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Liu Benteng Ma Lei Zhang Han

School of Design Art, Lanzhou University

ITZHRFESTHEFNFAAEFEXRER

The Architectural Training Model based in Combina-

tion of Engineering and Art

i B ARSI ESA ST LERARLEFERL, FARKRER, FHREFRLLERAY AL
WRALELEENTHAE, BIRELAFHET PN “T7 “B7 o3, RUT “TLHAR” HALHE
FEXEA, AZMBIRFERAH, RBHRAAF, HFASE., HFTh, I ER, FEERPpHPE
BARABEARET EAZEAMATBRBEX, P TREROELFRL, HRERRAFBRRBLES,

KER: BN ARFEL; LMK

Abstract: : An architectural training model for undergraduate under the concept of Combination of engineering

and art is constructed based on the needs of students’ personal growth, characteristics of architecture, social

development, and the analysis of the differences between technology and art in the concept of Architectural

Education. Taking the practice of the school of design and art, Lanzhou University of technology as an exam-

ple, this paper analyzes the advantages and disadvantages of its practical exploration, and puts forward some

suggestions, which are expected to be used in the Architectural Education of other local engineering universi-

ties, and to provide inspiration for the talent training.

Keywords: Training Model; Architectural Major; Combination of Engineering and Art
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HFREETMA, T AAFH TP T F 5 A REUL SR MR T A,

[ X423 1 £ Ri%H; $Lmt; TREFRE; EWESPHN

FESES: G640 X ARATIRAG: A

Quality Evaluation Study on Practice Teaching of
Professional Master of Art Design

Liu Bentengl, Liu Liwei], Su Jianningz*
(1. School of Design and Art, Lanzhou Univ. of Tech., Gansu Lanzhou 730050, China;
2. School of Graduate Studies, Lanzhou Univ. of Tech., Gansu Lanzhou 730050, China )

[ Abstract] Practical teaching is an important link in the cultivation of master’s degree in art and design, and the
traditional teaching quality evaluation method is not very specific to the subject characteristics and curriculum
characteristics. The evaluation index system is designed based on the CDIO engineering education concept and
evaluation criteria, and the evaluation model of professional practical teaching quality is established by using
AHP-entropy weight method and fuzzy comprehensive evaluation method. The results show that:(1)the order
of influence weight on the quality of practical teaching is teaching process, teaching effectiveness, teaching
resources, and teaching management;(2)The evaluation value of teaching process and teaching effectiveness is
lower than the comprehensive evaluation value of practical teaching quality. The unclear formulation of teaching
objectives and the inadequate application of teaching methods have a negative impact on the evaluation.

[Keywords] Art Design; Professional Master; Practice Teaching Quality; Fuzzy Comprehensive Evaluation
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Research Article

Lifeng Zhang*, Hongyu Pu, Haowen Yan, Yi He?*,

Sheng Yao, Yali Zhang, Ling Ran, and Yi Chen

A landslide susceptibility assessment method
based on auto-encoder improved deep

belief network

https://doi.org/10.1515/ge0-2022-0516
received April 20, 2023; accepted July 07, 2023

Abstract: The landslide susceptibility assessment is an
essential part of landslide disaster risk identification and
prevention. However, the binarization of the hidden layer
limits the parameterization ability of the conditional prob-
ability of visible layer, making the training process of
restricted Boltzmann machine more difficult and further
limiting the accuracy and efficiency of deep belief network
(DBN) model in landslide susceptibility assessment. Therefore,
this study proposed a landslide susceptibility assessment
method based on Auto-Encoder (AE)-modified DBN. Zhouqu
County, Gansu Province in the People’s Republic of China, was
selected as the study area. Historical landslides in Zhouqu
County were identified using small baseline subset interfero-
metric synthetic aperture radar technology and optical image.
Landslide factors were screened based on a geographical
detector and stepwise regression method. The Logcosh loss
function and determinant coefficient R* index were used to
evaluate the training process of the AE model, and the
balanced cross entropy loss function was used to evaluate
the entire network training process. In addition, the area
under the curve (AUC) of the synthetical index model (SIM),
support vector machine (SVM), and multilayer perceptron
(MLP) were compared and evaluated. The results indicated
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that the proposed model could significantly improve the accu-
racy of landslide susceptibility assessment. The AUC value of
the proposed model was 0.31, 0.12, and 0.11 higher than that of
SIM, SVM, and MLP, respectively. Therefore, the improved
DBN model based on AE proposed is reliable for early land-
slide identification and prediction.

Keywords: landslide susceptibility assessment, InSAR, geo-
graphic detector, Auto-Encoder, deep belief network

1 Introduction

Zhouqu County is in the middle reaches of the Bailong River
Basin. The Bailong River Basin is one of the four high-inci-
dence areas of geological disasters in China. Wide-spread
geological disasters, such as landslides and debris flows,
are frequent, particularly in Zhouqu County. There are
many mountain peaks in the region, with overlapping
peaks. It is a typical structural and eroded mountain [1,2].
During the 1970s and 1990s, Zhouqu County experienced
four large-scale debris flow disasters and two large-scale
landslides (Xiliu slope landslide and Suocertou landslide)
[3,4]. After the Wenchuan earthquake in 2008, landslide
disasters in Zhouqu County became more frequent. For
example, the landslide in Nanyu Township on July 12,
2018, caused the water level of the Bailong River to rise,
washing away some roads. On July 19, 2019, the Yahuokou

@ Open Access. © 2023 the author(s), published by De Gruyter. (<) IS This work is licensed under the Creative Commons Attribution 4.0 International License.
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ARTICLE INFO

Keywords:
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ABSTRACT

Accurate prediction of the trend of Normalized Difference Vegetation Index (NDVI) time series in the Yellow
River Basin (YRB) is crucial for the assessment of the hydrological and ecological environment in this region.
Currently, the NDVI time series prediction model is primarily based on traditional models and single-variable
neural network models. Nevertheless, these models present challenges in considering the limitations of multi-
ple factors, causing the NDVI time series prediction results to lack reliability. To predict NDVI time-series in the
YRB of China, this study constructed a multilayer multivariate Long-Short Term Memory (LSTM) neural network
model including climatic components. The initial important climatic elements in this region were identified using
GeoDetector. Then, the relationship between NDVI and climatic factors in the YRB of China is established.
Finally, numerical scale data are used to train and predict a multilayer multivariate LSTM model with climatic
components. According to the results, the three-layer multivariate LSTM neural network NDVI time series pre-
diction model developed in this study has the best performance among the evaluated indices. When compared to
existing time series prediction models, the proposed model in this study takes into account the common
constraint effect of various climate factors on NDVI. This leads to a significantly improved prediction accuracy,
presenting new opportunities for enhancing the prediction model. By analyzing the NDVI time series prediction
outcomes for the YRB, it has been determined that the ecological environment of the area will continuously
improve in the future. This study offers significant technological and theoretical backing for assessing the hy-
drological and ecological environment of the YRB and comparable ecologically vulnerable regions in China.

1. Introduction

processes on ecosystems is often portrayed through their effect on
vegetation cover (Fang and Pomeroy, 2023). On this basis, the NDVI is

There exists a complex and interrelated link between hydrological
processes and ecosystems (Gou et al., 2023). A comprehensive
comprehension of this interaction is vital for the sustainable manage-
ment of local water resources, the preservation of the health of ecolog-
ical environments, and the adaptation to climate change (Pradhananga
and Pomeroy, 2022; Chen et al., 2023a). The hydrological process en-
tails numerous elements, including rainfall, evaporation, transpiration,
and runoff. Ecosystems influence hydrological processes through plant
transpiration, soil water retention, and water cycling (Xie et al., 2023;
Pesantez et al., 2023). The most significant interdependence between
the two is the effect on water resources (Pradhananga and Pomeroy,
2022; Pesantez et al., 2023). Consequently, the influence of hydrological

considered the most useful indicator for measuring the coverage and
growth status of surface vegetation in a given region (Xu et al., 2022).
This contributes to a greater understanding of the link between hydro-
logical processes and ecosystems. The monitoring and prediction of
long-term NDVI changes can provide insights into the processes and
future trends of vegetation change (Zhang et al., 2023a; Fu et al., 2022).
This information facilitates a timely understanding of the vegetation
cover of the regional hydrological and ecological environment, which in
turn can help to develop appropriate measures to protect the environ-
ment and manage water resources (Rahman et al., 2022).

