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Abstract: The imbalance in the supply and demand for resources is a thorny issue that many countries
have to face. Food is a basic resource throughout the world. Understanding the exact situation of
food production and consumption is an important foundation for sustainable development. This
paper aims to explore the quantity and pattern changes in food production and consumption in
Kazakhstan. This can reflect the level of residents’ standard of living and the situation of natural
resource use. This paper focuses on the quantitative relationship between animal-based food and
plant-based food and the tendency towards changes in urban and rural residents’ food production
and consumption in Kazakhstan based on the emergy analysis method. The data of food production
and consumption were mainly obtained from the official statistics of the Food and Agriculture
Organization (FAO), the World Bank, Statistical Commission of the Ministry of National Economy of
Kazakhstan, and literature. The research results showed that, over time, Kazakhstan residents’ food
consumption patterns have become more varied, and the proportion of meat consumption to total
food consumption has increased. Although the rural per capita food consumption is significantly
different from that of urban residents, this gap decreased in 2019. In Kazakhstan, the consumption
of several types of food still relies on imports. Food production and consumption are affected by
economic, social, and ecological factors. The results of this research can provide scientific support for
reasonable and sustainable production and consumption strategies in Kazakhstan.

Keywords: food production and consumption; emergy analysis; influencing factors; Kazakhstan

1. Introduction

The sustainability of food production and consumption is the foundation of human
survival and is vital for the development of specific countries and areas. The balance of
food production and consumption plays a pivotal role in the development of a country and
area, and it reflects not only the food production level but also the standard of local diets.
However, as global challenges are becoming more serious, such as the rapidly expanding
population, ecological destruction, and threats to food security, it is urgent to address these
issues in order to achieve sustainable development [1–4].

The global population continues to increase dramatically, resulting in extreme pres-
sure on land use and the environment. All of these issues have encouraged researchers
to explore the soil’s capability and potential, and it has been found that different soils
have different production levels [5,6]. In the following in-depth research, the main focus
is on food production, specific animal food production, influencing factors [7], and food
security [8]. The primary research on food consumption is mainly about family consump-
tion [9]; influencing factors for food consumption [10]; food consumption patterns [11]; and
consumption changes in different regions, such as central Asia [12], Latin-America [13],
North-America [13,14], India [15], and China [16]. In the current research on food pro-
duction and consumption, the methods used mainly contain mathematical statistics [17],
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the cereal-equivalent method [18], ecological footprint [19], life cycle assessment [20], and
model methods such as principal component analysis [21]. With the development of the
geographic information system (GIS), the mapping method is gradually being integrated
into research methods [22,23]. In the current research, the study of food production and
consumption still lacks a suitable and unique calculation standard with which to assess
different kinds of food in order to obtain a clearer idea of the local situations of food
production and consumption.

The 17 Sustainable Development Goals (SDGs) that were adopted by world leaders in
2015 offer a global agenda towards 2030; among these goals, SDG 2, “Zero Hunger”, needs
sustainable agriculture in order to make it come true, especially sustainable production
and consumption [24]. COVID-19 increased the challenges worldwide for poor people
and their diets (FAO, 2020). In light of the pandemic’s effects on the food and agricultural
sector, sustainable food production and consumption have become more important than
before. Many researchers have recognized that controlling the principles of food production
and consumption is necessary for a country, especially providing scientific references and
guidelines for government managers when making suitable agriculture strategies and land
use design.

Choosing the correct method to evaluate a food situation is an important foundation
for policymakers. Current research is focused on either consumption or production and its
influencing factors [11,16,25,26], and many researchers have studied some useful evaluation
methods to calculate the quantity of food production or consumption in order to dig out
the tendency or crucial change points; some typical research methods include ecological
footprint [19,27–29], modeling [23,30,31], and household survey [26,32,33]. All of the
methods above still have shortcomings that are difficult to overcome when applying them
to different situations, such as ecology, economy, and society. Emergy analysis can solve
the problem that different types of energy are difficult to compare and calculate, and can
measure the true value of products and services of the natural ecosystem, social system, and
economic system, and can analyze the results to realize the connection between theoretical
research and decision-making applications.

Emergy is the available energy of one kind of (usually solar energy) required directly or
indirectly to make a product or service [34,35], and emergy is measured in emjoules (sej). In
general, emergy is formulated as solar emergy because the biosphere originates from solar
emergy directly or indirectly, and emergy is measured in solar emergy (sej) [15]. The emergy
evaluation distributes a value to products and services by turning them into equivalents of
solar energy joules, which can be used as a common denominator [36]. Therefore, different
forms of resources with different units can be measured and compared to each other in this
way [37]. In a single product study, there were wheat [37], maize [38,39], and milk [40];
researchers used the emergy method to find the evaluation on sustainable production
about wheat, maize, and milk. As to the agriculture system, the effect relationship between
agriculture and other systems such as environment, land-use, and agriculture’s inner
system [41–44].

Research on food production and consumption in Kazakhstan is extremely important
in order to make use of the country’s natural resources and the distribution of food trade,
improving the sustainability of food production and consumption, and assisting with
scientific decision-making for agricultural development. However, research on Kazakhstan
food mostly focuses on food consumption or improving the quantity of food [45–48]. The
comprehensive study linking both production and consumption patterns and their changes,
differences between urban and rural food consumption, and the driving factors, is rarely
considered and launched. This research employed the emergy method to explore the
changing trend of food production and consumption quantity in Kazakhstan, characters of
per capita food consumption between urban and rural residents, and analyzed the social
and economic influencing factors.
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2. Materials and Methods
2.1. Study Area

Kazakhstan is located in Central Asia, and with an overall area of 2.72 × 106 km2,
covering latitudes from approximately 40◦ N to 55◦ N and longitudes from 50◦ E to 85◦ E
it is the largest landlocked country in the world. The total population is 18.5 million
(World Bank, NW Washington, DC 20433, USA, 2019), and the population density is
6.79 people/km2. Kazakhstan has faced some issues, such as high immigration at the
start of its independence and economic retrogression, as well as a decrease in the total
population from 1997 to 2002. Its population was 18.51 million in 2019, 3.66 million higher
than that in 2002. The urban population was 18.51 million in 2019, and this was higher
than the rural population of 10.65 million for the same year. The percentage of the urban
population kept increasing, from 55.96% in 1997 to 57.54% in 2019, with an increase rate
of 1.58%. Kazakhstan’s economy rapidly developed, as the GDP continuously grew from
USD 6.04 billion in 1997 to USD 21.33 billion in 2019, and the GDP in 2019 was 2.53-fold
higher than that for 1997; growth even reached 10.7% in 2006. Agriculture is the country’s
primary industry and has made a great contribution to the primary industry GDP.

