between these three sectors under climate change
and for building a green economy. This work aims to present and analyse some indicators of
the WEF Nexus Index for Bulgaria, according to which the country ranked 66th in the world
in 2022. The data sources were the publications of the National Statistical Institute, the Min-
istry of Environment and Water, etc. The current study found that most indicators in the
three pillars objectively assess the country’s water resources, energy, and food sectors. The
findings reveal a lack of information about the ‘Food’ pillar, resulting in an inability to assess
this pillar objectively. Additionally, the evaluation of several sub-pillars based on the official
data shows inaccuracies in the final WEF Index result for the country. This work represents
the first presentation of the WEF Nexus Index for Bulgaria and continues the authors’ study
on the dynamics of the water, energy, and food sectors.

Water—Energy—Food
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WEF Nexus Index
Bulgaria

Introduction

Although discussions and criticism (Williams et al., 2019)
about the meaning of the Food-Energy-Water (WEF) nex-
us framework continue (Wichelns, 2017; Pandey & Shres-
tha, 2017), the concept is developing and broadening be-
cause it is crucial for achieving Sustainable Development
Goals water-, energy-, and food-related (Yue et al., 2021;
Cansino-Loeza et al., 2021; Proctor et al., 2021; Senzanje
et al., 2022; Segovia-Herndndez et al., 2023), for the tran-
sition toward a green economy (Brears, 2023), and to pro-
mote sustainability (Cansino-Loeza et al., 2022). The WEF
is a systems-based approach for objectively analysing the
synergies, conflicts, and trade-offs between these critical
linkages (Albrecht et al., 2018). This framework is also sig-
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nificant because the link between vital water, energy, and
food systems is essential for efficient governance and se-
curitisation of resources (Leese & Meisch, 2015) to guide
cross-sectoral policies (Albrecht et al., 2018) for poverty
reduction. Understanding the links among water, ener-
gy, and food systems can improve climate change adap-
tation strategies (Herrera-Franco et al., 2023) and sustain-
able development of the socio-ecological systems (Jahel et
al., 2023). The WEF Nexus aligns with the Stockholm En-
vironment Institute’s (SEI) concepts for societal develop-
ment, which focus on integrating the lower socioeconom-
ic classes, enhancing economic efficiency by “creating
more with less,” and maintaining ecosystem services (SEI,
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2011). The essence of the water, energy, and food frame-
work is the interconnectedness of the three systems, and a
change in one sector will have consequences for the others.
By maintaining an ecologically sustainable balance among
these critical sectors, the WEF framework can significant-
ly shape future development strategies, particularly in re-
gions where resource security is at risk.

Bulgaria’s available renewable freshwater resources in
2022 are 15-16 m, less than the reference period 1961-1990.
The freshwater abstraction for the economic sectors in the
same year is 5.5 billion m? cubic meters. Most water is ab-
stracted for cooling processes in the energy sector, 66.4%.
The water abstracted for water supply (from the water sup-
ply and sewerage) is 14.7%, and for irrigation in agriculture,
it is 14.3% of all water used for the economy. More than 50%
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of abstracted freshwater in Bulgaria for cooling processes
in energy production comes from the Danube River. Water
reserves decrease significantly during the summer-autumn
period, accounting for 12% and 18% of the annual river run-
off. Over 200 settlements in the country experienced inter-
rupted water supply. The water levels in the reservoirs are
decreasing, hindering vegetable producers and hydropow-
er generation in run-of-river hydropower plants. The de-
scribed situation creates a need for compromises between
available water reserves, water supply, hydropower genera-
tion, and irrigation. The state of the link between the water,
energy, and food sectors in Bulgaria under climate change is
described by Hristova & Nikolova (2024). The current study
aims to present and comment on the “water-energy-food”
index for Bulgaria in the last five years.

