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In recent years, with the frequent occurrence of global climate problems, China has paid
great attention to sustainable development and ecological environment governance.
Sichuan Province is a significant grain production and a reserve base in western
China, and its sustainable development in agriculture is an important foundation for the
healthy development of the regional agricultural economy and food security. In this study,
we divided the agricultural production land in Sichuan into cultivated land, water area,
grassland, and forest land. We used the ecological footprint method to investigate the
ecological footprint and the carrying capacity of agriculture in Sichuan comprehensively.
We conclude that 1) generally, the overall agricultural ecosystem in Sichuan has been in a
state of ecological surplus for the past 20y, and the environmental pressure is gradually
decreasing. However, the development within the ecosystem is uneven. 2) In terms of
subdivision, the cultivated land, forest land, and water area in Sichuan have always been in
a state of ecological surplus, but the grassland is in an ecological deficit state. In terms of
the trend, the ecological status of cultivated land has declined significantly, while the forest
land has gradually improved, and the water area is relatively stable. Yet, the deficit of
grassland is still severe. 3) Forest land is considered the most sustainable type and has a
high resource utilization rate all the time, followed by water area, cultivated land, and
grassland, when measured by ecological indicators. At the same time, in terms of the
coordination between economy and ecology, all lands have been improved.

Keywords: Sichuan Province, ecological footprint, ecological carrying capacity, index evaluation, sustainable
development

Abbreviations: ECC, ecological carrying capacity; ECCC, ecological carrying capacity per capita; EF, ecological footprint; EFC,
ecological footprint per capita; ES, ecological surplus; ESC, ecological surplus per capita; ED, ecological deficit; EDC, ecological
deficit per capita; EFI, ecological footprint index; EPI, ecological pressure index; WEFI, 10 thousand yuan GDP ecological
footprint.
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1 INTRODUCTION

Agriculture is a nation’s fundamental base and a prerequisite for
people to live in peace and social stability. The sustainable
development of the agricultural ecosystem determines the
quality of the agricultural economy. To a certain extent,
agricultural  sustainability =~ determines the  sustainable
development of a nation and human society. China is a
traditional agricultural country, and the government has
always attached importance to agricultural development. From
2004, the No.l document from the Central Committee of the
Communist Party of China (CCCPC) has worked in rural areas
for 18 y, which stresses efforts to maintain a healthy and stable
development of agriculture. In China’s 14th Five-Year Plan and
2035 long-Term goals, the Chinese government plans to
comprehensively push forward rural revitalization and
improve the quality and stability of ecosystems to achieve
sustainable agricultural development.

Agricultural sustainability is closely related to environmental
sustainability. The global discussion on environmental
sustainability mainly focuses on how to reduce greenhouse
gases and solve climate problems, such as adjusting fiscal
policy (Chishti, 2021), suppressing CO, emissions from the
transport sector (Rehman et al., 2021a), developing renewable
energy and adjusting the energy system (Rehman et al., 2021b;
Murshed et al, 2021), and controlling international trade
(Rehman et al., 2021c; Hussain and Rehman, 2021; Weimin
et al., 2021). During the China’s 14th Five-Year Plan period,
achieving carbon peak and carbon neutrality goals was an
important goal and vision for various social and economic
activities in various industries. The “double carbon” goal is a
representative of China’s environmental sustainability. As the
only industry that can both absorb and also emit GHG, the role of
agriculture in achieving the goal of environmental sustainability
cannot be underestimated. However, studies so far have shown
that environmental sustainability, represented by carbon
emission reduction and agricultural sustainability, has not
shown a two-way positive effect. On the one hand, the
accumulation of carbon dioxide in the atmosphere has surged
due to various human activities such as deforestation and
agriculture. Rapidly growing agriculture and agricultural
mechanization have led to a substantial increase in global
energy use and carbon dioxide emissions (Rehman et al,
2021d; Rogers, 2014). Crop production hinders CO, emissions
in both the long and short terms (Rehman et al., 2021e; Rehman
etal.,, 2021f), whereas forestry production has a constructive effect
on CO, emissions (Henderson et al., 2021), the forestry carbon
sink is also a key industry for the achievement of the overall
carbon neutrality goal (Apb et al., 2021). On the other hand, the
massive emission of GHG leads to global warming, and the
generation of extreme weather, which will adversely affect
agricultural ~ production and  sustainable  agricultural
development, such as deforestation and land degradation
(Havlik et al., 2014; Rehman et al., 2021g). Agricultural GHG
emission reduction is an important starting point for sustainable
agricultural development. Sustainable agricultural development is
an important way to achieve the goal of carbon neutrality, that is,
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environmental sustainability, and an important part for the
construction of ecological civilization. In this context, the
scientific assessment of the sustainable development potential
of agriculture will provide the basis for agricultural GHG
emission reduction, carbon neutrality goals, and green
development.