The landform of the country is mainly plains and mountains. As it is located in the
interior of the Eurasian landmass, it has a warm temperate continental climate and three
climatic zones classified as arid, dry continental, and highland. The annual precipitation
in the plains is about 100–300 mm, while in the southeastern mountains, it can rise to
800–1500 mm. As affected by the topography and precipitation, the main land-use types
are farmland, grassland, and shrub from north to south [29]. Kazakhstan’s land use consists
of cropland, grassland, forest, waterbody, barren, wetland, shrubland, urban and built-
upland, and permanent snow and ice. The grassland area is 1.40 × 107 km2, which accounts
for 85.60% of the total land (Figure 1). Animal husbandry mainly consists of cattle, sheep,
and poultry. Its primary animal products are beef, mutton, pork, chicken, milk, and eggs.
The cropland area is smaller than the grassland, and it accounts for 5.40% of the total land.
This kind of land mainly provides agricultural plants such as grains, beans, and potatoes;
wheat accounts for half of the total agricultural land. In 2017, the proportion of agriculture
in the total output value of the primary industry remained above 99%.

 
Figure 1. Land use in Kazakhstan in 2017. 

 

 

Figure 2. Annual food consumption in Kazakhstan. 

 

Figure 1. Land use in Kazakhstan in 2017.
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2.2. Data Collection

For this study, animal-based food includes beef, mutton, pork, chicken, fish, horsemeat,
milk, and eggs; here, milk is from cows, and goat milk is excluded. Fish mainly includes
freshwater and demersal fish. Plant-based food includes wheat, rice, potatoes, fruit, vegeta-
bles, and sugar. Fruit includes grapes, apples, and bananas, and vegetables include cabbage,
carrots, cauliflower, broccoli, chilies, peppers, garlic, and eggplants. Food consumption
data for Kazakhstan and its urban and rural residents per capita consumption from 1997 to
2019 were obtained from the official statistics of the Statistical Commission of the Ministry
of National Economy of Kazakhstan (http://stat.gov.kz (accessed on 31 September 2020)).
The food production data were derived from the Food and Agriculture Organization of the
United Nations (FAO; http://www.fao.org/faostat/en/#data (accessed on 31 September
2020)). The size of the population, gross domestic production (GDP), trade, and other
economic data were obtained from the World Bank (https://data.worldbank.org.cn (ac-
cessed on 31 September 2020)). Data on horsemeat consumption and the main factors that
influence food production and consumption were obtained from social research of local
residents in 2018. Land use data were extracted from the GADM database (www.gadm.org
(accessed on 20 April 2018)), version 3.4, in April 2018.

2.3. Analysis Methodology

This work aimed to study Kazakhstan’s food production and consumption and their
relationship from 1997 to 2019. According to the food source, the national foods were
divided into plant-based and animal-based food. First of all, we needed to convert food
production and consumption data into emergy as the specific food’s energy conversion rate
and emergy transformity. The calculation of plant-based food production or consumption
converted their production or consumption into emergy and summarized the food emergy;
the specific calculation method is expressed in Equation (2). This showed plant-based food
consumption as a trend in urban and rural areas. The calculation of animal-based food
production or consumption is also expressed by Equation (2). This makes it possible to
study the difference between animal-based food consumption for urban and rural residents.
The food consumption of urban or rural residents is calculated using Equations (4) and (5).
According to the studied urban and rural food consumption patterns, we tried to clearly
find the change and its characteristics.

Emergy was used to calculate the total emergy. The equation expressing emergy
comes from reference [49] (Table 1), and its detailed calculation is shown below.

Ei = xi × kmi × kni (1)

Et = Ep + Ea =
h

∑
p=1

xp × kmp × knp +
h

∑
a=1

xa × kma × kna (2)

Pt = Pu + Pr (3)

EU = Pu × Et (4)

Er = Pr × Et (5)

i: specific food, such as wheat, rice, potato, beef, mutton, pork, and chicken;
a: animal-based food;
p: plant-based food;
xi: represents specific food quantity (kg);
kmi: energy conversion rate (J/kg);
kni: emergy transformity (sej/J);
Ep: per capita annual plant-based food consumption (sej);
Ea: per capita annual animal-based food consumption (sej);
Et: per capita annual food consumption (sej);
Pt: total population;

http://stat.gov.kz
http://www.fao.org/faostat/en/#data
https://data.worldbank.org.cn
www.gadm.org
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Pu: urban population;
Pr: rural population;
Er: rural residents’ annual food consumption (sej);
EU : urban residents’ annual food consumption (sej).
This paper focused on exploring the relationship between food production and con-

sumption and both characteristics in Kazakhstan from 1997 to 2019 by applying the emergy
analysis method. The specific food emergy transformity information is shown below, and
the relative index is central Asia.

Table 1. Energy conversion rate and emergy transformity for each food item [49].

Item Energy Conversion Rate (J/kg) Emergy Transformity (sej/J)

Wheat 1.57 × 1010 6.80 × 104

Rice 1.55 × 1010 3.95 × 104

Potato 2.51 × 109 2.70 × 104

Vegetable 2.51 × 109 2.70 × 104

Fruit 3.30 × 109 5.30 × 105

Sugar 2.50 × 109 8.50 × 104

Beef 8.76 × 109 3.17 × 106

Mutton 1.41 × 1010 2.00 × 106

Pork 2.00 × 1010 1.70 × 106

Chicken 5.40 × 109 2.00 × 106

Milk 2.90 × 109 1.71 × 106

Horsemeat 1.10 × 107 2.00 × 106

Fish 5.40 × 109 2.00 × 106

Egg 8.30 × 109 2.00 × 106

3. Results
3.1. Food Production and Consumption Quantity and Their Change Trend

With the continuous development of the economy and society, food production and
consumption have undergone different changes in terms of quantity and patterns. Accord-
ing to the rising and falling trends of food consumption, food consumption in Kazakhstan
can be divided into three stages: the subsistence consumption stage (1997–2000), the qual-
ity consumption stage (2001–2010), and the development consumption stage (2011–2019).
At different consumption stages, the national, and urban and rural residents also show
different characteristics in terms of food consumption quantity and patterns.

(1) Total food production and consumption increase and pattern change

Animal-based food consumption occupied the largest percentage and appeared to be
growing (Figure 2); the average percentage of animal-based food consumption in the total
food consumption was 87.64%. Although plant-based food consumption increased from
3.06 × 1021 sej in 1997 to 5.46 × 1021 sej in 2019, its growth rate was less than 3%; this kind
of food consumption remained relatively stable.

The per capita annual food consumption at the national, urban, and rural levels
showed different results and kept fluctuating (Figure 3). Here, national food consumption
was taken from both the urban and rural food consumption from 1997 to 2019. Urban
food consumption was less than that for the rural residents from 1997 to 2000, and from
2006 to 2010, while the periods of 2001 to 2005 and 2011 to 2014 showed that urban food
consumption was more than that for the rural residents. From 2015, the food consumption
for national, urban, and rural residents gradually became more similar.
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Figure 1. Land use in Kazakhstan in 2017. 