The sources of the data for Bulgaria in the current study
are the Ministry of Environmental and Water (MOEW),
the Ministry of Health, the Ministry of Agriculture and
Food, the National Statistical Institute (NSI), the Execu-
tive Environment Agency (EXEA), Strategy for Sustaina-
ble Energy Development of the Republic of Bulgaria until
2030 with a horizon until 2050, Strategic plan for the devel-
opment of agriculture and rural areas 2023-2027, Gener-
al strategy for the management and development of hydro
melioration and protection from the harmful effects of
water, River Basin Management Plans 2022-2027, Annual
Report and Comparative Analysis of the State of the Wa-
ter Supply Sector in the Republic of Bulgaria for 2021, Inte-
grated plan in the field of energy and climate of the Repub-
lic of Bulgaria 2021-2030. There is no data in these sources
for the following indicators: renewable energy consump-
tion and renewable electricity outputs for 2022. There is no
direct data on sub-pillar “Food Availability” indicators, ex-
cept for cereal yield. The current study does not calculate
WEF Nexus Index indicators because there is no statisti-
cal data for most indicators in pillar “Food”. The NSI gives
data for cereal yield in 2021 and CO2 emissions in the same
year. The lack of information makes it impossible for the

open-access COIN Tool to be used (Excel-based), and this
study does not comment on these indicators.

Simpson et al. (2019) developed the WEF Nexus (for
the countries in the South Africa region), a composite in-
dex with three pillars: water, energy, and food: pillar “wa-
ter” measures access to water resources, availability, and
quality; pillar “energy” assesses energy access, efficien-
cy, and renewable energy use; and pillar “food” evaluates
food availability, food security, and agricultural produc-
tivity. Each pillar has two sub-pillars: “access” (for the pop-
ulation’s ability to access resources) and “availability” (for
the quantity and quality of resources available in the coun-
try) (Fig. 1). Simpson et al. (2019) developed the WEF Nex-
us (for the countries in the South Africa region), a compos-
ite index with three pillars: water, energy, and food: pillar
“water” measures access to water resources, availability,
and quality; pillar “energy” assesses energy access, effi-
ciency, and renewable energy use; and pillar “food” evalu-
ates food availability, food security, and agricultural pro-
ductivity. Each pillar has two sub-pillars: “access” (for the
population’s ability to access resources) and “availability”
(for the quantity and quality of resources available in the
country).

WEF Nexus Index

Water—access
Sub—pillar

Water—availability
Sub—pillar

Energy—access
Sub—pillar

Energy—availability

Food Pillar

Food—access
Sub—pillar

Food—availability

Sub—pillar Sub—pillar

Figure1. Pillars and sub-pillars of the WEF Nexus Index

Source: Simpson et al., 2023.
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The WEF Nexus Index value for Bulgaria varies between
58.3 for 2020 and 60 for 2022, placing the country in the
66th position among the other countries (Table 1). In com-
parison, the highest index was 83.9 for Iceland in 2020.

cator’s score must be 99.7% (99% in the WEF Index). The
same number of points must be assigned to the second
indicator. The third indicator, the degree of integrated
water resources management implementation, was cal-

Table 1. WEF Nexus Index for Bulgaria during 2019—2022

Year 2019 2020 2021 2022 2023
WEF Nexus Index 58.5 583 60.0 60 59.2
Rank 72 78 70 66 69

Source: https://wefnexusindex.org

Table 2. Score and rank of Bulgaria by pillars of the WEF Nexus index, 2019—2023

: 2019 2020 2021 2022 2023
Pillar Score Rank Score Rank Score Rank Score Rank Score Rank
Water 60.5 89 59.9 92 62.2 84 61.7 73 60.1 70
Energy 55.9 67 55.0 68 575 66 575 68 55.6 75
Food 59.0 53 60.0 60 60.4 62 60.8 66 62.0 61

Source: https://wefnexusindex.org

Bulgaria’s scores by pillars do not vary significantly for
2019-2023 (Table 2). The numeric index for the water pillar
alters between 59.9 (92nd worldwide rank) in 2020 and 60.1
(70th worldwide rank) in 2023, showing progress towards
achieving goals 6, 7 and 12 of the Sustainable Development
Goals. The energy and food pillars data for 2023 put Bul-
garia in a lower position than in previous years (Table 2).

