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Abstract: Food consumption is an important bridge between human beings and the natural ecosystem.
The change in food consumption quantity and quality can reflect the relationship between them.
This study aims to explore food consumption characteristics and the drivers of food consumption
patterns in Bangladesh with a fragile ecology and polluted environment. This research selected food
consumption in Bangladesh as the object, food consumption data were obtained from the Food and
Agriculture Organization of the United Nations, and the data of influencing factors mainly were
acquired from the World Bank. The following results were conducted: The total and per capita food
consumption showed increase as a whole, but per capita food consumption experienced decline
in the middle of the research period. Food consumption patterns were divided into three types:
the first type of cereal–sugar–aquatic with low food consumption quantity and few kinds of food
from 1961 to 1971, the second type of cereal–sugar–oil–aquatic with increasing food consumption
quantity and food kinds from 1972 to 1997, and the third type of cereal–aquatic–tuber–sugar–fruit–
vegetable–meat with increasing food consumption quantity and more various kinds of food from
1998 to 2020. The characteristics of food consumption in different periods were influenced by a series
of factors. The influence of economic factors was higher than other factors, relatively. According
to this study, the characteristics of food consumption patterns and the relationship between food
consumption and influencing factors can provide a scientific reference for the adjustment policy
makers taking local food demand and natural resources conservation into consideration to achieve a
sustainable development.

Keywords: food consumption characteristic; food consumption pattern; influencing factor; Bangladesh

1. Introduction

The resources needed for human development are all from the nature, especially
the food that is necessary for human living. The change of food consumption quantity
and structure could show the situation of living quality and local economic development
to some extent. Food consumption change can reflect the relationship between human
beings and the ecosystem. This relationship also is affected by a series of influencing
factors such as population increase, environmental pollution, resources destruction, and
extreme weather [1–4]; these factors take much negative effect on food security. Long-
term exploitation and overuse of resources and environment by human beings has led
to increasingly fragile ecology, depletion of resources, and aggravation of environmental
pollution, which has seriously affected the sustainable development of human beings
and nature.

The Millennium Ecosystem Assessment (MA) research report showed that the ex-
cessive and disorderly exploitation of natural resources by human beings was one of the
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main reasons for 60% of global ecological degradation [5]. At present, many scholars
have carried out related research on the food consumption of ecosystem services. Many
researchers [6,7] believed that the consumption of ecosystem services refers to the consump-
tion, utilization, and occupation of products and services provided by the ecosystem by
human beings directly or indirectly, in which human activities mainly included production
activities and life activities. Based on econometrics and other theoretical foundations, some
researchers [8–11] constructed the evaluation system and simulation method of ecosystem
services, built the theoretical analysis foundation and method framework of production-
consumption-valuation of ecosystem services, studied the influence of natural and artificial
ecosystems on ecosystem services, and quantitatively analyzed the relationship between
ecosystem services and supply. Some papers studied the influence of the pattern changes
of ecosystem service consumption on local land resources and water resources based on
the village and regional scale [12–14]. In the aspect of food consumption, the character-
istics of food consumption in ecosystems of river basins and grassland belts are studied
mainly by means of investigation and participatory assessment [15–17], but this category
of research mainly studied the service content and characteristics of a single ecosystem
service type in some areas, which could not fully reflect the overall situation of ecosystem
service consumption in the study area. At present, there are studies on the characteristics of
ecosystem service consumption at the global scale or national scale in countries along the
belt and road initiative or a specific country by using biomass consumption measurement
method [18,19]. This type of research does not involve research on the consumption of
ecosystem services at smaller scales, such as urban and rural areas, and cannot conduct
in-depth research on the spatial distribution dynamics of ecosystem services.

Bangladesh has the highest population density in the world. Especially with the
further increase in population, food self-sufficiency is facing greater challenges. It is urgent
to the characteristics of food consumption in this country to find more useful scientific
reference to make more sustainable development strategies. This research aims to explore
the evolution principle of food consumption in different ecosystems during different
periods, and deeply explore the driving factors of food consumption change. The research
object is the food consumption of Bangladeshi residents. This research mainly calculated
and analyzed the food consumption of residents obtained from different ecosystems which
contained farmland, grassland, forest, and aquatic ecosystem over the past 60 years (from
1961 to 2020). The influencing factors of the characteristics of food consumption were
discussed. At the same time, from the perspective of ecology, society, and economy, we
quantitatively explored the impact of resource supply, population growth, and social
and economic development on food consumption, and clarified the relationship between
social and economic development and food consumption, with a view to providing an
important empirical reference for further research on the relationship between people and
the ecosystem.