 

 

Figure 2. Annual food consumption in Kazakhstan. 
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Figure 3. Per capita annual food consumption.

The production of plant-based food, namely, wheat, rice, and potatoes, exceeded
consumption throughout our research years, and fruit and vegetable production was below
consumption (Figure 4a). Compared with that for other plant-based food, the relationship
between sugar production and consumption was diverse. The highest amount of sugar
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production and consumption was 71.71 × 1018 sej in 2014. Most of the animal-based food
production was lower than the consumption, such as for chicken, fish, horsemeat, and beef.
Egg production exceeded consumption since 2001. Milk, mutton, and pork production
always exceeded the consumption for our research years (Figure 4b).

Figure 4. Annual food production and consumption in Kazakhstan. (a) Annual plant-based food pro-
duction and consumption in Kazakhstan; (b) annual animal-based food production and consumption
in Kazakhstan (-c represents consumption and -p represents production).

In Kazakhstan, the consumption of both plant-based and animal-based foods in-
creased and decreased to different degrees. For plant-based food, fruit consumption had
a significantly increased trend, and the same was seen for beef, but the increase in con-
sumption for beef was smaller than that for fruit. From 1997 to 2019, wheat consumption
fluctuated greatly; the highest wheat consumption was 2.54 × 1021 sej in 2019, and the
lowest was 1.96 × 1021 sej in 2005; this means that wheat consumption achieved a 30%
growth compared with 2005. In the subsistence consumption stage from 1997 to 2000,
wheat consumption had a significant increase from 8.8 × 1013 sej in 1997 to 1.09 × 1014 sej
in 2000, and the rate of wheat flour consumption decreased sharply from 6.34 × 1013 sej in
1997 to 2.96 × 1013 sej in 2000.

The consumption of other plant-based foods, such as rice, potatoes, vegetables, and
sugar, remained at a relatively stable level without much change (Figure 4a). The annual
output of plant food, especially wheat and other grains, fluctuated greatly, while the output
of animal food showed an overall upward trend. Wheat production is greatly affected
by local climate change, and the production fluctuated greatly; the lowest and highest
wheat production was 5.07 × 1021 sej in 1998 and 2.43 × 1022 sej in 2011, respectively, and
wheat production exhibited a 3.8-fold increase. The production of fruit and vegetables
was low and stable; the production for both remained at an average of 2.32 × 1019 sej and
1.64 × 1019 sej from 1997 to 2019, respectively. The production of potatoes and rice showed
a steady upward trend from 9.98 × 1019 sej and 1.56 × 1020 sej in 1997 to 2.65 × 1020 sej and
3.43 × 1020 sej in 2019, respectively. Potato production showed significant growth, with a
2.1-fold increase. In the same period (1997–2000), most animal-based foods, such as beef,
mutton, and milk, were in decline, except pork. Fish and chicken remained constant. In the
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quality consumption stage, both plant-based food and animal-based food showed mostly
stable increases. However, wheat, milk, and pork consumption showed a gradual decrease.
In the development consumption stage from 2011 to 2019, fruit and beef maintained the
same increase trend as for the quality consumption stage. Fruit consumption increased
from 1.69 × 1021 sej in 2011 to 2.51 × 1021 sej in 2019, which was a 48% increase. Wheat
and milk maintained a decreasing trend, and other foods, such as rice, sugar, vegetables,
and potatoes, maintained a low and stable consumption. Chicken, egg, and fish showed a
small margin of increase. All animal-based food production showed different increases
from 1997 to 2019. Pork and fish production showed a slight upward trend and fluctuation
that increased from 2.79 × 1021 sej and 3.67 × 1020 sej in 1997 to 2.94 × 1021 sej and
3.98 × 1020 sej in 2019, respectively. Beef and milk production had a significant increase
from 1.12 × 1022 sej and 1.63 × 1022 sej in 1997 to 1.39 × 1022 sej and 2.89 × 1022 sej in
2019, respectively, but there was little fluctuation for beef and milk production, while other
items showed an upward trend to different degrees. Chicken and egg production also
showed a small upward trend, although the growth margin was not as large as for beef
and milk. Chicken and egg production was mainly slow and steady, from 2.58 × 1020 sej
and 1.18 × 1021 sej in 1997 to 2.31 × 1021 sej and 4.58 × 1021 sej in 2019, respectively.

For the food consumption pattern, food consumption items remained stable and did
not change much; the significant change was in the meat percentage of food consumption
over the 23 years (Figure 5). Comparing the food consumption percentage from 1997 with
2019, the results showed that meat consumption accounted for 69.68% of the total food
consumption and had a 15.18% increase over 23 years. The fruit consumption percentage
also had a great increase of 4.27% from 1997 to 2019. At the same time, the egg consumption
percentage had a relatively low increase of 1.69%. In contrast to meat and fruit, grains
and milk decreased by 4.55% and 16.56%, respectively, from 1997 to 2019. Sugar and
vegetable consumption remained stable, as they showed slight decreases of 0.02% and
0.01%, respectively.

Figure 5. Food consumption patterns in Kazakhstan in 1997 and 2019.

3.2. Changing Relationship between Food Production and Consumption

The total food production met the domestic food consumption, but the supply of some
food was insufficient, especially for plant-based food, mainly fruit and vegetables, and
animal-based food, mainly chicken and fish, which constantly showed that consumption
exceeded production, and the gap between consumption and production for these four
kinds of food was constantly increasing.

Production exceeding consumption means that the domestic food supply can satisfy
domestic consumption. The kinds of food that have always been in oversupply are mainly
wheat, rice, potatoes, milk, mutton, and pork (Figure 6a–c). Wheat production always
exceeded consumption, and the biggest gap for this reached 2.21 × 1022 sej, in 2011, while
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it was the lowest, at 2.61 × 1021 sej, in 1998 (Figure 6). In 2011, this quantity was 7.47 times
more than that in 1998, meaning that the growth in wheat production greatly exceeded that
of its consumption (Figure 6a). The biggest gap between the production and consumption
of potatoes was 2.04 × 1020 sej in 2019, and the smallest was 1.42 × 1019 sej in 1998. The
difference between these two gaps was 13.4 times. Milk production always exceeded its
domestic consumption, with the biggest gap being 2.43 × 1022 sej in 2019 and the smallest
one being 9.83 × 1021 sej in 1997. The production and consumption gap of milk in 2019 was
1.47 times more than that in 1997. The biggest and smallest gap between the production and
consumption of mutton was 2.03 × 1021 sej in 1997 and 6.67 × 1020 sej in 2011; the gap in
2011 was 2.05 times less than that in 1997. Pork consumption in Kazakhstan was relatively
less than that for countries such as China. The gap where pork production could not meet
its consumption only occurred in 2000, with a gap of 4.95 × 1018 sej. The biggest gap for
pork was 2.46 × 1021 sej in 2005. The smallest and biggest gap between the production and
consumption of rice was 7.27 × 1018 sej in 2001 and 1.69 × 1020 sej in 2019, respectively.
The gap in 2019 was 22.2 times more than that in 2001.

