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Due to the expected growth rate in world energy consumption in the near future, it is critical to estimate

future energy consumption and associated environmental problems as precisely as possible. This study

aims to describe total greenhouse gas emissions (GHGE) linked to different geographical diet profiles in

Turkey, to map the environmental impacts that these generate. We used the last Address Based

Population Registration System results to identify regions, populations, and some developmental

parameters such as population density, the population growth rate, gross domestic product per capita,

and socio-economic development scores, and the latest National Nutrition and Health Survey to

determine the nutrient composition of Turkey's regional diets. The West Marmara diet had the highest

GHGE levels, at 2983.79 g CO2-eq. per person per day, followed by the Istanbul diet and South-eastern

Anatolia diet (2941.73 g CO2-eq. per person per day and 2935.08 g CO2-eq. per person per day)

whereas the Mediterranean diet had the lowest, at 2623.90 g CO2-eq. per person per day. The

contributions of beef and lamb to total diet weight (both were 0.98%) were lower than their contribution

to total GHGE (21.65% and 21.04%). Our findings indicated that dietary changes could significantly help

to reduce GHGE. Additionally, GHGE of diets might be associated with developmental parameters, but

we did not find statistical differences. If the balance between natural resources and economic growth

factors cannot be achieved in developing countries such as Turkey, which is a member of the United

Nations, the environment will start to suffer and environmental sustainability will become a distant goal.

Therefore, more studies are needed to confirm these results.
Introduction

The world's population continues to grow, and it is estimated
that the world population, which is 7.5 billion today, will reach
8.5 billion in 2030 and between 9.4 and 10.1 billion in 2050.1

Energy plays a crucial role in various economic activities in
a country such as transportation and freight, industrial
manufacturing, heating and cooling, national defense, food
production and more.2 Parallel to the rapidly increasing pop-
ulation, the climate has begun to rapidly change globally due to
gases being released into the atmosphere and the creation of
a greenhouse effect as a result of increased use of fossil fuels
such as oil, coal, and natural gas from energy sources, and the
inability of these gases to be reabsorbed by the atmosphere.3

The world is under the threat of global warming, and
greenhouse gas emissions (GHGE) have affected both the
natural environment and humans. According to the last Inter-
governmental Panel on Climate Change (IPCC) report (2013),
th Sciences, Department of Nutrition and

@hotmail.com

tion (ESI) available. See DOI:

, 1, 92–99
the primary cause of global warming is human activities, 95% of
which occurred since the middle of the twentieth century.4

Food systems play a key role in driving climate change
including all processes in the production, aggregation, pro-
cessing, distribution, consumption, and disposal of food
products. Therefore, reduction of GHGE of food systems is
required.5–7 Among all these processes involved in food systems,
food consumption is one of the most important as a climate
changemitigation option. It is recommended that consumption
of more plant-based, organic and regional-based diets is
important for reducing GHGE.8–10 In this line, IPCC estimates
that dietary changes might decrease the total GHGE by 0.7–8
GtCO2-eq. per year by 2050.7

The developmental processes for a country mainly depend
on economic growth. Natural resources serve as inputs into the
production or development process. If the relationship between
natural resources and development processes cannot be avoi-
ded, damage to the environment is inevitable.11 The prevalence
of such problems is higher in developing countries such as
Turkey, where economic growth and environmental sustain-
ability are critically important. Also, the share of the Turkish
industrial sector in gross domestic product was approximately
26% and thereby a key driver of the economic growth as inmany
© 2023 The Author(s). Published by the Royal Society of Chemistry
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other countries.12 Some studies have focused on the relation-
ship between economic growth and GHGE with their possible
inuencing factors such as population and energy
consumption,11,13–19 but there is no study about this subject in
Turkey according to the last Turkish Greenhouse Gas Inventory
Report (2021).20

Due to the expected growth rate in world energy consump-
tion in the near future, it is critical to estimate future energy
consumption and associated environmental problems as
precisely as possible. Thus, the energy consumption structure
can be correctly presented, the relationship between energy
consumption and economic developmental parameters can be
coordinated, and countermeasures can be determined against
energy-related environmental problems (e.g. CO2 emissions).2