Pillar “Water”

Sub-pillar: Water Access. The analysis of the first two indi-
cators (01 and 02) in the sub-pillar “Water Access” shows
that they are objectively evaluated (Table 3). Bulgar-
ia has no settlements without a water supply and sani-
tation system (WSS). According to the “Annual Report
and Comparative Analysis of the State of the Water Sup-
ply Sector in the Republic of Bulgaria for 2021,” this indi-

Table 3. Score by indicators for pillar Water, 2019-2023

culated at 77 points. This estimate needs to be revised
because Bulgaria implemented the Water Framework
Directive according to all its requirements: develop the
River Basin Management and Flood Risk Management
Plans, and conduct studies and assessments. We agree
that the score cannot also be 100 points because there is
no National Real Time Water Management System, coor-
dination between land use and flood management, and
centers on increasing the population’s preparedness for
an adequate response to floods (for now so far). The last
facts confirm the need to implement the Food-Energy-
Water Nexus framework: only the coordination and poli-
cy coherence across the several ministries can effectively
implement these activities.

Sub-pillar: Water Availability. The score of the annual
water extraction is 26.9 (indicator 04), and renewable do-

Sub-pillars ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023
Water Access

01. Percentage of people using at least basic drinking water services (%) 99.3 99.1 99 99 99
02. Percentage of people using at least basic sanitation services (%) 86 86 86 722 72.2
03. Degree of integrated water resources management implementation (1-100) 60.2 60.9 69 77 69
Water Availability

04. Annual freshwater withdrawals 272 26.6 26.9 26.9 242
05. Renewable internal freshwater resource per capita. 2.91 2.94 2.98 2.98 3.03
06. Environmental flow requirements (106 m3/annum) 7.8 7.8 7.8 7.8 7.8
07. Average precipitation (mm/year) 608 608 608 608 608

Source: https://wefnexusindex.org
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Figure 2. Available renewable freshwater resources in European countries

Source: Eurostat

mestic freshwater resources per capita were at 2.98 (in-
dicator 05). Indicator 04 is objectively estimated. Availa-
ble renewable freshwater resources in Bulgaria, excluding
external inflow for 1981-2020, is 15,789 million m? (Na-
tional Statistical Institute, 2022). The renewable internal
freshwater resource per capita in 2021 is 14,452 m’ with
the Danube River and 2,936 m? without the Danube River.
Furthermore, is that there is no “water stress” in the coun-
try (annual water resources are above 1,700 m’ per capita,
5.1% for 2021, close to the average for 2000-2019, 6.0%) (Fig.
2). These two facts raise (or must raise) the score of the 05
indicator from the WEF Nexus point of view.

The indicator environmental flow requirements score
of 7.8 (106 m*/annum) for 2021 is wrong. The ecological
flow in 2019 is 51 106 m*/annum (10% by annual stream-

Table 4. Score by indicators for pillar “Energy”, 2019—2023

flow 0f 20,195.1 x 10° m? in the same year). The indicator for
the average precipitation (mm/year) has to rise. The aver-
age precipitation for 1997-2022 in Bulgaria is 632 mm (be-
tween 377.0 and 963.0 mm). The difference with published
data of 603 mm is insignificant, but it will be better to cal-
culate this indicator for the equal study period in differ-
ent countries.

Pillar “Energy”

Sub-pillar: Energy Access. The score for the first two indi-
cators ((% of the population, % of the population) in the
sub-pillar for energy access is constant in 2019, 2020, and
2021 (Table 4). There is no reason for the decrease in the
numeric index from 100 to 99.7 points in 2021 and 2021 be-
cause there has been no change in access to electricity. The

Sub-pillars ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023
Energy Access

08. Access to electricity (% of the population) 100 100 100 99.7 99.7
09. Renewable energy consumption (% of total energy consumption) 17.7 17.7 17.7 19.3 211
10. Renewable electricity outputs (% of electricity output) 18 18 18 18 18