Figure 6. Annual food gap between local production and consumption in Kazakhstan. (F represents
the turning point). (a) annual local production and consumption gap of milk, beef and wheat;
(b) annual local production and consumption gap of fruit, fish, pork, mutton, chicken and egg;
(c) annual local production and consumption gap of rice, potato, sugar, horsemeat and vegetable.
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There are still several kinds of food where production falls short of consumption, such
as plant-based food, namely, fruit and vegetables, and animal-based food, namely chicken
and fish (Figure 6b,c). Fruit and vegetable production did not meet domestic consumption,
and still, 1.28 × 1021 sej and 7.20 × 1019 sej imports were demanded, respectively, from 1997
to 2019. Fruit and vegetables’ biggest gaps between production and consumption were
2.49 × 1021 sej in 2019 and 9.27 × 1019 sej in 2018, respectively. For plant-based food, the
production of domestic fruit and vegetables did not satisfy local residents’ consumption,
which is becoming a serious issue—the production/consumption of fruit expanded from
5% in 1999 to 1% in 2019, and the fruit gap between local production and domestic
consumption changed from 3.09 × 1020 sej in 1997 to 2.49 × 1021 sej in 2019. The gap
between vegetable production and consumption also increased from 5.65 × 1019 sej in 1997
to 8.34 × 1019 sej in 2019. Fish production was in deficiency, and the average gap remained
at a low level of 3.28 × 1020 sej from 1997 to 2000. From 2001, the fish production deficiency
increased, and the biggest gap was 2.46 × 1021 sej in 2019. The redundancy of rice and
potatoes was 1.25 × 1020 sej and 5.61 × 1019 sej on average. The chicken production and
consumption gap presented continuous growth. The smallest and biggest gaps between
chicken production and consumption were 1.71 × 1020 sej in 2000 and 1.50 × 1021 sej in
2015. The difference between the gap in 2015 and in 2000 was 7.76-fold.

During the study period, several kinds of food production and consumption gaps
showed turning points. This category of food contained horsemeat, eggs, and beef. Horse-
meat consumption is a famous local food in Kazakhstan. Its production satisfied its
domestic consumption during the first three years from 1997 to 2005. However, from
2006, the turning point came when the horsemeat supply could not meet the domestic
demand. In 2006, urban and rural horsemeat consumption showed increases of 7.18% and
6.86%, respectively, compared with that of the previous year, and this consumption growth
continued to increase (Appendix A Figure A1a,b), with the gap gradually getting larger
until its peak of 1.05 × 1020 sej in 2013.

Both beef and egg production and consumption had turning points, which means
that the gap direction between production and consumption changed. In 2009, the gap of
beef production and consumption reached a turning point; the gap turned from positive to
negative, which means that beef production could not remain self-sufficient, and imports
from other countries were needed to satisfy the domestic beef demand. Both urban and
rural beef consumption grew at high speed, especially in 2011, where urban and rural
beef consumption reached 9.89 × 1021 sej and 5.42 × 1021 sej, which was a 27.31% and
22.45% increase compared with that of 2010 (Figure A1a,b). This contributed to the beef
gap becoming larger. Beef’s biggest gap was 6.38 × 1021 sej in 2015. Compared with those
for beef and horsemeat, the trends of change in egg production and consumption were
different. Egg production could not satisfy domestic consumption during the period of
1997 to 2000. From 2001, the egg production and consumption gap turned from negative to
positive and kept growing until it reached its peak of 1.58 × 1021 sej in 2017, which means
that egg production was self-sufficient and met domestic consumption.

4. Discussion

During the study period, different food gaps between production and consumption
presented various trends. Food production and consumption quantity and pattern evo-
lution are affected by many different factors, such as economic, social, and ecological
factors. When searching for the causes of the trends, we found that one of the most popular
reasons was population change, which has been previously mentioned [50]. Since 2000,
the total food consumption increased to 46.49 × 1021 sej, which is 2-fold more than that in
2000 (Figure 2). The population change trend was similar to the total food consumption
and had continuing growth from 14.86 million persons in 2001 to 18.04 million persons;
although the population explained the food consumption change independently, the total
food consumption volume relied on the population quantity.
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GDP represents one country or area’s comprehensive economic ability. This factor has
a significant role in improving residents’ food consumption quantity and quality, especially
in rural areas [51,52]. The GDP in Kazakhstan showed high growth from 1997 to 2019. GDP
growth provides a strong foundation for people to purchase more and more varied foods.
The final consumption expenses of a household’s disposable income also prove this point.
The factor that plays a big role in food consumption quality is per capita final consumption
expenses of the household disposable income, and related research has certificated this
result [53]. In Kazakhstan, urban and rural meat consumption as a proportion of the total
food consumption increased greatly from 64.06% and 45.46% in 1997 to both being 68.91%
in 2019.

When the total population increases, urbanization in Kazakhstan also grows, and it
grew from 55.96% in 1997 to 57.54% in 2019, which required more food types and put more
pressure on land use [54]. From 1997 to 2019, Kazakhstan’s agricultural land area experi-
enced decreasing firstly and then increasing, comparing with the least agricultural land
area of 2.11 × 108 ha, it grew by 3.03% in 2010, and since then it was kept at 2.16 × 108 hm2

on average. In the meantime, cropland area also increased to 2.99 × 107 hm2 in 2018,
which was 4.97% more than that in 2003. More food consumption stimulated more land
use for production [55,56]. Consumption structure change took adjustment of land use
types [57]. With the improvement in the living standard over the past years, the con-
sumption of non-staple foods such as vegetables and oilseed increased, leading to changes
in land use structure. Oilseed plants and vegetable acreage increased to 2.86 × 106 hm2

and 1.59 × 105 hm2 in 2019, which were 7.58 folds and 82.66% more than that in 1997,
respectively. Kazakhstan’s land is not fertile, and its ecological environment is relatively
fragile [58,59]. Crop production and yield need to grow faster than the population and
urbanization, which requires a sustainable approach. An increased urbanization rate means
that the urban population is increasing, and more high-quality food is needed, such as meat.
Meat consumption for the urban area went from 8.90 × 1014 sej in 1997 to 1.62 × 1015 sej
in 2019, with a growth rate of 81.60%. The meat consumption increase meant more feed
crop production was required, and this caused a great change in land use [60]. At the same
time, more greenhouse emissions arose from agricultural production, and this also has an
impact on the natural environment [61].