2. Methods
2.1. Study Area

Bangladesh is located on the delta plain in the northeast of the South Asian sub-
continent. Most areas are located in the subtropical monsoon climate zone, which is hot
and humid and rainy. The climate here is suitable for rice, corn, and other crops. The
total area of this country is 147,570 km2. The economy mainly focuses on developing the
agriculture. Its total population is nearly 163.05 million (World Bank, 2019). Bangladesh
is one of the countries with the fastest economic growth in South Asia. In 2019, its gross
domestic product (GDP) was about USD 257.869 billion, which got an increase of 7.88%
over the previous year and a record high growth rate [20]. The land use in Bangladesh is
mainly in the station of predatory development, and the land fertility is declining [21]. At
the same time, accompanied by a large number of immigrants, there is a phenomenon of
abandonment, resulting in waste of land resources [22]. Bangladesh suffers from frequent
natural disasters, such as floods, hurricanes, and droughts [23]. In recent years, Bangladesh
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has witnessed rapid urbanization and industrialization. Due to its extensive development
mode, it has caused serious pollution and damage to the local ecological environment [24].

2.2. Data Resources

The data from 1961 to 2020 used to calculate the consumption of various ecosystems
in this study were mainly obtained from the Food and Agriculture Organization of the
United Nations (FAO) [25]. The main data of factors such as population, GDP, per capita
GDP, cereal production, and per capita consumption expenditure were acquired from the
World Bank [26].

2.3. Methods
2.3.1. Categories of Food Consumption Indicators in Different Ecosystems

The food consumption measured in this study was mainly the consumption of ecosys-
tem products, excluding the consumption of ecosystem intangible products. Therefore,
the consumption in this research mainly involved in the subsequent text referred to the
consumption of food products in the ecosystem. According to different sources of food
supply, ecosystem consumption was divided into farmland, grassland, forest, and aquatic
ecosystem consumption. The farmland ecosystem mainly provided cereal, sugar, tuber,
fruit, and beans for local residents. The kinds of food produced from the grassland ecosys-
tem were meat, milk, and egg. The various fruits consumed were acquired, from the forest
ecosystem. Apart from the previous ecosystems, the aquatic ecosystem could supply fish,
shrimp, and other aquatic products. The consumption categories of various ecosystems
included in this study are shown in Table 1.

Table 1. Consumption category for the products provided by ecosystem.

Ecosystem Type Specific Product

Farmland ecosystem

Cereal (rice, wheat, barley, maize, millet, and sorghum)
Tuber (cassava, potatoes, and sweet potatoes)

Bean (bean, pea, pulse, and soyabean)
Sugar

Oil (sesame, cotton, sunflower, groundnut, rape, and mustard)
Vegetable (tomato, onion, broccoli, pepper, and other vegetables)

Nut

Grassland ecosystem
Beef, mutton, and chicken

Milk
Egg

Forest ecosystem Fruit (orange, lemon, lime, apple, banana, mongo, pineapple, and
grapefruit)

Aquatic ecosystem
Fish (freshwater fish, demersal fish, pelagic fish, and marine fish)

Shrimp (shrimp, brown shrimp, and lobster)
Crustacean

2.3.2. Food Consumption Calculation in Different Ecosystems

The calculation of food consumption in each ecosystem first measured the consump-
tion of various products (the part directly used by humans) provided by the four types
of ecosystems, namely farmland, grassland, forest and aquatic ecosystem. Then, the con-
sumption of these products by residents was converted into the biomass consumed by
the ecosystem to provide these products. Take wheat as an example, what the residents
directly consumed was the cereal of wheat. It was necessary to convert the amounts of
cereals eaten by people into the biomass of wheat, including the part of straw and root.
Then, the total biomass of four ecosystems of different kinds of food could be obtained by
adding the biomass of these different foods according to the source of the ecosystem [14].
The specific calculation formula is shown as follows:

CUPMi = Pi + Ii − Ei (1)
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where CUPMi represents residents’ consumption of various food provided by ecosystem
and Pi, Ii, and Ei, respectively, represent production, import, and export of the specific food.

(1) Food consumption calculation in farmland ecosystem

Farmland ecosystem consumption mainly came from the ecosystem consumption
needed by farmland to provide cereal, vegetables, beans, sugar, oil crops, and other prod-
ucts (Table 1). The specific calculation formulas are shown as follows [18,19]:

CUEMA = CUEMA1 + CUEMA2 (2)

CUEMA1 =
CUPMi × (1 − MIi)

HIi × (1 − WASi)
(3)

CUEMA2 =
(CUPMk0 + CUPMk/µk)× (1 − MIk0)

HIk0 × (1 − WASk0)
(4)

where CUEMA represents the total consumption in farmland ecosystem (kg). In For-
mula (3), CUEMA1 represents the ecosystem consumption needed by farmland to provide
cereal, vegetable, and bean products (kg), HIi is the harvest index, MIi is moisture content
(%), detailed information can be seen in Table 2, and WAS refers to product loss rate of
10% in this study. CUEMA2 refers to the ecosystem consumption needed by farmland
to provide sugar crops and oil crops (kg), CUPMk0 refers to the consumption of oil or
sugar crops by residents (kg), CUPMk refers to consumption of oil or sugar products by
residents (kg), µk refers to the coefficient of converting oil or sugar into oil crops and sugar
crops, and HIk0 and MIk0 refer to the harvest index and moisture content of the related
product, respectively.

Table 2. The harvest index and moisture content of different food [18,19].