The ecological footprint model examines the resilience of the
ecological environment from the perspective of ecosystem
carrying capacity (ECC). The concept of the ecological
footprint (EF) was first proposed by a Canadian ecologist
William Rees in 1992. With the continuous efforts of scholars,
the ecological footprint model has been matured. Compared to
sustainable evaluation methods such as the energy analysis
method and the comprehensive evaluation method of the
index system, the ecological footprint method has simple
characteristics and strong operability and is one of the
powerful tools for testing sustainability. It is widely recognized
and applied. The scope of research using the ecological footprint
method to study sustainability issues is extremely wide.
Wackernagel and Rees (1997) first applied the ecological
footprint model for the study of ecological sustainability in 52
countries and regions around the world (Wackernagel and Rees,
1997). Since then, the ecological footprint model has been
extensively used as an essential research tool and analysis
framework in sustainable development (Korkut, 2021;
Ojonugwa et al, 2021; Umit, 2021; Zahid et al, 2021),
socioeconomic development (Neagu, 2020; Enu and Sya,
2021), tourism development (Mehdi et al., 2012; Lin et al,
2017), and energy consumption (Sharma et al, 2021; Ullah
et al, 2021). The application of the ecological footprint
method in agriculture is divided into two parts: one is the
impact of different agricultural production management
methods on the agricultural environment, such as land use
and farm management (Viglizzo et al., 2011, Hayo et al,
2007), and the second is to evaluate the sustainable utilization
of agricultural resources such as water resources and arable land
resources, combining the agricultural water footprint (Hoekstra
et al,, 2011; Wang et al., 2014), agricultural carbon footprint
(Maier et al.,, 2017; Li et al., 2018), and crop footprint (Ferng,
2011; Budreski et al., 2016). In the ecological footprint study of
China’s agriculture, researchers, respectively, measured the
ecological footprint and carrying capacity per capita of
cultivated land, water area, grassland, and forest land in
Henan (Cao, 2020), Guangxi (Zhang, 2020), and Shandong
provinces (Yang et al., 2016), and all the studies found that
the provinces have different degrees of ecological deficits. As for
the research on the ecological situation of Sichuan, there are
differences among scholars. Some scholars believe that both the
EF and ECC of Sichuan are increasing, but ECC is always lower
than EF, showing an ecological deficit (Qiu and Guang, 2015), but
some scholars hold the opposite view (Zhao et al., 2019).

To sum up, research show that the China’s regional agro-
ecological situation is not optimistic. With the rapid development
of the agricultural economy driven by agricultural modernization,
the agricultural environment inevitably has been affected
negatively. In the application of research methods, the
application of the ecological footprint model is relatively
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mature and extensive, but the research on the sustainable
development of agricultural land, forest land, grassland, and
water area in the field of agriculture is lacking. At the same
time, there are many pieces of research on the estimation of EF
and ECC, but only less research related evaluation indicators.

Sichuan is a significant grain production and storage base in
western China. The sustainable development of agriculture in this
region plays an important role in ensuring the sustainable
development of agriculture for the whole nation. However,
there are only a few studies and reports on the agricultural
sustainability of Sichuan, and existing studies are still
inconsistent. Therefore, we choose the environmental carrying
capacity perspective as a clue for this research. On one hand, we
use the ecological footprint model to measure the EF and ECC of
the four land types. Then, three sustainability evaluation
indicators are calculated to classify the status and grade of
those four types of land. Based on these studies, it is hoped
that we can provide a reference for the healthy development of
agriculture for Sichuan in the future and the regions that have
similar conditions.

2 METHODS AND DATA

2.1 Study Area Introduction and Data

Source

2.1.1 Study Area Introduction

Sichuan is located in inland southwest China. It has a vast
territory, a large population, rich natural resources, a superior
geographical environment, good natural conditions, and a wide
variety of crops. It is also one of the important commodity grain
bases in China. Sichuan is a typical agricultural province and a
province with a large population. Its agricultural production value
ranks among the top five in China for many years. In 2019, the
total population of Sichuan accounted for 6.7% of the national
population, and the rural population of Sichuan Province
accounted for 46.21% of the permanent population. At the
same time, as the main water source and supply area in the
upstream area of the Yangtze River, Sichuan’s ecological situation
directly affects the ecological state of the Yangtze River basin,
especially, the ecological environment of the downstream area of
the Yangtze River. With the advancement of agricultural
development, the ECC and EF of Sichuan are gradually
increasing (Qiu and Guang, 2015). How to protect the
ecological environment of agriculture, and improve the quality
of agriculture, is of great significance for the sustainable
development of agriculture across the country.