Located at the crossroads of arid, semi-arid and semi-humid regions
in China, the YRB serves as an important ecological barrier and corridor
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HIGHLIGHTS

e A new indicator (kTVDI) was developed
for monitoring AD in the YRB.

o The nonlinear hysteresis effect of AD on
VP was determined using DLNM in the
YRB.

e The nonlinear effects of moderate and
severe AD on VP were greatest at
months 1 and 7.

e Forests can withstand longer and more
severe AD than grasslands and
croplands.
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ABSTRACT

Agricultural drought (AD) is the main environmental factor affecting vegetation productivity (VP) in the Yellow
River Basin (YRB). In recent years, the nonlinear effects of AD on VP in the YRB have attracted much attention.
However, it is still unclear whether fluctuating AD will have complex nonlinear effects on VP in the YRB, and
there are scant previous studies at large scale on whether there is a threshold for nonlinear effects of AD on VP in
the YRB. Therefore, this study used a newly developed agricultural drought index to explore nonlinear effects on
VP revealing the nonlinear effects of AD on VP in the YRB. First, we developed a kernel temperature vegetation
drought index (kTVDI) based on kernel normalized difference vegetation index (kNDVI) and land surface tem-
perature data to study the spatiotemporal variation of AD in the YRB. Second, we used GPP data from solar-
induced chlorophyll fluorescence inversion as an indicator to explore the spatiotemporal variation of VP in
the YRB. Finally, we used several statistical indicators and a distributed lag nonlinear model (DLNM) to analyze
the nonlinear effect of AD on VP in the YRB. The results showed that AD decreased significantly during
2000-2020, mainly in the southeast of the Loess Plateau, while GPP increased significantly in 80.93 % of the
YRB. Meanwhile, moderate and severe AD stress limited VP growth, with the negative effects gradually
decreasing, while mild AD had an increasingly positive promoting effect on VP. AD stress resulted in a VP
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Abstract: The Qilian Mountains (QLMs), an important ecological protective barrier and major water
resource connotation area in the Hexi Corridor region, have an important impact on ecological
security in western China due to their ecological changes. However, most existing studies have
investigated vegetation changes and their main driving forces in the QLMs on the basis of a single
scale. Thus, the interactions among multiple environmental factors in the QLMs are still unclear.
This study was based on normalised difference vegetation index (NDVI) data from 2000 to 2019. We
systematically analysed the spatial and temporal characteristics of the QLMSs at multiple time scales
using trend analysis, ensemble empirical mode decomposition, Geodetector, and correlation analysis
methods. At different time scales under single-factor and multi-factor interactions, we examined the
mechanisms of the vegetation changes and their drivers. Our results showed that the vegetation in
the QLMs showed a trend of overall improvement in 20002019, at a rate of 0.88 x 1073, mainly in
the central western regions. The NDVI in the QLMs showed a short change cycle of 3 and 5 years and
a long-term trend. Sunshine time and wind speed were the main drivers of the vegetation variation
in the QLMs, followed by temperature. Precipitation affected the vegetation spatial variation within
a certain altitude range. However, temperature and precipitation had stronger explanatory powers
for the vegetation variation in the western QLMs than in the eastern part. Their interaction was the
dominant factor in the regional differences in vegetation. The responses of the NDVI to temperature
and precipitation were stronger in the long time series. The main drivers of vegetation variation were
land surface temperature and precipitation in the east and temperature and evapotranspiration in
the west. Precipitation was the main driver of vegetation growth in the northern and southwestern
QLMs on both the short- and long-term scales. Vegetation changes were more significantly influenced
by short-term temperature changes in the east but by a combination of temperature and precipitation
in most parts of the QLMs on a 5-year time scale.

Keywords: vegetation change; driver; EEMD; Geodetector; QLMs

1. Introduction

The ecological environment is an important barrier to human survival on earth. In
recent years, with the active promotion of urbanisation and rapid industrialisation, the
ecological environment has been changing drastically. Protection of the ecological environ-
ment and its rational exploitation have become increasingly important in the context of
sustainable development [1]. Surface vegetation is a sensitive indicator of environmental
change that can directly respond to the overall ecological environmental situation [2] and
then provide reliable information for ecological environment construction and protection.
As an effective index for characterising surface vegetation changes, the normalised dif-
ference vegetation index (NDVI) can fully reveal the spatial pattern of vegetation cover
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Spatiotemporal Characteristics and Prediction of
Ecological Safety in the Yellow River Basin of China

Xiao Wei '™, Lifeng Zhang *“, Yi He ”, Binghai Gao

Abstract—The Yellow River basin (YRB) is a major ecological
functional area in China, and its ecological safety development
and change have extremely significant impacts on the natural
environment and human society. However, existing studies on the
YRB lack spatiotemporal characteristics analysis and prediction
of ecological safety with vegetation as the core. Therefore, this
study proposes to construct an ecological safety index (ESI) of
the YRB based on the comprehensive multidimensional ecological
safety evaluation system ‘‘vigor-pressure-state-response,”’ using the
normalized difference vegetation index, vegetation carbon sink
indicator parameters, temperature, precipitation, the digital eleva-
tion model, population density, and the per capita gross domestic
product from 2000 to 2020. The spatiotemporal characteristics of
the ESI were then analyzed for the YRB, and a long-term and
short-term memory network model was constructed to predict the
ESI trend of the YRB over the next 10 years. According to the
results, from 2000 to 2020, the ESI of the YRB showed a fluctuating
upward trend, and the annual average of the ESI changed abruptly
in 2015 due to drastic changes in hazardous areas. The ESI in most
areas of the YRB showed a significant upward trend, the stability
of ESI changes was weak in some areas, and the overall spatial
distribution showed significant positive spatial agglomeration char-
acteristics. Further, the response of ESI to landscape complexity in
different reaches of the YRB varied. Most of the middle reaches
were positively correlated with landscape complexity, while most
of the upper and lower reaches were not significantly or negatively
correlated. Notably, over the next 10 years, YRB’s ESI growth
will slow down, with areas with degradation increasing, areas with
significant growth decreasing, and areas currently showing stability
improvement.

Index Terms—Ecological safety, evaluation system, landscape
indices, long-term and short-term memory network (LSTM),
Yellow River basin (YRB).

1. INTRODUCTION

COLOGICAL safety is a complex issue involving many
I I: aspects of nature, economy, and society. It represents the
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overall integrity and health of the ecosystem. It is essential
for protecting ecosystem stability, preventing environmental
disasters, achieving sustainable development, and promoting
human health and well-being [1]. Due to the extremely complex
aspects of ecological safety and the many influencing factors,
the intensity, duration, and spatial scope of ecological safety
are often quantified by constructing an ecological safety in-
dex (ESD) [2], [3], [4], [5]. The composite index method is
widely used in ecological safety evaluations. The focus of this
method is on constructing a standard index system to character-
ize ecological safety [6]. Currently, the more commonly used
index system for evaluating ecological safety is the compre-
hensive multidimensional ecological safety evaluation system
based on the “pressure-state-response” (PSR) framework. PSR
is centered on the “state” dimension, which represents the en-
vironmental characteristics of an ecosystem. The “pressure”
dimension reflects the impact of many elements of damage
to the natural environment. Social and natural manifestations
make up the “response” dimension [7]. However, due to the
differences and characteristics of the study areas, there have
been other multidimensional index systems similar to PSR.
These frameworks generally include dimensions such as cli-
mate, natural environment, social, and economic conditions, and
other factors [8].

