ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202307.00192

Post-print: Impacts of Urban-Rural Develop-
ment on Ecosystem Productivity in the Inner
Mongolia Plateau over the Past Two Decades

Authors: Sarigai
Date: 2023-07-19T00:00:00+00:00

Abstract

Scientific assessment of monitoring urban and rural development and construc-
tion activities on the Inner Mongolia Plateau and their impacts on regional
ecosystem productivity is of great scientific and practical significance for build-
ing the national northern ecological security barrier. Based on remote sensing
imagery, land use data, meteorological observation data, and other auxiliary in-
formation, this study comprehensively applied methods such as dynamic degree
analysis and neighborhood substitution to evaluate the spatial extent, expansion
rate, and impacts on ecosystem productivity of urban and rural development
and construction on the Inner Mongolia Plateau from 2000 to 2020. The results
show: (1) In 2020, the area of urban and rural development and construction
land on the Inner Mongolia Plateau was 18206.49 km?, accounting for 1.46% of
the total land area. (2) From 2000 to 2020, the expansion area of urban and ru-
ral construction was 7462.99 km?, with 59.76% originating from the expansion
of industrial and mining land. The expansion of urban and rural construction
land mainly occupied natural and farmland ecosystems, with urban land and
rural residential areas primarily occupying farmland, while industrial and min-
ing land mainly occupied grassland and desert. (3) From 2000 to 2020, the loss
of vegetation net primary productivity (NPP) on the Inner Mongolia Plateau
due to human urban and rural development and construction activities reached
143.51$x107{4}$ tC, with mining development causing the most losses, its pro-
portion increasing from 60.72% in 2000-2010 to 73.91% in 2010-2020. Since
2010, NPP losses caused by urban and rural development and construction oc-
cupying farmland have been alleviated, while NPP losses from grassland have
been intensifying. (4) Ecosystem NPP losses in the Mu Us Sandy Land, Hu-
lunbuir Sandy Land, Hunshandake Sandy Land, and Horgin Sandy Land were
mainly caused by mining development. Increases in urban population and GDP,
as well as related policies, have caused continuous expansion of urban and ru-
ral construction, exerting a certain degree of impact on ecosystem NPP. The
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research results provide important reference value for high-quality urban and
rural development and construction and ecological civilization construction on
the Inner Mongolia Plateau.
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Abstract: Monitoring human urban and rural construction activities in the
Inner Mongolia Plateau and scientifically assessing their impacts on regional
ecosystem productivity holds significant scientific and practical importance for
building China’s northern ecological barrier. Based on remote sensing imagery,
land use data, meteorological observations, and auxiliary information, this study
employed dynamic analysis and neighborhood substitution methods to evaluate
the spatial extent, expansion rate, and impacts on ecosystem productivity of
urban and rural construction from 2000 to 2020. The results indicate that: (1)
The area of urban and rural construction land in 2020 reached 18,206.49 km?,
accounting for 1.46% of the total land area of the Inner Mongolia Plateau. (2)
Over the past 20 years, the expansion area of urban and rural construction
land totaled 7,462.99 km?, with 59.76% originating from industrial and min-
ing land expansion. This expansion primarily occupied natural and cultivated
ecosystems, with urban land and rural residential areas mainly encroaching on
farmland, while industrial and mining land predominantly occupied grassland
and desert ecosystems. (3) From 2000 to 2020, the total loss of net primary
productivity (NPP) caused by human urban and rural construction activities
in the Inner Mongolia Plateau reached 143.51$x107{4}$ tC, with mining de-
velopment causing the most severe losses. The proportion of NPP loss from
industrial and mining land increased from 60.72% during 2000-2010 to 73.91%
during 2010-2020. (4) Since 2000, NPP loss from urban and rural construc-
tion occupying farmland has been alleviated; however, grassland NPP loss has
intensified. The four major sandy lands of the Inner Mongolia Plateau—Mu
Us, Hulunbuir, Otindag, and Horqin—experienced significant ecosystem losses,
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primarily driven by mining development. Urban population growth, GDP in-
crease, and related policies have triggered continuous expansion of urban and
rural construction, exerting considerable impacts on ecosystem NPP. These find-
ings provide important reference value for high-quality urban and rural develop-
ment, ecological civilization construction, and ecosystem protection in the Inner
Mongolia Plateau.

