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resilience and top vegetation succession. Ecological Indicators, 166, 112476.
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ARTICLEINFO ABSTRACT
Keywords: China is currently the world's largest carbon emitter and has pledged to achieve carbon neutrality by 2060,
Patential Ferestation land which requires significant reductions in emissions and the removal of carbon dioxide removal. Precise and

Vegetation resilience
Vegetation suceession
Confidence evalustion
Spatial distributivn pattern

efficient forestation has become a key strategy to increase carbon sequesitation and mitigate the effects of
climate change. In order to obtain a high-sccuracy distribution ares of potential forestation land, a variety of
influencing factors on potential forestation land were selected in this study, including vegetation factors and
environmental factors. Combining the two models “law of the minimum factors (LMF]® and “equal weight
classification (EWC)" predicts the spatial distribution pattern of potential forestation land in China. And, we
calculated the available forestation area in each province and predicted future forest coverage. The results
showed that the potential forestation ares using the LMF method reached approximately 5.65 « 10° km®, and the
potential forestation area using the EMC method reached approximately 4.95 » 10° km®. Combining the two
madels, the final potential forestation area in China was approximately 6.29 « 10° kem®, of which Approximately
1.02 x 107 km® was evaluated as a high-confidence area_ If all potential forestation land obtained from the two
maodels was successfully planted, China's forest coverage rate would reach nearly 26 %. Two newly introduced
vegetation factors, namely vegetation resilience and top vegetation succession, were considered in this study o
make the prediction resulis of potential forestation distribution more accurate and reasonable. In addition, the
results obtained in this study can provide certain assistance for the specific implementation of national fores-
tation policies, and can provide a reference for promoting forestation actions and achieving the goal of carbon
neutrality.

1. Introduction 2022). Initiatives to reduce carbon dioxide emissions through indirect
means such as planting trees have been highly supported and gl:nr:rdily

With the rapid development of China’s industry and the progression praised by the international commumnity {Domlbe ef al., 20 {ave et al,,
of urbanization, China has now become the world's largest carbon 2018). Expanding forest area and enhancing forest Cd.l'lm sx:quﬁ.lrallm

emitter (Fried] I.. 2020). China has proposed a development have been ulnnnﬁ.od as key strategies in China's national climate miti-
strategy to achieve “carbon neutrality” (net zero carbon emissions) by gation plan (Lu et al., 2018, 2022; Piao et al., 2( Yu et al. ),
2060 (zhu et al., 2021), It is of great significance to limit the increase of and the guw:rnm:m has announced several landmark forest coverage

COz on a global seale (He et al,

1l and Reform Con

Jop!

smion,

;; Meinshausen et al., 2022), goals in the future (National D

However, achieving this goal requires considerable efforts in emission ry of Natural Resources of Ch

reduction measures and atmospheric carbon dioxide removal (Baldocchi often counterproductive. Selecting |nap§:mpn.|l.c planting sites for
and Penuelas, 2019; Plao et al., 20220). Forestation can increase the planting may have negative impacts on the local ecosystemn (Ba
carbon sequestration of forests, thereby mitigating climate warming and 11) and lead to tree planting failures (Coleman et al.,

improving ecology (Bastin et al., 2019; Griscom et al,, 2017; Lu et al,, et al, 2020} In addition, monoculture plantations may not

* Corresponding authaor.
E-muil address: wangee
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Study on the relationship between ecological spatial network structure and
regional carbon use Efficiency: A case study of the Wuding river basin

Yufan Zeng °, Xiang Chen ", Ziyan Yang ", Qiang Yu™

* Beifing Forestry University College of Foresry, Ching
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ARTICLE INFO ABSTRACT

Keywords: Plant carbon use efficlency (CUE) reflects the carbon assimilation ability and carbon sequestration potential of
Eralagical spatial network organisms, and is an important quantitative index in ecology. Therefore, investigating CUE can better understand
E"SZ‘N“ Bk and explare ecasystem carbon flux and carbon allocation patterns. In this paper, the Wuding River Basin is taken

as the research area. MODIS were used to calculate CUE and explore irs spatiotemporal variations. Using remote
sensing environmental indicators (RSEI) extract ecological sources, and the MCR model were used to construct
an ecological spatial network. By analogy with complex network theory, calculate topological indicators, and

hine its ecological si e 1o investigate the relationship between CUE and these indicators, considering
their ecological significance. The results are as follows: (1) The average CUE value slightly increased, with an
overall increase in the southeastern part of the study area, minor changes in the southem parts, and an overall
decresse In the western and northern parts of the basin. (2) CUE showed a strong positive correlation with
closeness cenirality, betweenness cenirality, harmonic closeness centrality, and a negative correlation with ec-
centricity, while no significant correlation was found with component numbser.