According to the last Turkish Greenhouse Gas Inventory Report
(2021), total GHGE in 2019 decreased by 1.4% compared to 2018
emissions in Turkey, however, the total GHGE per individual is
6.4 tons of CO2 equivalents (CO2 eq.).20 Given the dramatic
changes and the region's growing inuences globally on many
levels, each region has different diets and economic growth
factors. This study aims to describe total GHGE linked to
different geographical diet proles in Turkey, to map the envi-
ronmental impacts that these generate. Additionally, the rela-
tionship between GHGE linked to geographical diets and
developmental parameters such as population, population
growth rate, gross domestic product per capita, and socio-
economic development scores of a country was analyzed. The
rst hypothesis was GHGE linked to geographical diet proles is
different. The second hypothesis was there is a relationship
between GHGE linked to different regions' diets and develop-
mental parameters.
Methods
Economic growth data

We used the last Address Based Population Registration System
(ABPRS) results to identify regions, populations, and some
developmental parameters such as population density, pop-
ulation growth rate, gross domestic product per capita, and
socio-economic development scores in each region.21,22
Table 1 The population and some developmental parameters of the NU

NUTS regions
Number of urban
extents Population size

Popula
density

Istanbul 1 15 462 452 2831
West Marmara 5 3 632 398 84
Ege 8 10 689 115 120
East Marmara 8 8 235 816 169
West Anatolia 3 8 168 261 109
Mediterranean 8 10 759 218 120
Middle Anatolia 8 4 088 228 45
West Black Sea 10 4 638 622 63
East Black Sea 6 2 677 584 105
Northeast Anatolia 7 2 192 453 31
Middle-east Anatolia 8 3 951 294 48
South-eastern Anatolia 9 9 118 921 120

© 2023 The Author(s). Published by the Royal Society of Chemistry
ABPRS is a modern database where the information about
the population of people according to their place of residence is
kept up-to-date and populationmovements can bemonitored at
any time.23 In this study, we included all the regions from
Turkey which are divided according to the nomenclature of
territorial units for statistics (NUTS) due to these regions' use by
the National Nutrition and Health Survey (NNHS).24 NUTS is
a geocoding system that originated in the 1970s in Europe. The
main purpose of these regional units is to collect statistics on
a regional basis, conduct socio-economic analyses, and create
the framework of regional policies for society.25

According to the NUTS classication, we calculated the total
population size, population density, population growth rate,
gross domestic product per capita, and socio-economic devel-
opment scores for each region (Table 1).
Food consumption data

Data on food consumption in Turkish households were ob-
tained from the NNHS (2019) which was performed by the
TurkishMinistry of Health. In this study, we used the last NNHS
for analyzing the contributions of diets of each region to total
GHGE. According to the NUTS regions, the total food
consumption was obtained from individuals aged 15 and over.24

In the NNHS, trained dietitians collected food consumption
data from individuals using 24 hour dietary recall and food
frequency questionnaire methods.24 Both methods were carried
out in two independent times separated by two weeks (10–14
days), as recommended by the European Food Safety Authority
and dietary intake was expressed in grams consumed per
person per day.26

Additionally, the meat consumption is given only as the total
amount of meat and meat products such as red meat, poultry,
and sh and their products in the NNHS. It is well known that
the GHGE values of varieties of meat and meat products are
extremely different from each other (ESI Table 1†). Therefore, to
calculate the mean contributions to GHGE, total meat and meat
product consumption were divided into four categories by 1/2
red types of meat like beef, lamb and 1/4 poultry, and 1/4 sh.
The reason for this separation was that Turkey's overall food
consumption is given by red meat, poultry, sh, and their
TS regions in Turkey

tion Population growth
rate

Gross domestic
product per capita

Socio-economic
development scores

15 029 231 86 798 4.051
3 503 609 109 159 3.129
10 383 963 151 375 5.538
7 824 597 123 502 7.454
7 871 847 112 544 3.563
10 303 984 128 502 2.417
3 977 447 75 773 −0.721
4 574 182 105 414 −0.561
2 633 417 35 109 −1.104
2 188 214 57 444 −6.349
3 854 869 53 028 −7.923
8 665 165 80 869 −9.583
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products, but the food consumption of NUTS regions is given
only by the main food groups. According to the data,
consumption of red meats and products was higher than the
others. Thus, we divided the total meat consumption: 1/2 red
types of meat, 1/4 poultry, and sh.
Greenhouse gas emissions data