Keywords: urban and rural construction; ecosystem; NPP loss; Inner Mongolia
Plateau

Introduction

Terrestrial ecosystem productivity is a critical indicator for assessing regional
vegetation carbon sequestration functions and ecosystem services. With the
widespread implementation of the United Nations Millennium Ecosystem As-
sessment program, ecological evaluation has become a frontier topic in global
environmental research. Net primary productivity (NPP) refers to the biomass
accumulated by green plants per unit area per unit time, and its variation
profoundly influences the global carbon cycle and environmental quality upon
which organisms depend. Land use/cover change affects regional ecosystem
quality and stability, with urban and rural construction expansion representing
a significant cause of ecosystem productivity decline.

The Inner Mongolia Plateau, located in a typical temperate arid and semi-arid
climate zone, hosts desert, grassland, and forest ecosystems from southwest to
northeast. As an important northern ecological barrier in China, it represents
a geographically vulnerable region with fragile ecosystems. The plateau also en-
compasses four major sandy lands—Hulunbuir, Horqin, Otindag, and Mu Us—
which are hotspots of desertification in China. Influenced by climate change and
human activities such as reclamation, overgrazing, and energy extraction, the
Inner Mongolia Plateau has experienced ecological degradation, desertification,
vegetation disturbance, and declining ecosystem service functions. Timely mon-
itoring of the status, speed, and scale of urban and rural construction and their
impacts on ecosystem productivity can provide scientific evidence for improving
regional resource management and achieving sustainable development.

Previous studies have demonstrated diverse and significant impacts of urban
and rural construction on regional ecosystem productivity in the Inner Mongolia
Plateau. Research indicates that the rapid increase of open-pit coal mines in
Ordos has led to the loss of natural ecosystems including grasslands, forests,
and sandy lands, causing severe negative impacts on vegetation productivity.
Vegetation within 500 m of typical mining areas in the Inner Mongolia Plateau
suffers extreme destruction. However, other studies show that urban expansion
in the Hohhot-Baotou-Ordos region from 2000 to 2015 improved urban greening
levels and increased regional NPP. These studies primarily focused on typical
areas with small spatial scales, yielding inconsistent conclusions and providing
limited guidance for resource management across the entire Inner Mongolia
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Plateau. Therefore, this study addresses the entire plateau, analyzing the scale,
speed, and ecosystem occupation of urban and rural construction from 2000
to 2020 based on satellite imagery, land use data, meteorological observations,
and auxiliary information. It reveals the impacts of construction activities on
ecosystem productivity over the past two decades, providing crucial scientific
support for optimizing urban and rural development processes and coordinating
emission reduction targets, ecological civilization construction, and ecosystem
protection in the Inner Mongolia Plateau.

1.1 Study Area Overview

The Inner Mongolia Plateau (36°16 -52°99 N, 92°68 —125°83 E) is China’s
second-largest plateau, spanning the northeast, northwest, and north China
regions, and serving as a critical northern ecological security barrier. The
study area includes 12 prefecture-level cities and 91 counties in Inner Mongolia
Autonomous Region, Gansu Province, Ningxia Hui Autonomous Region, and
Hebei Province, covering approximately 124.70$x107{4}$ km? with an average
elevation of about 1,145.92 m. The region features predominantly plain and
gentle hill landforms and experiences a temperate continental monsoon climate
with precipitation increasing from west to east. The plateau’s main ecosystems
are grassland and desert, accounting for 40.34% and 30.24% of the land area,
respectively. Based on ecosystem structure, climate zones, and geomorphologi-
cal divisions, the region is categorized into eastern (forest-dominated), central
(grassland and farmland-dominated), and western (desert-dominated) areas.
The four major sandy lands—Hulunbuir (42,065.32 km?), Horqin (9,022.04
km?), Otindag (39,979.18 km?), and Mu Us (33,130.64 km?)—represent ecolog-
ically significant and representative areas for analyzing ecosystem function and
quality changes in the Inner Mongolia Plateau.