Correlation analysis

1. Introduction

‘With economic development and scientific and technological prog-
ress, human activities have become more active (LI et al, 2023a).
Human activities have resulted in increased emissions of greenhouse
gases, primarily carbon dioxide, which have had a growing impact on
global climate and led to increasingly significant global warming
(Lindsey and Dahlman, 2020). These emissions have also contributed to
various meteorological disasters. The global average temperature in
2022 was approximately 1.15 “C higher than the average for the period
1850-1900, making the years from 2015 to 2022 the hottest eight-year
period on record since 1850 (Abbass et al,, 2022). Global change will
affect the global carbon cycle and disrupt the normal cperation of
ecosystem functions (Wan; al., Carbon sequestration has
become a hot topic (Regn Wang et al., 20211y; Zhao et al.,
2022).

CUE refers to the ratio of NPP to GPP, representing the proportion of
carbon absorbed by an organism that is used for growth (Quan ef &l
2023). Currently, there is a scarcity of research concerning the
catchmeént-scale CUE in the watershed (Zhang ef &l 2023a). This study

* Corresponding author.
E-muil address: v

du.en (Q. Yu).

hrrps://doil v 101 6/j.ecolind 2023, ]

innovatively quantifies and analyzes the spatiotemporal variations and

spatial heterogeneity of CUE within the Wuding River basin, thereby

holding significant relevance for the assessment of watershed ecosystem

carbon sequestration capacity, carbon fluxes, carbon allocation patterns,

and ecosystem responses within the context of global change (Doughty
a),

et al, 2021; W 2

t al, 2 1)

Ecological spatial networks, also known as ecological connectivity
networks, are networks constructed from the perspective of ecosystem
structure and functional integrity, using patches with significant
ecological functions and significance as nodes and connecting them with
strip-shaped corridors as edges (Kong et al., 2010). They are designed to
address issues such as changes in ecosystem structure and reduced ser-
vice functionality (Li e al., 2015). One of the earliest influential papers
on ecological networks was published by Richard T.T. Forman and LE.
Alexander in 1998 (Forman and Alexander, 1998). They emphasized the
need to connect habitats to mitigate the fragmentation caused by
transportation infrastructure, highlighting the importance of ecological
connectivity and providing valuable insights and references for subse-
quent research on ecological spatial networks. Since then, many scholars
have expanded and refined this concept, applying the concept of

Received 19 July 2023; Received in revised form 24 Awgust 2023; Accepted 1 September 2023

Awvailable online 11 September 2023

1470-160X,/D 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the OC BY-NC-ND license (ktip://creativecommons org/licenses, by
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3.3 Limu, M., Huang, S., & Wang, J. (2024). Temporal and Spatial Changes of
Vegetation Phenology and Its Correlation With Net Primary Productivity in Northeast

China From 2001 to 2022. IEEE Geoscience and Remote Sensing Letters, 21, 1-5.

IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, WOL. 21, 224 2501705

Temporal and Spatial Changes of Vegetation
Phenology and Its Correlation With Net
Primary Productivity in Northeast
China From 2001 to 2022

Mingrui Limu", Shaodong Huang, and Jia Wang"

Abstraci— The study of vegetation phenology and net pri-
mary productivity (NPP) plays a crucial role in understanding
how ecosystems react to climate change. This study moni-
tored vegetation phenology and NPP in Northeast China (NEC)
from 2000 to 2022. The resnlts showed that: ) variations in
latitude and longitude had a highly significant effect (p < 0.01)
on all vegetation phenology parameters. Besides, the start of the
growing season (S085), the end of the growing season (EOS),
and the length of the growing season (LOS) in NEC exhibited
advancing (=1.26 days/a), delaying (0.14 days/a), and prolonging
(0,40 days/a) tendencies, respectively. Forest EOS had advanced
{=0.13 days/a) instead; 2) S0O8, EOS, and NPP showed a negative
correlation, while LOS, small integral value (SIV) and NPP
were positively correlated. Among them, the strongest correlation
(r = 0.74) was found between SIV and NPP scatter points.
The correlation between NPP and vegetation phenology under
different precipitation and temperature circomstances is compli-
cated. This study can serve as a resource for comprehending the
responses of vegetation phenology in the NEC to climate change.

Index  Terms—MNODIS, net primary productivity (NPP),
Northeast China (NEC), remote sensing monitoring, vegetation

phenology.