Food Type Harvest
Index

Moisture
Content (%) Food Type Harvest

Index
Moisture

Content (%)

Rice 0.50 13 Other tuber 0.67 13.3
Maize 0.49 13 Rapeseed 0.26 9
Wheat 0.46 13 Sesame 0.34 9
Millet 0.31 13 Groundnut 0.50 9

Other cereal 0.38 13 Other oilseed 0.36 9
Sorghum 0.31 13 Sugar crop 0.71 13.3

Barley 0.49 13 Sugar 0.7 13.3
Bean 0.42 13 Vegetable 0.49 82

Potato 0.59 13.3 Fruit 0.49 82

(2) Food consumption calculation in grassland ecosystem

Grassland ecosystem consumption mainly included the ecosystem consumption
caused by livestock grazing and grazing and livestock providing meat, milk, and egg
products (Table 1). The specific calculation formula is shown as follows [18,19]:

CUEMG =
n

∑
i=1

(CUPMi × θi)× (1 − MIi)

HIi × (1 − WASi)
(5)

where CUEMG refers to the ecosystem consumption required by residents to use meat
and milk products provided by livestock (kg), θi refers to the coefficient of converting meat,
eggs, and milk into corn, and HIi and MIi refer to the harvest index and moisture content
of maize, respectively.
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(3) Food consumption calculation in forest ecosystem

The consumption of forest ecosystem mainly included the consumption of ecosystems
needed by forests to provide fruits (Table 1). The specific calculation formula is shown as
follows [18,19]:

CUEMF =
n

∑
i=1

CUPMi × (1 − MIi)

HIi × (1 − WAS)
(6)

where CUEMF refers to the ecosystem consumption required by forests to provide vari-
ous fruits (kg), CUPMi refers to the consumption of various fruit products by residents
(kg), and HIi and MIi refer to the harvest index and moisture content of different fruits
(Table 2), respectively.

(4) Food consumption calculation in aquatic ecosystem

The consumption of aquatic ecosystem mainly included the consumption of ecosystem
needed by the aquatic area to provide fish, shrimp, crabs, and other products (Table 1). The
specific calculation formula is shown as follows [18,19]:

CUEMW =
n

∑
i=1

CUPMi × FCRi × (1 − MIi)

1 − WASi
(7)

where CUEMW refers to the total consumption of aquatic ecosystem (kg), CUPMi refers to
the consumption of various aquatic products by residents (kg), FCRi refers to the feed meat
ratio coefficient of aquatic products (freshwater fish of 3, demersal fish of 6, pelagic fish
of 12, marine fish of 6, shrimp of 130, and other crustacean of 150 [27]), MIi refers to the
moisture content of aquatic products, and WASi refers to the harvest loss rate of aquatic
products, where MIi and WASi refer to 75% and 10%, respectively [28,29].

3. Results

According to the gained data and related consumption quantity, food consumption
patterns showed different characteristics in different periods. The per capita food consump-
tion of 700 kg was taken as the dividing standard for different food consumption periods
in Bangladesh, in which the food consumption pattern can be divided into three periods in
combination with time change: first period from 1961 to 1971, food consumption focused on
cereal–sugar–aquatic pattern; second period from 1972 to 1997, food consumption focused
on cereal–sugar–aquatic–oil pattern; and third period from 1998 to 2020, food consumption
pattern mainly focused on cereal–aquatic–tuber–sugar–fruit–vegetable–meat pattern. In
each food consumption pattern, the consumption proportion sum of the representative
foods in the total food consumption all was more than 80%.

3.1. Changes of Total and per Capita Food Consumption in Bangladesh

It was found that the total food consumption in Bangladesh showed an increasing
trend on the whole, but there also was some fluctuated decline in the process. With the effect
from sustained population growth, per capita food consumption experienced significant
fluctuation. For total food consumption in Bangladesh, from 1961 to 2020, the least and
biggest were 3.46 × 107 t and 19.02 × 107 t, and the biggest one had a 4.50-fold more than
the least. In specific divided periods such as the first period, the average food consumption
reached to 4.25 × 107 t (Figure 1). In the second period, the average food consumption
achieved some increase of 44.16%, which reached to 6.13 × 107 t. When it came to the third
period, the average food consumption reached to 13.29 × 107 t, which had a growth rate of
116.70% compared to the second period’s average food consumption. The change of per
capita food consumption during the research period showed significant fluctuation when
compared with total food consumption’s sustained growth. Per capita food consumption
only in the second period was kept below 700 kg and showed a decreasing trend. From
1961 to 1971, per capita food consumption showed some increase, although its biggest one
only achieved a growth rate of 6% than in 1961. Compared with the previous two periods,
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per capita food consumption from 1998 to 2020 achieved a substantial increase with still
significant volatility. Its biggest per capita food consumption reached to 1155.14 kg in 2020,
which is 62.09% higher than the minimum value in the period.
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Figure 1. Changes of total and per capita food consumption in Bangladesh.