1.2 Data Sources and Preprocessing

This study utilized land use/cover data, Enhanced Vegetation Index (EVI), me-
teorological data, and auxiliary information (Table 1). Land use/cover change
data were obtained from China’s Land Use/Cover Dataset (CLUD) produced by
the Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences. This continuous database has a spatial resolution of 30
m and was derived from Landsat TM/ETM+/OLI imagery through human-
computer interactive visual interpretation, including 6 primary and 25 sec-
ondary land use types. Based on definitions of Chinese terrestrial ecosystem
types and their distribution in the Inner Mongolia Plateau, we reclassified them
into five ecosystem types: farmland, grassland, forest, desert, and others.

Remote sensing data included Terra MOD13Q1 EVI products with 250 m spa-
tial resolution and 16-day temporal resolution, downloaded from NASA. After
extraction, data covering the Inner Mongolia Plateau were mosaicked, projected,
and clipped to obtain annual EVI datasets. Meteorological data comprised 500
m resolution monthly precipitation and temperature datasets for China from
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the National Tibetan Plateau Science Data Center. Considering the vegeta-
tion growing season primarily occurs from May to September, we selected data
from these months for vegetation disturbance index calculations. Grassland
vegetation types, boundaries of the four major sandy lands, and administrative
divisions were obtained as vector data from the Resource and Environmental
Science Data Center and the Atlas of Deserts and Desertification in Northern
China. DEM data were acquired from the National Geomatics Center of China.

1.3 Methods

1.3.1 Extraction of Urban and Rural Construction Land Urban and
rural construction land (URCL) in this study includes urban land, industrial
and mining land, and rural residential land. Urban land refers to built-up areas
of large, medium, and small cities and towns above county level. Industrial
and mining land includes factories, large industrial zones, oil fields, salt fields,
quarries, transportation roads, airports, and special-use land. Rural residential
land refers to settlements independent of urban areas. We extracted URCL
expansion areas from 2000 to 2020 using overlay analysis. Urban land, rural
residential land, and industrial/mining land were distinguished based on their
characteristics. Industrial and mining land was further categorized into small
(<1 km?) and large ($ 1km~{2}$) plots, with 500 m and 1,000 m buffer zones
established respectively to assess impacts on surrounding ecosystems.

1.3.2 Assessment of Urban and Rural Construction Impacts on
Ecosystems We used the vegetation disturbance index (VDI) to quantify
ecosystem disturbance from urban and rural construction. In arid and semi-
arid regions, precipitation is the primary determinant of vegetation growth.
Without disturbance events, vegetation yield per unit precipitation (e.g.,
EVImax/PREcum) should approximate multi-year averages or remain within
natural variability ranges. When negatively impacted by urban construction,
mining, or other disturbances, EVImax values become significantly lower than
natural variability ranges. We established buffer zones around urban land
(500 m), rural residential land (500 m), and industrial/mining land (500 m for
small plots, 1,000 m for large plots) to calculate VDI and assess impacts on
ecosystem productivity. VDI is calculated as:

EVImax/PREcum

VDI =
(EVImax/PREcum)