I. INTRODUCTION

EGETATION phenology is one of the most sensitive

factors in responding to global climate change. which
refers to the changes in vegetation caused by seasonal varia-
tions in environmental factors like meteorological conditions,
such as emergence, branching, leaf development, blossoming,
fruiting, defoliation, and dormancy [1]. Currently, there is
a more developed method for the extraction of vegetation
phenology by satellite remote sensing. Satellite monitoring has
shown that since the 1980s. the length of the growing season
(LOS) for vegetation at mid-latitudes to high-latitudes in the

Mannscript received 12 November 2023; revised 31 December 2023;
accepted 3 January 2024, Date of publication |8 January 2024; date of
current version 14 February 2024, This work was supported in part by the
Key Program of National Natural Science Foundation of China under Grant
42330507 in part by the Fundamental Research Funds for the Beijing Natural
Science Foundation Program under Grang 3222069 and Grant 8222052; and
in part by the Natural Science Foundation of China under Grant 42071342,
Grant 42101473, and Grant 42171329, (Corresponding author: Jia Wang. )

Mingrui Limu is with the College of Land Science and Tech-
nology, China Agricultural University, Beijing 100193, China (e-mail:
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northern hemisphere tended to lengthen, which was mainly
attributable to the advancement of the start of the growing
season (SOS) and the postponement of the end of the growing
season (EOQS) [2]. [3].

Net primary productivity (NPP) is the difference between
the organic matter produced by plant photosynthesis and
the organic matter consumed by its own respiration. It is
a key indicator for the estimation of the earth’s carrying
capacity and the sustainable evaluation of ecosystems [4], [5].
Vegetation phenology serves as a crucial measure of vegetative
productivity, which has an effect on NPP [6]. For instance,
in the northern United States, an increase in forest LOS raised
the yearly carbon sequestration capacity of the forest [7]. Soil
temperature and LOS played a major role in controlling forest
NPP in the Tibetan Plateau region [8].

Northeast China (NEC) is mid-latitude and highly sensitive
to climate change, and most of the cropland in NEC is annual,
which is appropriate for remote sensing phenology studies [9],
[10]. Previous studies have shown a slight advance in SOS and
a significant delay in EOS in NEC during 1982-2014 [11].
Furthermore, NPP showed a negative correlation with LOS in
grassland but a positive comrelation in forests in NEC [12].
In this study, our primary objectives were to: 1) analyze the
spatial and temporal trends of vegetation phenology in NEC
between 2001 and 2022, compare the trends with earlier years;
and 2) explore the correlation between vegetation phenology
indices and NPP, and evaluate their changes under different
precipitation and temperature conditions.

II. STUDY AREA AND VEGETATION TYPES

NEC is located at the eastern edge of the Eurasian con-
tinent, predominantly belonging to the temperate monsoon
climate zone, and is China’s important forest production
base [13]. In this letter, land cover data was selected from
the 2016 MCD12Q1 product of the MODIS series. We divided
the vegetation types into three categories: forest, grassland,
and cropland, as described in detail in supplementary files.
An overview of the study area is shown in Fig. 1.

I1. MATERIALS AND METHODS
A. Data Used

As NDVI is prone to soil background at low vegetation
cover and oversaturated in areas with high biomass, we used
EVI instead to mitigate these issues and lower errors [14].
For all the data wtilized. we have used nearest neighbor
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Abstract: In recent years, the accelerated pace of urbanization has increased patch fragmentation,
which has had a certain impact on the structure and ecological environment of forest-grass ecological
networks, and certain protection measures have been taken in various regions. Therefore, studying
the spatiotemporal changes and correlations of ecological service functions and forest-grass ecological
networks can help to better grasp the changes in landscape ecological structure and function. This
paper takes the Wuding River Basin as the research area and uses the windbreak and sand fixation
service capacity index, soil conservation capacity, and net primary productivity (NPP) to evaluate the
ecological service capacity of the research area from the three dimensions of windbreak and sand
fixation, soil conservation, and carbon sequestration. The Regional Sustainability and Environment
Index (R5EI) is used to extract ecological source areas, and GIS spatial analysis and the minimum
cumulative resistance (MCR) model are used to extract potential ecological corridors. Referring to
complex network theory, topology metrics such as degree distribution and clustering coefficient are
calculated, and their correlation with coolcgica! service capacity is exp!arcd. The results show that
the overall ecological service capacity of sand fixation, soil fixation, and carbon sequestration in the
research area in 2020 has increased compared to 2000, and the ecological flow at the northern and
northwest boundaries of the river basin has been enhanced, but there are still shortcomings such
as fragmented ecological nodes, a low degree of clustering, and poor connectivity. In terms of the
correlation between topology indicators and ecological service functions, the windbreak and sand
fixation service capacity index have the strongest correlation with clustering and the largest grasp,
while the correlation between soil conservation capacity and eigencentrality is the strongest and has
the largest grasp. The correlation between NPF and other indicators is not obvious, and its correlation
with eccentricity and eigencentrality is relatively large.

