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Abstract

Sustainability can be measured through regional ecological footprint levels. Us-
ing net primary productivity, the equivalence factors and yield factors for grass-
land resources in various leagues (cities) of Inner Mongolia were constructed.
With each 5-year period as a stage, the ecological footprint of Inner Mongolia’
s grasslands from 1990 to 2020 was calculated, and the spatial distribution of
the ecological footprint was characterized by incorporating population distribu-
tion data; on this basis, a land sustainability model was applied to evaluate the
sustainability of Inner Mongolia’ s grassland resources. The results indicate:
(1) The yield factors of grasslands in various leagues (cities) of Inner Mongolia
vary significantly, generally characterized by higher values in the east and lower
values in the west. (2) Ecological carrying capacity also exhibits an east-high,
west-low pattern spatially, and the per capita ecological carrying capacity over
the 30-year period shows a slight overall declining trend. (3) Per capita ecolog-
ical footprint increased progressively period by period, shifting from ecological
surplus to ecological deficit during 2000-2005. Regions with higher ecological
footprints are concentrated in Tongliao City, Xilinhot City, Erenhot City, south-
ern Ulangab City, and eastern Ordos City. (4) The sustainability of Inner Mon-
golia’ s grassland resources declined progressively period by period, degrading
from moderate sustainability in 1990 to weak unsustainability in 2020. Regions
with severe sustainability degradation are concentrated in Hohhot City, Baotou
City, and Wuhai City. The research results aim to provide a reliable theoret-
ical foundation for the sustainable utilization of Inner Mongolia’ s grassland
resources.
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Abstract: Sustainability can be measured through regional ecological foot-
print levels. This study constructed equivalence and yield factors for grassland
resources in each league (city) of Inner Mongolia using net primary productivity.
Taking five-year intervals as one period, we measured the ecological footprint of
grassland resources in Inner Mongolia from 1990 to 2020 and characterized the
spatial distribution of ecological footprint using population distribution data.
Based on this, we evaluated the sustainability of grassland resources in Inner
Mongolia using a land sustainability model. The results show that: (1) The yield
factors of grassland in each league (city) of Inner Mongolia vary significantly,
generally showing a pattern of high in the east and low in the west. (2) Ecolog-
ical carrying capacity also exhibits an east-high, west-low spatial pattern. Only
three leagues (cities) in the eastern region (Hulunbuir, Xing’ an League, Chifeng
City, and Tongliao City) have yield factors greater than 1 and the highest eco-
logical carrying capacity. (3) Per capita ecological carrying capacity shows a
slight overall decline, while per capita ecological footprint increases period by
period, shifting from ecological surplus to ecological deficit between 2000 and
2005. Regions with high ecological footprint are concentrated in Tongliao City,
Xilinhot City, Erenhot City, southern Ulangab City, and eastern Ordos City.
(4) The sustainability of grassland resources in Inner Mongolia declines period
by period, degrading from moderate sustainability in 1990 to weak unsustain-
ability in 2020. Areas with severe sustainability degradation are concentrated
in Hohhot City, Baotou City, and Wuhai City. The research results aim to
provide a reliable theoretical basis for the sustainable utilization of grassland
resources in Inner Mongolia.
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1. Study Area Overview

Inner Mongolia Autonomous Region (97°12 ~126°04 E, 37°24 ~53°23 N) is lo-
cated in northern China, with a total area of 1.183$x107{6}$ km? and 12
leagues (cities), and a permanent population of 24.03x107{6}$. The landform
is dominated by plateaus, with a temperate continental monsoon climate char-
acterized by large annual temperature fluctuations (0~8°C), low and uneven
precipitation (50~450 mm), decreasing from east to west. The region has rich
land resources, including forests, grasslands, croplands, deserts, rivers, and lakes,
with grassland occupying the largest proportion. From east to west, meadow
steppe, typical steppe, desert steppe, and steppe desert are distributed (Fig. 1).