mean

where EV Imax is the annual maximum EVI, PRFEcum is cumulative precipi-
tation, and (EVImax/PREcum),, ., is the multi-year average of the EVImax
to precipitation ratio. When VDI < 0.8, the area is considered disturbed by
urban and rural construction through direct occupation and reduced vegetation
productivity in surrounding areas.
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1.3.3 Estimation of Urban and Rural Construction Impacts on Ecosys-
tem Productivity We employed the neighborhood substitution method to
evaluate NPP loss from URCL expansion. Assuming similar climate and vege-
tation growth conditions within a certain range, the NPP of pixels occupied by
URCL expansion would approximate the average NPP of the same ecosystem
type in the surrounding area. Therefore, for expansion occurring between year
t and t+1, we used the average NPP of the same ecosystem type within a 500 m
buffer of the newly expanded URCL in year t+1 as the potential NPP (NPPpot)
of occupied ecosystem pixels. The actual observed NPP (NPPu&r) in year t+1
was then subtracted from NPPpot to obtain NPP loss caused by URCL expan-
sion (NPPloss = NPPpot - NPPu&r). Calculations were performed separately
for t and t+1 years, with their means used as final estimates.

2 Results and Analysis
2.1 Spatial Extent and Distribution of Urban and Rural Construction

From 2000 to 2020, the intensity of urban and rural construction in the Inner
Mongolia Plateau increased significantly, with notable differences in expansion
area and speed among urban land, industrial /mining land, and rural residential
land (Figure 3). By 2020, URCL area reached 18,206.49 km?, increasing from
0.89% to 1.46% of the plateau’s total area. Over the 20-year period, URCL
expansion totaled 7,462.99 km?, accounting for 67.44% of the total URCL area
in 2020. Urban land expanded steadily, increasing by 854.88 km? and 872.71
km? during 2000-2010 and 2010-2020 respectively, with its proportion rising
from 4.72% to 7.81%. Industrial/mining land showed the largest and fastest
expansion, particularly after 2010, with an expansion rate of 222.94 km? /year
and a total area of 4,458.90 km?, representing 59.76% of total URCL expansion.
This expansion was concentrated in Ordos City, Wuhai City, and Ningxia Hui
Autonomous Region’s Yinchuan, Wuzhong, and Shizuishan cities. Rural resi-
dential land expanded by 5806.37 km?, with the most rapid growth occurring
after 2010.

Spatial distribution of URCL expansion varied significantly across the plateau,
with the central region serving as the primary concentration area (Figure 2).
Urban land expansion was widespread in central areas, while industrial/mining
land expansion occurred extensively in both central and western regions. During
2000-2020, central region URCL accounted for 53.02% of the plateau’s total,
with urban and industrial /mining land comprising 24.87% and 11.92% of total
expansion respectively, concentrated in Hohhot, Baotou, and Zhangjiakai (Hebei
Province). Western region industrial/mining land accounted for 36.02% of the
plateau’s total, showing rapid growth.
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2.2 Occupation and Disturbance of Ecosystems by Urban and Rural
Construction

Analysis of ecosystem occupation by URCL expansion reveals that farmland
experienced the highest proportion of loss, reaching 3,360.06 km? (45.02% of to-
tal occupied area), primarily by rural residential land and urban land (22.46%
and 19.84% respectively). Grassland ecosystem occupation totaled 2,251.64 km?
(30.24% of total area), with industrial /mining land accounting for 15.70% of this
loss. Typical steppe comprised 21.74% of grassland occupation. Desert ecosys-
tem occupation reached 982.21 km?, with industrial /mining land responsible for
88.49% of this loss.

Beyond direct occupation, URCL expansion disturbed broader surrounding ar-
eas. From 2000 to 2020, total ecosystem disturbance area reached 11,474.07
km?, with farmland and grassland experiencing the most disturbance (39.85%
and 31.82% of total disturbed area respectively). Urban land and rural res-
idential land primarily disturbed farmland ecosystems through direct occupa-
tion, with disturbance to other ecosystem types remaining below 10%. Indus-
trial/mining land caused the largest disturbance to natural ecosystems (2,777.78
km?), with typical steppe, desert, and desert steppe comprising 11.22%, 7.25%,
and 9.78% respectively. This disturbance significantly reduced vegetation pro-
ductivity.