11. CO, emission (metric tons per capita) 5.9 5.9 5.9 5.6 4.9

Energy Availability

12. Electric power consumption (kWh per capita) 471 4.71 4.71 4.71 471
13. Energy imports (net % of energy use). 36.6 36.6 36.6 36.6 36.6

Source: https://wefnexusindex.org
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following indicator, “renewable energy consumption (% of
total energy consumption), takes into account the coun-
try’s electricity production structure changes. Renewable
energy consumption (% of total energy consumption) rose
from 2017 to 2021, except in 2021, renewable energy repre-
sented 17.0% of the energy consumed in the country, down
from 23.3% in 2020 (Table 5). The same trend is in the EU
for these two years (22.1% in 2020 and 21.8% in 2021). This
indicator was close to the average for European countries
during the first three years of this period (Fig. 3)

Geographica Pannonica / Volume 28, Issue 4, 250—258 (December 2024)

CO, per capita. This indicator varies substantially, but the
trend in the last few years has been negative (Republic of
Bulgaria Ministry of Environment and Water, 2021). The
study by Harizanova-Metodieva and Harizanova-Bartos
(2020) shows a positive relation between energy consump-
tion and emitted carbon dioxide in the short run. Stoyano-
va-Asenova et al. (2024) did not find a correlation between
government regulation and emission levels.

Sub-pillar: Energy Availability. According to the Nation-
al Statistical Institute, Bulgaria, the gross electricity pro-

Table 5. Renewable energy consumption in Bulgaria (% of total energy consumption)

2010 2011 2012 2013 2014 2015

2016 2017 2018 2019 2020 2021

181 18.3

13.9 14.2 15.8 18.9

18.8 18.7 206 21.6 233 17.0

Source: National Statistical Institute

Renewable energy production capacity in Bulgaria is
4,532 megawatts in 2021 and 5,205 megawatts in 2022. The
largest share of renewable energy capacity at the end of
last year was hydropower capacity (2505 megawatts). So-
lar capacity has strong growth; their capacity increased to
1,948 megawatts in 2022 from 1,275 megawatts in 2021 (or
by almost 53%). The share of renewable energy in the to-
tal electrical capacity in Bulgaria increased to 43.8% from
40.4% a year earlier and 35.3% ten years ago. Hence, the
score of the indicator of renewable electricity outputs (% of
electricity output) has to rise.

CO, emission (metric tons per capita) for 2020 is 4.9 and
this is the lowest value for the period 1990-2020 (Fig. 4). In
2021, Bulgaria’s carbon dioxide emissions were 6.33 tons of

duction in Bulgaria for 2023 is 40246 GWh, which is lower
than in the previous year (2022 the production was 50385
GWHh). The energy use shows a strong decrease in the pe-
riod 1988-1991. In 1991 energy use decreased by approx-
imately 20% in comparison to 1990. The difference in the
values for the period 19992020 is not very big (Fig. 5). And
the decrease in energy use in 2023 compared to 2022 is
about 13%.

The country’s energy dependence in the period 2018-
2022 varies between 36 and 39% (Table 6). Energy depend-
ence on imports as of in 2021 was 36.1%, lower than the Eu-
ropean Union average of 57.5%, less than Germany, Greece,
Belgium, Ireland, etc. Bulgaria is a net exporter of elec-
tricity (Ministry of Energy of Bulgaria, 2021). Bulgaria is
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Figure 3. Share of energy from renewable sources, 2021 (% of gross final energy consumption)

Source: Eurostat
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among the five countries best dealing with energy vulner-
ability in Eastern Europe in the Euromonitor Internation-
al index (on data on energy efficiency, energy import de-
pendence, energy mix and electricity generation capacity).
According to these indicators, Bulgaria is around the aver-
age level globally, and it is among the leaders in the region
of Eastern Europe. The reason is the large share of nucle-
ar energy, which provides an alternative to fossil fuels. The
country has excellent access to the energy grid and one of
the region’s highest electricity generation levels per capita.