In order to meet the domestic food demand and ensure a decrease in cost, many
countries select food import as a suitable way to transfer the production pressure to
other countries [62]. In Kazakhstan, fruit and chicken imports improved greatly from
5.15t × 103t and 3.31t × 104t in 1997 to 2.83 × 105t and 1.71 × 105t in 2019, both of
which had large growth, which showed that the dependence on fruit and chicken imports
increased. Vegetable imports also presented a great increase to 3.77 × 105t in 2019, which
was 18.21 folds that in 1997. Although domestic beef and pork production both improved,
these two kinds of food still needed some import of 1.23 × 103t and 2.24 × 103t on average
from 1997 to 2019 (Figure A2). However, this is also a food security risk, especially
during the anti-globalization and worldwide pandemic era, which prohibited world trade
connection and produced more isolation [62,63].

The ecological environment is the basic foundation of human life and provides many
various foods [50,64]. Different food yields and livestock quantities are guaranteed in
the usual food supply. Kazakhstan’s plant-based food focuses on staple foods such as
wheat and rice; it is especially famous for its wheat production and export in the world.
Agriculture is the basic industry in Kazakhstan, and the government focuses greatly on this.
The yields of several foods have shown increases to different degrees. The potato yield
rapidly increased from 8.41 × 104 kg/hm2 in 1997 to 20.34 × 104 kg/hm2 in 2019. This
was the main reason Kazakhstan’s local potato could meet the domestic consumption of
potatoes, and both the urban and rural potato consumption increased from 3.31 × 1019 sej
and 2.73 × 1019 sej in 1997 to 9.65 × 1019 sej and 7.12 × 1019 sej in 2019, respectively. Animal-
based food consumption always makes up a large portion of the usual food. According to
the data of the food consumption patterns of Kazakhstan residents, the data shows that
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animal-based food per capita consumption accounted for 69.49% in 2019, increasing at a
rate of 15.18% compared with that of 1997. Meat consumption was a large portion of the
total food consumption, partly because the livestock quantity increased, especially chicken,
sheep, and cattle stock, from 15.30 × 106 head, 12.87 × 106 head and 5.42 × 106 head
in 1997 to 43.42 × 106 head, 16.91 × 106 head, and 7.44 × 106 head in 2019, respectively.
Pig stock quantity showed a slight increase, and it also met Kazakhstan’s domestic pork
consumption of 2.03 × 1021 sej on average.

5. Conclusions

According to the results above, Kazakhstan’s food production and consumption sig-
nificantly increased in both quality and quantity. Animal-based food consumption showed
a continued increase, especially for beef and horsemeat, and both of their production and
consumption gaps turned from positive to negative. The consumption of plant-based food,
such as wheat and rice, presented a decrease. Fruit and vegetable consumption continued
to exceed production, and the gap continued to grow. In order to address these food
insufficiencies, Kazakhstan has to depend on imports from other countries.

Kazakhstan’s residents’ food consumption had a significant trend showing that
animal-based food consumption consisted of the highest total per capita food consumption
(Figure 4). The Kazakhstan food consumption pattern changed with social and economic
development. The significant change was that grain consumption as a proportion of the
total food consumption was decreasing. The annual grain consumption in the urban and
rural areas decreased from 11.46% and 10.07% in 1997 to 5.39% in 2019. Urban grain
consumption decreased more than for rural residents (Figure A1c,d). Meat annual con-
sumption as a proportion of the total food consumption increased from 64.06% in 1997
to 68.91% in 2019, but that of rural residents increased from 45.46% in 1997 to 68.91% in
2019. This shows that rural meat consumption is more vulnerable to social and economic
influence than urban meat consumption, to some extent. Moreover, Kazakhstan has a
large area of cropland and grassland, but it is easy to understand that its yield does not
show a high efficiency for cropland utilization because its famous crop, wheat, has a yield
lower than that in Russia [65]. Compared with the international wheat yield, Kazakhstan’s
wheat yield still has much room and potential for improvement. The yield level of crops in
Kazakhstan had a long-term unstable situation, especially wheat and other cereals. Thus, it
is important to implement advanced plant technology and prepare for a decrease in yield
brought about by climate change.

The per capita food consumption gap between rural and urban residents is getting
smaller; this means that food consumption in Kazakhstan is converging. In 2019, the per
capita annual food consumption of urban and rural residents was inclined to be equal.
Kazakhstan’s local food production cannot satisfy all of the food consumption. Fruit,
vegetables, beef, chicken, and fish consumption need to depend on imports from other
countries, and the import quantity is increasing. Kazakhstan has to improve these kinds of
local food productions in order to reduce the dependence on food imports. The COVID-19
pandemic situation is still serious and has seriously affected the worldwide trade, including
food imports [66–68]. More attention needs to be given to the improvement of agriculture
technology and management efficiency. This will provide great help to Kazakhstan by
implementing various measures to achieve more domestic food production.

As the population increases and economic development stimulates more food con-
sumption and various types of food production in Kazakhstan, the pressure on land use
and the environment is increasing. Therefore, the establishment of sustainable food pro-
duction and consumption will contribute to ensuring harmony between human beings
and nature.

This research revealed the food production and consumption patterns in Kazakhstan;
it still has some limitations: first, lack of sufficient data on the state-wide production
and consumption that can be used to investigate the spatial variations; meanwhile, food
waste data is not available and thus limited us from understanding the gaps between
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production and consumption; second, the influence of residents’ education and culture on
their consumption needs to be explored through interviews or literature reviews. Third, we
used average conversion factors in central Asian countries to convert food production and
consumption data into emergy for Kazakhstan; this may have affected, to some extent, the
accuracy of the results. In this regard, the research team will employ online or face-to-face
interviews and other useful methods to gather necessary data and information to support
further studies.
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Appendix A

Figure A1. Annual animal-based and plant-based food consumption of urban and rural residents.
(a) Annual animal-based food consumption of urban residents; (b) annual animal-based consumption
of rural residents; (c) annual plant-based food consumption of urban residents; (d) annual plant-based
food consumption of rural residents.
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Figure A2. Food import quantity.

References
1. Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Muller, N.D.; O’Connell, C.;

Ray, D.K.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337–342. [CrossRef] [PubMed]
2. Tilman, D.; Balzer, C.; Hill, J.; Befort, B.L. Global food demand and the sustainable intensification of agriculture. Proc. Natl. Acad.