2.3 Impacts of Urban and Rural Construction on Ecosystem Produc-
tivity

From 2000 to 2020, NPP loss caused by human urban and rural construction
activities in the Inner Mongolia Plateau reached 143.51$x107{4}$ tC. Indus-
trial/mining land expansion was the primary driver, accounting for 67.71% of
total NPP loss and increasing from 60.72% during 2000-2010 to 73.91% during
2010-2020. In contrast, NPP loss from urban land and rural residential land
showed decreasing trends.

Among ecosystem types, NPP loss from grassland and farmland was most
significant, though trends differed. Farmland NPP loss decreased most sub-
stantially from 2000-2010 to 2010-2020, dropping from 18.05$x107{4}$ tC to
5.38$x107{4}$ tC. Forest and other ecosystems also showed reductions of 1.53%
and 0.96% respectively. However, grassland and desert NPP loss increased by
16.23$x107{4}$ tC and 5.96$x107{4}$ tC respectively. Industrial/mining land
expansion was the main cause of natural ecosystem NPP loss, with its proportion
increasing from 60.72% to 73.91%. Typical steppe experienced the most signif-
icant loss, with industrial/mining land-caused NPP loss increasing by 66.01%
from 2000-2010 to 2010-2020.
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2.4 Urban and Rural Construction in the Four Major Sandy Lands
and Ecosystem Impacts

Since 2000, urban and rural construction in the four major sandy lands has
been dominated by industrial/mining land expansion, affecting regional vege-
tation productivity. However, urban greening has slightly increased NPP in
peri-urban ecosystems. Total URCL expansion in the sandy lands reached
389.51 km? (5.22% of plateau total), with industrial/mining land accounting
for 86.26%. Vegetation disturbance area totaled 527.47 km? (4.36% of plateau
total), with NPP loss reaching 6.26$x107{4}$ tC (4.36% of plateau total). In-
dustrial /mining expansion caused NPP loss of 5.40$x107{4}$ tC, while urban
land expansion resulted in only 0.07$x107{4}$ tC loss, likely due to urban
greening with high-biomass tree species under intensive management.

Among the four sandy lands, Mu Us showed the strongest impact, with URCL
expansion of 222.50 km? (83.03% industrial/mining land). Hulunbuir and
Otindag had industrial/mining expansions of 44.38 km? and 35.77 km? respec-
tively, with NPP loss in Hulunbuir being 4.08 times that in Otindag. Horqgin
Sandy Land’s NPP loss from artificial construction reached 0.20$x107{4}$ tC.

3 Discussion

3.1 Continuous Intensification of Urban and Rural Construction Ac-
tivities in the 21st Century

Since 2000, urban and rural construction intensity in the Inner Mongolia Plateau
has continuously increased, with URCL proportion rising from 0.89% to 1.46%,
dominated by industrial/mining land expansion. Resource distribution, socioe-
conomic factors, and related policies are decisive factors in construction layout
and change. The plateau is rich in coal, rare earth, and iron ore resources,
with mining development driving local economic growth. Urban population
increased by 67.48% from 2000 to 2020, with large influxes of labor demand-
ing expanded infrastructure and construction land. National strategies such
as “Western Development” and “Central Region Rise,” along with provincial
development policies, have promoted construction expansion.

Our study found that urban and rural land mainly occupied farmland ecosys-
tems, while industrial/mining land primarily occupied grassland and desert
ecosystems, consistent with previous research. The findings further reveal that
typical steppe experienced the largest disturbed area. Therefore, land use plans
should be adjusted according to different construction activities to strengthen
ecosystem functions of the northern ecological barrier.

3.2 Urban and Rural Construction Activities Have Reduced Natural
Ecosystem and Farmland NPP

The temperate grasslands of the Inner Mongolia Plateau are endangered terres-
trial ecosystems vulnerable to severe degradation from human activities. This
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study found that urban and rural construction occupied large areas of natural
and farmland ecosystems, with total NPP loss reaching 143.51$x107{4}$ tC. In-
dustrial/mining land expansion was the primary cause, particularly significant
in central and western regions after 2010. While NPP loss from farmland occu-
pation has been alleviated—Ilikely due to the establishment of a basic farmland
database and protection regulations—grassland NPP loss continues increasing.
Future attention should focus on the potential impacts of construction expan-
sion, especially industrial/mining land, on regional grain production and animal
husbandry.