We used life-cycle assessments (LCA) for estimating the GHGE
of foods and drinks.27 LCA is a method to evaluate environ-
mental loads related to all stages of a product's life (production,
processing, packaging, transportation, storage, preparing,
cooking, and wastage), in this case from farm to fork.28 There is
currently no data on GHGE values for foods produced in Turkey.
As a result, for GHGE data, a literature review was conducted,
and these data were used. The selection criteria for these
studies were a large number of food analyses and the clarity of
the system limit, from agricultural input manufacturing to the
farm gate. As a result, emissions from aer the retail phase
(transportation, storing, cooking, and wasting) and emissions
from land-use change were excluded from this study. Addi-
tionally, food wastage was not included in the present study due
to the lack of data. The combined climate effect of all green-
house gases is expressed as g CO2 eq. per kg food product.29

The data from the NNHS has uncertainties in the composi-
tion of the diets. As shown in ESI Table 1,† the variables with
uncertainties in this study are GHGE values.

A owchart about the study is presented in Fig. 1.
Statistical analysis

The data were analyzed by using SPSS 24.0 (Statistical Package
for the Social Sciences, Inc.; Chicago, Illinois, United States)
and Microso Excel. Descriptive statistics (means and standard
deviations and percentages of the population) were used for
GHGE levels of food consumption of NUTS regions. In all NUTS
regions, linear regression was used to assess the signicance of
changes in GHGE and developmental parameters (population,
population density, population growth rate, gross domestic
product per capita, and socio-economic development score). P-
Values were evaluated at <0.05 signicance level. Additionally,
Fig. 1 Flowchart about the study.

94 | Sustainable Food Technol., 2023, 1, 92–99
the energy and macronutrients from diets of NUTS regions were
calculated using Nutrition Information System 8.2 (BeBIS 8.2,
Willstaett, Germany; Turkish version).
Results

Among the GHGE levels of diets in NUTS regions, the diet from
the West Marmara region had the highest GHGE levels with
2983.79 g CO2-eq. per person per day, followed by the diet of
Istanbul with 2941.73 g CO2-eq. per person per day, and the diet
of Southeastern Anatolia with 2935.08 g CO2-eq. per person per
day whereas the Mediterranean region diet had the lowest
GHGE levels (2623.90 g CO2-eq. per person per day). Addition-
ally, the mean GHGE level of regions' diets was 2718.29 g CO2-
eq. per person per day (Table 2).

The contributions of beef and lamb to total diet weight (both
were 0.98%) were lower than their contribution to total GHGE
(21.65% and 21.04%). Additionally, bread, cereals, and bakery
products were the third-highest food group that contributed to
total GHGE with 13.4%, their contribution to total diet was
12.67% (Fig. 2).

The correlation analysis showed that the average GHGE
levels linked to different geographical diets are not associated
with population, population density, population growth rate,
gross domestic product per capita, and socio-economic devel-
opment scores (p > 0.05) (Table 3).

According to the linear regression analysis, no statistical
differences were found between the average GHGE levels linked
to different geographical diets and parameters such as pop-
ulation, population density, population growth rate, gross
domestic product per capita, and socio-economic development
scores (p > 0.05) (Table 4).
Discussion

Today, climate change impacts are a serious threat to the
world.30 Economic growth factors and food systems are the
major contributors to the GHGE. Additionally, Turkey is
a developing country with a rapidly increasing population and is
facing a climate crisis like the rest of the world. Despite its
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 The contributions of each food group in the average diet of all regions to total diet weight (% of total gram per day) and total greenhouse
gas emission (% of total g CO2 eq. per day).