3.2. Characteristics of Food Consumption in Different Ecosystems

According to data analysis, it was found that food consumption in Bangladesh mainly
came from farmland ecosystem. The proportion of food consumption of farmland ecosys-
tem in total food consumption was kept over 80%. This was consistent with the fact that
Bangladesh was a country focusing on agricultural development during the research period.
The food consumption in farmland ecosystem was on the rise as a whole. Its minimum
and maximum food consumption were 3.10 × 107 t in 1961 and 15.52 × 107 t in 2020,
respectively (Figure 2). As for the other three ecosystems, the quantity of food consumption
was relatively small. Food consumption in aquatic ecosystem was kept below 5 × 106 t
before 1997, and then it achieved a significant increase to the maximum value of 2.45 × 107 t
since 2017. The food consumption in aquatic ecosystem had a great increase of 12.63-fold
between the maximum and minimum, and the change of food consumption presented
oscillatory during the latter half of the period. The sustained increase of food consumption
in aquatic ecosystem had the relationship with natives continuously developing fishery.
The food consumption in forest and grassland ecosystem showed small change. Specifically,
the biggest consumption in forest ecosystem did not reach to more than 2 × 106 t until 2019,
and the change range between the maximum and minimum was only 3.36-fold. Although
food consumption in grassland ecosystem mainly increased sustainably, it achieved some
decrease in 2019. The minimum and maximum food consumption in grassland ecosystem
were 1.30 × 106 t and 7.91 × 106 t, respectively, and the maximum value had a 5.45-fold
compared to the minimum value.

3.3. Food Consumption Patterns and Changes

The total amount of food consumption in Bangladesh increased significantly. Ac-
cording to food consumption quantity and composition, food consumption patterns in
Bangladesh can be divided into three kinds, which were cereal–sugar–aquatic pattern,
cereal–sugar–oil–aquatic, and cereal–aquatic–tuber–sugar–fruit–vegetable–meat. The pro-
portion of food consumption quantity of each food consumption pattern reached over
80%, and the food types could represent the food consumption structure and characteristic
in each related food consumption period. Although cereal consumption quantity kept
growing, the proportion in total food consumption showed a decreasing trend to some
extent. Its maximum proportion appeared in 1990, which reached to 60.16%, but it de-
creased to 43.48% in 2015 (Figure 3). Although cereal consumption proportion achieved a
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little rise in the following several years, it still was below 50%. Sugar played a great role
in Bangladesh diet. Specifically, in food consumption pattern of cereal–sugar (from 1961
to 1971), the sugar consumption quantity presented stable growth, which increased from
6.56 × 106 t in 1961 to 12.65 × 106 t in 1971. The average sugar consumption proportion in
this pattern was 24.35%, and the maximum was close to 30% in 1967. Apart from cereal
and sugar consumption, the aquatic consumption also showed a great growth. The aquatic
consumption in the cereal–sugar–aquatic pattern increased from 1.87 × 106 t in 1961 to
2.74 × 106 t, and its average annual growth rate was 4.24%.
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Figure 3. Change of main food consumption and its patterns.

When entering the cereal–sugar–oil–aquatic pattern, the oil consumption increased
significantly compared with the first consumption pattern. The maximum consumption of
oil had a growth rate by 4.91-fold compared with the minimum consumption. Although
the cereal consumption kept growing, its increasing rate was lower than oil consumption.
Additionally, the maximum cereal consumption was only 98.50% higher than the minimum
cereal consumption. When entering into the third food consumption pattern, the main
food types showed more diversity. In terms of changes in food consumption quantity,
except for the decline in sugar consumption, other kinds of food consumption all showed
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an increasing trend. Specifically, for oil, aquatic, and tuber consumption in the third food
consumption pattern, these three kinds of maximum food consumption got a significant
growth by 1.68-fold, 2.81-fold, and 4.58-fold, respectively. Although cereal consumption
quantity still increased, its proportion in the total food consumption showed an opposite
trend and it had decreased to below 50%. The sugar consumption proportion in the total
food consumption decreased to 4.75% in 2020.

4. Discussion

Based on the available data and materials, this study quantitatively discussed the
evolution of food consumption in Bangladesh under the driving factors of social, economic,
and ecological aspects. It was found that influencing factors such as GDP, per capita GDP,
cereal production, and population had a positive effect on food consumption, while the
relationship between arable land and food consumption was negative.

4.1. Social Factors

Population increase means more pressure on food consumption, and diversified
demand and challenge for food will occur in the future [30]. In this study, the population in
Bangladesh kept a stable growth, which had an increase rate of 2.34-fold when comparing
the maximum population in 2019 with the minimum population in 1961. At the same time,
the total food consumption and per capita food consumption also achieved an increase to
different extents. Specifically, the total food consumption achieved a growth rate of 4.50-
fold during the whole research period. The sustainable growing population raised more
demand for food. Apart from population increase, the urbanization also played a great role
on demanding more food consumption [31]. With the continuous improvement of social
development, the urbanization is constantly improving. Although the urbanization in
Bangladesh was not as high as the developed countries, its urbanization had increased from
5.28% to 37.41% (Figure 4). This also meant that the demand for food consumption and
variety was increasing. The higher urbanization requires more improved transportation
facilities, which also make it possible and convenient to obtain more food. Additionally,
this also provides much possibility for more food consumption to some extent.
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4.2. Economic Factors