Since 2000, ecological conditions in the four sandy lands have improved through
desertification control projects, with 2.27$x107{4}$ km? showing improvement.
However, socioeconomic development poses serious challenges to sandy land
ecosystem stability. Stepwise regression analysis revealed that while the influ-
ence of natural factors like temperature and elevation on NPP is weakening (P
< 0.001), precipitation effects are increasing, and human activity impacts are
intensifying, particularly from urban expansion and industrial/mining develop-
ment intensity (P < 0.001). This aligns with findings that human-natural factor
interactions are strengthening in the plateau’s sandy lands. Notably, NPP loss
from industrial/mining expansion is substantial despite being far smaller than
areas improved by ecological projects, highlighting the need for strengthened
research on ecosystem responses to construction activities.

4 Conclusion

From 2000 to 2020, urban and rural construction expansion in the Inner Mon-
golia Plateau covered 7,462.99 km?, representing 67.44% of total URCL area in
2020. Total URCL area increased from 0.89% to 1.46% of the plateau’s total
area. Industrial/mining land expansion was the dominant type, accounting for
59.76% of total expansion area. Urban land and rural residential land primarily
occupied farmland ecosystems, while industrial/mining land mainly occupied
grassland and desert ecosystems. Total NPP loss caused by construction activ-
ities reached 143.51$x107{4}$ tC, with industrial/mining expansion contribut-
ing 67.71%. While farmland NPP loss has been alleviated, grassland NPP
loss continues to intensify. In the four major sandy lands, industrial/mining
expansion was the main cause of NPP loss, though urban greening slightly in-
creased peri-urban ecosystem NPP. These results provide scientific support for
coordinating urban-rural development, ecological protection, and sustainable
development in the Inner Mongolia Plateau.

References

[1] Jiang H L, Xu X, Guan M X, et al. Determining the contributions of climate
change and human activities to vegetation dynamics in the pastoral transitional
zone of northern China from 2000 to 2015[J]. Science of the Total Environment,
2020, 718: 134871, doi: 10.1016/j.scitotenv.2019.134871.

chinarxiv.org/items/chinaxiv-202307.00192 Machine Translation


https://chinarxiv.org/items/chinaxiv-202307.00192

ChinaRxiv [$X]

[2] Christopher B F, James T R, Carolyn M M. Global net primary production:
Combining ecology and remote sensing[J]. Remote Sensing Environment, 1995,
51: 74-85.

[3] Capistrano D, Samper C, Lee M J, et al. Ecosystems and human being:
Multiscale assessments: Findings of the sub global assessments working group
of the millenium ecosystem assessment[M]. Washington, D.C: Island Press, 2005.

[4] Fu B J, Yu D D, Lii N. An indicator system for biodiversity and ecosystem
services evaluation in ChinalJ]. Acta Ecologica Sinica, 2017, 37(2): 341-348.

[5] Xu J, Chen H L, Shang S S, et al. Response of net primary productivity of
Tibetan Plateau vegetation to climate change based on CEVSA model[J]. Arid
Land Geography, 2020, 43(3): 592-601.

[6] Seto K C, Guneralp B, Hutyra L. Global forecasts of urban expansion to
2030 and direct impacts on biodiversity and carbon pools[J]. Proceedings of the
National Academy of Sciences of the United States of America, 2012, 109(40):
16083-16088.

[7] Huang Q, Liu Z, He C, et al. The occupation of cropland by global urban
expansion from 1992 to 2016 and its implications[J]. Environmental Research
Letters, 2020, 15(8): 084037, doi: 10.1088/1748-9326 /ab858c.

B FuY C,Lu XY, Zhao Y L, et al. Assessment impacts of weather and land
use/land cover (LULC) change on urban vegetation net primary productivity
(NPP): A case study in Guangzhou, China[J]. Remote Sensing, 2013, 5(8): 4125-
4144.