The Yellow River basin (YRB) is a crucial component of
China’s ecological safety and is an essential ecological func-
tional area in China [9], [10]. However, the ecological safety of
the YRB also faces many challenges. First, due to the complex
terrain, there are abundant geomorphological types in the region,
which leads to the diversity of land use and vegetation distribu-
tion and increases the vulnerability of the ecosystem. Second, the
spatial distribution of temperature and precipitation is obviously
unbalanced, and the difference between the east, west, south, and
north is obvious, which poses a challenge to vegetation growth
and water resource allocation [11]. Furthermore, social factors,
such as continued population growth, accelerated industrial-
ization, and urbanization, have led to the overexploitation and
pollution of water resources, making ecosystems more fragile
[12]. All these factors have intensified the ecological safety
problems in the YRB, restricting the sustainable development
of the natural environment and economic society in the re-
gion [13]. Therefore, given the urgent need to formulate an
ecological protection strategy for the YRB, it is necessary to
analyze and predict changes in ecological safety within the
YRB. This has important practical significance for improving the
local ecological environment and coordinating the contradiction

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Spatiotemporal evolution of agricultural drought and its attribution under
different climate zones and vegetation types in the Yellow River Basin
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HIGHLIGHTS GRAPHICAL ABSTRACT

e The spatiotemporal variation in AD

under different climatic zones and
vegetation types in the YRB were
analyzed.

e SEM was introduced to quantify the
driving factors of AD changes in the
YRB.

e Temperature and PET were the main
driving forces behind the changes in the
TVDI.

Changes in the hydrosphere:
Increased river runoff , stream flow

ARTICLE INFO ABSTRACT

Editor: Jose Julio Ortega-Calvo Ecological protection and high-quality development of the Yellow River Basin (YRB) are major national strategies
in China. Agricultural drought (AD) is one of the most important stress factors of the ecological security of the

Keywords: YRB. Currently, there is a lack of exploration of the spatiotemporal evolution of AD in the YRB under different

TVDI climatic zones and vegetation types, and the mechanisms by the driving factors influence AD remain unclear. The

Structural equation modeling
Human activities
Yellow River Basin

Temperature Vegetation Dryness Index (TVDI) for the YRB in China during 2000-2020 was calculated using Land
Surface Temperature (LST) and the Normalized Difference Vegetation Index (NDVI). We analyzed the spatio-
temporal evolution of AD from the perspective of upstream of the YRB (UYRB), midstream of the YRB (MYRB),
and downstream of the YRB (DYRB), as well as different climate zones and vegetation types. The driving factors
were selected based on the Pearson correlation analysis, Geographical detector, and Mantel test. Structural
equation modeling (SEM) was employed to quantify the direct and indirect effects of the driving factors on AD in
the YRB. We found a slowing trend of AD in the YRB, mainly in the Loess Plateau, which is distributed in UYRB
and MYRB, but an increasing trend for AD in DYRB. Temperature, which is the most direct influential factor, has
exacerbated AD in UYRB and MYRB. However, surface solar radiation (SSR) has the greatest constraining effect
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Spatiotemporal Prediction of Alpine Vegetation
Dynamic Change Based on a ConvGRU Neural

Network Model: A Case Study of the Upper Heihe
River Basin in Northwest China

Lifeng Zhang ¥, Haowen Yan, Yi He

Abstract—Accurate and comprehensive vegetation prediction
methods are essential for effective agricultural planning and bud-
geting. Most existing vegetation prediction methods rely on sam-
pling points rather than on overall spatiotemporal characteristics,
making it difficult to accurately forecast vegetation changes. Hence,
we built a neural network model with encoding and decoding
modules based on a convolution gate recurrent unit (ConvGRU)
and applied it to spatiotemporal normalized difference vegetation
index (NDVI) predictions for the upper Heihe river basin (UHRB)
in the Qilian Mountains, China. Based on MODIS NDVI raster data
for the UHRB for 2000-2020, the analysis of the region’s spatiotem-
poral characteristics showed that the NDVI varied significantly
over time. To avoid the gradient disappearance problem during
ConvGRU model prediction, we proposed several numerical scaling
methods for preprocessing the data before conducting training and
prediction. We then constructed a spatiotemporal prediction model
based on the ConvGRU, trained and predicted the numerically
scaled data, and used various metrics to evaluate the model. The
results showed that the grouping tan/-In function fitting was the
least erroneous, and the ConvGRU model using data scaled by this
method performed well across various metrics according to the
test-set results. Also, unlike traditional time series prediction meth-
ods, the model accounted for spatiotemporal correlation features,
and the output data of the prediction model were continuous and
intuitive. Therefore, the proposed method is suitable for predicting
dynamic vegetation changes. The NDVI prediction trend analysis
indicated that the vegetation in the UHRB should improve in the
future.
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I. INTRODUCTION

EGETATION is a primary producer and an important com-

ponent of terrestrial ecosystems. It links soil, hydrology,
atmosphere, and other ecological elements, and has an irreplace-
ableregulatory role in the global material and energy cycle [1]. In
recent years, multiple vegetation changes have occurred due to
dramatic climate change and anthropogenic disturbances, which
may have long-term impacts on forest resources, the climate, and
food production [2]. Moreover, vegetation significantly affects
surface stability, radiative properties, hydrological properties,
and the global carbon cycle and atmospheric components [3],
[4]. Therefore, regular monitoring and prediction of vegetation
indices are important to ensure vegetation stability, maintain
sustainable food production, prevent socioeconomic losses, ef-
fectively guide regional ecological restoration and environmen-
tal management, and reflect ecosystem status and functioning
(51, [6].

The rapid development of remote sensing technology has led
to the easy acquisition of satellite image time series data. It
has become the main means to quantitatively assess vegetation
growth, biomass, and coverage, and has been widely used in veg-
etation change monitoring at different scales [7]. The normalized
difference vegetation index (NDVI) closely reflects vegetation
coverage, biomass, leaf area index, and so forth. It is the most
commonly used academic indicator for characterising the status
of surface vegetation [8]. Moreover, it is sensitive to vegetation
growth and potential, can effectively identify dynamic changes
in surface vegetation coverage, and is considered the best sur-
face vegetation indicator [9]. This index is a powerful tool for
studying the ecological environment and is commonly used for
vegetation prediction and management [10]. It is also widely
used to monitor and predict agricultural production and to assess
ecological and environmental changes [11].

The Qilian mountains form the boundary between the
Qinghai-Tibet Plateau and the arid and semiarid inland areas
of Northwest China, providing an important ecological protec-
tion barrier for the Hexi Corridor [12]. The Heihe river basin
represents a typical Qilian mountain watershed, the vegetation

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
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Spatiotemporal simulation and prediction of solar-induced chlorophyll
fluorescence (SIF) across large-scale grasslands via multi-source data
synergy: a case study of Northern China
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Solar-induced chlorophyll fluorescence (SIF) is a direct quantitative indicator of photo- Received 26 June 2025
. . .. . L X Accepted 7 October 2025

synthesis. High-precision modeling and cross-scale prediction of SIF are crucial for

deciphering multiscale ecological response mechanisms and assessing regional carbon KEYWORDS

sinks. However, existing SIF prediction models rely excessively on the simple stacking of SIF; spatiotemporal

spectral and meteorological variables, neglecting the process-based response mecha- prediction;

nisms to stress factors. This limitation results in difficulties effectively capturing the LSTM + transformer; multi-

nonlinear interactions among environmental factors and their compound effects on SIF ~ source data; grassland

within areas of high landscape heterogeneity. To address these limitations, this study ecosystems

taking the grasslands of Northern China as a case study, developed a multi-source data-

driven spatiotemporal prediction framework for SIF. Through a synergistic multistep

mechanism involving feature selection, spatiotemporal decoupling, hybrid modeling,

and surface extension, this framework couples geographical spatiotemporal heteroge-

neity with ecological process-driven mechanisms. It achieved the high-precision simu-

lation and dynamic prediction of SIF distribution across multiscale grassland areas. The

results demonstrated that the hybrid LSTM + Transformer model significantly outper-

formed traditional architectures. Its gated memory units and self-attention modules

performed synergistically to effectively capture cross-climatic zone photosynthetic

synergy and the fluorescence suppression effect under low-temperature stress.