GDP represents the whole economic development and prosperity to some extent in
one country or region. Additionally, it also shows the production ability of goods and
services produced during a set period. This influencing factor plays a great role in residents’
purchasing power such food, especially in those areas with low economic development
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level [32,33]. Bangladesh is a country focusing on agricultural development, and its GDP
achieved a significant improvement during the research period. Although it was only
USD 23.60 billion at the beginning, it achieved a growth of more than 10-fold in the past
60 years, and it reached to USD 266.76 billion in 2020 (Figure 5). This provided a strong
support for the improvement of food consumption in this country. Although GDP growth
was accompanied by population growth, its per capita GDP level was still improving.
Additionally, the per capita could not reflect the true household economic ability, but its
annual growth could show that residents hold more choice to consume food consumption
to some extent. Compared with the per capita GDP in 1961, it achieved a great growth by
2.39-fold in 2020. This meant the residents received some ability or possibility to improve
food consumption.
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Figure 5. Change of per capita GDP, per capita final consumption expenditure, and GDP.

Apart from GDP and per capita GDP, per capita final consumption expenditure
reflected residents’ actual expenditure level on purchasing goods [34,35]. The change of
per capita final consumption expenditure presented that it experienced a similar inverted
U-shaped change process (Figure 5), and it achieved an increase by 32.72% when comparing
the per capita GDP in 2020 with that in 1961. Although the increase rate was not so high
as that of GDP and per capita GDP, it could play an important role in food consumption
quality [36]. Additionally, this could be proved by implying a relation between per capita
final consumption expenditure and food consumption change (Table 1).

4.3. Ecological Factors

The ecological environment and natural resources indeed provide a much significant
role for the development of human beings because the basic foods are achieved from
nature [37,38]. Various food production provides the solid foundation for food consumption
and demand. The continuously food production could provide more food supply to meet
domestic food consumption. The total food consumption could be satisfied, and the
increasing food production, especially cereal production, played a great role. It was found
that cereal production basically kept at a lower level which was not more than 20 × 106 t
before 1980. However, the cereal production had achieved a significant increase since 1980,
and it reached to approximately 6.5 × 107 t in 2020, which achieved a growth by 3.47-fold
than that in 1961 (Figure 6). Apart from cereal production, arable land also had an effect on
food consumption directly or indirectly, as enough arable land could provide foundation
for continuing producing more food. However, more arable land for food did not mean
more food production, as the food production not only depended on arable land but also
yield level [39]. According to the correlative analysis, it was found that there was a negative
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relationship between arable land and food consumption (Table 3). It was undeniable that
those factors played a major role on residents’ food consumption [40,41].
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Table 3. Correlations between per capita food consumption and different influencing factors.

Influencing Factors Correlation Coefficient (r) p Value Period of Data

Population 0.716 ** <0.01 1961–2020
Urbanization rate 0.739 ** <0.01 1961–2020
Cereal production 0.856 ** <0.01 1961–2020

Arable land −0.781 ** <0.01 1961–2020
Per capita GDP 0.958 ** <0.01 1961–2020

Per capita final consumption 0.768 ** <0.01 1961–2020
GDP 0.931 ** <0.01 1961–2020

** represents significance at 1% level.

In summary, it was found that food consumption change was affected by many factors.
The constant economic and social development in the future will stimulate more food
consumption quantity and diversified food. Income and population increasing contribute
to more food production and more food categories. Specifically, the diversified food
provided and per capita income played a great role on food consumption choice and
structure change [42,43]. This inevitably causes more land use for different food such
as cereal, fruits, and vegetables [44]. All of this will take more pressure or even destroy
local natural resources and ecological environment without suitable protection policies
or measurements. It was necessary to formulate appropriate strategies for improving
food consumption on the basis of comprehensive consideration of many factors. With
the population increasing and urbanization growing, there will be a demand for more
food categories and this will create more pressure on arable land use [45]. According to
the results, food consumption structure became more diversified as time went on, and
this meant more pressure was placed onto nature for food production [46,47]. At the
same time, food consumption structure changes also equaled to the change of arable land
use ways [48,49]. As was well known, the fragile natural environment and ecological
condition in Bangladesh were becoming accelerated due to extensive use and lack of proper
protection [50,51]. It was urgent to take effective and scientific measures to ensure the local
food supply and sustainable protection of the ecological environment.
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5. Conclusions

This study analyzed the changes in per capita food consumption and total food
consumption of farmland, forest, grassland, and aquatic ecosystem in Bangladesh from
1961 to 2020. According to data and material analysis, it was found that food consumption
in Bangladesh showed significant characteristics in different periods. Additionally, food
consumption and structure changes were affected by a series of factors. The main results
are as follows: According to food consumption structure and per capita food consumption
quantity, the food consumption patterns were divided into three kinds: cereal–sugar–
aquatic, cereal–sugar–oil–aquatic, and cereal–aquatic–tuber–sugar–fruit–vegetable–meat.
This significantly presented that food consumption types in Bangladesh turned out to
more diversified. The total food consumption kept growing. Although per capita food
consumption tended to increase on the whole, it showed a certain degree of fluctuation
and decline in the second food consumption pattern of cereal–sugar–oil–aquatic. Although
the characteristics of food consumption from 1961 to 2020 were influenced by a series of
factors, including social, economic, and ecological aspects, not every factor had a positive
correlation with food consumption, such as arable land.