Table 6. The energy dependence of Bulgaria (%)

2017 2018 2019 2020 2021 2022

39.4 36.6 38.5 38.2 36.1 371

Source: National Statistical Institute

Pillar “Food”
Sub-pillar: Food Access. The first three indicators in this
sub-pillar are prevalence of undernourishment, children
under five years old affected by wasting, and children un-
der five years old who are stunted are challenging to assess
due to the lack of publicly available data (Table 7). There-
fore, we can only comment on the last indicator: the preva-
lence of obesity in the adult population (aged 18 and older).
The indicator “prevalence of obesity in the adult popu-
lation” was calculated in the WEF Nexus Index for Bulgar-
ia at 25. This calculation was based on data related to body
mass index (BMI), underweight, overweight, and obesi-
ty from 1975 to 2016. However, more recent data from 2022
show that this indicator is 23.2% (https://renewbariatrics.
com, 2023). The prevalence of obesity in the adult popu-
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Table 7. Score by indicators for pillar “Food”, 2019—2023

Sub-pillars ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023
Food Access

14. Prevalence of undernourishment (%) 3 3 3 3 3
15. Percentage of children under 5 affected by wasting (%) 3.2 6.3 6.3

16. Percentage of children under 5 who are stunted (%) 8.8 7.0 6.4 6.4 5.6
17. Prevalence of obesity in the adult population 274 25 25 25 25
Food Availability

18. Average protein supply (gr/caput/day) 94 82.7 84.3 83.3 80.7
19. Cereal yield (kg/ha) 4817.8 | 5479.7 | 5463.8 | 5463.8 | 5949.6
20. Average dietary energy supply adequacy 117 113 115 116 119
21. Average value of food production ($/capita). 457 456 157 157 157

Source: https://wefnexusindex.org

lation in Bulgaria by body mass index above 30 kg/m? for
2022 is 14.8% (Table 8). This data indicates that adult obe-
sity in Bulgaria is lower than the average in the Europe-
an Region, which is 59% (WHO European Regional Obesi-
ty Report 2022). Therefore, this indicator in the WEF Nexus
Index should be corrected. According to the World Obesi-
ty Federation (2022), the percentage of the adult population
with obesity in Bulgaria is projected to rise to 31.4% by 2030.

Table 8. Prevalence of obesity in the adult population (18 years
and older) in Bulgaria in 2022 (%)

Sub-pillar: Food Availability. There is only data for this
sub-pillar for cereal yield (indicator 19). According to the
World Bank, the cereal yield (kg per hectare) in the Eu-
ropean Union was 5,666 kg/ha in 2021, and in Bulgaria, it
was 5,666 kg/ha for the same year (Ministry of Agriculture
and Food, 2023), but without rice, millet, buckwheat, and
mixed grains (Table 9). The cereal yield (kg per hectare) in
the world was 4,153 kg/ha in 2021.

Table 9. Cereals in Bulgaria in 2021 (Source: Ministry of
Agriculture and Food, 2023)

Body mass index Total Men Women Cereals ha kg/ha
Overweight (25.00-29.99) 39.2 46.7 32.6 Wheat 1208457 5902
Obesity (30.00+) 14.8 15.5 14.2 Rye 8088 2170
Source: National Statistical Institute, 2023 Barley 126 957 541
Oats 10335 2373

Maize 579613 5892

Sorghum 2405 2784

Conclusions

The WEF Nexus Index for 2019-2023 places Bulgaria in a
mid-range position among 164 countries. The water pillar
numeric indexes increase and show at the same time that
further action is needed to enhance water management:
Bulgaria is gradually growing renewable energy produc-
tion, but water consumption in the energy sector is still
high; the water resources in the summer are not enough
for irrigation. Nevertheless, the database by Nexus index
indicates the need for a more aggressive strategy to transi-
tion towards sustainable energy practices. The food pillar
presents the most significant challenge in the WEF Nexus
assessment for Bulgaria due to insufficient information.