2.1.2 Data Source

All the data used in this research are from the Sichuan Provincial
Statistical Yearbook', China Statistical Yearbook?, and Sichuan
Yearbook® from 2001 to 2020. The missing data of some years are

'http://tjj.sc.gov.cn/scstjj/c105855/nj.shtml.
*http://www.stats.gov.cn/tjsj/ndsj/.
*https://scdfz.sc.gov.cn/szfz/scnjl.
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supplemented by employing imputation. The data of the world’s
average production capacity of agricultural consumption projects
are from the global average production capacity of different land
types, which are released by the World Wildlife Fund (WWF)
in 2005.

2.2 Methods Introduction

2.2.1 Calculation of Agricultural Ecological Footprint
and Ecological Carrying Capacity

The calculation of EF is carried out in different types, as for
agriculture, it can be divided into cultivated land, water area,
forest land, and grassland (Yang et al., 2016; Cao, 2020; Zhang,
2020), and based on the classification Table 1, the ecological
carrying capacity per capita (ECC) and the ecological footprint
per capita (EF) can be calculated accordingly.

ECC represents the maximum number of people that can be
supported by limited resources in a region without compromising
regional productivity. It can be expressed by Formula 1 as follows
(Cao, 2020):

In Formula 1, j represents the land type, and M is the size of
each land type, and Z; is the yield factor of each land type,
meaning the ratio of the productivity of a certain type of land in a
country or region to the world’s average productivity of that type
of land. The yield factor of cultivated land, water area, forest land,
and grassland are 1.66, 1.0, 0.91, and 0.19, respectively. R; is the
balance factor of each land type. The balance factor of cultivated
land, water area, forest land, and grassland are 2.8, 0.2, 1.1, and
0.5, respectively. According to the recommendations of the
World Commission on Environment and Development
(WCED), due to the land need for biodiversity conservation,
the calculation results of ECC are all deducted 12% from the
results.

After obtaining the ECC, we further carried out the
calculation of the EF. The carbon footprint expresses the
amount of GHG brought by human activities, and the EF
can further measure the impact of GHG on the environment.
The EF also represents the size of land with biological
productivity that is needed to maintain the survival of a
person, a city, a country, or all human beings and can absorb
emissions from human activities. It reflects the sustainable
development ability of the human economy and society. The
higher the EF value, the more serious is the human damage to
the ecosystem. The EF (Cao YP, 2020) can be expressed by
Formula 2 as follows:

EF; = R;) [K;i/(Qi x N)]. @
i=1

In Formula 2, j is the land type, N is the total population, and

i is the agricultural project under the jland type. R; is the balance
factor of each land type, which represents the ratio of the average
productivity of a certain type of productive land to the average
productivity of all productive lands on a global standard. The
balance factor of cultivated land, water area, forest land, and
grassland are 2.8, 0.2, 1.1, and 0.5, respectively. K; is the average
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TABLE 1 | Classifications of agricultural projects of four types of productive land.

Types of productive land

Evaluation of Sustainable Development Capacity

Agriculture project

11 items including rice, wheat, corn, beans, potatoes, oilseeds, raw hemp, sugar cane, tobacco leaves, vegetables, edible

Arable land
fungi, and fruits
Water area Aquatic products
Forest land Three items of lacquer, tung oilseed, and oil tea seed
Grassland Three items of meat, poultry eggs, and milk

TABLE 2 | Classification of EFI.
Scope State

EFl < -100%
-100% < EFl < 0%
0% < EFl < 50%
50% < EFl < 100%

Seriously unsustainable
Unsustainable

Weakly sustainable
Strongly sustainable

TABLE 3 | Classification of EPI.

Scope State

EPI < 0.5 Particularly safe
0.5<.EPI <0.8 Safe

0.8<.EPI <1.0 A bit insecure
1.0<.EPI <1.5 Insecure

1.6<.EPI <2.0 Very insecure

EPI e2.0 Extremely insecure

annual output of the agricultural project, and Qj is the
agricultural production capacity of the ith agricultural project
on the land type j. EF; means the EF on the j-th type land.

When the EF is greater than the ECC, it is an ecological deficit
status, and this also means that the socioeconomic development
of the region is in an unsustainable state. Otherwise, it is an
ecological surplus status, which means the regional production
and consumption activities have not exceeded the ecosystem’s
carrying capacity. The ecological surplus or deficit (Cao YP, 2020)
can be expressed by the following formula:

EQ; = ECC; - EF;. 3)

In Formula 3, EQ; means the ecological surplus (ES) or
ecological deficit (ED) of each land type, ECC; and EF;
represent the ECC and EF of j-th land, respectively.

2.2.2 Calculation of Sustainable Development
Evaluation Index

2.2.2.1 Ecological Footprint Index

Ecological footprint index (EFI) (Wu, 2005) is one of the indexes
to assess sustainability; it can be divided into four levels, and the
specific calculation formula and classification are shown in
Formula 4 and Table 2.