Although the data and material analysis in this research achieved some useful results
and points, there are still some deficiencies in this study. The moisture content applied in
this research was the standard values in the countries along the “Belt and Road”. Addi-
tionally, it was not specific to Bangladesh, which would have some negative effect on the
final data accuracy to some extent. As for the limited budget and feasible field research, it
was difficult to obtain first-hand data reflecting changes in local food consumption. It is
our important research goal to apply interview questionnaires to achieve more detailed
data. It is meaningful to make food consumption into ecosystem and search the change
rule. This research can help us to further study the content of the relationship between
resources consumption and the natural ecosystem.

Author Contributions: Conceptualization, M.J. and L.Z.; methodology, M.J.; software, M.J. and S.W.;
validation, M.J. and L.Z.; formal analysis, M.J. and W.Y.; investigation, M.J. and S.W.; resources, M.J.;
data curation, M.J. and W.Y.; writing—original draft preparation, M.J.; writing—review and editing,
L.Z.; visualization, M.J.; supervision, L.Z.; project administration, L.Z.; funding acquisition, L.Z. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Strategic Priority Research Program of the Chinese
Academy of Sciences (XDA20010202).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors are grateful for the financial support from the Strategic Priority
Research Program of the Chinese Academy of Sciences (XDA20010202). The authors also want to
thank the editors and reviewers who made an important contribution to the improvement of the
quality of this article.

Conflicts of Interest: The authors declare no conflict of interest.

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

P.C.; 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. Rockström, J.; Williams, J.; Daily, G.; Noble, A.; Matthews, N.; Gordon, L.; Wetterstrand, H.; DeClerck, F.; Shah, M.; Steduto,
P.; et al. Sustainable intensification of agriculture for human prosperity and global sustainability. AMBIO 2017, 46, 4–17. [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


Foods 2023, 12, 401 12 of 13

5. Butler, C.D.; Oluoch-Kosura, W. Linking future ecosystem services and future human well-being. Ecol. Soc. 2006, 11, 30. [CrossRef]
6. Zhen, L.; Liu, X.L.; Wei, Y.J. Consumption of ecosystem services: Models, measurement and management framework. Resour. Sci.

2008, 30, 100–106. (In Chinese)
7. Zhen, L.; Yan, H.M.; Hu, Y.F.; Wu, R.Z.; Cao, X.C.; Du, B.Z.; Long, X.; Li, F.; Liu, X.L. Consumption of ecosystem goods and

services and its impact assessment. Resour. Sci. 2012, 34, 989–997. (In Chinese)
8. Yan, H.M.; Zhen, L.; Li, F.Y.; Du, B.Z.; Pan, L.H.; Xiang, Q.; Chen, W.N. Measurement method of reasonable consumption for

ecosystem productivity supply service: A case study of Inner Mongolia Grassland Transect. Resour. Sci. 2012, 34, 998–1006.
(In Chinese)

9. Xie, G.D.; Zhen, L.; Lu, C.X.; Cao, S.Y.; Xiao, Y. Supply, consumption and valuation of ecosystem services in China. Resour. Sci.
2008, 30, 93–99. (In Chinese)

10. Sun, Y.; Liu, S.; Dong, Y.; An, Y.; Shi, F.; Dong, S.; Liu, G. Spatio-temporal evolution scenarios and the coupling analysis of
ecosystem services with land use change in China. Sci. Total Environ. 2019, 681, 211–225. [CrossRef]

11. Wand, X.C.; Wei, H.J.; Lu, N.C.; Xu, Z.H.; Fan, W.G.; Dong, X.B.; Liu, Y.; Zhao, Y.N. Balance between ecosystem services supply,
consumption and surplus: The case of Miyun County, Beijing. J. Beijing Norm. Univ. 2017, 53, 366–371. (In Chinese)

12. Zhen, L.; Ochirbat, B.; Lv, Y.; Wei, Y.J.; Liu, X.L.; Chen, J.Q.; Yao, Z.J.; Li, F. Comparing patterns of ecosystem service consumption
and perceptions of range management between ethnic herders in Inner Mongolia and Mongolia. Environ. Res. Lett. 2010, 5.
[CrossRef]

13. Zhen, L.; Liu, X.L.; Wei, Y.J.; Yang, L.; Long, X.; Du, B.Z.; Li, F.; Cao, X.C. Consumption of ecosystem services: A conceptual
framework and case study in Jinghe watershed. J. Resour. Ecol. 2011, 2, 298–306.