2.1 Data Sources and Processing

All statistical data in this study were obtained from the China Statisti-
cal Yearbook, Inner Mongolia Statistical Yearbook, and EPS data platform
(https://www.epsnet.com.cn/). Global average yield data were sourced from
the Food and Agriculture Organization database (http://www.fao.org/).
Land use and population density data were obtained from the Chinese
Academy of Sciences Resource and Environmental Science and Data Center
(http://www.resdc.cn/). The land use source data had a spatial resolution of
30 m and a secondary classification level, which was reclassified in ArcGIS
into primary land categories: cropland, forestland, grassland, water bodies,
construction land, and unused land. Inner Mongolia net primary productivity
(NPP) data were derived from EOS/MODIS NPP products with a spatial
resolution of 1 km. Since MODIS NPP data from the same series were missing
before 2000, we used http://Ipdaac.usgs.gov for calculations.

2.2.1 Construction of Equivalence and Yield Factors

The construction of equivalence and yield factors is scale-dependent. Many
scholars have localized these factors for different research scales, developing
models such as “national hectare,” “provincial hectare,” and “city hectare” with
decreasing applicability scales. Considering the vast territory of Inner Mongolia
and the differences in grassland biological productivity among various leagues
(cities), we constructed league (city)-level equivalence and yield factors based
on the “city hectare” model to improve the accuracy and credibility of ecological
footprint accounting. For this single grassland type ecological footprint study,
we constructed equivalence and yield factors for grassland. To eliminate dif-
ferences in ecological productivity between grassland and other land types, we

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

built equivalence factors for grassland in each league (city) to convert grass-
land ecosystem areas into effective land areas comparable with other land types’
biological productivity. To eliminate differences in grassland ecological produc-
tivity among regions, we constructed yield factors for grassland in each league
(city).

Using the ArcGIS platform, we partitioned each league (city) by land use type,
calculated the NPP of various biologically productive lands and their area-
weighted sums, and obtained equivalence and yield factors. The formulas are
as follows:

NPP

r = grassland
ST (A, x NPP))
_ NPPgrassland
Y= NppP

grassland, global

where 7 is the equivalence factor; NPP,,, .nq 1S the average NPP of grassland in
a league (city); NPP; is the average NPP of land type j in that league (city); A;
is the area proportion of land type j; y is the yield factor; and NPP
is the global average NPP of grassland.

grassland, global

2.2.2 Ecological Footprint Model

Ecological footprint refers to the biologically productive land area required to
supply certain resources to human society while absorbing waste, which is im-
portant for judging environmental sustainability. Ecological carrying capacity
refers to the optimal service level an ecosystem can achieve under certain envi-
ronmental conditions to ensure normal biological activity, including the popula-
tion size, resource consumption level, and economic development intensity it can
support. The difference between ecological footprint and ecological carrying ca-
pacity is the ecological deficit. A negative difference indicates ecological surplus,
meaning the ecological environment can operate healthily; a positive difference
indicates a deficit state, meaning the ecological environment is in crisis. The
model formulas are as follows:

ec=axrxy

FEF=efxN
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EC =ecx N

ED=FEF—-EC

EF,=c¢f x P

EC, =ecx P

ED, = EF, — EC,

where ef is per capita ecological footprint; ¢ is grassland product category;
¢; is per capita annual consumption of product i; p, is global average annual
yield of product ; ec is per capita ecological carrying capacity; a is per capita
grassland area in a league (city); EF is total regional ecological footprint; EC
is total regional ecological carrying capacity; N is regional population; ED
is total regional ecological deficit; EF, is total ecological footprint per km?;
EC, is total carrying capacity per km?; P is population per km?; and ED, is
ecological deficit per km?. According to World Commission on Environment
and Development recommendations, 12% of ecological carrying capacity should
be excluded for biodiversity protection.

Applying the ecological footprint model to grassland requires constructing an
integrated resource consumption account for major grassland products in the
study area. Referencing existing grassland biological resource accounts in eco-
logical footprint studies and considering data availability and continuity, we
established a grassland biological resource account including meat (beef, mut-
ton), wool, and milk for ecological footprint calculation. Based on per capita
ecological footprint in each league (city) and combined with population density
data, we spatialized ecological footprint and ecological carrying capacity at 1
km? scale (formula 8) to obtain spatialized ecological deficit results.