ECC - EF
ECC

EFI = x 100%. (4)

2.2.2.2 Ecological Pressure Index
Ecological pressure index (EPI) (Wang et al., 2018) represents the
ecological environment pressure capacity, and it usually has six
levels. The specific calculation formula and classification are
shown in Formula 5 and Table 3.

Ep1 = ZE & 100% (5)
~ ECC >

2.2.2.3 Ten Thousand Yuan GDP Ecological Footprint
(WEEFI)

The EF per 10,000 yuan of GDP represents the ecological
footprint occupied by residents producing 10,000 yuan of
GDP (Haber et al.,, 2004). The larger the value, the lower the
efficiency of resource utilization, and vice versa. The calculation
formula is as (6). Pgp is the gross product.

WEFI = EF/Pgp. (6)

3 ANALYSIS OF THE RESULTS

3.1 Calculation and Evaluation of

Agricultural Ecological Carrying Capacity
3.1.1 Overall Evaluation of Agricultural Ecosystem
Through the calculation of EF and ECC, we found that the
agricultural ecosystem in Sichuan Province was in good
condition from 2000 to 2019, and the ECC has increased.
The increased population has not affected the EF
significantly, and the agricultural ecosystem has strong
sustainable ~development capabilities. The agricultural
ecosystem of Sichuan Province was always in an ecological
surplus during the study period. The lowest surplus year was
2005, which was 0.23 hm?/p, and the highest surplus year was
2000, which was 0.33 hm*/p. The total ECC showed a trend of
decline first and then uprising. The total carrying capacity
stabilized at 4,755.42 hm* before 2008 and fell back to
4,641.72hm” from 2009 to 2013. After 2013, it remained
above the level of 5,200 hm”. At the same time, the ECCC is
similar to the total ECC, which dropped from 0.59 hm?*/p in
2,000 to hm*/p in 2013, and then began to rise in 2014 and
reached 0.62 hm?/p in 2019.

The total EF showed a volatile, rising state. The total EF of
Sichuan Province was below 2,500 hm® before 2002. In the
following years, the total EF of every year has exceeded
2,500 hm” except 2019 and reached a maximum of 2,047 hm?
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Arable land,
33.26%

[}

Grassland, |
65.99% !
|
L)

Water area,
0.70%

forest land. 0.05%

FIGURE 1 | Ecological footprint of Sichuan agricultural system in 2000.

in 2016; meanwhile, the EFC also waved. From the period
2000-2005 and the period 2007-2017, the EFC has
increased year after year, and significantly decreased in the
period 2005-2006 and the period 2018-2019, and remained at
0.25-0.32hm?*/p as a whole. After decomposing the
agricultural ecosystem, we found that four types of lands’
ecological footprint remain in the same structures, but has
some changes in quantity Figure 1 and Figure 2. In the
structure, the grassland has the largest proportion,
accounting for more than half from 2000 to 2019, and the
following are arable land, water area, and forest land, and the
total rise of water area and forest land was below 2%. In
quantity, grassland and the arable area had a big change from 2000
to 2019 compared with the water area and forest land; the
grassland’s ecological footprint accounted 65.99% in 2000, but
in 2019, it declined to 57.82%; however, the arable land’s ecological
footprint increased from 33.26% in 2000 to 40.34% in 2019. In
other words, the damages caused by the agricultural production
declined in grassland but increased in arable land.

3.1.2 Evaluation of Different Land Types

During the study period, all types of agricultural bio-productive
land were maintained at a high ecological surplus except the
grassland. The grassland has continued to be in an ecological
deficit state from 2000 to 2019, and the situation was very serious
with a tendency to deteriorate. From 2000 to 2008, sorting
according to the amount of ecological surplus has the
following relationship: arable land > forest land >> water area.
After 2009, the ecological surplus of forest land exceeds compared
to arable land, the sorting changes to forest land > cultivated land
>> water area.

3.1.2.1 Evaluation of Sustainability of Cultivated Land

In Figure 3 from 2000 to 2019, the overall ECC of Sichuan’s
arable land showed a trend of decline first and then uprising, and
the ECCC also had the same trend. The overall ECC of arable land
began to drop from 2,767.04 hm” in 2000 to 2,452.63 hm? in 2009
and remained at a low level until 2013, then began to increase in
2014 and rise to 2,759.81 hm* until 2019. During the study
period, the ECCC of arable land was between 0.30 and
0.34 hm?/p and the EFC was between 0.08 and 0.12 hm?*/p and
was increasing gradually. The ESC of arable land was between
0.19 and 0.27 hm*/p. The ESC in 2019 was 17.21%, which was
lower than that in 2000.

Arable land,
40.34%
Grassland,
57.82%
Water area,
1.81%
forest land.
0.03%
FIGURE 2 | Ecological footprint of Sichuan agricultural system in 2019.