Table 3 Correlation analysis of the average GHGE levels of diets, population, and other developmental parameters

Population
size

Population
density

Population
growth rate

Gross domestic
product per capita

Socio-economic
development scores GHGE

Population size — r: 0.831,
p < 0.001b

r: 0.986,
p < 0.001b

r: 0.650, p: 0.022a r: 0.503, p: 0.095 r: −0.140, p: 0.665

Population density — — r: 0.803,
p: 0.002a

r: 0.570, p: 0.053 r: 0.606, p: 0.037a r: 0.120, p: 0.711

Population growth rate — — — r: 0.650, p: 0.022a r: 0.510, p: 0.090 r: −0.084, p: 0.795
Gross domestic
product per capita

— — — — r: 0.776, p: 0.03a r: −0.217, p: 0.499

Socio-economic
development scores

— — — — — r: −0.021, p: 0.948

a p < 0.05. b p < 0.001.
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growing population, it is very important to predict future energy
consumption and related environmental problems as precisely
as possible. In this way, the relationship between energy
consumption and economic development parameters can be
coordinated and energy efficiency policies can be determined
on a regional basis. To our knowledge, this is a rst and
preliminary assessment of regional baseline trends using food
consumption data and developmental parameters such as
Table 4 Linear regression analysis of the average GHGE levels linked
to different geographical diets according to developmental
parameters

Parameters All regions

Population size 0.860
Population density 0.490
Population growth rate 0.846
Gross domestic product per capita 0.956
Socio-economic development
scores

0.788

96 | Sustainable Food Technol., 2023, 1, 92–99
population size, density and growth rate, gross domestic
product per capita, and socio-economic development scores of
Turkey. The study results showed that the West Marmara region
diet had the highest GHGE levels with 2983.79 g CO2-eq. per
person per day, followed by the Istanbul diet with 2941.73 g
CO2-eq. per person per day and the South-eastern Anatolia diet
with 2935.08 g CO2-eq. per person per day whereas the Medi-
terranean region diet had the lowest GHGE levels (2623.90 g
CO2-eq. per person per day). The contributions of beef and lamb
to total GHGE were highest compared to the other food types
(21.65% and 21.04%). Additionally, GHGE levels of diets were
not associated with population size, density, and growth rate,
gross domestic product per capita, and socio-economic devel-
opment scores and no statistical differences were found
between GHGE-linked different geographical diets and these
parameters.

The global population increases day by day, and it is esti-
mated that it will require an increase in food production over
the next 30 years, particularly in developing countries.31 Coun-
tries need to increase domestic agricultural production to meet
© 2023 The Author(s). Published by the Royal Society of Chemistry
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this increasing food demand and remain self-sufficient.32 Food
consumption is associated with behaviour, life, and cultural
norms, and has a crucial inuence on energy use, and leads to
a high contribution to GHGE.33 65% of global GHGE and 50–
80% of the land, water, and material use can be directly and
indirectly related to household food consumption.34 Addition-
ally, it is suggested that consumption of more plant-based,
organic and regional-based diets is important for reducing
GHGE.8,10 Our result showed that the Mediterranean region diet
has the lowest GHGE levels. The Mediterranean diet includes all
vegetables and fruits, predominantly green leafy vegetables, and
lower consumption of red meat, and meat products.35 There-
fore, it causes less environmental impact than other nutrition
models (except vegetarian diets), due to the lower contribution
to the GHGE.36 Additionally, the protective effects of this diet
model against many diseases, especially cardiovascular
diseases, have been shown.37 Thus, it can be interpreted as
a nutritional model that contributes to both health and
sustainability.

Meat and meat products have a higher contribution to the
diet GHGE, therefore, a strategy for reducing diet-related GHGE
is to replace red meat and meat products with alternative
protein sources, including vegetarian alternatives.38 In this
study, the contributions of beef had the highest value to the
average GHGE levels linked to geographical diets at 21.65%,
followed by lamb at 21.04%. While consumption of meat and
meat products was lowest in the Mediterranean region diet, it
was followed by the Eastern Marmara diet. In addition, the
dietary GHGE levels of Eastern Marmara were ranked 9th
among all regions. Considering that the total dietary GHGE
showed little change, it could be said that the reduction in meat
consumption has a positive effect on the GHGE.