Keywords: forest-grass ecological network; complex network; MCR model; correlation analysis;
ecological services

1. Introduction

In recent years, with the rapid development of the economy, the urbanization rate
in China has increased year by year [1]. The increasingly fast urbanization process has
changed the structure and function of land, causing a significant impact on the ecological
environment [2,3]. The denser and more extensive transportation network has resulted
in more fragmented biological habitats, reducing landscape connectivity [4]. In recent
years, some scholars have proposed the concept and basic principles of an ecological spatial
network from the perspective of landscape connectivity and the integrity of ecosystem
structure and function [5]. The network is constructed by taking important ecological
patches within the region as nodes and using strip corridors between patches as edges to
mitigate the fragmentation of wildlife habitats and the decline in ecosystem services [6,7].
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Abstract: Permafrost and alpine vegetation are widely distributed in Tibet, which is a sensitive area
for global climate change. In this study, we inverted the surface deformation from 22 May 2018 to
9 October 2021 in a rectangular area within the city of Linzhi, Tibet, using the Sentinell-A data and
two time-series interferometric system aperture radar (InSAR) techniques. Then, the significant
features of surface deformation were analyzed separately according to different vegetation types.
Finally, multiple machine learning methods were used to predict future surface deformation, and
the results were compared to obtain the model with the highest prediction accuracy. This study
aims to provide a scientific reference and decision basis for global ecological security and sustainable
development. The results showed that the surface deformation rate in the study area was basically
between +£10 mm/a, and the cumulative surface deformation was basically between +£35 mm.
The surface deformation of grassland, meadow, coniferous forest, and alpine vegetation were all
significantly correlated with NDVI, and the effect of alpine vegetation, coniferous forest, and grassland
on permafrost was stronger than that of the meadow. The prediction accuracy of the Holt-Winters
model was higher than that of Holt's model and the ARIMA model; it was expected that the ground
surface would keep rising in the next two months, and the ground surface deformation of alpine
vegetation and the coniferous forest was relatively small. The above studies indicated that the surface
deformation in the Tibetan permafrost region was relatively stable under the conditions of alpine
vegetation and coniferous forest. Future-related ecological construction needs to pay more attention
to permafrost areas under grassland and meadow conditions, which are prone to surface deformation
and affect the stability of ecosystems.

Keywords: InSAR; surface deformation; permafrost; vegetation; machine learning; Tibet

1. Introduction

With global warming, the influence of climate change on the future global ecolog-
ical environment and the mechanism of the responses of ecosystems to climate change
have been extensively raised and studied [1-5]. Tibet has a large area of high-altitude
permafrost and is one of the plateau ecosystems with the highest sensitivity to global
climate change [6—£]. The type of permafrost in northwest Tibet is dominated by perennial
permafrost, while southeast Tibet is influenced by the warm and humid flow of the Indian
Ocean and dominated by seasonal permafrost, i.e., the freezing of soil has seasonal changes,
freezing in winter and melting in summer [9]. The freezing and thawing of permafrost
significantly affect the hydrology, climate, and ecosystems of the regions in which it is
located, by participating in the global cycle of energy and water. Over recent years, under
climate change impact, not only has the perennial permafrost begun to degrade into sea-
sonal permafrost extensively in Tibetan areas, but the thickness of the active layer of the
existing seasonal permafrost is also increasing substantially, along with the problems of
increasing the mean ground temperature of the permafrost and the advancement of the
thawing date [6,10,11]. The current series of changes in the permafrost can disrupt these
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Abstract: The sequestration of carbon in forests plays a crucial role in mitigating global climate
change and achieving carbon neutrality goals. Carbon use efficiency (CUE) is an essential metric used
to evaluate the carbon sequestration capacity and efficiency of Vegetation. Previous studies have
emphasized the importance of assessing CUE at specific regions and times to better understand its
spatiotemporal variations. The southeastern region of Tibet in the Qinghai-Tibet Plateau is recognized
as one of the most biodiverse areas in China and globally, characterized by diverse vegetation
types ranging from subtropical to temperate. In this study, we focused on Nyingehi, which is the
largest virgin forest area in southeast Tibet, to explore the spatial-temporal dynamic characteristics
of regional CUE based on MODIS remote sensing products. The following results were obtained:
(1) On a monthly scale, regional CUE exhibits significant seasonal variations, with varying patterns
among different vegetation types. Specifically, the fluctuation of CUE is the lowest in high-altitude
forest areas and the greatest in grasslands and barrens. On an annual scale, forests exhibit higher
fluctuations than areas with sparse vegetation and the overall volatility of CUE increased over the
past 11 years. (2) There are regional differences in the trend of CUE changes, with a substantial
downward trend in the Himalayan region and a significant upward trend in the residual branches of
the Gangdise Mountains. More than 75% of the regions exhibit no persistent trend in CUE changes.
(3) Vegetation type is the main determinant of the range and characteristics of vegetation CUE
changes, while the geographical location and climatic conditions affect the variation pattern. CUE in
the southern and northern regions of Nyingchi at 28.5°N exhibits different responses to temperature
and precipitation changes, with temperature having a more significant impact on CUE.