According to the statistical data from the National Bureau of
Statistics, the size of arable land showed a trend of decrease first
and then increase from 2000 to 2019, and the size of arable land
per capita faces the same trend. The total size of arable land
dropped from 6.77 million hm* in 2000 to 5.99 million hm? in
2009 and then increased to 6.72 million hm* in 2019, the
fluctuation range of the changing trend is large. At the same
time, the population increased from 82.35 million to 83.75
million between 2000 and 2019. During this period, the
agricultural products output from arable land showed a
significant downward trend. The consumption of crops, oils,
and vegetables, which depend on arable land, showed a trend
of volatility and decline during the period 2000-2019 with a
decline of 28.93%. This also indirectly indicates that population
growth does not cause a substantial increase in arable land
agricultural products, and the decline in surplus of arable land
in Sichuan has no direct relationship with the increased
population.

We believe that the decline in the ecological surplus of arable
land is mainly due to the arable land quality decrease caused by
the increase in the use of pesticides, chemical fertilizers, and
plastic membranes. From 2000 to 2019, pesticide usage in
Sichuan showed a trend of increase first and then decrease.
During the period, the maximum value was 0.62 Mt in 2010
and the minimum value was 0.46 Mt in 2019. Potash fertilizer and
compound fertilizer are increasing year after year. The total
amount of potash fertilizer used was raised from 0.1 Mt in
2000 to 0.17 Mt in 2019, and compound fertilizer increased
from 0.38 Mt in 2000 to 0.60 Mt, the growth rate is 74 and
60.8%, respectively. The usage of plastic membrane increased
from 0.73 Mt in 2000 to 0.13 Mt in 2016, and then slowly
decreased to 0.12 Mt in 2019.

3.1.2.2 Sustainability Evaluation of Water Area

In Figure 4 the overall ECC of Sichuan’s water area showed a
gradually increasing trend from 2000 to 2019, which is from
326.27 hm” in 2000 to 389.75 hm? in 2019. However, the ECCC
kept declining from 2014 after fluctuations between 2000 and
2013. The ECCC of the water area showed an upward trend
during the period 2000-2014, from 0.0396 to 0.0479 hm*/p, and it
showed a downward trend during the period 2014-2019. The
ECCC in 2019 was 0.0465 hm*/p. The overall EF has increased
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year after year, from 14.72 to 45.22 hm?, and the growth rate has
more than doubled; the EFC has shown an upward trend, from
0.0018 to 0.0054 hm?*/p from 2000 to 2019. Correspondingly, the
ESC in the water area fluctuated from 2000 to 2013 and kept
declining after a sudden increase in 2014. There are two main
reasons for this status in the water area: 1) Sichuan is rich in water
resources. There are nearly 1,400 large and small rivers in total in
Sichuan Province. Sichuan’s water resource ranks second in the
country in terms of total water resources and sixth in the country
in terms of water resources per capita. By the end of 2019, the
total surface water resources in Sichuan accounted for
approximately 274.77 billion m®. The groundwater resources
accounted for approximately 61.62 billion m’. The total water
resources amounted to 274.89 billion m?, and water resource per
capita is up to 3 288.9 m>. 2) On one hand, the protection of water
bodies in Sichuan is very strict. On the other hand, the output and
supply of aquatic products have gradually increased, but the
demand for aquatic products from the people in Sichuan is
relatively limited. Although the size of the water area has
dropped from 1.09 to 1.04 million hm? in the past decades, the
government of Sichuan has always been vigorously protecting
natural water bodies and advocating rational fishing. Through
hard work, the problem of water pollution has been effectively
addressed, and the output of aquatic products increased from 0.51
to 1.58 Mt from 2000 to 2019, and the growth rate is as high as
207.32%. Moreover, demand for aquatic products in Sichuan
increased from 0.01 to 0.08 Mt, but the output of aquatic products
is far greater than the consumption.

3.1.2.3 Evaluation of Sustainability of Forest Land

All indicators of forest land are showing an upward trend, yet, the
gap between the ECCC and the EFC of forest land is the largest in
four types of land. From the Figure 5 the ECCC of forest land is
1,500 to 3,600 times of the EFC, and the ESC is between 0.20 and
0.24hm?/p. The increase of the forest land ES and the
enhancement of ecological sustainability are mainly due to the
effective implementation of the “Natural Forest Protection
Project” and “Sloping Land Conversion Program” in Sichuan
Province.