Further analysis revealed that the fraction of absorbed photosynthetically active radia-

tion (FPAR), the leaf area index (LAI), and surface solar radiation (SSR) predominantly

govern SIF variations by regulating canopy light energy allocation and phenological

rhythms. Future projections indicate that grasslands in Northern China will exhibit a

trend of slow growth but enhanced spatial heterogeneity. This research not only

provides critical methodological support for carbon sink function assessment and

degradation restoration monitoring in Northern China’s grasslands and similar large-

scale regions but also offers a novel perspective for advancing ecosystem process

modeling under global change.

1 Introduction

As core carriers of global terrestrial carbon and nitrogen cycles as well as critical substrates for biodiversity
conservation (Bai and Cotrufo 2022; Sha et al. 2022), grassland ecosystems provide irreplaceable systemic
value to regional ecological security through their ecological service functions (Wei et al. 2024). However,
under the dual pressures of climatic warming-that is, drying trends and intensified human
activities—approximately 23% of global grasslands have exhibited significant degradation (Shi et al. 2021;
He et al. 2025). Notably, those of Northern China-which function as both a core ecological barrier within the
Eurasian Steppe Belt and a crucial carbon sink zone-are experiencing degradation levels far exceeding the
global average (Bardgett et al. 2021). This degradation manifests concretely as diminished water conserva-
tion capacity, weakened windbreak and sand fixation functions, and a severe deterioration in habitat quality
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Spatiotemporal Dynamic Change and the Driving
Mechanism of Desertification in the
Yellow River Basin
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and Mikalai Filonchyk

Abstract—The yellow river basin (YRB) plays a crucial role in
maintaining national ecological security, and controlling desertifi-
cation is a critical factor in strengthening the foundation for the
high-quality development of the basin. However, there are fewer
studies on the spatiotemporal patterns of desertification change
in different regions of the YRB, and the mechanisms affecting
desertification change are not yet clear. The objective of this ar-
ticle was to construct a desertification difference index (DDI) to
characterize the degree of desertification in the YRB based on
surface Albedo and normalized difference vegetation index. We
analyzed the spatiotemporal patterns of desertification in different
regions of the YRB. We used geographical detector and correlation
analyses to screen out the main drivers affecting desertification
change. We found that the DDI increased significantly at a rate
of 0.5 x 10~3/a from 2001 to 2021, indicating a slowing down
trend of desertification in the YRB. The spatial concentration of
desertification was a high degree of agglomeration and significant
spatial autocorrelation. Precipitation (PRE) and surface radiation
were the primary factors influencing desertification in the YRB.
The most important factor influencing desertification in the up-
stream of the YRB and midstream of the YRB areas was PRE.
However, human footprint has exacerbated desertification in the
downstream of the YRB. This article aims to reveal the driving
mechanisms behind desertification in the YRB. The objective is to
provide a reference for combating desertification and improving
the ecological environment in the region.

Index Terms—Desertification, human footprint (HFP), remote
sensing, spatiotemporal patterns, yellow river basin (YRB).

I. INTRODUCTION

ESERTIFICATION is the process of land degradation in
D arid, semiarid, and dry subhumid areas. This is due to
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the interaction of natural factors, such as climate change and
excessive human economic activity [1]. This natural hazard has
the potential to cause land degradation, biodiversity and habitat
loss, and species endangerment [2]. It is important to note that
these hazards can have significant and long-lasting effects on the
environment. Globally, desertification exacerbates the severity
and frequency of dust storms, food shortages, and poverty, and
poses a threat to human health and well-being. It leads to the
degradation of arable land, forests, and grasslands, affecting
about one-sixth of the population [3]. Recognizing this urgency,
the United Nations General Assembly included combating de-
sertification as 1 of the 17 sustainable development goals (SDGs)
in 2015, with the 2030 Agenda for Sustainable Development
(2030 Agenda) [4]. SDGs Target 15.3 focuses explicitly on
combating desertification and rehabilitating degraded land and
soil, and strives to achieve a land-degradation-neutral world by
2030 [5]. The yellow river basin (YRB), as a national ecological
protection barrier, has a particularly prominent desertification
problem. Therefore, it is important to scientifically quantify
the fine-scale spatiotemporal evolution of desertification and
the driving mechanisms. This will provide data and theoretical
support for the formulation of desertification control policies
and the achievement of the goal of land degradation neutrality.

Monitoring desertification dynamics is crucial for preventing
and managing desertification. Zhao et al. [6] used human—
computer—visual—interactive—interpretation to monitor the de-
sertification process in the YRB from 2000 to 2020 and found
an improvement in the desertification condition. Zhang and Jin
[7] used the normalized difference vegetation index (NDVI) to
investigate the spatiotemporal changes in vegetation cover in the
three river source regions. They quantified the combined effects
of climate change and human factors on vegetation conditions.
Sun et al. [8] analyzed the process of grassland restoration
in the northern region from 2001 to 2015 using the moder-
ate resolution imaging spectroradiometer (MODIS) NDVI and
landscape index. They found that the overall condition of the
grasslands had improved and the area affected by desertification
was less than the recovered area. Meanwhile, surface Albedo
is a key parameter in the radiant energy balance at the surface.
This parameter determines the amount of radiant energy that is
absorbed by the subsurface and varies depending on the type of
ground object [9]. An increase in Albedo indicates a degradation

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
https://creativecommons.org/licenses/by-nc-nd/4.0/
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The Displacement Analysis and Prediction of a
Creeping Ancient Landslide at Suoertou,
Zhouqu County, China

Yumin Fang ', Lifeng Zhang ', Yi He

Abstract—The ancient Suoertou landslide seriously threatens the
surrounding population’s lives and property. Monitoring and pre-
dicting this landslide is crucial to ensure the affected areas’ safety.
The previous research on the landslide’s displacement character-
istics and mechanisms has lacked detailed analyses. In addition,
its future development trends must be understood. Therefore, we
conducted a detailed analysis of the ancient Suoertou landslide’s
displacement characteristics and mechanisms using small baseline
subset interferometric synthetic aperture radar monitoring results
from 2018 to 2023. Furthermore, by applying a gated recurrent
unit prediction mode that incorporates the refined displacement
characteristics and mechanisms, we forecasted the landslide’s dis-
placement trends. The results show that this landslide is currently
undergoing overall slow displacement with violent fluctuations in
localized areas. Tectonic movement, precipitation, human activi-
ties, river erosion, and other factors interact, forming a vicious de-
velopment displacement mechanism. According to our prediction,
the displacement of this landslide will be in a trend of fluctuating
increase from June 2023 to June 2024. In particular, the local
area will undergo abnormal displacement acceleration. The results
of the current research provide a scientific basis upon which to
monitor landslides, promote their management, and reduce the risk
of losses due to landslide disasters.

Index Terms—Displacement mechanism, gated recurrent unit
(GRU), Suoertou landslide, two-dimensional decomposition,
wavelet analysis.