14. Du, B.; Zhen, L.; Hu, Y.; Yan, H.; De Groot, R.; Leemans, R. Comparison of ecosystem services provided by grasslands with
different utilization patterns in China’s Inner Mongolia Autonomous Region. J. Geogr. Sci. 2018, 28, 1399–1414. [CrossRef]

15. Pan, L.H.; Yan, H.M.; Huang, H.Q.; Zhen, L.; Chen, L.C. Multi-agent modeling method of reasonable consumption of ecosystem
service: A case of the farming pastoral zone in Inner Mongolia. Resour. Sci. 2012, 34, 1007–1016. (In Chinese)

16. Qiao, X.N.; Gu, Y.Y.; Tang, H.; Yang, Y.J. Service values change of farmland ecosystem and its influence factors analysis in Weigan
River Basin. Agric. Res. Arid. Areas 2015, 33, 237–245. [CrossRef]

17. Wen, X.; Yan, H.M.; Xie, X.P.; Du, W.P.; Lai, C.X.; Zhen, L. Temporal and spatial dynamics analysis of grassland ecosystem
pressure in Kazakhstan. J. Resour. Ecol. 2019, 10, 667–675.

18. Zhang, C.S.; Zhen, L.; Liu, C.L.; Liang, Y.H. Research on the Patterns and Evolution of Ecosystem Service Consumption in the
“Belt and Road”. J. Resour. Ecol. 2019, 10, 621–631.

19. Liang, Y.H.; Zhen, L.; Jia, M.M.; Hu, Y.Y.; Zhang, C.S.; Luo, Q. Consumption of Ecosystem Services in Laos. J. Resour. Ecol. 2019,
10, 641–648.

20. Chen, L.J.; Xiong, B.A. The situation and prospect of economic development in South Asia in 2018. South Southeast Asian Stud.
2019, 1, 120–133+154. (In Chinese)

21. Zhang, S.J. Ethnic and religious issues in the process of political modernization in Bangladesh. J. Southwest Univ. Natl. 2008, 6,
217–221. (In Chinese)

22. Zhao, W.W. Arable land change dynamics and their driving forces for the major countries of the world. Acta Ecol. Sin. 2012, 32,
6452–6462. (In Chinese) [CrossRef]

23. Zhang, S.J. Exploration and analysis of disaster management system in Bangladesh. Disaster Reduct. China 2012, 11, 58. (In Chinese)
24. Gan, A.D.; Zhang, S.J.; Bai, Z. Bangladesh’s policies on the environmental protection in the process of modernization and its

enlightenments to China. J. Chongqing Jiaotong Univ. 2011, 11, 46–49. (In Chinese)
25. FAO. Available online: http://www.fao.org/faostat/en/#data (accessed on 8 August 2022).
26. World Bank. Available online: https://data.worldbank.org.cn/country/Bangladesh (accessed on 8 August 2022).
27. Mustafa, M.G. Trophic Model of the Coastal Ecosystem in the waters of Bangladesh, Bay of Bengal. WorldFish Cent. Conf. Proc.

2003, 67, 263–280.
28. Zhang, J.; Wang, D.-Y.; Du, C.-R. Comparative analysis of nutritional compositions of golden crucian carp and carassius auratus

gibelio. New Agric. 2018, 9, 8–11. (In Chinese)
29. Hu, J.; Zhang, Z.Y.; Wu, F.H. Analysis of flesh content and fish biochemistry of Nile and Mossambique tilapia. Freshw. Fish. 1982,

4, 34–37. (In Chinese)
30. García-Vega, S.; Corrales-Agudelo, V.; Reyes, A.; Escobar, J.S. Diet Quality, Food Groups and Nutrients Associated with the Gut

Microbiota in a Nonwestern Population. Nutrients 2020, 12, 2938. [CrossRef]
31. Ahammad, R.; Stacey, N.; Sunderland, T.C. Use and perceived importance of forest ecosystem services in rural livelihoods of

Chittagong Hill Tracts, Bangladesh. Ecosyst. Serv. 2019, 35, 87–98. [CrossRef]
32. Mottaleb, K.A.; Rahut, D.B.; Kruseman, G.; Erenstein, O. Evolving food consumption patterns of rural and urban households in

developing countries. Br. Food J. 2018, 120, 392–408. [CrossRef]
33. Guiné, R.P.F.; Florença, S.G.; Barroca, M.J.; Anjos, O. The Link between the Consumer and the Innovations in Food Product

Development. Foods 2020, 9, 1317. [CrossRef] [PubMed]
34. Pachauri, S.; Spreng, D. Direct and indirect energy requirements of households in India. Energy Policy 2002, 30, 511–523. [CrossRef]
35. Zaman, K.; Islam, T.; Rahman, Z.A.; Ghazali, A.S.; Hussain, S.; Malik, M.I. European Countries Trapped in Food Poverty and

Inequality: Agricultural Sustainability is the Promising Solution. Soc. Indic. Res. 2016, 129, 181–194. [CrossRef]

http://doi.org/10.5751/ES-01602-110130
http://doi.org/10.1016/j.scitotenv.2019.05.136
http://doi.org/10.1088/1748-9326/5/1/015001
http://doi.org/10.1007/s11442-018-1552-3
http://doi.org/10.16302/j.cnki.1000-7601.2015.02.039
http://doi.org/10.5846/stxb201203080314
http://www.fao.org/faostat/en/#data
https://data.worldbank.org.cn/country/Bangladesh
http://doi.org/10.3390/nu12102938
http://doi.org/10.1016/j.ecoser.2018.11.009
http://doi.org/10.1108/BFJ-12-2016-0620
http://doi.org/10.3390/foods9091317
http://www.ncbi.nlm.nih.gov/pubmed/32962007
http://doi.org/10.1016/S0301-4215(01)00119-7
http://doi.org/10.1007/s11205-015-1098-z