Sci. USA 2011, 108, 20260–20264. [CrossRef] [PubMed]
3. Jain, M.; Solomon, D.; Capnerhurst, H.; Arnold, A.; Elliott, A.; Kinzer, A.T.; Knauss, C.; Peters, M.; Rolf, B.; Weil, A.; et al. How

much can sustainable intensification increase yields across South Asia? a systematic review of the evidence. Environ. Res. Lett.
2020, 15, 083004. [CrossRef]

4. Rockstrom, J.; Williams, J.; Daily, G.; Noble, A.; Matthews, N.; Gordon, L.; Wettersrand, H.; DeClerck, F.; Shah, M.; Sterduto, P.;
et al. Sustainable intensification of agriculture for human prosperity and global sustainability. Ambio 2017, 46, 4–17. [CrossRef]

5. Buol, S.W. Sustainability of Soil Use. Annu. Rev. Ecol. Syst. 1995, 26, 25–44. [CrossRef]
6. Reeves, T.G.; Pingali, P.L.; Rajaram, S.; Cassaday, K. Crop and natural resource management strategies to foster sustainable

wheat production in developing countries. In Wheat in a Global Environment; Bedo, Z., Lang, L., Eds.; Springer: Dordrecht, The
Netherlands, 2001; Volume 9, pp. 23–36.

7. Speedy, A.W. Global production and consumption of animal source foods. J. Nutr. 2003, 133, 4048S–4053S. [CrossRef] [PubMed]
8. Kalamkarova, L.I.; Bagryantseva, O.V. The problem of food-products safety in Kazakh Republic. In Impact of Pollution on Animal

Products; Faye, B., Sinyavskiy, Y., Eds.; Kazakh Academy of Nutrition: Almaty, Kazakhstan, 2008; pp. 13–16.
9. Grant, M.W. Family Food Consumption in the United-States. Nature 1945, 156, 441–442. [CrossRef]
10. Toumpakari, Z.; Haase, A. Fast food consumption and influencing factors in British and Greek adolescents. Ann. Nutr. Metab.

2011, 58, 60–61.
11. Nurhasan, M.; Ickowitz, A.; Fahim, M.; Aprillyana, N. Food Consumption Patterns and Changes in Indonesia Forested and

Deforested Areas. Ann. Nutr. Metab. 2019, 75, 134.
12. Van Zanten, H.H.E.; Herrero, M.; Van Hal, O.; Roos, E.; Muller, A.; Garnett, T.; Gerber, P.J.; Schader, C.; De Boer, I.J.M. Defining a

land boundary for sustainable livestock consumption. Glob. Chang. Biol. 2018, 24, 4185–4194. [CrossRef] [PubMed]
13. Tagle, M.A. Changes in Food-Consumption Patterns in Latin-America. Arch. Latinoam. Nutr. 1988, 38, 750–765. [PubMed]
14. Ravishankar, C.; Kamath, S.; Briones, E.; CHEN, E. Food-Consumption Survey of Asian Indians in North-America. FASEB J. 1992,

6, A1684.
15. Ali, M.; Marvuglia, A.; Geng, Y.; Robins, D.; Pan, H.Y.; Song, X.Q.; Yu, Z.J.; Sun, H.P. Accounting emergy-based sustainability of

crops production in India and Pakistan over first decade of the 21st century. J. Clean. Prod. 2019, 207, 111–122. [CrossRef]
16. Yang, W.N.; Zhen, L. Household perceptions of factors that affect food consumption in grassland areas: A case study in the Xilin

Gol Grassland, China. Environ. Res. Lett. 2020, 15, 115007. [CrossRef]
17. Ray, D.K.; Mueller, N.D.; West, P.C.; Foley, J.A. Yield Trends Are Insufficient to Double Global Crop Production by 2050. PLoS

ONE 2013, 8, e66428. [CrossRef]
18. Rask, K.J.; Rask, N. Economic development and food production-consumption balance: A growing global challenge. Food Policy

2011, 36, 186–196. [CrossRef]
19. Baabou, W.; Grunewald, N.; Ouellet-Plamondon, C.; Gressort, M.; Galli, A. The Ecological Footprint of Mediterranean cities:

Awareness creation and policy implications. Environ. Sci. Policy 2017, 69, 94–104. [CrossRef]
20. Smetana, S.; Mathys, A.; Knoch, A.; Heinz, V. Meat alternatives: Life cycle assessment of most known meat substitutes. Int. J. Life

Cycle Assess. 2015, 20, 1254–1267. [CrossRef]

http://doi.org/10.1038/nature10452
http://www.ncbi.nlm.nih.gov/pubmed/21993620
http://doi.org/10.1073/pnas.1116437108
http://www.ncbi.nlm.nih.gov/pubmed/22106295
http://doi.org/10.1088/1748-9326/ab8b10
http://doi.org/10.1007/s13280-016-0793-6
http://doi.org/10.1146/annurev.es.26.110195.000325
http://doi.org/10.1093/jn/133.11.4048S
http://www.ncbi.nlm.nih.gov/pubmed/14672310
http://doi.org/10.1038/156441a0
http://doi.org/10.1111/gcb.14321
http://www.ncbi.nlm.nih.gov/pubmed/29788551
http://www.ncbi.nlm.nih.gov/pubmed/3153134
http://doi.org/10.1016/j.jclepro.2018.09.236
http://doi.org/10.1088/1748-9326/abc0b9
http://doi.org/10.1371/journal.pone.0066428
http://doi.org/10.1016/j.foodpol.2010.11.015
http://doi.org/10.1016/j.envsci.2016.12.013
http://doi.org/10.1007/s11367-015-0931-6


Foods 2021, 10, 1520 15 of 16

21. Jin, H.; Mo, L.X.; Pan, L.; Hou, Q.C.; Li, C.J.; Darima, I.; Yu, J. Using PacBio sequencing to investigate the bacterial microbiota
of traditional Buryatian cottage cheese and comparison with Italian and Kazakhstan artisanal cheeses. J. Dairy Sci. 2018, 101,
6885–6896. [CrossRef]

22. Scherer, L.; Verburg, P.H. Mapping and linking supply- and demand-side measures in climate-smart agriculture. A review. Agron.
Sustain. Dev. 2017, 37, 66. [CrossRef]

23. Casella, P.; De Rosa, L.; Salluzzo, A.; De Gisi, S. Combining GIS and FAO’s crop water productivity model for the estimation of
water footprinting in a temporary river catchment. Sustain. Prod. Consum. 2019, 17, 254–268. [CrossRef]

24. Veldhuizen, L.J.L.; Giller, K.E.; Oosterveer, P.; Brouwer, I.D.; Janssen, S.; van Zanten, H.H.E.; Slingerland, M.A. The Missing
Middle: Connected action on agriculture and nutrition across global, national and local levels to achieve Sustainable Development
Goal 2. Glob. Food Secur. Agric. Policy Econ. Environ. 2020, 24, 100336. [CrossRef]

25. Lee, H.C.; Chang, C.T.; Chen, Y.H.; Huang, Y.S. The spell of cuteness in food consumption? It depends on food type and
consumption motivation. Food Qual. Prefer. 2018, 65, 110–117. [CrossRef]

26. Yang, W.N.; Zhen, L.; Wei, Y.J. Food consumption and its local dependence: A case study in the Xilin Gol China. Environ. Dev.
2020, 34, 100470. [CrossRef]