I. INTRODUCTION

NCIENT landslide displacement is among the most sig-
A nificant hazards of landslide disasters [1]. After lengthy
historical developments, such landslides’ surroundings have
evolved into human settlement areas. Therefore, if an ancient
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landslide undergoes accelerated displacement, leading to col-
lapse, incalculable losses will result for the surrounding human
populations [2]. Zhouqu County, situated in the middle section
of the Bailong River Basin, stands out as one of China’s areas
most significantly affected by landslide disasters [3]. Due to
historical tectonic movements, the region is characterized by
numerous large-scale ancient landslides [4].

In recent years—due to influences such as human activities,
earthquakes, mudslides, heavy rainfall, and other triggering
factors—multiple ancient landslides have been successively re-
activated. For instance, in July 2018, the ancient Jiangdingya
landslide was revived. It blocked the Bailong River channel and
caused the flooding of surrounding villages and power stations
[5]. In July 2019, the ancient Yahoukou landslide underwent a
resurgence, partially blocking the Min River and causing the
inundation of surrounding villages [6]. The disaster chain that
results from the dam failures of such landslide-blocked rivers due
to these ancient landslides seriously threatens people’s safety, as
well as the ecological environment in the Bailong River Basin.

The Suoertou landslide is the largest ancient landslide in
Asia. It is located in Zhouqu County, in close proximity to
the Bailong River, and has been in a creeping state since the
1970s. It is the most threatening deformed ancient landslide in
the vicinity of Zhouqu County. If the landslide is collapsed, it will
seriously endanger the lives and properties of nearly 50 000 peo-
ple around Zhouqu County and downstream along the Bailong
River. However, the previous research on the ancient Suoertou
landslide has mainly focused on analyzing lithological [7] and
overall sliding characteristics [8]. The detailed characteristics
and mechanism of its landslide displacement have not been
systematically analyzed, and the site’s future sliding trend was
unclear. This ambiguity poses significant landslide prevention
challenges. Therefore, a detailed analysis of the ancient Suo-
ertou landslide’s displacement and mechanisms—along with
predictions of'its future development trends—has great scientific
significance in the prevention, monitoring, and reduction of this
landslide disasters.

Interferometric synthetic aperture radar (InSAR) [9] has been
widely used in recent years to detect displacements and study
large landslides’ mechanisms. It has the ability to monitor the
overall displacement processes of landslides over long periods
with high efficiency, stronger anti-interference, and a wider
monitoring range compared to GNSS [10], [11], [12]. Ma et al.

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
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Study on the Landscape Design of Lanzhou Industrial Heritage Sites
in the View of Typology

LIU Ben-teng, ZHOU Jia-ming
(' School of Design Art, Lanzhou University of Technology, Lanzhou 730050, China )

Abstract :

The research carried out field research on the industrial heritage sites in Lanzhou firstly.And the characteristics

of industrial heritage were summarized by means of typology. Put forward the reform idea of adopting classified

protection according to local conditions. Research shows that the renewal of landscapes in industrial heritage

sites can not only improve the urban landscape environment, but also promote the protection and reuse of

industrial heritage.
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Aesthetic Evaluation of Street Landscape in Longnan Mountainous Area

LIU Ben-teng,CAO Jing

(School of Design Art,Lanzhou University of Technology, Lanzhou 730000, China)

Abstract ; Evaluating the aesthetic feeling of street landscape and analyzing the realistic causes of the
score are the primary topics to be strengthened in the optimization of street landscape in mountainous are-
as. According to the aesthetic characteristics and landscape characteristics of streets in Longnan mountain-
ous area,29 indexes are selected from the three dimensions of formal aesthetic sense ,comfort and cultural
aesthetic sense to establish an evaluation index system. The analytic hierarchy process is used to construct
the evaluation model ,and the model is applied to Kang county Middle Street which is typical. The results
show that according to the index weight analysis, uniqueness, color coordination , greening coverage and lo-
cal culture are important indexes to reflect the aesthetic of street landscape ;the Middle Street landscape
aesthetics score is 74.922 4 and the grade is IT,air freshness is (88.872 7) ,landscape visibility is (88.
050 1), greening coverage is (81.880 4) ,plant localism is (81.593 0) and uniqueness of architectural
form (80.356 3) scored excellent in grade I;the scores of sense of change is (56.829 3,1l general) ,
sense of science and education (61.316 6, Il good) and quietness (63.737 6, I good) were low. The
realistic causes are consistent with the evaluation results, which shows that the index system and evalua-
tion model have good theoretical significance and application value for the aesthetic evaluation of street

landscape in Longnan mountainous area. It can be further popularized in other similar towns in Longnan
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Evaluation of vernacular landscape attraction

for traditional village tourism
—A case study of Yongfeng Village in Lanzhou City

LIU Ben-teng', DUAN Jia-yuan', YAN Hai-hui', LI Huan’
(1. School of Art and Design, Lanzhou University of Technology, Key Laboratory of Urban and Architectural Heritage
Conservation of Ministry of Education(SEU-NWC), Lanzhou 730050, Gansu, China;

2. College of Foreign Languages and Literature, Northwest Normal University, Lanzhou 730070, Gansu, China)

Abstract: Taking the traditional villages of Yongfeng Village in Lanzhou City as the object, this paper
studies the evaluation method of rural landscape attraction. Based on the external space, internal space,
history and culture, the attraction system of rural landscape is constructed. The composite evaluation
index is designed by using the analytic hierarchy process and factor analysis, and the empirical calculation
of the attraction intensity of rural landscape in Yongfeng Village is carried out with the help of
questionnaire data. The results show that history and culture are the core contents of the attraction of
rural landscape, and the protection and rational use of historical and cultural resources are the first essence
of rural tourism; the external space is the image characteristics of the attraction of rural landscape, and
respect for the regional environment and highlight the characteristics of villages are the important
motivation to attract the external tourists; the internal space is the connotation externalization of the

attraction of rural landscape, renovating the historical built-up environment is the material basis for
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Quality assessment on rural construction of human settlements in loess plateau

LIU Ben-teng'?, ZHANG Jie-ru'”*, YANG Cheng', DONG Jian-hong'"*

1. School of Design and Art, Lanzhou Univ. of Tech. , Lanzhou 730050, China; 2. Key Laboratory of Urban and Architectural Heritage
Conservation of Ministry of Education (SEU-NWC), Lanzhou 730050, China; 3. Infrastructure Planning Division, Lanzhou Univ. of Tech. ,
Lanzhou 730050, China)

Abstract; As the main line of the rural revitalization strategy, it has great practical significance to conduct
quality assessment research in the Loess Plateau. Firstly, supported by the theory of human settlements,
based on the regional characteristics of the Loess Plateau, the indicator system was constructed from five
dimensions, namely, production, life, style, customs and governance. Secondly, AHP and the entropy
value law were used to determine the weight, and the fuzzy comprehensive assessment method was used to
establish the evaluation model. Finally, taking Zhuanglang County, a typical agricultural county in the Lo-
ess Plateau, as an example, an empirical study was carried out. The research shows that: (1) the quality
assessment value of rural construction in the Loess Plateau represented by Zhuanglang County is in a good
grade. (2) Among the five dimensions weights of rural construction quality assessment based on the theo-
ry of human settlements, the scores of the custom dimension and the governance dimension are high, and
the satisfaction of the production dimension and the life dimension need to be improved. (3) Through the
analysis of the IPA quadrantal diagram, it was found that the importance and satisfaction of different di-
mensions of each indicator are significantly different, and the improvement of food production capacity and
housing condition is the key to promote the current rural construction level. In summary, affected by the
natural environment and socio-economic conditions, the achievement and problem of rural construction in
the Loess Plateau reveal an obvious regional characteristic,