Keywords: carbon use efficiency (CUE); forest ecosystems; Southeast Tibet; MODIS

1. Introduction

Since the Industrial Revolution, humans have been emitting greenhouse gases such
as carbon dioxide into the atmosphere, leading to increasing global warming. This not
only has disastrous effects on human safety and production, but also disrupts the balance
of ecosystems and global carbon cycling [1]. Carbon cycling and carbon neutrality have
become one of the global hot topics [2,3]. Forests are the most crucial terrestrial ecosystems,
accounting for 85-90% of the total biomass of land vegetation. Through the process of
photosynthesis, Forest vegetations absorb CO; from the atmosphere and store it as biomass
in plants and soil. They play a pivotal role in maintaining carbon balance and mitigating
climate change [4,5].

Carbon use efficiency (CUE) is defined as the ratio of net primary productivity (NPF)
to gross primary productivity (GPP) [6]. It characterizes the potential carbon sequestration
capacity of an organism. Vegetation CUE is one of the metrics used to measure the carbon
sequestration capacity and efficiency of forest ecosystems. A higher CUE value indicates a
higher growth transfer of carbon per unit of vegetation, which corresponds to a greater po-
tential for carbon sequestration. Quantifying and analyzing CUE is beneficial for exploring
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Abstract: There exists serious heavy metal contamination of agricultural soils in China. It is not only
time- and labor-intensive to monitor seil contamination, but it also has limited scope when using
conventional chemical methods. However, the method of the heavy metal monitoring of soil based on
vegetation hyperspectral technology can break through the vegetation barrier and obtain the heavy
metal content quickly over large areas. This paper discusses a highly accurate method for predicting
the soil heavy metal content using hyperspectral techniques. We collected leaf hyperspectral data
outdoors, and also collected soil samples to obtain heavy metal content data using chemical analysis.
The prediction model for heavy metal content was developed using a difference spectral index, which
was not highly satisfactory. Subsequently, the five factors that have a strong influence on the content
of heavy metals were analyzed to determine multiple regression models for the elements As, Pb, and
Cd. The results showed that the multiple regression model could better estimate the heavy metal
content with stable fitting that has high prediction accuracy compared with the linear model. The
results of this research provide a scientific basis and technical support for the hyperspectral inversion
of the soil heavy metal content.

Keywords: fresh peach leaf; spectral index; soil heavy metal; multiple-regression model; inversion

1. Introduction

Soil is the basis for plant growth and development, supplying the water, air, and
mineral elements on which plants depend. At the same time, it is also the basis for building
a good ecological environment and an important factor in maintaining national ecological
security. In 2014, China conducted a national survey on soil pollution, which showed an
alarming overall soil environment, espedially for heavy metal pollution on farmland and
industrial and mining wasteland [1,2]. With the rapid development of industry, agriculture,
and urbanization, environmental issues have gradually been brought to people’s attention,
among which air and water pollution have become prominent and drawn great attention.
However, soil pollution has not received sufficient attention due to its lagging nature
and hidden nature [3,4]. Although soil has a certain ability to purify pollutants, when
the amount of soil pollutants exceeds the environmental capacity of the soil, it will cause
changes in the structure and functionality of the soil and even cause serious harm to the
entire ecosystem [5]. Excessive heavy metals in soil will not only cause stress to crops
and affect their growth and development [6-£8], but also accumulate in crops through the
food chain and ultimately in the human body, which makes them a major safety hazard
to human health and the environment [9-11]. For example, Minamata disease and bone
pain disease were identified to be caused by heavy metal pollution in Japan in the 1950s,
which made hE.a\r}' metal one of the most urgent pmblems in sopil poﬁutinn and caused
widespread concern in the international community [12,13]. Therefore, it is crucial to detect
the distribution of heavy metal elements in soil in large areas rapidly, and many scholars
have been trying to monitor the soil environment using hyperspectral techniques.
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Abstract: Carbon density change and land use change are important factors in the spatiotemporal
evolution of ecosystem carbon stock. Accurately assessing regional carbon stock and analyzing its
relationship with land use patterns and carbon density change are of great value to regional ecosystem
protection and sustainable social and economic development. In order to effectively evaluate the
carbon stock in North China, this study divided the target area into 5 sub-regions, and a variety of
methods were used to calculate the carbon density in each sub-region over different time periods.
The classic InVEST model was selected to evaluate carbon stock evolution under changes in land use
and carbon density from 2000 to 2015. The results show that the carbon stock in North China in 2000,
2005, 2010 and 2015 were 1301 x 10" ¢, 1.325 x 10" t, 1.332 » 10' t and 1.366 x 10" t, respectively,
with a cumulative increase of 6.506 = 107 t. As two main factors, the land use type change and carbon
density change showed different influences on the carbon stock of different regions and different
ecosystems, but the former had a greater impact in North China during 2000-2015. Converting
farmland to forest and grassland and converting bare land to grassland increased carbon stock, while
converting farmland to building land reduced carbon stock. In addition, the carbon density of most
land use types in each sub-region increased from 2000 to 2015, which further caused the increase in
carbon stock. The carbon stock in North China had a significant spatial pattern of high in the east and
low in the west, and this distribution pattern is closely related to land use. This research can provide
scientific reference for land use management decision-making and sustainable carbon stock function
in North China.