The current study proves that the WEF Nexus Index
provides valuable insights into Bulgaria’s water, energy,
and food sectors, but its objectivity depends heavily on the
quality and availability of data. The results also show that
the index methodology needs refinement regarding some
indicators and the database used.

In relation to the achievement of the Sustainable Devel-
opment Goals (SDGs), this study contributes to advancing
adaptation strategies for climate change, particularly at
the local scale, where microclimate conditions are further
altered by anthropogenic activities (SDG 13).

| 256 |


https://wefnexusindex.org

Nelly Hristova, Nina Nikolova, Elitsa Stoyanova

Acknowledgments

Geographica Pannonica / Volume 28, Issue 4, 250—258 (December 2024)

This study has been carried out in the framework of the project “The Nexus Approach in Agriculture. The water-food nexus in the context
of climate change”, supported by the Ministry of Education and Science (MES) of Bulgaria (Agreement No KITI-06-KOCT-2/17.05.2022
and is based upon work from COST Action NEXUSNET, CA20138, supported by COST (European Cooperation in Science and Tech-
nology). The work was partly supported by the National Science Program “Environmental Protection and Reduction of Risks of Adverse

Events and Natural Disasters” (Agreement JI01-27/06.02.2024).

References

Albrecht, T. R., Crootof, A., & Scott, C. A. (2018). The wa-
ter-energy-food nexus: A systematic review of methods
for nexus assessment. Environmental Research Letters, 13,
043002. 10.1088/1748-9326/aaa9c6

Bhaduri, A., Ringler, C., Dombrowski, I., Mohtar, R., &
Scheumann, W. (2015). Sustainability in the water—en-
ergy—food nexus. Water International, 40(5—6), 723-732.
https://doi.org/10.1080/02508060.2015.1096110

Brears, R. C. (2023). The green economy and the wa-
ter-energy-food nexus. In The green economy and
the water-energy-food nexus. Palgrave Macmillan.
Available online at http://ndl.ethernet.edu.et/bit-
stream/123456789/76752/1/Robert%20C.%20Brears.pdf

Cansino-Loeza B., Munguia-Lopez, A., & Ponce-Ortega, J.
M. (2022). A water-energy-food security nexus frame-
work based on optimal resource allocation. Environmen-
tal Science & Policy, 133, 1-16. https://doi.org/10.1016/j.en-
vsci.2022.03.006

Cansino-Loeza, B., Tovar-Facio J., & Ponce-Ortega J. M.
(2021). Stochastic optimization of the water—energy—
food nexus in disadvantaged rural communities to
achieve the sustainable development goals. Sustainable
Production and Consumption, 28, 1249-1261. https://doi.
org/10.1016/j.spc.2021.08.005

Energy and Water Regulatory Commission (EWRC).
(2021). Annual report to the European Commission. Bulgar-
ia.

Harizanova-Metodieva, T., & Harizanova-Bartos, H.
(2020). Relation between emitted CO,, asset expendi-
tures, produced energy from renewables and energy
consumption: Evidence from Bulgaria. In Agrarian econ-
omy and rural development: Realities and perspectives for Ro-
mania (11th ed., pp. 196-202). International Symposi-
um, The Research Institute for Agricultural Economy
and Rural Development (ICEADR), Bucharest.

Herrera-Franco, G., Bollmann, H. A., Lofhagen, J. C. P,,
Bravo-Montero, L., & Carrién-Mero, P. (2023). Approach
on water-energy-food (WEF) nexus and climate change:
A tool in decision-making processes. Environmental De-
velopment, 46, Article 100858. https://doi.org/10.1016/j.
envdev.2023.100858

Hoff, H. (2011). Understanding the nexus: Background pa-
per for the Bonn 2011 Conference: The water, energy and

food security nexus. Stockholm Environment Institute.
https://mediamanager.sei.org/documents/Publica-
tions/SEI-Paper-Hoff-UnderstandingTheNexus-2011.
pdf

Hristova, N., & Nikolova, N. (2024). The water-energy-food
nexus in Bulgaria: Challenges and opportunities under
climate change. In Proceedings of the 6th International Sci-
entific Conference CAWRI BASstem (pp. 181-191). Climate,
Atmosphere and Water Research Institute.