27. Cao, Y.Y.; Chai, L.; Yan, X.L.; Liang, Y. Drivers of the Growing Water, Carbon and Ecological Footprints of the Chinese Diet from
1961 to 2017. Int. J. Environ. Res. Public Health 2020, 17, 1803. [CrossRef]

28. Deng, C.X.; Liu, Z.; Li, R.R.; Li, K. Sustainability Evaluation Based on a Three-Dimensional Ecological Footprint Model: A Case
Study in Hunan, China. Sustainability 2018, 10, 4498. [CrossRef]

29. Li, Y.Y.; Wang, L.E.; Cheng, S.K. Spatiotemporal variability in urban HORECA food consumption and its ecological footprint in
China. Sci. Total Environ. 2020, 747, 142343. [CrossRef] [PubMed]

30. Cardoso, A.S.; Domingos, T.; de Magalhaes, M.R.; de Melo-Abreu, J.; Palma, J. Mapping the Lisbon Potential Foodshed in Ribatejo
e Oeste: A Suitability and Yield Model for Assessing the Potential for Localized Food Production. Sustainability 2017, 9, 2003.
[CrossRef]

31. Wang, X.; Xin, L.J.; Tan, M.H.; Li, X.B.; Wang, J.Y. Impact of spatiotemporal change of cultivated land on food-water relations in
China during 1990–2015. Sci. Total Environ. 2020, 716, 137119. [CrossRef]

32. Desiere, S.; Hung, Y.; Verbeke, W.; D’Haese, M. Assessing current and future meat and fish consumption in Sub-Sahara Africa:
Learnings from FAO Food Balance Sheets and LSMS household survey data. Glob. Food Secur. Agric. Policy Econ. Environ. 2018,
16, 116–126. [CrossRef]

33. Ntakyo, P.R.; van den Berg, M. Effect of market production on rural household food consumption: Evidence from Uganda. Food
Secur. 2019, 11, 1051–1070. [CrossRef]

34. Odum, H.T.; Peterson, N. Simulation and evaluation with energy systems blocks. Ecol. Model. 1996, 93, 155–173. [CrossRef]
35. Odum, H.T.; Doherty, S.J.; Scatena, F.N.; Kharecha, P.A. Emergy evaluation of reforestation alternatives in Puerto Rico. For. Sci.

2000, 46, 521–530.
36. Jorgensen, S.E.; Odum, H.T.; Brown, M.T. Emergy and exergy stored in genetic information. Ecol. Model. 2004, 178, 11–16.

[CrossRef]
37. Zhao, H.; Zhai, X.J.; Guo, L.Z.; Liu, K.S.; Huang, D.; Yang, Y.J.; Li, J.H.; Xie, S.; Zhang, C.; Tang, S.M.; et al. Assessing the efficiency

and sustainability of wheat production systems in different climate zones in China using emergy analysis. J. Clean. Prod. 2019,
235, 724–732. [CrossRef]

38. Ghaley, B.B.; Kehli, N.; Mentler, A. Emergy synthesis of conventional fodder maize (Zea mays L.) production in Denmark. Ecol.
Indic. 2018, 87, 144–151. [CrossRef]

39. Mwambo, F.M.; Furst, C.; Nyarko, B.K.; Borgemeister, C.; Martius, C. Maize production and environmental costs: Resource
evaluation and strategic land use planning for food security in northern Ghana by means of coupled emergy and data envelopment
analysis. Land Use Policy 2020, 95, 104490. [CrossRef]

40. Agostinho, F.; Oliveira, M.W.; Pulselli, F.M.; Almeida, C.M.V.B.; Giannetti, B.F. Emergy accounting as a support for a strategic
planning towards a regional sustainable milk production. Agric. Syst. 2019, 176, 102647. [CrossRef]

41. Artuzo, F.D.; Allegretti, G.; Santos, O.I.B.; da Silva, L.X.; Talamini, E. Emergy unsustainability index for agricultural systems
assessment: A proposal based on the laws of thermodynamics. Sci. Total Environ. 2021, 759, 143524. [CrossRef] [PubMed]

42. Shah, S.M.; Liu, G.Y.; Yang, Q.; Wang, X.Q.; Casazza, M.; Agostinho, F.; Lombardi, G.V.; Giannetti, B.F. Emergy-based valuation of
agriculture ecosystem services and dis-services. J. Clean. Prod. 2019, 239, 118019. [CrossRef]

43. dos Reis, J.C.; Rodrigues, G.S.; de Barros, I.; Rodrigues, R.D.R.; Garrett, R.D.; Valentim, J.F.; Kamoi, M.Y.T.; Michetti, M.; Wruck,
F.J.; Rodrigues, S.; et al. Integrated crop-livestock systems: A sustainable land-use alternative for food production in the Brazilian
Cerrado and Amazon. J. Clean. Prod. 2021, 283, 124580. [CrossRef]

44. Skaf, L.; Buonocore, E.; Dumontet, S.; Capone, R.; Franzese, P.P. Food security and sustainable agriculture in Lebanon: An
environmental accounting framework. J. Clean. Prod. 2019, 209, 1025–1032. [CrossRef]

45. Liang, Y.H.; Zhen, L.; Zhang, C.S.; Hu, Y.F. Consumption of products of livestock resources in Kazakhstan: Characteristics and in
fluencing factors. Environ. Dev. 2020, 34, 100492. [CrossRef]

46. Morgounov, A.; Abugalieva, A.; Martynov, S. Effect of Climate Change and Variety on Long-term Variation of Grain Yield and
Quality in Winter Wheat in Kazakhstan. Cereal Res. Commun. 2014, 42, 163–172. [CrossRef]

http://doi.org/10.3168/jds.2018-14403
http://doi.org/10.1007/s13593-017-0475-1
http://doi.org/10.1016/j.spc.2018.11.002
http://doi.org/10.1016/j.gfs.2019.100336
http://doi.org/10.1016/j.foodqual.2017.11.002
http://doi.org/10.1016/j.envdev.2019.100470
http://doi.org/10.3390/ijerph17051803
http://doi.org/10.3390/su10124498
http://doi.org/10.1016/j.scitotenv.2020.142343
http://www.ncbi.nlm.nih.gov/pubmed/32981746
http://doi.org/10.3390/su9112003
http://doi.org/10.1016/j.scitotenv.2020.137119
http://doi.org/10.1016/j.gfs.2017.12.004
http://doi.org/10.1007/s12571-019-00959-2
http://doi.org/10.1016/0304-3800(95)00221-9
http://doi.org/10.1016/j.ecolmodel.2003.12.036
http://doi.org/10.1016/j.jclepro.2019.06.251
http://doi.org/10.1016/j.ecolind.2017.12.027
http://doi.org/10.1016/j.landusepol.2020.104490
http://doi.org/10.1016/j.agsy.2019.102647
http://doi.org/10.1016/j.scitotenv.2020.143524
http://www.ncbi.nlm.nih.gov/pubmed/33248781
http://doi.org/10.1016/j.jclepro.2019.118019
http://doi.org/10.1016/j.jclepro.2020.124580
http://doi.org/10.1016/j.jclepro.2018.10.301
http://doi.org/10.1016/j.envdev.2019.100492
http://doi.org/10.1556/CRC.2013.0047