Key words: human settlements; rural construction; quality assessment; fuzzy assessment method; Loess

Plateau area
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A Study on the Protection of the Urban Historical Environment from the
perspective of Silk Road: a Case Study of Jiayuguan City

o

NEE' FEF® EgZ’
Liu Benteng Li Yufang Wang Renzhi

BE NoAZRNXUREREZB X HEXRENEENE, FEEEHTFNNEM L, ZREFITENH
EREHITEENITN . MNTBEZWEIEXETHEXRERPO TR FARRALEZBRAF. FEETERAF. TW
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ABSTRACT From the cultural perspective of the Silk Road, this paper provides a comprehensive overview of the
value of the historical environment of Jiayuguan City. Furthermore, based on qualitative evaluation, factor analysis
was used to quantitatively analyze the historical environment. The results indicated that the main factors affecting
protection of the historical environment in Jiayuguan City are the Silk Road traffic factor, the military engineering
factor, the industrial heritage factor, the regional environmental factor, the regional cultural factor, and the folk
cutom craftsmanship factor. According to these results, the characteristics of Silkk Road cities are combined and
a historical environmental protection system is constructed based on four levels: regional environment, regional
culture, material cultural heritage, and folk custom craftsmanship. Finally, this paper analyzes the current problems
from the macroscopic and microscopic levels, and formulates corresponding protection strategies based on the
overall score ranking. In the context of the "Silk Road Economic Belt", this study highlights the use of dynamic
protection thinking to harmonize both historical protection and urban development, thereby achieving overall
protection of the historical environment. These findings are significant for the construction of the Silk Road City.
KEY WORDS urban historical environment; value assessment; protection and development; Jiayuguan city
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Study on the Protection Strategy of Traditional Village Vernacular Landscape under the
Background of Cultural Tourism: A Case of Yongfeng Village in Lanzhou City

LIU Benteng, YAN Haihui, MA Ke, ZHANG Xinhong

[Abstract] As an important material and cultural carrier of traditional villages, vernacular landscape is
facing double challenges of vernacular features destruction and vernacular culture loss under the impact of tourism
commercial development. Through the analysis of the value elements of the traditional village landscape, this paper
reveals the significance of the protection of the rural landscape to the development of traditional villages. On the
basis of establishing the mechanism of mutual promotion between cultural tourism and vernacular landscape,
this paper puts forward the strategies of protecting local landscape for cultural tourism from three aspects: space
integration, cultural heritage and seasonal protection. Taking Yongfeng Village in Lanzhou City, Gansu Province
as an empirical case, this paper carries out local landscape design from macro, meso and micro levels. The mutual
validation of theory and practice shows that the protection of local landscape can effectively promote the cultural
tourism of traditional villages, and then can realize the purpose of the living protection of traditional villages.

[Keywords] traditional village; vernacular landscape; cultural tourism; Yongfeng Village
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Quality Evaluation Study on Practice Teaching of
Professional Master of Art Design

Liu Bentengl, Liu Liwei], Su Jianningz*
(1. School of Design and Art, Lanzhou Univ. of Tech., Gansu Lanzhou 730050, China;
2. School of Graduate Studies, Lanzhou Univ. of Tech., Gansu Lanzhou 730050, China )

[ Abstract] Practical teaching is an important link in the cultivation of master’s degree in art and design, and the
traditional teaching quality evaluation method is not very specific to the subject characteristics and curriculum
characteristics. The evaluation index system is designed based on the CDIO engineering education concept and
evaluation criteria, and the evaluation model of professional practical teaching quality is established by using
AHP-entropy weight method and fuzzy comprehensive evaluation method. The results show that:(1)the order
of influence weight on the quality of practical teaching is teaching process, teaching effectiveness, teaching
resources, and teaching management;(2)The evaluation value of teaching process and teaching effectiveness is
lower than the comprehensive evaluation value of practical teaching quality. The unclear formulation of teaching
objectives and the inadequate application of teaching methods have a negative impact on the evaluation.

[Keywords] Art Design; Professional Master; Practice Teaching Quality; Fuzzy Comprehensive Evaluation
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Analytical Study on the Features of Climate Adaptability Construction of
Traditional Residences in Dunhuang

LIU Benteng', LI Mengyao®, ZHANG Xuemei®
(1.School of Art and Design ,Lanzhou University of Technology ,Key Laboratory of Urban and Architectural Heritage
Protection of the Ministry of Education (SEU-NWC) ,Lanzhou 730050, China;
2.School of Civil Engineering, Lanzhou University of Technology ,Lanzhou 730050, China
3.Gansu Province Institute of Civil Engineering and Architecture , Lanzhou 730050, China)

Abstract; To explore the construction features of traditional residences in adapting to the climate under extremely
arid climate conditions, 132 traditional residences in Dunhuang area were selected as the research objects. Climate
analysis software, survey analysis, and field measurement of the environment were used during the research. The
research results show that the construction methods of cooling, shading, heat storage, and wind proofing were
adopted by the traditional residents in Dunhuang in the construction process in response to the harsh natural
environment and creating unique climate adaptability construction features. 1) An effective construction feature for
direct shading and cooling in summer is reflected in the application of external shading components in the courtyard.
The addition of a glass roof will lead to an average difference in solar radiation intensity of 384.22 W/m’. The
setting of the traditional wooden frame one-way sunshade will lead to an average temperature difference of 0. 1 °C,
and a temperature fluctuation difference of 3. 1 “C. The setting of an additional glass roof will lead to an average
temperature difference of 0.5 °C, and a temperature fluctuation difference of 13.8 “C. 2) The planting of green
plants can effectively adjust the indoor microclimate in summer. The planting of green plants will lead to a
temperature fluctuation difference of 1.5 °C. 3) The adoption of the closed enclosure components embodies the
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The Architectural Training Model based in Combina-

tion of Engineering and Art
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Abstract: : An architectural training model for undergraduate under the concept of Combination of engineering

and art is constructed based on the needs of students’ personal growth, characteristics of architecture, social

development, and the analysis of the differences between technology and art in the concept of Architectural

Education. Taking the practice of the school of design and art, Lanzhou University of technology as an exam-

ple, this paper analyzes the advantages and disadvantages of its practical exploration, and puts forward some

suggestions, which are expected to be used in the Architectural Education of other local engineering universi-

ties, and to provide inspiration for the talent training.

Keywords: Training Model; Architectural Major; Combination of Engineering and Art
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Preserving the regional features of Qingcheng, a charming ancient town

on the Yellow River
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Analysis on the Research Progress of Sense of Place Based on CiteSpace

LIU Ben-teng' > HUI Hong-wei '’

(1. School of Design Art Lanzhou University of Technology Lanzhou 730050 China; 2. Key Laboratory of Urban and

Architectural Heritage Conservation of Ministry of Education Southeast University Northwest Center Lanzhou 730050 China)

Abstract: Sense of place is an important topic of research in the discipline of architecture and has further
attracted attention in the context of national urban renewal. Based on the literature search in the CNKI da—
tabase and the knowledge map drawn using CiteSpace the characteristics of researches about sense of
place are systematically summarized then the research progress is analyzed in five aspects: concept identi—
fication dimensional division influencing factors research methods and research subjects. The results
show that: 1) the number of articles published has gone through three stages: the initial period the explo—
sive period and the mature period with exponential growth;2) the concept of sense of place has been
clarified with the development of research but the existing research has not yet formed a consensus on the
dimensions and influencing factors of sense of place;3) the research subjects are significantly influenced
by the background of the times and policy guidance and the research subjects differ in different periods;

4) the research methods are mostly based on a combination of qualitative analysis and case studies with
quantitative analysis gradually becoming the main tool in recent years. Future research can be further ex—

plored in the aspects of influencing factors and practice types.