International Renewable Energy Agency (IRENA). (2015).
Renewable energy in the watev, energy, and food nexus.
https://www.irena.org

Leese, M., & Meisch, S. (2015). Securitising sustainability?
Questioning the ‘water, energy and food-security nex-
us’. Water Alternatives, 8(1), 695—709.

Mabhaudhi, T., Senzanje, A., Modi, A., Jewitt, G., & Mas-
sawe, F. (Eds.). (2022). Water - energy — food nexus narra-
tives and resource securities: A global south perspective. Else-
vier. https://doi.org/10.1016/C2020-0-03951-4

Ministry of Energy of Bulgaria. (2021). Bulletin on the condi-
tion and development of energy in the Republic of Bulgaria in
2021. Retrieved November 20, 2023.

National Statistical Institute Bulgaria. Home page. Re-
trieved [04.11.2024.], from http://www.nsi.bg/index.
php

Proctor, K., Tabatabaie, S. M. H., & Murthy, G. S. (2021).
Gateway to the perspectives of the food-energy-wa-
ter nexus. Science of The Total Environment, 764, Article
142852. https://doi.org/10.1016/j.scitotenv.2020.142852

Republic of Bulgaria Ministry of Environment and Water.
(2021). National inventory report 2021: Greenhouse gas emis-
sions in Bulgaria 1988-2019. Sofia.

Segovia-Hernandez, ]. G., Contreras-Zarazia, G., &
Ramirez-Marquez, C. (2023). Sustainable design of
water—energy—food nexus: A literature review. RSC
Sustainability, 1, 1332-1353. https://doi.org/10.1039/
d3su00110e

Senzanje, A., Mudhara, M., & Tirivamwe, L. (2022). The
water—energy—food nexus as an approach for achieving
sustainable development goals 2 (food), 6 (water), and 7
(energy). In Water—Energy—Food Nexus Narratives and Re-
source Securities: A Global South Perspective (pp. 181-198).
https://doi.org/10.1016/B978-0-323-91223-5.00014-9

| 257


https://doi.org/10.1080/02508060.2015.1096110
http://ndl.ethernet.edu.et/bitstream/123456789/76752/1/Robert%20C.%20Brears.pdf
http://ndl.ethernet.edu.et/bitstream/123456789/76752/1/Robert%20C.%20Brears.pdf
https://doi.org/10.1016/j.envsci.2022.03.006
https://doi.org/10.1016/j.envsci.2022.03.006
https://doi.org/10.1016/j.spc.2021.08.005
https://doi.org/10.1016/j.spc.2021.08.005
https://doi.org/10.1016/j.envdev.2023.100858
https://doi.org/10.1016/j.envdev.2023.100858
https://mediamanager.sei.org/documents/Publications/SEI-Paper-Hoff-UnderstandingTheNexus-2011.pdf
https://mediamanager.sei.org/documents/Publications/SEI-Paper-Hoff-UnderstandingTheNexus-2011.pdf
https://mediamanager.sei.org/documents/Publications/SEI-Paper-Hoff-UnderstandingTheNexus-2011.pdf
https://www.irena.org
https://doi.org/10.1016/C2020-0-03951-4
http://www.nsi.bg/index.php
http://www.nsi.bg/index.php
https://doi.org/10.1016/j.scitotenv.2020.142852
https://doi.org/10.1039/d3su00110e
https://doi.org/10.1039/d3su00110e
https://doi.org/10.1016/B978-0-323-91223-5.00014-9

Nelly Hristova, Nina Nikolova, Elitsa Stoyanova

Simpson, G. B., & Jewitt, G. P. W. (2019). The water-en-
ergy-food nexus in the Anthropocene: Moving from
‘nexus thinking’ to ‘nexus action’. Current Opinion in
Environmental Sustainability, 40, 117-123. https://doi.
org/10.1016/j.cosust.2019.10.007