2.2.3 Evaluation of Sustainable Utilization of Grassland Re-
sources
Referencing Zhao Xingguo et al., we used ecological footprint and ecological

carrying capacity to construct the Land Use Sustainability Coefficient (LUSC),
which is also applicable to single land types. The formula is:

ec
ef +ec

LUSC =
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From equation (9), when 0 < LUSC < 1, larger values indicate that environ-
mental carrying capacity is more sufficient to supply resource demand, meaning
higher regional land sustainability; smaller values indicate that resource con-
sumption dominates, meaning higher land unsustainability. Referencing exist-
ing studies, we divided grassland sustainability into nine levels (Table 1).

Table 1 Sustainability classification of land use

Sustainability Level LUSC Range

Extremely strong sustainability 0.9 < LUSC < 1.0
Strong sustainability 0.8 < LUSC <€ 0.9
Moderate sustainability 0.7 < LUSC £ 0.8
Weak sustainability 0.6 < LUSC < 0.7
Weak unsustainability 0.4 < LUSC <€ 0.6
Moderate unsustainability 0.3 < LUSC <04
Strong unsustainability 0.2 < LUSC <€ 0.3
Extremely strong unsustainability 0.1 < LUSC < 0.2
Critical unsustainability 0.0 < LUSC < 0.1

Note: LUSC is the Land Use Sustainability Coefficient. The same below.

3.1 Grassland Equivalence and Yield Factors by League
(City)

The equivalence and yield factors of grassland in each league (city) are shown
in Table 2. Ordos City has the highest grassland equivalence factor, while
Hulunbuir City has the lowest. Equivalence factors vary little among leagues
(cities), with a coefficient of variation of 6.96%. Hulunbuir City has the highest
yield factor, while Wuhai City has the lowest. Yield factors vary significantly
among leagues (cities), with a coefficient of variation as high as 48.14%.

Table 2 Equivalence factor and production coefficient of grassland in cities

League (City) Equivalence Factor Yield Factor

Hohhot 0.47 0.54
Baotou 0.45 0.67
Wuhai 0.42 0.19
Chifeng 0.53 1.21
Tongliao 0.55 1.35
Ordos 0.61 0.73
Hulunbuir 0.38 1.68
Ulangab 0.49 0.58
Bayannur 0.46 0.42
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League (City) Equivalence Factor Yield Factor

Xilingol 0.52 1.12
Alxa 0.43 0.31
Xing’ an 0.56 1.47

3.2 Spatiotemporal Pattern of Grassland Ecological Foot-
print in Inner Mongolia

From 1990 to 2020, the per capita ecological footprint of grassland resources
in Inner Mongolia increased period by period, from 0.47 hm? « person~! to 3.54
hm? - person!, with an average annual growth rate of 13.16% (Fig. 2). The
growth rate was fastest during 2000-2005, with an average annual growth rate
of 16.94%. Most leagues (cities) showed fluctuating upward trends in per capita
ecological footprint (Xilingol, Alxa, Wuhai, Baotou, Ordos, Ulangab), while
Chifeng, Bayannur, Xing’ an, and Tongliao showed continuous increases, and
Hohhot and Hulunbuir first increased then decreased (Fig. 2). Among all
leagues (cities), Xilingol League had the highest grassland ecological footprint,
increasing from 2.12 hm? - person~! to 13.28 hm? - person!, with an average
annual growth rate of 6.96%. Wuhai City had the lowest and most stable eco-
logical footprint. Spatialization results show that most leagues (cities) had low
grassland ecological footprints with small changes, while areas with high and sig-
nificantly changing ecological footprints were mainly concentrated in Tongliao
City, Xilinhot City, Erenhot City, southern Ulangab City, and eastern Ordos
City and their surrounding areas (Fig. 3).

3.3 Spatiotemporal Pattern of Grassland Ecological Carry-
ing Capacity in Inner Mongolia

From 1990 to 2020, the per capita ecological carrying capacity of grassland re-
sources in Inner Mongolia decreased slightly period by period, from 1.92 hm? -
person ! to 1.67 hm? - person—!, with an average annual decline rate of 0.46%
(Fig. 4). Among all leagues (cities), Xilingol League had the highest per capita
carrying capacity, decreasing from 10.58 hm? « person! to 8.12 hm? - person™,
with an average annual decline rate of 0.75%. Wuhai City had the lowest per
capita carrying capacity with minimal change, decreasing from 0.09 hm? - per-
son~! to 0.04 hm? - person~!, with an average annual decline rate of 2.48%.
Areas with high ecological carrying capacity were mainly concentrated in east-
ern leagues (cities) such as Hulunbuir, Xing’ an, Tongliao, and Chifeng (Fig.
5).