Foods 2023, 12, 401 13 of 13

36. Fróna, D.; Szenderák, J.; Harangi-Rákos, M. The Challenge of Feeding the World. Sustainability 2019, 11, 5816. [CrossRef]
37. Hallström, 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]
38. 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]
39. Xue, Z.; Zhen, L.; Miah, G.; Shoyama, K. Impact assessment of land use functions on the sustainable regional development of

representative Asian countries—A comparative study in Bangladesh, China and Japan. Sci. Total Environ. 2019, 694, 133689.
[CrossRef]

40. Yi, F.; Sun, D.; Zhou, Y. Grain subsidy, liquidity constraints and food security—Impact of the grain subsidy program on the
grain-sown areas in China. Food Policy 2015, 50, 114–124. [CrossRef]

41. Holst, J.; Liu, W.; Zhang, Q.; Doluschitz, R. Crop evapotranspiration, arable cropping systems and water sustainability in southern
Hebei, P.R. China. Agric. Water Manag. 2014, 141, 47–54. [CrossRef]

42. Wang, S.; Li, R.; Wu, Y.; Zhao, S. Vegetation dynamics and their response to hydrothermal conditions in Inner Mongolia, China.
Glob. Ecol. Conserv. 2022, 34, e02034. [CrossRef]

43. Vargas, A.M.; de Moura, A.P.; Deliza, R.; Cunha, L.M. The Role of Local Seasonal Foods in Enhancing Sustainable Food
Consumption: A Systematic Literature Review. Foods 2022, 10, 2206. [CrossRef] [PubMed]

44. Haq, S.U.; Boz, I.; Shahbaz, P.; Murtaza, M.R. Rural families food intake behaviour in relation to livelihood diversification, income
differences and family size. Int. J. Consum. Stud. 2020, 44, 481–498. [CrossRef]

45. Van Kernebeek, H.R.J.; Oosting, S.J.; van Ittersum, M.; Bikker, P.; De Boer, I. Saving land to feed a growing population:
Consequences for consumption of crop and livestock products. Int. J. Life Cycle Assess. 2016, 21, 677–687. [CrossRef]

46. Ellis, S. Function of Soils for Human Societies and the Environment. Geogr. J. 2009, 175, 164–165. [CrossRef]
47. 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]
48. Gerbens-Leenes, P.; Nonhebel, S. Consumption patterns and their effects on land required for food. Ecol. Econ. 2002, 42, 185–199.

[CrossRef]
49. Alexander, P.; Brown, C.; Arneth, A.; Finnigan, J.; Rounsevell, M.D. Human appropriation of land for food: The role of diet. Glob.

Environ. Chang. 2016, 41, 88–98. [CrossRef]
50. Nathaniel, S.; Nwodo, O.; Adediran, A.; Sharma, G.; Shah, M.; Adeleye, N. Ecological footprint, urbanization, and energy

consumption in South Africa: Including the excluded. Environ. Sci. Pollut. Res. 2019, 26, 27168–27179. [CrossRef]
51. Li, S.; Sun, Z.; Tan, M.; Li, X. Effects of rural–urban migration on vegetation greenness in fragile areas: A case study of Inner

Mongolia in China. J. Geogr. Sci. 2016, 26, 313–324. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/su11205816
http://doi.org/10.1016/j.ecolind.2018.04.071
http://doi.org/10.1186/s12937-020-00629-6
http://doi.org/10.1016/j.scitotenv.2019.133689
http://doi.org/10.1016/j.foodpol.2014.10.009
http://doi.org/10.1016/j.agwat.2014.03.013
http://doi.org/10.1016/j.gecco.2022.e02034
http://doi.org/10.3390/foods10092206
http://www.ncbi.nlm.nih.gov/pubmed/34574316
http://doi.org/10.1111/ijcs.12580
http://doi.org/10.1007/s11367-015-0923-6
http://doi.org/10.1111/j.1475-4959.2009.326_8.x
http://doi.org/10.1016/j.appet.2005.01.011
http://doi.org/10.1016/S0921-8009(02)00049-6
http://doi.org/10.1016/j.gloenvcha.2016.09.005
http://doi.org/10.1007/s11356-019-05924-2
http://doi.org/10.1007/s11442-016-1270-7

	Introduction 
	Methods 
	Study Area 
	Data Resources 
	Methods 
	Categories of Food Consumption Indicators in Different Ecosystems 
	Food Consumption Calculation in Different Ecosystems 


	Results 
	Changes of Total and per Capita Food Consumption in Bangladesh 
	Characteristics of Food Consumption in Different Ecosystems 
	Food Consumption Patterns and Changes 

	Discussion 
	Social Factors 
	Economic Factors 
	Ecological Factors 

	Conclusions 
	References