According to the published data (Mu, 2019), Sichuan
Province started the pilot program of returning farmland to
forest and grassland in 1999. In 2019, Sichuan has launched two
rounds of returning farmland to forest and grassland with
nearly 2.67 million acres, ranking third place in China, and
the forest land distributed in 21 administrative areas includes
178 counties. With the help of the project, Sichuan’s long-term
overloaded ecosystem is restored, and the area of forest and
grass has expanded significantly. Statistics show that merely by
returning farmland to forest, Sichuan’s forest coverage
increased more than 4%. Due to the implementation of the
project of returning farmland to forests and natural forest
protection, the forest coverage rate reached 38.83%, which
was 15.87% higher than the national average. In addition,
thanks to these protection projects, Sichuan has achieved
great efforts in water source protection, water and soil
conservation, air quality improvement, and biodiversity
restoration and maintenance. At the end of 2018, the
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FIGURE 3 | 2000-2019 ECCC, EFC, and ESC of cultivated land in
Sichuan province.

Province’s conversion of water resources
“Sloping Land Conversion Program” is 5.83 billion m’.
Compared with 1998, the sediment content of the
mainstream of the Yangtze River floating in Sichuan in 2018

has been reduced by 46%.

through the

3.1.2.4 Evaluation of Grassland Sustainability

Grassland is the only land type in Sichuan Province that
experienced an ecosystem deficit during the investigation
period. From the Figure 6 the total ECC of grassland was
gradually decreased, while the EF was increased year by year in
the past decades. At the end of 2019, the EF of grassland was
1,445.04 hm?, yet the ECC of grassland was only 102.07 hm”.
The ECCC of grassland in Sichuan fluctuated between 0.014
and 0.016 hm?*/p from 2000 to 2013. Since 2014, the ECCC has
begun to decrease, and the digit in 2019 was 0.12 hm?*/p.
Meanwhile, the EFC fluctuated between 0.17 and 0.21 hm?*/p
during the observing period, the maximum value of the EFC
was 0.26 hm*/p in 2005. From 2000 to 2019, ecological deficit
(ED) of grassland in Sichuan has been maintained above
0.15hm*/p and reached a maximum value of 0.24 hm*/p
in 2005.

There are three main reasons for the serious deficit of the ECC
of grassland in Sichuan: First, the size of grassland in Sichuan has
been greatly reduced in the past decades. Statistically, during the
period 2000-2019, the grassland area in Sichuan Province
experienced a sharp decrease. The decrease rate researched
was 20.34%, and the size of grassland shrunk from
153 millionhm” in 2000 to 12.21milionhm®* in 2019.
Meanwhile, the population increased from 82.34 to 83.75
million, accordingly the grassland per capita dropped
0.19-0.15hm*/p. ~ Second, there is serious grassland
degradation in northwestern Sichuan, which are present in
diverse types and widely distributed. At the end of 2020, the
total area of desertified land in Sichuan Province was
0.86 million hm? the area of rocky desertification was
0.73 million hm?, and the area of arid and semi-arid areas was
1.34 million hm?; third is the continuous increase in demand for
meat and egg products. The consumption of meat from 2000 to
2019 rose from 2.29 to 3.30 Mt, which was a 44.12% increase. The
egg consumption increased from 303.86 to 754.59 Mt, which was
148.33%. The production of meat and dairy products relies on
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FIGURE 6 | 2000-2019 ECCC, EFC, and EDC of grassland in Sichuan
Province.

grassland, and the area of grassland is constantly declining, and
the grassland degradation caused a gap between the supply and
the demand of meat, dairy products, and other products rely on
the grassland. These three reasons have jointly caused the
continuous deficit of the grassland in Sichuan .

3.2 Calculation and Evaluation of
Sustainability

From 2000 to 2019, the agriculture of Sichuan remains in a
sustainable state, but according to the EFI and EPI, overall

Evaluation of Sustainable Development Capacity

sustainability has declined. At the same time, there is an
extremely unbalanced situation in the four lands. After all,
the sustainable ability and environmental antipressure ability
of forest land are the best, a little better than water area, but far
better than arable land, and grassland is the worst. In terms of
the ecological and economic coordination of the sub-industry,
all lands are showing a downward trend, indicating that their
resource utilization efficiency is improving, using relatively
few resources, and producing relatively more economic
benefits.

3.2.1 The Evaluation of Ecological Sustainability

As shown in Figures 7, 8, arable land, water area, and forest
land are always strongly sustainable, and the EFI of the water
area and forest land is close to 100% from 2000 to 2019, of
which forest land has been very stable, and water land has a
small drop. Arable land is between 63.30 and 74.80%, in keep
falling. Then about grassland, it is the worst condition all the
time, EFI is always below —1,000%. So, according to the rating,
it is seriously unsustainable from 2000 to 2019.

Most of the time, all the systems are strongly sustainable in
most years from 2000 to 2010. However, in the following 9y, it
has been in a weakly sustainable state for a long time, and the
overall ecological situation has declined. In general, the overall
sustainability status is fluctuating. The overall trend is to first
decline, then rise, and then decline. The worst was 39.8% in 2005,
and the best was 56.92% in 2001.