From 1990 to 2018, the total GHGE rapidly increased in
Turkey. Although the total GHGE in 2019 decreased by 1.4%
compared to 2018 emissions, there is a 161% increase
compared to 1990. While the energy sector had the largest
portion of total GHGE at 72%, followed by agriculture at 13.4%,
industrial processes and product use stood at 11.2%, and waste
at 3.4%.20 Additionally, in parallel with economic growth, the
population size has increased since 1990, but this increase
showed the lowest level of 0.55% from 2018 to 2019.39 But, it is
not known how much the GHGE levels linked to geographical
diets contribute to the total GHGE and what the relationship
between the GHGE levels of diets and economic growth factors
is. In the present study, there were no statistical differences
between the GHGE levels of diets and population size, density,
and growth rate, gross domestic product per capita, and socio-
economic development scores. These results showed that
regional diet-linked GHGE was not related to developmental
parameters. Additionally, there were no details of the GHGE
levels of any of the environmental factors from the production
of food to wastage. Only one stage of a product's life was used in
this study. Therefore, it may not have found a statistically
signicant result.

The present study had some limitations. First, GHGE data
from food production was limited in Turkey. The GHGE levels
from the literature reviews were used. However, food
© 2023 The Author(s). Published by the Royal Society of Chemistry
production has similar standards worldwide and the reviews
seem to be condent, most of the impacts affect GHGE such as
energy carriers, climate characteristics, regional soil, water use,
etc. Second, this study did not use all of the life cycle steps of
food products such as transportation, cooking, and wasting.
Third, the NNHS had limited data about food choices in the diet
of regions. Therefore, the overall levels of GHGE from the
literature reviews were used, but these results may not reect
the exact diet-related GHGE.
Conclusions

Our study highlighted the importance of regional differences
between GHGE of diets. The current study showed that dietary
changes would signicantly contribute to lowering GHGE such
as the Mediterranean region's diet. Thus, sustainable diets such
as the Mediterranean diet, which is consumed in the Mediter-
ranean region and recommended for consumption all over the
world, can both reduce GHGE and positively affect health.
Additionally, GHGE of diet might be associated with population
size, density, growth rates, per capita income, and socio-
economic development scores, but we did not nd statistical
differences. If the balance between natural resources and
economic growth factors cannot be achieved in developing
countries such as Turkey, which is a member of the United
Nations, the environment will start to suffer and environmental
sustainability will become a distant goal. Future studies are
needed to analyze food consumption more accurately, and
evaluate the relationship between economic growth parameters
and other factors that increase greenhouse gas emissions.
Author contributions

HMB and AO – conceptualisation/design of the study, analysis
and interpretation, and review and writing of the manuscript;
HMB – literature review and data collection; AO – supervision.
Conflicts of interest

There are no conicts to declare.
References

1 United Nations, World Population Prospects 2019, 2019, cited
2022 November 19, available from URL, https://
population.un.org/wpp/Publications/Files/
WPP2019_DataBooklet.pdf.

2 I. Karakurt and G. Aydin, Development of regression models
to forecast the CO2 emissions from fossil fuels in the BRICS
and MINT countries, Energy, 2023, 263, 125650.

3 B. Can, H. M. Bayram and A. Ozturkcan, Solution
recommendations for environmental problems: overview of
current sustainable nutrition practices, Gıda, 2020, 46,
1138–1157.

4 The Intergovernmental Panel on Climate Change, Fih
Assessment Report Climate Change, 2013, cited 2021 March
Sustainable Food Technol., 2023, 1, 92–99 | 97

https://population.un.org/wpp/%20Publications/Files/WPP2019_DataBooklet.pdf
https://population.un.org/wpp/%20Publications/Files/WPP2019_DataBooklet.pdf
https://population.un.org/wpp/%20Publications/Files/WPP2019_DataBooklet.pdf
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2fb00027j


Sustainable Food Technology Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
D

ec
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 7

/2
8/

20
24

 8
:1

7:
31

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
15, available from URL https://www.ipcc.ch/assessment-
report/ar5/.

5 S. J. Vermeulen, B. M. Campbell and J. S. I. Ingram, Climate
change and food systems, Annu. Rev. Environ. Resour., 2012,
37, 195–222.