Keywords: ecosystem carbon stock; carbon density change; land use changes; North China Region;
InVEST model

1. Introduction

The sustainability of ecosystemns and their services are crucdial factors in achieving
sustainable human development [1]. Because of the influence of human activities and
the effects of climate change, global ecosystem services are declining [2]. For example,
air pollution (in the case of tropospheric ozone) is an important parameter that triggers
the decline of carbon stock in forests and crops [3,4]. Carbon stock plays an important
role in regulating global climate change, atmospheric CO; concentration, and maintaining
global carbon balance [5-7]. Terrestrial ecosystem carbon sinks are valuable indicators of
ecosystem change because they reflect the complex interrelationship between terrestrial
ecosystems and climate change [8]. As carbon density varies greatly over time among
different land use types and even within the same type, land use change typically cause
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Abstract: Industrialization has increased global carbon emissions, necessitating effective climate
change mitigation measures. China, the most populous developing nation, faces the challenge of
strategizing emissions to meet national carbon neutrality objectives. However, research on specific
regions’ carbon emissions drivers and causal factors is limited, particularly across prefectural-level
cities. This study estimates the spatial and temporal patterns of carbon emissions across China’s
prefectural cities and utilizes both OLS regression and stepwise regression models to analyze the
impact of various factors influencing carbon emissions in these cities. Results reveal the following:
(1) The country’s overall 20-year carbon emissions continue to grow from 3020.2% Mt in 2001 to
9169.74 Mt in 2020, with an average annual growth rate of 5.71%; the eastern region has seen a
gradual deceleration in emissions, whereas the western region continues to experience an increase.
Carbon emissions in cities within each subregion consistently rise. (2) Carbon emissions in Chinese
pru{ectuml-iuvcl cities exhibit strong spatiai autocorrelation and ciuqbering (Z > 1.96, p < 0.05), with
hot spots primarily in the eastern coastal areas and cold spots in the northwest to southwest regions.
(3) Economic and demographic factors significantly increase carbon emissions, while climate and
urbanization effects are more complex and variable. Economic growth and population increase are
the most significant influencing factors, but regional variances exist in carbon emissions determinants
in subregional prefectural cities. These insights provide valuable insights into national emission
dynamics at the prefectural level, providing a theoretical basis for enhancing carbon emission
strategies across various jurisdictions.

Keywords: carbon neutrality; carbon emissions; spatiotemporal pattern; attribution analysis; urbanization

1. Intreduction

Global climate change is attracting increasing international attention as it is causing
a range of environmental problems [1-3]. According to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC), the burning of fossil fuels and
inequitable and unsustainable energy and land use have led to a steady increase in global
temperatures over the past century, resulting in an increase in the frequency and intensity
of extreme weather events, putting nature and people at increasing risk in all regions of the
world [4]. It has also been pointed out that, globally, the increase in carbon emissions is
mainly driven by industry, transport and energy supply, while residential and commercial
buildings, forestry,/deforestation, and agriculture also contribute significant amounts
of carbon dioxide, methane, and other greenhouse gases [5-7]. In terms of the impact
of economic growth on carbon emissions, China is one of the world's fastest-growing
economies, and its energy consumption and carbon emissions have increased prominently
in recent decades [5,9]. From 1980 to 2007, GDP of China grew at an average annual rate
of over 9%, primary energy consumption increased by about 340%, and carbon dioxide
emissions increased dramatically by about 352% [10]. As the world's largest developing
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Abstract: In the context of strengthening the construction of ecological civilization and accelerating
the “carbon 'Peak" in China, the r\eﬁisma] m)]l:lﬁif.ﬂ.l pattern and itx comnection with carbon sink
capacity have become an urgent topic. Given that Inner Ml.mgul.ia isa la:lgecarbcmr:nﬁmdnn province
and the conflict bebween economic development and ecological protection is particularly prominent,
we took Inner !-erlgulia a= an nnurple by exctract its Eruespati:d network, then caloulated the i.'nbeﬁrit}'
index, Il:lPl1|i!Ei|:.'!! indices, and necovery robustnes of the network and evaluated imbegrity and other
properties of the ecospatial network structure by combining them with the ecological background. In
addition, we :mal:..'zr_-d the mlatis!mhip etweeen the Iupnlcygi:al indices and zu_-t]:!n'mary Prcsducr'l\'ih:
{NPI). The results showed that the network was scale-free and I‘beh:tuﬁemuun, with low :inteﬁril}'..
connectivity and stability, which were the focus of future optimization. The nodes with important
functions were mainly distributed in the farm-forest ecotone, grasslands, and the agro-pastoral
chack for ecoione; under the dmulation attack, the node rECOVETY robusknes was ed:runﬁl.-r than the corridor
updte recovery robustness, and NPF was negatively and significantly comelated with the woodland nodes
Chtabion: Wang, X Wang, R Yis, Q. and erassland nodes. In terms of ecological restoration, the unused land in the west is a key anea, and