[9] Yin X, Hens L. The influence of urbanization on vegetation carbon pools
under a tele coupling framework in China[J]. Environment Development and
Sustainability, 2022, 24(3): 4046-4063.

[10] Ding M H, Sun Z X, Liu Z F, 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.

[11] Bai S Y, Wu Q, Shen W S, et al. Characteristics of land degradation in
mining areas of Inner Mongolia grassland[J]. Journal of Ecology and Rural En-
vironment, 2016, 32(2): 178-186.

[12] Buyantuyev A, Wu J. Urbanization alters spatiotemporal patterns of ecosys-
tem primary production: A case study of the Phoenix Metropolitan region,
USA[J]. Journal of Arid Environments, 2008, 73(4): 512-520.

[13] Xu C, Liu M, An S, et al. Assessing the impact of urbanization on regional
net primary productivity in Jiangyin County, China[J]. Journal of Environmen-
tal Management, 2007, 85(3): 597-606.

[14] Yan H M, Liu J Y, Huang H Q, et al. Impacts of cropland transformation
on agricultural production under urbanization and grain for green project in
Chinal[J]. Acta Geographica Sinica, 2012, 67(5): 579-588.

chinarxiv.org/items/chinaxiv-202307.00192 Machine Translation


https://chinarxiv.org/items/chinaxiv-202307.00192

ChinaRxiv [$X]

[15] Chi W F, Bai W K, Liu Z J, et al. Wind erosion in Inner Mongolia Plateau
using the revised wind erosion equation[J]. Ecology and Environmental Sciences,
2018, 27(6): 1024-1033.

[16] Zhou D J, Zhao X, Hu H F, et al. Long term vegetation changes in the four
mega sandy lands in Inner Mongolia, China[J]. Landscape Ecology, 2015, 30(9):
1613-1626.

[17] Zeng X, Liu Z, He C, et al. Quantifying surface coal mining patterns to pro-
mote regional sustainability in Ordos, Inner Mongolia[J]. Sustainability, 2018,
10(4): 1135, doi: 10.3390/sul0041135.

[18] Bai X L, Ji S X, Wang L X, et al. Response of change trend of vegetation
productivity to land use conversion in Ten Tributaries Basin of Ordos[J]. Journal
of Natural Resources, 2019, 34(6): 1186-1195.

[19] Hou H P, Zhang S L, Ding Z Y, et al. Study on the measurement of ecological
loss based on the net primary productivity in coal mines[J]. Journal of China
Coal Society, 2012, 37(3): 445-451.

[20] Sha Z Y, Zhong J L, Bai Y F, et al. Spatio-temporal patterns of satellite
derived grassland vegetation phenology from 1998 to 2012 in Inner Mongolia,
Chinal[J]. Journal of Arid Land, 2016, 8(3): 361-373.

[21] Liu J Y, Kuang W H, Zhang Z W, et al. Spatiotemporal characteristics,
patterns, and causes of land use changes in China since the late 1980s[J]. Journal
of Geographical Sciences, 2014, 24(2): 195-210.

[22] Kuang W H, Zhang S W, Du G M, et al. Remotely sensed mapping and
analysis of spatio-temporal patterns of land use change across China in 2015—
2020[J]. Acta Geographica Sinica, 2022, 77(5): 1056-1071.

[23] Wu X G, Yao Y F, Chi W F, et al. Spatio-temporal characteristics of soil
wind erosion in Inner Mongolia Plateau from 1990 to 2015[J]. Journal of China
Agricultural University, 2020, 25(3): 117-127.

[24] Peng S Z, Ding Y X, Liu W Z, et al. 1 km monthly temperature and
precipitation dataset for China from 1901 to 2017[J]. Earth System Science
Data, 2019, 11: 1931-1946.

[25] Ma Q, He C Y, Fang X N. A rapid method for quantifying landscape scale
vegetation disturbances by surface coal mining in arid and semiarid regions[J].
Landscape Ecology, 2018, 33(8): 2061-2074.