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

3.4 Spatiotemporal Pattern of Grassland Ecological Deficit
in Inner Mongolia

From 1990 to 2020, the per capita ecological deficit of grassland resources in
Inner Mongpolia continuously increased (the numerical value of deficit became
more negative). The per capita ecological deficit was -1.45 hm? - person~! in
1990 and 1.87 hm? - person™! in 2020 (Fig. 6). The fastest change in ecologi-
cal deficit occurred during 2000-2005, when the status shifted from ecological
surplus to ecological deficit. The proportion of grassland area in deficit status
gradually increased from 16.67% to 83.33%. Areas with high and stable ecolog-
ical surplus were mainly concentrated in Hulunbuir City and northern Xilingol
League. Areas with high and increasing ecological deficit were mainly concen-
trated in southern Ulanqab City, eastern Ordos City and its surrounding areas,
and southern Xilingol League (Fig. 7).

3.5 Evaluation of Sustainable Utilization of Grassland Re-
sources in Inner Mongolia

The LUSC of grassland resources in Inner Mongolia decreased period by pe-
riod, with grassland gradually shifting from sustainable to unsustainable states.
Grassland showed sustainability in 1990, moderate sustainability during 1995-
2000, and weak sustainability during 2005-2010 (LUSC 0.4-0.6). In 2015-2020,
grassland shifted to a weak unsustainable state (LUSC 0.3-0.4). The sustain-
ability of grassland in most leagues (cities) generally weakened (Fig. 8). In
1990, all leagues (cities) showed sustainable states, but by 2020, three leagues
(cities) showed unsustainable states, with the smallest change in Alxa League
where the LUSC decreased by 0.11.

4. Discussion

The yield factors of grassland resources in Inner Mongolia’ s leagues (cities)
vary significantly, showing an overall pattern of high in the east and low in
the west, consistent with Li Yiming et al.’ s findings, indicating obvious quality
differences in grassland resources across the region. Similar to yield factors, eco-
logical carrying capacity also shows an east-high, west-low pattern. Only three
leagues (cities) in the east (Hulunbuir, Xing’ an, Chifeng, and Tongliao) have
yield factors greater than 1 and the highest ecological carrying capacity. This is
because suitable climatic conditions in the eastern region support high-quality
meadow steppe and typical steppe, resulting in higher yield factors and ecologi-
cal carrying capacity. Leagues (cities) with yield factors less than 1 and lowest
ecological carrying capacity are distributed in western desert steppe areas (Alxa,
Bayannur, and Wuhai). In Wuhai City, serious grassland resource degradation
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due to long-term mining development has led to the lowest yield factor and
ecological carrying capacity.

From a temporal perspective, the ecological deficit of grassland resources in the
region deepened continuously from 1990 to 2020. Due to ecological footprint and
its change rate being much greater than ecological carrying capacity (Fig. 2),
the status shifted from ecological surplus to ecological deficit between 2000 and
2005 (Fig. 6). The deficit deepening rate slowed after 2010, likely due to the dual
effects of economic development and policy regulation. The implementation of
the Western Development Strategy accelerated economic development, increas-
ing animal husbandry production and consumption, making ecological footprint
growth more pronounced during this period. After 2011, grassland protection
policies such as the Grassland-Livestock Balance Management Measures were
introduced, and grassland resources began implementing grazing bans and rest
periods. Although ecological restoration has inherent lag effects, the grassland
ecological carrying capacity began to increase in 2015, while the deficit deepen-
ing rate accelerated again due to increased grassland production pressure from
land use changes. In recent years, considerable grassland area in Inner Mongolia
has been occupied by industrial and mining land and urban land, causing grass-
land fragmentation that reduces available grassland area for herders, increases
grazing intensity, and leads to gradually decreasing ecological footprint.