:::,,::::\".: FTFEISL https:,-’fmwv.mdpi.comfa nodes and corridors. In terms of enhancing carbon sequestration

ey | = 048 - ing network connectivity, the appropriate and rational merging
R l'thlE'..lr-l{}ggg'Dfﬂpp-lE'I ?E?t_l,rpe ithin woodlands and grasslands is a particularly effective means.
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NFE Appl. 5i. 3 Ch EC['C_U pd atelversion=2 evaluating and npﬁmiﬁngf}muuhy{icﬂl pattern of areas with
B iy LOLTI90 prisminent -m:uh:-ai:al Frnhlerm and improving the carbom sink of ecosystems in terms of theic
appl 21872 ecospatial network structure.

Aeadisnic Edibor: Salvador

Garcia. Al Videsirnilla Kgywm.ﬂl: ecrmpanﬂ nietivork; |:|:m.1p|.cx nebwork; Inner M.smﬁuha; u:ipuhwc.:l imdices; ac,ulng:nl

structure; NFP
Revuivuad: 11 April 2122
Acvupted: 9 May 202
Fublishon: 11 May 302

Pucblisher's Nobe: MOPLatips pasral 1+ I0rOduction

with regard fo pursdictiong daims in In recent years, under the influence of various human activities led by resource
publishid maps snd instisitional offil- — exploitation activities, the ecological security of the landscape has been seripusly threatened,
iatiim. and the occurrence of ecological problems such as soil erosion, land desertification, surface

mining subsidence, and water scarcity shows a significant upward trend [1-4]. In order to
profect bisdiversity and maintain the stability of ecosystems, how to analyze the ecology of
environments that have been damaged after resource exploitation is a topic that must be
studied in order to protect or restore the ecology in a targeted manner.

Some scholars proposed the conceplt of ecospatial networks or ecological networks
from the perspective of landscape connectivity and ecosystem structure inbegrity [5-7]; that
is, on the basis of a comprehensive evaluation of natural and human factors in the region,
important ecological source patches in the region were extracted and regarded as ecological
nodes, and then the belt corridors between ecological resource palches were regarded as
ecological corridors, according to which an ecospatial network was constructed o improve

Copyrighk © 307 by the suthors.
Licensrw MIFL Basel Switeerlased
This artich is an open s artiche
distribote]  wader Bw lems and
asidibers of the Tt Commons
Abtrdmstion (O BV} oo (g [
crvativevummens. g Benes by

a0/

Appl. 5o 22, 12, 4872, hitps: /S dolorg 103590 fappl 2104872 hittps: / f www.madpicom /journal fapplsck

-41 -



3.11 BRErG, B8, ERN, & . 2019). ETZRMME 2010~ 2017 EKZE

R AR IATEBHRE /I A, BHEEIER, 64(14), 1515-1525.

i X
e x|

2019 % H 64 % I 14 1 1515 ~ 1525 ;: bR Y A

¥ SCIENCE CHINA PRESS

@ CrossMark
<ok for updaie

TR O 2010~201 7AERKZRAL L 4 AL A E L
HWLE k! 1

i, § A4, RALS g

1 Jes i o B, JE S0 100083;

2 JeEE e A R L S ek R TR SR, JE A 100875
* Be@ A, E-mail: yieao/hjfu.cdu.cn

2018-11-06 #RE, 2019-01-29 5], 2019-02-01 £, 2009-03-27 [WHARE &
E RIS 2016 YFC1402704) . IS FEFEAE S (417014710, 0T 1 6 T S0 00 o FF AL S OF SLRSS201 TI8) R P Rl B
SR IHXDA 19070502 )5 BY

WY M EERSEE RS E T AN EE RS SRR RS T
BEEEAEEARTETEALAEBREIATHHENREFEEAEENE dTFEREFAAMHER
Z, HAAESETRAMAUEEATEA BN & TAHEARNEET ST, $hatb 9 A 38 A ik H AR
BHEFATRTRE AFFHALEATHEPCAF NS ISR FERAERSS EE4E, RESHEH
£ A 8E D SMOSH R BB $48, 3EF fod A3k ok EALAT £ S (AIRSS) 8 8 4 7 47 148 Bl (ATAM) 3 L i 3 K
01020175 BMEEYHEEFMAAIT G HETTEIEMSHE, Fardpsies mEdueg H oo =% bk
T EAH, EAkMA A ANEHCSEFRA, FEHA L BHEED &20104F LB £2013
F)yTHERFTAR(0A4EA£E), B3 FA R LS REMNAREAFLINEFHpEYE, BF
ARATHEZE AR AXRERRLERETET AT OAEE. 7 BF TS i Ao b M B 5 M A0
IPEHAEHEEEA IMERM AR ASNEARERFREMIEERE RGN AR ET AR EkAUE
EREAT LSS LY BRE. EERAEAARNSET TR B EERELT 2L E.