[26] Ma Q, Wu J, He C, et al. The speed, scale, and environmental and economic
impacts of surface coal mining in the Mongolian Plateau[J]. Resources Conserva-
tion and Recycling, 2021, 173(3): 105730, doi: 10.1016/j.resconrec.2021.105730.

[27] Zhang C, Kuang W H, Wu J G, et al. Industrial land expansion in rural
China threatens environmental securities[J]. Frontiers of Environmental Science
& Engineering, 2021, 15(2): 2095-2201.

chinarxiv.org/items/chinaxiv-202307.00192 Machine Translation


https://chinarxiv.org/items/chinaxiv-202307.00192

ChinaRxiv [$X]

[28] Gao X L, Wang Z L, Liu J W, et al. Variable domain algorithm for image
segmentation using statistical models based on intensity features[J]. Acta Optica
Sinica, 2011, 31(1): 198-203.

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

[30] Yu N, Zhao Y Y, Ding G D, et al. Sustainability assessment in four sandy
lands of China based on the ecological footprint model[J]. Arid Land Geography,
2018, 41(6): 1310-1320.

[31] AR, Bi Q G, Dong Z H. Change of grassland vegetation and driving factors
based on MODIS/NDVT in Xilingol, China[J]. Resources Science, 2019, 41(7):
1374-1386.

[32] Chang Y B, Zhu R, Xiao S C, et al. Sandy land change from 1980 to 2015
in Alxa League, China and its driving factors[J]. Journal of Desert Research,
2020, 40(6): 82-90.

[33] Ma Y T, Ren X Z, Hu H F, et al. Vegetation dynamics and its driving force

in Otindag Sandy Land based on Geodetector[J]. Journal of Desert Research,
2021, 41(4): 195-204.

[34] Ouyang L, Ma H Y, Wang Z M, et al. Dynamic evaluation of ecological
environment in Horgin Sandy Land based on remote sensing and geographic
information data[J]. Acta Ecologica Sinica, 2022, 42(14): 1-16.

[35] Heidenreich B. What are global temperature grasslands worth? A case for
their protection[M]. Canada: West Georgia Street, Vancouver, BC, 2009.

[36] Kuang W H, Liu J Y, Tian H Q, et al. Cropland redistribution to marginal
lands undermines environmental sustainability[J]. National Science Review,
2022, 9(1): 66-78.

[37] He C Y, Liu Z F, Min X, et al. Urban expansion brought stress to food se-
curity in China: Evidence from decreased cropland net primary productivity[J].
Science of the Total Environment, 2017, 576(15): 660-670.

[38] Gang C C, Zhao W, Zhao T, et al. The impacts of land conversion and
management measures on the grassland net primary productivity over the Loess
Plateau, northern China[J]. Science of the Total Environment, 2018, 645: 827-
836.

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

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202307.00192 Machine Translation


https://chinarxiv.org/items/chinaxiv-202307.00192

	Post-print: Impacts of Urban-Rural Development on Ecosystem Productivity in the Inner Mongolia Plateau over the Past Two Decades
	Abstract
	Full Text
	Impacts of Urban and Rural Construction on Ecosystem Productivity in the Inner Mongolia Plateau from 2000 to 2020
	Introduction
	1.1 Study Area Overview
	1.2 Data Sources and Preprocessing
	1.3 Methods

	2 Results and Analysis
	2.1 Spatial Extent and Distribution of Urban and Rural Construction
	2.2 Occupation and Disturbance of Ecosystems by Urban and Rural Construction
	2.3 Impacts of Urban and Rural Construction on Ecosystem Productivity
	2.4 Urban and Rural Construction in the Four Major Sandy Lands and Ecosystem Impacts

	3 Discussion
	3.1 Continuous Intensification of Urban and Rural Construction Activities in the 21st Century
	3.2 Urban and Rural Construction Activities Have Reduced Natural Ecosystem and Farmland NPP

	4 Conclusion
	References