Key words: sense of place; knowledge mapping; CiteSpace
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The Evaluation on the Feature Protection Quality of the Historic Towns Based on PSR

Model: A Case of Qingcheng in Lanzhou

XUFERE ' RRERIY' EIIHR2
Liu Benteng', Xie Xiaoyu', Wang Lixin?
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Abstract The protection quality of the features of historic towns
is of vital significance for the further protection and development
of historic towns. In order to better measure the feature protection
work, the PSR evaluation model in ecology is introduced to establish
the feature protection quality evaluation index system of historic
towns from three dimensions of feature pressure, feature status
and feature response. Finally, the fuzzy comprehensive evaluation
method is used to evaluate the feature protection quality of Lanzhou
Qingcheng. It is found that the feature protection quality evaluation
index system for historic towns constructed based on PSR model
can accurately reflect the protection status and current problems
in practice, and is highly scientific and operable, and can provide
guidance and reference for the feature protection work of historic
towns.

Key words historic town protection; feature quality evaluation;

PSR model; Lanzhou Qingcheng

0 315

R BEEARLER. FHRE. RREMA.
BHEREERZHEXWRTHNES, BRENL RZRN
MRER. WeMEMBERR, EARBREROME
a DEVAI, 2021 FF, RIEPRARTMESESAT
(R TAERS BRPIEAEXURIPERPIRR) F
AL, "EEZERPRGRP. MA. EREHE
AR AEXRIPEA TIEE AR £ ZIRAT
ZFHERRERE, ARRHSTEXURERAE DR
B 0, AT, MEMBRRIREARRRERMEE
SACELER R, ERTEERLAL. RIPRSHFFA
EBREAQRKERRA, HEXUHEEIGBRNEISH.
AT RERBEIAR ARG REZE D), = ERMARE T
X BERIPE ZRARNKT, Fik, MEHE
XU RBRGRRIP BTN AN TTE, FUBE RSP
HRBATNE, MENFRPLEPREBFRE, T
e XU R BN RIPEIKFEALR LIRS R IPEIT]
RELREAEER N

HEN T 52 SRR AR R IF AT BB T
RRAFE, BEMRORTERAN, MRABAREE TR
BNARRE, MRBEZRAZ L. FENMARIR
RIFAT B0 MR MEITAT B AR MR & 77 SR
AE, RABXRDITE. BEE . SWOT 247 i%
VRM 1 SEBI &3 [ E XX W B EA NG BTN IR,
MARONRZATEBX F IEHX P fAigX 1o
%, MREIENTERABMAE AL L, AEWEZ
MEMBRZ WA EAEM, NAOEHR. BTN NE

EEREN: NFHB (1978—) , B, BIEER, FRAM. BRESEHSRP

PEEBAL 1. ZMETRFRITEARFER; 2. ZHOBRFRRNTHHILFE

116



2023.17 / Study on Traditional Settlement and Historical Area {£4:58

— LB SHRIEF 4

BEHERAR 47

BT e A HREE SRS

Research on Spatial Morphology of Gannan Traditional Villages Based on Spatial Syntax:

Cases of Niba Village and Dongwa Village
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Abstract

spatial characteristics under the comprehensive effects of regional

Gannan traditional villages have formed unique

environment, historical culture and social economy. In this paper,
Niba village and Dongwa village in Gannan traditional villages are
selected as the research objects, and spatial syntax is used to analyze
the spatial forms of the above two villages from the parameters
of integration, selectivity, connectivity and intelligibility, so as to
explore the characteristics of the overall spatial structure of the
village and the connection of the internal space. It is found that
the overall spatial structure of the village was not perfect, the core
space was difficult to identify, and the internal spatial connection
was weak. Finally, the papers put forward relevant optimization
suggestions according to the existing problems of the village in order
to provide a reference for the research and development of the spatial
form of Gannan traditional villages.

Key words spatial syntax; Gannan traditional village; spatial form
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Assessment method of roof greening in Lanzhou icth based on

fuzzy comprehensive evaluation

LIU Ben-teng"?, ZHOU Yu-qing', WANG Xue-ping’, LIU Qi*

(1. School of Design and Art, Lanzhou Univ. of Tech., Lanzhou 730050,China; 2. Key Laboratory of Urban and Architectural Heritage Con-
servation of Ministry of Education (SEU-NWC), Lanzhou 730030, China; 3. School of Civil Engineering, Lanzhou Univ. of Tech., Lanzhou
730050,China; 4. School of Fine Arts, Northwest Minzu University, Lanzhou 730030, China)

Abstract: The purpose of this paper is to explore a scientific and effective evaluation method of roof
greening in combination with natural geographical conditions. The roof greening of Lanzhou city was se-
lected as the research object. In this study, the evaluation index system is constructed from the aspects of
design rationality, cost input, green benefit, and maintenance quality. The fuzzy comprehensive evaluation
method is used to evaluate the roof greening status in Lanzhou. The results demonstrate that Lanzhou City
‘s comprehensive evaluation of roof greening is mostly in the middle and poor level, which has a large space
to be improved. The physical and chemical characteristic index of roof greening substrate is lower and the
lack of attention to the construction of drainage and aquifer layer is the binding factor affecting the green
benefits of roof greening. The insufficient investment in managed funds and general maintenance personnel
with low professional ability are the restrictive factors affecting the green benefits of roof greening. In this
paper, the evaluation index system and its weight about roof greening based on geographical characteristic
are scientific and effective to some extent. These results can provide a reference for urban eco-environmen-
tal resource management and planning in arid and semi-arid areas.

Key words: roof greening; status assessment; fuzzy comprehensive evaluation; Lanzhou city
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ABSTRACT

Landslide susceptibility assessment (LSA) is vital for landslide mitigation and management. Existing LSA
methods only consider local environmental characteristics associated with landslides, while neglecting
the characteristics of remote yet interconnected geographic environments. In addition, the datasets for
landslide samples do not consider the equilibrium among various geographic environmental character-
istics. Ultimately, the landslide susceptibility mapping (LSM) generated is unreliable. We propose an
LSA method based on the similarity of geographic environments and the equilibrium of landslide sam-
ples. We selected the Bailong River Basin (BRB) as the study area. Our proposed LSA method has four
steps: (1) We constructed slope units using the curvature watershed method (CWM) based on the digital
elevation model (DEM) to generate geographic nodes and selected 12 landslide influencing factors (LIFs)
through multicollinearity analysis to extract geographic node features. (2) We constructed an association
graph of geographic environment similarity constraints based on geographic node features using the
cosine similarity method to correlate landslide and geographical environments. (3) We constructed sam-
ple datasets for an equal number of landslide and non-landslides based on various geographic environ-
ments. (4) We constructed a graph neural network (GNN) model based on the association graph to
predict the susceptibility of unknown geographic nodes, obtaining a reliable LSM. Compared with ran-
dom forest (RF), support vector machine (SVM), and multi-layer perceptron (MLP) models, our proposed
model framework outperforms in the LSA. The area under the receiver operating characteristic curve
(AUC) values improved by 6.2%, 5.7%, and 1.8%, respectively. Specifically, our model can predict landslides
across space in areas with few samples. Our proposed model offers an effective approach and essential

technical support for landslide disaster investigation and prevention.
© 2024 International Association for Gondwana Research. Published by Elsevier B.V. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

1. Introduction

Mandal et al., 2021; Wei et al., 2022). In recent years, many LSA
methods have been developed, predominantly quantitative meth-

Landslides are one of the most prevalent geological hazards in
China, causing considerable damage to the personal and property
safety of residents (He et al., 2023; Niu et al., 2021). The landslide
susceptibility assessment (LSA) is an effective way to predict the
spatial location of potential landslides (He et al., 2024b;
Reichenbach et al., 2018; Zhao et al., 2022). It can accurately pre-
dict the spatial probability of potential landslides and is critical
for landslide prevention and management (He et al., 2024a;

* Corresponding author.
E-mail address: heyi@mail.lzjtu.cn (Y. He).

https://doi.org/10.1016/j.gr.2024.04.013

ods based on mathematical statistics and machine learning (ML)
methods. ML exhibits robust capabilities in processing nonlinear
relational data and autonomous learning and uncovers implicit
relationships between landslides and landslide influencing factors
(LIFs). Therefore, ML methods are widely used in LSA (Chang et al.,
2023a; Chen et al., 2022; Yuan and Chen, 2023), such as random
forest (RF), support vector machine (SVM), multi-layer perceptron
(MLP), and convolution neural network (CNN) (Gao et al., 2023; He
et al., 2022; Rosi et al., 2023).