FRRA iR, ok by B BAES, EARM, BRER

i B O 8RR Y e o a3 o o ]
TR LA Ltk BRI, R bR, 2
O, bR R R o 11 P 5 T B OE A LR BT A AT Y
BRI AT R B, dbhEEko A MR
Lk 21> 3 42 1 1979~ 1998 4F 1] 7(0.0320.01 7)< 10° k',
i £ 1999-201 04 [RIA F(0.15420 038)< 10° km™4 2
RIS A bR I R T A JELEE ML 19804T Y
3.64 m FEEH2008 ERY 189 m, FERRISIES0%. BRMLE
i, L ER AT RE 25 AT B AY skt B vk B

K 0 5 R R 31 R AU A
AR, EATIE M PR P R
Wik EEAIES: oAl . POAbAGE. ARIba
(1), oA R A RSB T Al kR K
SAYALER. el T ARRK e v BOEURD AT AT YR Y AT K
L, AR T R At A A A LR o e PR AR
AT ARG T S bR AR S A, L ik
ol SF I G R T [ e S (B e | 0
. BEMK. KB LI B8 e S A (AR AR £E 7Y

Chen 8 Y, Cao ¥ F. Hui F M, et al.

SIHIMER: BREER, WaE, MR, . JEFRE SO0 10-201 THER R ICREF U AHURALEE 1re 5 b, BLFEEE 2019, 64: 15151525

spatzal-lemparal i the sutumin navigabality of the Arctic Northesss Rowte from 2000 w0 2017 (mn
Chinese). Chin Sca Bull, 20149, H 1515-1525, doi: D 1 360NNOTI01 B0 DR

@ 2018 CPIRE) ki

-4D -

weww sciching.com  csb.scichina.com



3.2 X4k, T8, i, RILE, £, & FHRIE (2023). EIRIRAA 23 &5
fiE. B MK EEZEAR, 44(12), 142-152.

BT I2Y = ok & X ¥ ¥ M Vol. 44, No. 12
2022 512 H JOURNAL OF BEUING FORESTRY UNIVERSITY Dee., 2022

DOI:10.12171/. 10001522 20210159

RIS A ST B R 4FE

X &7 F ®BY £Hx” RKR#AH 4 BT EREV
(1. JE RO R, EC 100083: 2. L BB+ 3630 25 BR3P OG5 REWH S, L0 100083,
3 RSB AR, AL 102200)

T : [ B oY Tl Ve AR AP b 5 Ay 3R B S, 9 T 47 S R Jm i R R B ey SR A R ] R,
SCER RO AR T BT A LUERI R . SR R el . (AR s R BT RO . BT
MR R . % A R B A — { H S L (NDV), B i — (R i S (MNDWI T BBt SR B R
HE T ke i, R GIS 20 7t f MCR LR R R s i B BUE BB T 32 BT e i e i s
0 3 M R A 7 2 LRy R U S ] O A L T B . (R LR R
A ] P 29 BAE R A A 369 RlE R B MUE S A . (2 SRR R E R R R RO R, R
A ARERAC A L ARG R RN (30 M 1 L O e A AR, R s Ay, TR
Bk (e A, AP AR SRR SR AL (D[RR 125 W s I 6 madab BT B
ot el @ Hedt, Sk RRIHL B TS MR A R SRR TR S I, s R e e i Y s S
S BLOCRRAE LA, FEE SRt (8 T O0 BT MOR SRS H 08 o] R S A 1 1 A o 52 () P 3 A LR AT T b ey
b7 ot ok B P O AR (R L, P (] e I R P 32 v R A R R AT
.

KRRE: B R AR A D PR, AR F R AT

FESES: ST19 X171 CEFER: A XESS: 1000-1522(2022)12-0142-11

FI3cHsat: X8k, ol WeAEan, S R A (0] R AR REIE (] USRS S 2022, 44(12): 142152, Lin Wei,
Yu Qiang, Pei Yanru, et al. Characteristics of spatial ecological network in the Yellow River Basin of northern China[1]. Journal
of Berjing Forestry University, 2022, 44(12): 142-152.

Characteristics of spatial ecological network in the Yellow River
Basin of northern China
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Abstract: [Objective] The Yellow River Basin has a pivotal role in ecological protection. In order to
effectively cope with the ecological problems caused by rapid urban development, this paper constructs an
ecological spatial network for the Yellow River Basin to protect biodiversity and mitigate landscape pattern
fragmentation. [Method] This paper takes the Yellow River Basin as the research object, finding an
approach to identify its spatial ecological network. First, the ecological source sites were selected by

comprehensively considering land-use data, perimeter of the ecological patch area, normalized difference
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