6 Food and Agriculture Organization of the United Nations,
Sustainable Food Systems, 2018, cited 2021 March 15,
available from URL http://www.fao.org/3/ca2079en/
CA2079EN.pdf.

7 The Intergovernmental Panel on Climate Change, Climate
Change and Land: an IPCC Special Report on Climate
Change, Desertication, Land Degradation, Sustainable Land
Management, Food Security, and Greenhouse Gas Fluxes in
Terrestrial Ecosystems, 2019, cited 2021 March 17, avaiable
from: URL: https://www.ipcc.ch/srccl/.

8 X. Irz, J. D. Jensen, P. Leroy, V. Réquillart and L. G. Soler,
Promoting climate-friendly diets: What should we tell
consumers in Denmark, Finland and France?, Environ. Sci.
Policy, 2019, 99, 169–177.

9 Sustainable Diets: How Ecological Nutrition Can Transform
Consumption and the Food System, ed. Pamela M. and Lang
T., UK, Routledge, 2017.

10 W. Willett, J. Rockström, B. Loken, M. Springmann, T. Lang,
S. Vermeulen, et al., Food in the Anthropocene: the EAT–
Lancet Commission on healthy diets from sustainable food
systems, Lancet, 2019, 393, 447–492.

11 R. A. Begum, K. Sohag, S. M. S. Abdullah and M. Jaafar, CO2

emissions, energy consumption, economic and population
growth in Malaysia, Renewable Sustainable Energy Rev.,
2015, 41, 594–601.

12 International Energy Agency, National Energy Efficiency
Action Plan 2017-2023, 2017, cited 2021 March 16, available
from: URL: https://www.iea.org/policies/7964-national-
energy-efficiency-action-plan-2017-2023.

13 M. Salahuddin, K. Alam and I. Ozturk, The effects of Internet
usage and economic growth on CO2 emissions in OECD
countries: A panel investigation, Renewable Sustainable
Energy Rev., 2016, 62, 1226–1235.

14 M. Bouznit, P. del and M. Pablo-Romero, CO2 emission and
economic growth in Algeria, Energy Policy, 2016, 96, 93–104.

15 M. M. Alam, M. W. Murad, A. H. M. Noman and I. Ozturk,
Relationships among carbon emissions, economic growth,
energy consumption and population growth: Testing
Environmental Kuznets Curve hypothesis for Brazil, China,
India and Indonesia, Ecol. Indic., 2016, 70, 466–479.

16 S. Wang, C. Zhou, G. Li and K. Feng, CO2, economic growth,
and energy consumption in China's provinces: investigating
the spatiotemporal and econometric characteristics of
China's CO2 emissions, Ecol. Indic., 2016, 69, 184–195.

17 A. Omri, CO2 emissions, energy consumption and economic
growth nexus in MENA countries: Evidence from
simultaneous equations models, Energy Econ., 2013, 40,
657–664.

18 M. Javid and F. Sharif, Environmental Kuznets curve and
nancial development in Pakistan, Renewable Sustainable
Energy Rev., 2016, 54, 406–414.
98 | Sustainable Food Technol., 2023, 1, 92–99
19 X. Yang, F. Lou, M. Sun, R. Wang and Y. Wang, Study of the
relationship between greenhouse gas emissions and the
economic growth of Russia based on the Environmental
Kuznets Curve, Appl. Energy, 2017, 193, 162–173.

20 Turkish Statistical Institute, Turkish Greenhouse Gas
Inventory, 2021, cited 2021 March 17, available from: URL:
https://webdosya.csb.gov.tr/db/iklim/icerikler/
sera_gazi_em-syon-raporu-20200506141834.pdf.

21 Turkish Statistical Institute, Address Based Population
Registration System, 2020, cited 2021 March 17, available
from: URL: https://turkstatweb.tuik.gov.tr/PreTablo.do?
alt_id=1059.

22 Turkish Statistical Institute, Gross Domestic Product on
Provincial Basis, 2020, cited 2021 March 17, available from:
URL: https://data.tuik.gov.tr/Bulten/Index?p=Gross-
Domestic-Product-by-Provinces-2019-33663&dil=2.
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