3.2.2 The Evaluation of Stress on the Ecological
Environment

As shown in Figures 9, 10 the EPI of forest land is close to zero,
meaning it almost has no danger. The EPI of the water area is a
little higher than that of forest land and keeps increasing,
below 0.12. Arable land has the same trend as water land, it
increases to 0.367 in 2019. The first three types of land in
particularly safe, yet grassland is extremely insecure in all
studies, and EPI of grassland has been continuously rising
from 2000 to 2005 and 2007 to 2015, and a comprehensive
analysis of all land types and years shows that arable land,
waters, and grassland have declined significantly from 2005 to
2006 during all the study periods.

Based on the analysis of the ecological resistance of the four
types of land, we have also carried out corresponding
calculations and analyses on the ecological carrying capacity
of the overall agricultural ecosystem. The EPI from 2003 to
2005 and from 2010 to 2018 was higher than 0.5, and the
situation deteriorated from 2003 to 2005 and from 2010 to
2014, the worst situation was 2005. On the whole, although
Sichuan’s ecological antistress level fluctuates, the overall
situation is relatively good. Among them, the situation of
cultivated land and grassland needs attention, especially
grassland.

3.2.3 The Evaluation of Resource Utilization
According to the Figure 11 during the study, arable land,
water area, grassland, and the whole agricultural system are all
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FIGURE 9 | Trend map of EPI of cultivated land, water area, and forest land (EPI = 2

in decline, forest land is not only the smallest but also the most
stable one. In 2000, the WEFI of the four lands have a big
difference, grassland is over 0.0002, and the other three lands
are all below 0.001, from largest to smallest is arable land,
water land, and forest land. Then in 2019, the order has not
changed, but the gap has narrowed a lot. From the data, we can

have a basic conclusion: the coordination of the ecological
conditions and economic development of the four types of
land is gradually improving, it also means that the utilization
efficiency of agricultural resources in Sichuan Province has
been continuously improved, and the production model has
shifted from extensive to intensive.
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] Shandong Province accounts for the largest proportion, as high
:?Zf:: lﬁf _,_E;‘f;j;ff as 75%, and the quality of the overall agricultural system is
Agricultural system determined by a large proportion of cultivated land quality.
000025 However, the EF of cultivated land, forest land, and water area in
0.00020 Sichuan Province is smaller than that of Henan and Shandong
0.00015 provinces, but the EF of grassland is larger than that of Henan.
—_ In the case of ECC, the situation is reversed. There is also
e research about Guangxi Province (Cao, 2020), also a western
province in China. Comparing Sichuan with Guangxi, it is
000000 found that the cultivated land and forest land in Guangxi
and Sichuan are both in ecological surplus, and the
grasslands in both provinces are also in ecological deficit.
FIGURE 11 | WEF of landss in Sichuan from 2000 to 2019, The difference is that the water area in Guangxi is in deficit
while Sichuan is in surplus. The ecological situation of cultivated
land in Sichuan is not as good as that in Guangxi. The ecological
4 DISCUSSION surplus of forest land in Sichuan is similar to that in Guangxi,
and the deficit of grassland in Guangxi is more serious than that
4.1 Comparison With Other Research in Sichuan.
Different from previous studies, our research divides the In conclusion, the situation of sub-types of agro-ecosystems
agricultural system into four types: cultivated land, water area,  differs due to the different basic conditions in different regions,
forest land, and grassland. We conduct a detailed and in-depth  but the available studies show that the ecological deterioration of
study on the sustainability of those four types of productive land.  grasslands is a common problem. The study for Sichuan provides
The calculation of EF and ECC helped to analyze the ecological ~ some patches for this type of study and enriches the research in
status of the four types of land. With the EFI, EPI, and WEFI, this area.
sustainability, the ability to withstand the ecological stress, and
coordination with the economic development of the four typesof 4.2 Research Outlook
land are investigated. These may provide a reference for other =~ Based on the existing research, we propose the following three
scholars’ research. research perspectives. First, the average level of domestic
Due to the great differences in geographical location,  agricultural consumption items need to be determined and
resource conditions, and subsequent ecological protection  unified, and then the agricultural consumable items in each
measures, the ecological conditions of agricultural systems  land type need to be further refined and adjusted. Second, the
are different all over China. Among the traditional  scope of the agricultural sustainable evaluation can be expanded.
agricultural provinces, both Shandong and Henan are in a  Agricultural sustainability is not only to examine the sustainability
state of deteriorating ecological deficit, and Shandong is  of agricultural ecosystems but also should take the sustainability of
more severe than that of Henan Province (Zhang CJ, 2020, agricultural economic development into account. Therefore, future
Yang ] et al., 2016). After subdividing the land types, it is found  studies can include social indicators such as agricultural economic
that the deficit of cultivated land and grassland in Henan  level, rural governance level for a wider range of research, and this
Province has increased, and the fluctuation of forest land and ~ will make a more profound evaluation for the sustainable
the water area is not obvious; the EF of cultivated land in  development of agriculture in a broad sense.
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5 CONCLUSION AND SUGGESTION