From a spatial perspective, areas with high ecological footprint are concentrated
in economically developed and densely populated leagues (cities), consistent
with Chen Xiaojie et al.” s findings on Wuhan urban agglomeration. This occurs
because economic development affects population distribution, which in turn
affects the spatial distribution of ecological footprint. In this study, grassland
resources with high ecological footprint are mainly concentrated in Xilinhot
City, Erenhot City, Tongliao City, southern Ulangab City, and eastern Ordos
City and their surrounding areas (Fig. 3). Xilinhot City is the administrative
center of Xilingol League, Erenhot City is one of the most important customs
ports in Inner Mongolia, Tongliao City has developed agriculture, and Ulangab
City and eastern Ordos City have developed industry and mining with pros-
perous economies. Multiple factors drive concentrated population distribution
in these areas. Among all leagues (cities), Xilingol League, as Inner Mongo-
lia’ s most important animal husbandry base, has both the highest ecological
footprint and ecological carrying capacity. Xilingol League’ s grassland eco-
logical footprint briefly decreased during 1995-2000, while ecological carrying
capacity declined significantly during this period, possibly related to acceler-
ated urbanization from the Western Development Strategy. After 2000, a series
of grassland protection policies such as “enclosure and grazing ban” were im-
plemented, but ecological restoration has inherent lag effects, so the region’ s
grassland carrying capacity continued to decline, though the rate slowed after
2015.

Inner Mongolia’ s grassland resources require focused attention on sustainability
degradation areas concentrated in Bayannur City, Ulangab City, Wuhai City,
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Tongliao City, and the Hohhot-Baotou-Ordos economic zone (Fig. 9). Bayan-
nur City and Ulangab City are distributed in steppe desert and desert steppe
zones, where grassland quality is poor, greatly affected by climate factors such
as rainfall, with fluctuating grassland productivity and fragile ecological envi-
ronments. Mineral development in Ulanqab City has also caused serious envi-
ronmental damage. Wuhai City, as a typical resource-based city, has resource
development and industrial development as important pollution sources. Since
being established as a characteristic economic circle of Inner Mongolia in 2000,
the Hohhot-Baotou-Ordos region has experienced resource development speeds
far exceeding other leagues (cities), bringing population growth, industrial pollu-
tion, and land resource occupation, causing more serious grassland sustainability
degradation in this region. Tongliao City, focusing on agriculture, has inade-
quate grassland resource protection and serious grassland degradation, affecting
sustainability.

Besides economic and population factors, many issues remain for sustainable
development of Inner Mongolia’ s grassland resources. Extensive and backward
management models in pastoral areas and unreasonable industrial structures in-
creasingly consume grassland resources. First, policy support is the fundamental
reason affecting grassland resource quality, as standards for grassland-livestock
balance subsidies and grazing ban subsidies vary by region. Ensuring grassland
resource sustainability requires modernizing pastoral areas, focusing on intro-
ducing and developing animal husbandry technology to transform inefficient
production into efficient production. Second, reasonable industrial structures
and diverse industry types can reduce grassland resource production pressure.
Finally, policy support is the prerequisite and foundation for these measures.
Increasing policy funding and refining investment standards to ensure policies
effectively support relevant departments and personnel is the basic guarantee
for implementing these measures. Improving the current sustainability status of
grassland resources in Inner Mongolia requires addressing both symptoms and
root causes to ensure healthy and sustainable grassland resource development.

5. Conclusions

1. The yield factors of grassland in Inner Mongolia’ s leagues (cities) vary
significantly, showing an east-high, west-low spatial pattern.

2. The ecological footprint of grassland resources in Inner Mongolia shows an
overall upward trend, shifting from ecological surplus to ecological deficit
between 2000 and 2005. Regions with high ecological footprint are concen-
trated in Tongliao City, Xilinhot City, Erenhot City, southern Ulangab
City, and eastern Ordos City and their surrounding areas.

3. The ecological carrying capacity of grassland resources in Inner Mongolia
shows a slight overall decline, continuously decreasing from 1990 to 2015
but turning to increase after 2015. Regions with high ecological carrying
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capacity are mainly concentrated in Hulunbuir, Xing’ an, Tongliao, and
Chifeng leagues (cities).

4. The sustainability of grassland resources in Inner Mongolia declines pe-
riod by period, degrading from moderate sustainability in 1990 to weak
unsustainability in 2020. Areas with severe sustainability degradation are
concentrated in Bayannur City, Ulangab City, Wuhai City, Tongliao City,
and the Hohhot-Baotou-Ordos economic zone.