Foods 2021, 10, 1520 16 of 16

47. Li, L.; Zheng, S.H.; Brinckmann, J.A.; Fu, J.; Zeng, R.; Huang, L.F.; Chen, S.L. Chemical and genetic diversity of Astragalus
mongholicus grown in different eco-climatic regions. PLoS ONE 2017, 12, e0184791. [CrossRef]

48. Maikanov, B.S.; Auteleyeva, L.T.; Ismagulova, G.T.; Wisniewski, J.; Belkot, Z.; Anusz, K. Quality and safety of agricultural
products in the Shuchinsk-Burabay Resort Zone. Fish. Med. Weter. Vet. Med. Sci. Pract. 2020, 76, 585–588. [CrossRef]

49. Li, J.X.; Chen, Y.N.; Xu, C.C.; Li, Z. Evaluation and analysis of ecological security in arid areas of Central Asia based on the
emergy ecological footprint (EEF) model. J. Clean. Prod. 2019, 235, 664–677. [CrossRef]

50. Hallstrom, E.; Davis, J.; Woodhouse, A.; Sonesson, U. Using dietary quality scores to assess sustainability of food products and
human diets: A systematic review. Ecol. Indic. 2018, 93, 219–230. [CrossRef]

51. Mottaleb, K.A.; Rahut, D.B.; Kruseman, G.; Erenstein, O. Evolving food consumption patterns of rural and urban households in
developing countries A Bangladesh case. Br. Food J. 2018, 120, 392–408. [CrossRef]

52. Guine, R.P.F.; Florenca, S.G.; Barroca, M.J.; Anjos, O. The Link between the Consumer and the Innovations in Food Product
Development. Foods 2020, 9, 1317. [CrossRef]

53. Frona, D.; Szenderak, J.; Harangi-Rakos, M. The Challenge of Feeding the World. Sustainability 2019, 11, 5816. [CrossRef]
54. Ellis, S. Function of Soils for Human Societies and the Environment. Geogr. J. 2009, 175, 164–165. [CrossRef]
55. Gerbens-Leenes, P.W.; Nonhebel, S. Consumption patterns and their effects on land required for food. Ecol. Econ. 2002, 42,

185–199. [CrossRef]
56. Gerbens-Leenes, W.; Nonhebel, S. Food and land use. The influence of consumption patterns on the use of agricultural resources.

Appetite 2005, 45, 24–31. [CrossRef] [PubMed]
57. Alexander, P.; Brown, C.; Arneth, A.; Finnigan, J.; Rounsevell, M.D.A. Human appropriation of land for food: The role of diet.

Glob. Environ. Chang. Hum. Policy Dimens. 2016, 41, 88–98. [CrossRef]
58. Dahl, C.; Kuralbayeva, K. Energy and the environment in Kazakhstan. Energy Policy 2001, 29, 429–440. [CrossRef]
59. Jiang, G.H.; Ameer, K.; Kim, H.Y.; Lee, E.J.; Ramachandrainah, K.; Hong, G.P. Strategies for Sustainable Substitution of Livestock

Meat. Foods 2020, 9, 1227. [CrossRef]
60. Tilman, D.; Clark, M. Global diets link environmental sustainability and human health. Nature 2014, 515, 518–522. [CrossRef]
61. Godfray, H.C.J. The challenge of feeding 9-10 billion people equitably and sustainably. J. Agric. Sci. 2014, 152, S2–S8. [CrossRef]
62. Sadler, M.; Magnan, N. Grain import dependency in the MENA region: Risk management options. Food Secur. 2011, 3, S77–S89.

[CrossRef]
63. Welburn, J.; Bier, V.; Hoerning, S. Import Security: Assessing the Risks of Imported Food. Risk Anal. 2016, 36, 2047–2064.

[CrossRef]
64. Conrad, Z.; Blackstone, N.T.; Roy, E.D. Healthy diets can create environmental trade-offs, depending on how diet quality is

measured. Nutr. J. 2020, 19, 117. [CrossRef]
65. Araujo-Enciso, S.R.; Fellmann, T. Yield Variability and Harvest Failures in Russia, Ukraine and Kazakhstan and Their Possible

Impact on Food Security in the Middle East and North Africa. J. Agric. Econ. 2020, 71, 493–516. [CrossRef]
66. Chen, K.Z.; Mao, R. Fire lines as fault lines: Increased trade barriers during the COVID-19 pandemic further shatter the global

food system. Food Secur. 2020, 12, 735–738. [CrossRef]
67. Marti, L.; Puertas, R.; Garcia-Alvarez-Coque, J.M. The effects on European importers? food safety controls in the time of

COVID-19. Food Control 2021, 125, 107952. [CrossRef]
68. Boyaci-Gunduz, C.P.; Ibrahim, S.A.; Wei, O.C.; Galanakis, C.M. Transformation of the Food Sector: Security and Resilience during

the COVID-19 Pandemic. Foods 2021, 10, 497. [CrossRef]

http://doi.org/10.1371/journal.pone.0184791
http://doi.org/10.21521/mw.6462
http://doi.org/10.1016/j.jclepro.2019.07.005
http://doi.org/10.1016/j.ecolind.2018.04.071
http://doi.org/10.1108/BFJ-12-2016-0620
http://doi.org/10.3390/foods9091317
http://doi.org/10.3390/su11205816
http://doi.org/10.1111/j.1475-4959.2009.326_8.x
http://doi.org/10.1016/S0921-8009(02)00049-6
http://doi.org/10.1016/j.appet.2005.01.011
http://www.ncbi.nlm.nih.gov/pubmed/15950317
http://doi.org/10.1016/j.gloenvcha.2016.09.005
http://doi.org/10.1016/S0301-4215(00)00137-3
http://doi.org/10.3390/foods9091227
http://doi.org/10.1038/nature13959
http://doi.org/10.1017/S0021859613000774
http://doi.org/10.1007/s12571-010-0095-y
http://doi.org/10.1111/risa.12560
http://doi.org/10.1186/s12937-020-00629-6
http://doi.org/10.1111/1477-9552.12367
http://doi.org/10.1007/s12571-020-01075-2
http://doi.org/10.1016/j.foodcont.2021.107952
http://doi.org/10.3390/foods10030497

	Introduction 
	Materials and Methods 
	Study Area 
	Data Collection 
	Analysis Methodology 

	Results 
	Food Production and Consumption Quantity and Their Change Trend 
	Changing Relationship between Food Production and Consumption 

	Discussion 
	Conclusions 
	
	References