5.1 Conclusion

We analyzed the time series changes of the ecological footprint
and the ecological carrying capacity of arable land, forest land,
grassland, and waters in Sichuan Province and explored its
possible influencing factors in combination with realistic
trends. We selected 18 agricultural consumption items based
on the actual situation in Sichuan. Our research conclusions are
as follows:

1) The agricultural ecosystem in Sichuan Province is in a
sustainable developing status. The ECC of forest land is the
strongest, showing an upward trend, followed by the ECC of
water areas. The ECC of cultivated land has a downward
trend, and the grassland is facing a severe problem of
sustainable development. However, in general, the agro-
ecosystem of Sichuan is in a sustainable development status
during the past decades.

Arable land degradation and scale fluctuation have led to a
decline in the ES of arable land. However, the ES of the water
area has increased, since the abundant water resources and the
aquatic products supply exceeded the demand. The “Natural
Forest Protection Project” and “Sloping Land Conversion
Program” have also helped to increase the forest land
coverage, thereby increasing the ES of the forest land. Due
to the desertification and increased demand for meat and eggs,
the grassland has been in an ecological deficit status, and the
situation has not been improved.

In the calculation of sustainability, four lands’ states are
unchanged. Forest land is the most sustainable land out of
the four and has the highest resource utilization all the time,
and the sustainable state from the best to the worst is water
land, arable land, and grassland. When deep into the
numerical, we can find the EFI of arable land and water
land is declining year by year, and the EPI of them are
increasing all the time, which means these two kinds of
ecosystems are in a process of transition from a strongly
sustainable state to a weakly sustainable state. However,
fortunately, in the coordination of ecology and economy,
the WEFI of all kinds of ecosystems are in a good
condition, which implies their utilization efficiency has
improved.

2

~

3)

Although this article makes a detailed analysis of the
sustainable capacity of cultivated land, forest land, water
area, and grassland in Sichuan Province, there are still some
inevitable limitations in practice. The first is the lack of
authoritative data on the average production capacity of
China’s agricultural consumption projects. Therefore, our
study draws on some data from both existing studies and
investigations domestically and internationally. The advantage
of this research is that it is conducive to international or inter-
regional comparison in the future. Second, due to the
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deviations in the final calculation results of the EF and
the ECC.

5.2 Policy Recommendations

As we described earlier, the agricultural ecosystem in Sichuan
Province is in a state of sustainable development, and the
ecosystem has a strong carrying capacity and supporting
capacity. Yet there are still many aspects to be improved.
Based on the research, we propose corresponding solutions
and policy recommendations as follows:

First, the government should pay more attention to the
Sichuan grassland ecosystem. Increasing demand for animal
protein inevitably affected the bearing capacity of grass.
Although the central and local governments have stepped up
protection and restoration efforts in recent years, the situation of
grassland is still severe since the chronic overloading and
overgrazing in the past decades. In the future, the government
should speed up the establishment of a sub-system of grassland
monitoring and evaluation, grassland restoration and
management, grassland protection, grassland law enforcement
supervision, grassland industry, and grassland culture to lay a
firm foundation for stabilizing a comprehensive and effective
grassland system.

Second, protect and exploit the rich forest resources in Sichuan
Province. Forest land protection projects of Sichuan have
achieved remarkable results, the development trend of forestry
is good. Sichuan has the world’s first CCB (Climate, Community,
and Biodiversity Standard) Gold-Certified CDM (Clean
Development Mechanism) afforestation and reforestation
project: The Northwest Sichuan Degraded Land Afforestation
and Reforestation Project, and then, forestry projects can well
balance ecological and economic benefits. Forest carbon sinks will
become an important environmental asset in the future. We
believe that forests will be the key to driving the overall
ecological transformation of Sichuan in the future. Forestry
projects about carbon sink or ecological protection should be
supported intensively.

Third, plan and utilize the ecological resources and
agricultural materials scientifically. As a veritable “Land of
Abundance,” Sichuan has abundant water resources, land
resources, forestry resources, etc., and has favorable
conditions for agricultural development. Yet, the current
resource utilization efficiency is low. Meanwhile, the use of
agricultural materials, such as chemical fertilizers, pesticides,
and agricultural mulch, has significantly increased in the past
decades. Therefore, the agro-ecological environment is facing
huge pressure. The governments should formulate a
reasonable mechanism, making agricultural production
neither burden the ecosystem nor waste the ecological
environment resources and finally improve the quality of
agriculture.
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