References

[1] Reynolds J F, Smith D, Lambin E F, et al. Global desertification: Building
a science for dryland development[J]. Science, 2007, 316(5826): 847-851.

[2] Zhang Meiling, Chen Quangong, Jiang Wenlan. Simulation and sensitivity
analysis of net primary productivity (NPP) of different grassland types[J]. Arid
Land Geography, 2021, 44(2): 369-378.

[3] Sun Xiang. Brief classifications, characteristics and rational utilizations of
the grassland resources in the arid and semiarid regions of Chinal[J]. Journal of
Arid Land Resources and Environment, 1989, 3(1): 92-103.

[4] Li Yutang. The change of grassland policy in China[J]. Pratacultural Science,
2008, 25(6): 1-7.

[5] Huang Rungiu. Thoroughly implement the spirit of the fifth plenary session
of the 19th CPC Central Committee, coordinate to promote high level protec-
tion of ecological environment and high quality economic development[J]. China
Ecological Civilization, 2021, 9(1): 12-23.

[6] Baabou W, Grunewald N, Ouellet Plamondon C, et al. The ecological foot-
print of Mediterranean cities: Awareness creation and policy implications[J].
Environmental Science & Policy, 2017, 69: 94-104.

[7] Wackernagel M, Monfreda C, Erb K H, et al. Ecological footprint time series
of Austria, the Philippines, and South Korea for 1961—1999: Comparing the
conventional approach to an actual land area approach[J]. Land Use Policy,
2004, 21(3): 261-269.

[8] Wackernagel M, Onisto L, Bello P, et al. National natural capital accounting
with the ecological footprint concept[J]. Ecological Economics, 1999, 29(3): 375-
390.

[9] Wackernagel M, Rees W E. Perceptual and structural barriers to investing
in natural capital: Economics from an ecological footprint perspective[J]. Eco-
logical Economics, 1997, 20(1): 3-24.

[10] Xu Zhongmin, Zhang Zhigiang, Cheng Guodong. The calculation and anal-
ysis of ecological footprints of Gansu Province[J]. Acta Geographica Sinica, 2000,

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

67(5): 607-616.

[11] Wang Feifeng, Chen Fei. Research on ecological footprint and efficiency of
the university campuses in Fuzhou City[J]. Journal of Fujian Normal University
(Natural Science Edition), 2008, 24(5): 84-89.

[12] Rashid A, Irum A, Malik T A, et al. Ecological footprint of Rawalpindi:
Pakistan’ s first footprint analysis from urbanization perspective[J]. Journal of
Cleaner Production, 2018, 170: 362-368.

[13] Li Fei, Zhang Xiaoping. Spatio-temporal characteristics of ecological foot-
print and ecological carrying capacity of water resources in Gansu Province[J].
Arid Land Geography, 2020, 43(6): 1486-1495.

[14] Liu Qinpu, Lin Zhenshan. Dynamic analysis and prediction on ecological
footprint of Jiangsu’ s cropland[J]. Journal of Natural Resources, 2009, 24(4):
594-601.

[15] Lii Yue, Chen Zhongqing. Improved model of emergy ecological footprint:
A case study of Xinjiang[J]. Arid Land Geography, 2016, 39(5): 1120-1127.

[16] Bicknell K B, Ball R J, Cullen R, et al. New methodology for the ecolog-
ical footprint with an application to the New Zealand economy[J]. Ecological
Economics, 1998, 27(2): 149-160.

[17] Ferng J J. Toward a scenario analysis framework for energy footprints[J].
Ecological Economics, 2002, 40(1): 53-69.

[18] Venetoulis J, Talberth J. Refining the ecological footprint[J]. Environment
Development & Sustainability, 2008, 10(4): 441-469.

[19] Liu Moucheng, Li Wenhua, Xie Gaodi. Calculation of ecological footprint
equivalence factor in China based on net primary production[J]. Journal of
Natural Resources, 2009, 24(9): 401-406.

[20] Liu Moucheng, Li Wenhua, Xie Gaodi. Calculation of ecological footprint
yield factor in China based on net primary production[J]. Chinese Journal of
Ecology, 2010, 29(3): 592-597.

[21] Zhao S, Li Z, Li W. A modified method of ecological footprint calculation
and its application[J]. Ecological Modelling, 2005, 185(1): 65-75.