Simpson, G. B., Jewitt, G. P. W., Becker, W., Badenhorst,
J., Masia, S., Neves, A. R., Rovira, P. & Pascual, V.
(2022) The Water-Energy-Food Nexus Index: A Tool to
Support Integrated Resource Planning, Management
and Security. Front. Water, 4. https://doi.org/10.3389/
frwa.2022.825854

Simpson, G., Jewitt, G. P. W., Becker, W., Badenhorst, .,
Neves, A., Rovira, P., & Pascual, V. (2020). The Water-En-
ergy-Food Nexus Index. Jones & Wagener. https://doi.
org/10.31219/osf.io/tdhws

Simpson, G., Jewitt, G. P. W., Mabhaudhi, T., Taguta, T,
& Badenhorst, J. (2023). An African perspective on the
Water-Energy-Food nexus. Scientific Reports, 13, 16842.
https://doi.org/10.1038/s41598-023-43606-9

Stoyanova-Asenova, S., Sushchenko, O., Stryzhak, O., &
Asenov, A. (2024). The role of governance in ensuring
economic growth and reducing emissions: A case study
of Bulgaria. BIO Web of Conferences, 114, 01008. https://
doi.org/10.1051/bioconf/202411401008

Geographica Pannonica / Volume 28, Issue 4, 250—258 (December 2024)

Williams, J., Bouzarovski, S., & Swyngedouw, E. (2019).
The urban resource nexus: On the politics of relational-
ity, water—energy infrastructure and the fallacy of in-
tegration. Environment and Planning C: Politics and Space,
37(4), 652—666. https://doi.org/10.1177/0263774X18803370

World Health Organization (WHO). (2022). WHO Euro-
pean Regional Obesity Report 2022. World Health Or-
ganization. https://www.euro.who.int/ _data/
assets/pdf file/0009/536272/WHO-EURO-Region-
alObesity-Report-2022-eng.pdf

World Obesity Federation. (2022). World Obesity Atlas 2022.
World Obesity Federation. https://www.worldobesi-
ty.org/resources/resource-library/world-obesity-at-
las-2022

World Resources Institute. (2023). Climate watch histor-
ical GHG emissions 1990-2020. Washington, DC. Re-
trieved July 9, 2024, from https://climatewatchdata.org/
ghg-emissions

Yue, Q., Wu, H., Wang Y., Fang, S. (2021). Achieving sus-
tainable development goals in agricultural energy-wa-
ter-food nexus system: An integrated inexact multi-ob-
jective optimization approach. Resources, Conservation
and Recycling, 174(12), 105833. https://doi.org/10.1016/].
resconrec.2021.105833

| 258


https://doi.org/10.1016/j.cosust.2019.10.007
https://doi.org/10.1016/j.cosust.2019.10.007
https://doi.org/10.3389/frwa.2022.825854
https://doi.org/10.3389/frwa.2022.825854
https://doi.org/10.31219/osf.io/tdhw5
https://doi.org/10.31219/osf.io/tdhw5
https://doi.org/10.1038/s41598-023-43606-9
https://doi.org/10.1051/bioconf/202411401008
https://doi.org/10.1051/bioconf/202411401008
https://doi.org/10.1177/0263774X18803370
https://www.euro.who.int/__data/assets/pdf_file/0009/536272/WHO-EURO-RegionalObesity-Report-2022-eng.pdf
https://www.euro.who.int/__data/assets/pdf_file/0009/536272/WHO-EURO-RegionalObesity-Report-2022-eng.pdf
https://www.euro.who.int/__data/assets/pdf_file/0009/536272/WHO-EURO-RegionalObesity-Report-2022-eng.pdf
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://climatewatchdata.org/ghg-emissions
https://climatewatchdata.org/ghg-emissions
https://doi.org/10.1016/j.resconrec.2021.105833
https://doi.org/10.1016/j.resconrec.2021.105833

	_Hlk171446534
	_Hlk171446487
	_Hlk148974213
	_Hlk171446552
	_Hlk151304994
	_Hlk179877614
	_Hlk180622690
	_Hlk150913981