[22] Niccolucci V, Bastianoni S, Tiezzi E, et al. How deep is the footprint? A
3D representation[J]. Ecological Modelling, 2009, 220(20): 2819-2823.

[23] Fang Kai. Ecological footprint depth and size: New indicators for a 3D
model[J]. Acta Ecologica Sinica, 2013, 33(1): 267-274.

[24] Fang Kai, Li Huancheng. Provincial pattern of China’ s natural capital use:
A modification and application of ecological footprint depth and size[J]. Journal
of Natural Resources, 2012, 27(12): 1995-2005.

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

[25] Zhang Shuai, Dong Zeqin, Wang Haihe, et al. Calculation of equivalence
factor and yield factor based on modified ecological footprint model[J]. Journal
of Anhui Agricultural Sciences, 2010, 38(14): 7496-7498.

[26] Zhang Jingyu, Li Fengshi, Zhang Shuangshuang, et al. Calculation of equiva-
lence factor in Inner Mongolia based on net primary production and its response
to climate[J]. Journal of Inner Mongolia University (Natural Science Edition),
2021, 52(1): 95-103.

[27] Xu Zhongmin, Cheng Guodong, Zhang Zhiqgiang. Measuring sustainable
development with the ecological footprint method: Take Zhangye Prefecture as
an example[J]. Acta Ecologica Sinica, 2001, 21(9): 1484-1493.

[28] Zhang Zhigiang, Xu Zhongmin, Cheng Guodong, et al. The ecological foot-
prints of the 12 provinces of west China in 1999[J]. Acta Geographica Sinica,
2001, 56(5): 598-6009.

[29] Xu Zhongmin, Cheng Guodong, Zhang Zhiqgiang, et al. Ecological footprint
calculation and development capacity analysis of China in 1999[J]. Chinese Jour-
nal of Applied Ecology, 2003, 14(2): 280-285.

[30] Lin Cong, Li Xiaolei, Yang Nan, et al. A study on spatial pattern of ecolog-
ical footprint for urban agglomeration combined with remote sensing products:
A case study of urban agglomeration in the Yangtze River Delta[J]. Geography
and Geo-Information Science, 2018, 34(3): 20-25.

[31] Su Jiaoping, Li Zhiguo. Research on the sustainable utilization of cultivated
land based on improved ecological footprint model in Yunnan Province[J]. Jour-
nal of Yunnan Agricultural University (Natural Science Edition), 2021, 36(1):
124-131.

[32] Zou X P, Song D J, Chen S F. Ecological carrying capacity of grasslands
and animal husbandry sustainability in Central Asia[J]. Journal of Resources
and Ecology, 2019, 10(6): 598-604.

[33] Zhao Xingguo, Pan Yujun, Ding Sheng, et al. Evaluation of regional land
use sustainability and its spatial-temporal pattern among provinces in ChinalJ].
Transactions of the Chinese Society of Agricultural Engineering, 2014, 30(3):
196-204.

[34] Zhao Xingguo, Pan Yujun, Wang Shuang, et al. Dynamic analysis of sus-
tainability of arable land resources use in Yunnan Province: A new method of
ecological footprint based on national hectare[J]. Resources Science, 2011, 33(3):
542-548.

[35] Keeble B R. The brundtland report: Our common future[J]. Medicine Con-
flict and Survival, 1988, 4(1): 17-25.

[36] Li Hui, Hong Ying, Deng Guorong, et al. Impacts of climate change and
human activities on net primary productivity of grasslands in Inner Mongolia

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

China during 1982—2015[J]. Chinese Journal of Applied Ecology, 2021, 32(2):
415-424.

[37] Liu Haoyu, Jiang Yanfeng. Variation characteristics of annual mean tem-
perature in Inner Mongolia from 1961 to 2018[J]. Inner Mongolia Science Tech-
nology & Economy, 2020, 24(20): 63-64.

[38] Xing Lizhu, Zhang Fangmin, Huang Jin, et al. Spatial and temporal changes
of high wind days over category 6 and above in Inner Mongolia from 1961 to
2018[J]. Arid Land Geography, 2021, 44(5): 1290-1298.

[39] Han F, Kang S, Buyantuev A, et al. Effects of climate change on primary
production in the Inner Mongolia Plateau, China[J]. International Journal of
Remote Sensing, 2016, 37(23-24): 5551-5564.

[40] Xu Xue, Shi Guofeng, Yao Linjie, et al. Ecological footprint and driving
forces in Mu Us Sandy Land in Inner Mongolia[J]. Journal of Inner Mongolia
University (Natural Science Edition), 2021, 52(4): 381-391.

[41] Hou Xiangyang, Yin Yanting, Ding Yong. An overview and prospects for
grassland adaptive management in China[J]. Acta Prataculturae Sinica, 2011,
20(2): 262-269.

[42] Wulan Tuya. Characteristics of grassland utilization in Mongolian Plateau
and their differences among countries[J]. Acta Geographica Sinica, 2021, 76(7):
1722-1731.

[43] Wei Huilan, Qi Yingjun. Differential analysis of herdsmen of different size
scales and main contributors to grassland overgrazing: A case study in Maqu,
Gansu Province[J]. Pratacultural Science, 2017, 34(4): 892-901.

[44] Hu Zhentong, Liu Di, Jin Leshan. Study on herdsman level heterogeneity of
grassland overgrazing[J]. Journal of China Agricultural University, 2017, 22(6):
158-167.

[45] Ding Meihui, Sun Zexiang, Liu Zhifeng, et al. Impacts of urban expansion
on net primary productivity in the agro-pastoral ecotone in northern China:
A case of Hohhot-Baotou-Ordos region[J]. Arid Land Geography, 2017, 40(3):
614-621.

[46] Chen Xiaojie, Wang Jing, Kong Xuesong, et al. Spatiotemporal differences
of ecological footprints and synergistic relationship to economic development
in Wuhan urban agglomeration[J]. Chinese Journal of Ecology, 2020, 39(10):
3452-3462.

[47] Du Fulin, Song Liangyuan, Zhao Ting. Differences of farmer satisfaction
with the implementation of grassland ecological compensation policy: Case
study from Inner Mongolia[J]. Journal of Arid Land Resources and Environ-
ment, 2020, 34(8): 80-87.

[48] Burenjargal Tangudai, Horiwala, Liu Yangyang. Seventy years progress and
development effect of the economic policies in Inner Mongolia’ s pastoral area

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

ChinaRxiv [$X]

since setting up of People’ s Republic of China[J]. Journal of Minzu University
of China (Philosophy and Social Sciences Edition), 2019, 46(6): 27-36.

[49] Xu Minyun. A review of grassland carrying capacity: Perspective and
dilemma for research in China on forage-livestock balance[J]. Acta Prataculturae
Sinica, 2014, 23(5): 321-329.

[50] Hao Junfeng, Gao Zhengxi, Min Hui. Study on exploitation and protec-
tion of potential advantages non-metallic mineral resources in China: Case in
graphite, fluorite, tourmaline in Ulangab, Inner Mongolia[J]. Western Resources,
2015, 12(2): 86-88, 91.

[61] Xu Zhichao, Liu Huamin, Han Peng, et al. Analysis of the characteristics
and driving forces of the temporal and spatial evolution of ecological security in
Inner Mongolia[J]. Acta Ecologica Sinica, 2021, 41(11): 4354-4366.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202302.00008 Machine Translation


https://chinarxiv.org/items/chinaxiv-202302.00008

	Ecological Footprint of Inner Mongolia Grassland Resources and Analysis of Sustainable Utilization: Postprint
	Abstract
	Full Text
	Preamble
	1. Study Area Overview
	2.1 Data Sources and Processing
	2.2.1 Construction of Equivalence and Yield Factors
	2.2.2 Ecological Footprint Model
	2.2.3 Evaluation of Sustainable Utilization of Grassland Resources
	3.1 Grassland Equivalence and Yield Factors by League (City)
	3.2 Spatiotemporal Pattern of Grassland Ecological Footprint in Inner Mongolia
	3.3 Spatiotemporal Pattern of Grassland Ecological Carrying Capacity in Inner Mongolia
	3.4 Spatiotemporal Pattern of Grassland Ecological Deficit in Inner Mongolia
	3.5 Evaluation of Sustainable Utilization of Grassland Resources in Inner Mongolia
	4. Discussion
	5. Conclusions
	References