However, existing LSA methods based on ML are primarily data-
driven, and data quality significantly affects the reliability of the

1342-937X/© 2024 International Association for Gondwana Research. Published by Elsevier B.V. All rights are reserved, including those for text and data mining, Al training,

and similar technologies.
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Increased sensitivity of ecosystem to meteorological drought reduces
carbon uptake in the Yellow River Basin®
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ARTICLE INFO ABSTRACT

This manuscript was handled by Huaming Guo,
Editor-in-Chief

Drought sensitivity, defined as ecosystem susceptibility to meteorological drought, is a key indicator of terrestrial
ecosystem response to water stress and thereby critically regulates carbon sink function. However, little is known
about the spatiotemporal evolution of drought sensitivity and its effects on carbon uptake changes. Here, we

Keywords: o integrated multi-source remote sensing gross primary productivity data and meteorological drought indices in
g:;“ght sensitivity the Yellow River Basin from 1982 to 2018. Using interpretable machine learning methods, we revealed post-

drought shifts in sensitivity, identified key drivers of the spatial changes in drought sensitivity, and quantified
its influence on ecosystem carbon uptake. Our results showed that drought sensitivity of 57.12 % of the basin
increased significantly (P < 0.05), particularly in arid regions and grassland ecosystems. Climate change was the
main driving factor of drought sensitivity change, contributing 75.55 %, with rising solar radiation, intensifying
drought, and increasing temperature as the primary factors. Increased drought sensitivity prolonged ecosystem
recovery, reducing annual carbon uptake by 0.11 + 0.05 Tg C during the 3-year recovery period, further
weakening the ecosystem carbon sink capacity. Our findings highlight that increasing drought could further
amplify the potential risk of carbon sinks in terrestrial ecosystems.

Interpretable SHAP
Carbon uptake
Yellow River Basin

1. Introduction and functional adaptive changes in vegetation, manifesting as altered

biomass allocation and xylem embolism resistance (Anderegg et al.,

Terrestrial ecosystem serves as the main carbon sink, absorbing
about 0.19-0.26 Pg C yr! and offsetting about 20 % of global fossil fuel
carbon emissions (Piao et al., 2009; Friedlingstein et al., 2022). Gross
primary productivity (GPP) is the total amount of carbon dioxide uptake
by vegetation and acts as a critical indicator of the carbon sink capacity
in terrestrial ecosystems (Wang et al., 2020). However, climate change-
driven droughts increasingly threaten the carbon sink function of
terrestrial ecosystems productivity (Dai, 2011; Zhou et al., 2024).
Drought directly reduces GPP through physiological constraints,
including stomatal closure and suppressed photosynthetic efficiency
(Cao et al., 2023; Zhang et al., 2016). For example, severe drought
occurred in the Yangtze River Basin during July-October 2022 resulted
in a total carbon loss of 26.12 Tg C (approximately —6.08 % relative to
the 2001-2021 average) in ecosystem GPP (Li et al., 2024). Beyond
immediate physiological effects, long-term drought induces structural

2013; Doughty et al., 2015; Jin et al., 2023). These modifications indi-
rectly amplify the drought sensitivity of GPP. Although drought events
can exacerbate its negative response, such exacerbation may be partially
mitigated by vegetation acclimation and adaptive traits under certain
conditions (Xu et al., 2018). Increased drought sensitivity not only
amplifies carbon flux variability but also increases vegetation mortality
risks under recurrent drought changes (Anderegg et al., 2020; Keen
et al., 2022). As global warming escalates and droughts become more
frequent and intense, drought sensitivity may substantially elevate,
potentially challenging the global carbon cycle (Liu et al., 2025).
Therefore, elucidating drought-GPP interaction mechanisms is increas-
ingly crucial for refining carbon cycle projections under climate change
and formulating effective mitigation strategies.

Previous extensive studies have confirmed distinct variations in GPP
sensitivity to water stress across ecosystems during drought periods. At

* This article is part of a special issue entitled: ‘River Basin Ecohydrological Processes’ published in Journal of Hydrology.
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E-mail address: caoshengpengl122@163.com (S. Cao).
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Keywords:

Interferometric synthetic radar (InSAR)
Phase unwrapping

Deep convolutional neural network (DCNN)
Feature learning

In Interferometric Synthetic Aperture Radar (InSAR) data processing, accurately unwrapping the phase is crucial
for measuring elevation or deformation. DCNN models such as PhaseNet and PGNet have improved the efficiency
and accuracy of phase unwrapping, but they still face challenges such as incomplete multiscale feature learning,
high feature redundancy, and reliance on unrealistic datasets. These limitations compromise their effectiveness
in areas with low coherence and high gradient deformation. This study proposed Unwrap-Net, a novel network
model featuring an encoder-decoder structure and enhanced multiscale feature learning via ASPP (Atrous Spatial
Pyramid Pooling). Unwrap-Net minimizes feature redundancy and boosts learning efficiency using SERB (Re-
sidual Convolutional with SE-block). For dataset construction, airborne LiDAR terrain data combined with land
cover data from optical images, using the SGS (Sequential Gaussian Simulation) method, are used to synthesize
phase data and simulate decorrelation noise. This approach creates a dataset that closely approximates real-
world conditions. Additionally, the introduction of a new high-fidelity optimization loss function significantly
enhances the model’s resistance to noise. Experimental results show that compared to the SNAPHU and PhaseNet
models, the SSIM of the Unwrap-Net model improves by over 13%, and the RMSE is reduced by more than 34%
in simulated data experiments. In real data experiments, SSIM improves by over 6%, and RMSE is reduced by
more than 49%. This indicates that the unwrapping results of the Unwrap-Net model are more reliable and have
stronger generalization capabilities. The related experimental code and dataset will be made available at htt
ps://github.com/yangwangyangzi48/UNWRAPNETV1.git.

1. Introduction

Phase unwrapping is a crucial process in InSAR technology, designed
to recover the absolute phase from interferometric observations (Gao
et al., 2024; Yu et al., 2019a; Zhou et al., 2021a). Achieving accurate
phase unwrapping is essential for applications such as three-dimensional
terrain reconstruction and surface deformation monitoring (Ferretti
et al.,, 2001; Esch et al., 2019; Jiang et al., 2021). However, practical
challenges—such as decorrelation noise, terrain variability, and algo-
rithmic limitations—can significantly reduce unwrapping accuracy (Luo
et al., 2020; Yu and Hu, 2021). These challenges are especially pro-
nounced in areas with low coherence and steep gradients, where tradi-
tional methods frequently fail, limiting the reliability of InSAR-derived

measurements. For instance, as shown in Fig. 1, Goldstein’s branch-cut
method exhibits errors in the phase unwrapping for a mining area (He
et al., 2024b).

Recently, deep convolutional neural networks (DCNNs) have
demonstrated significant advantages over conventional methods, pri-
marily due to their ability to autonomously learn complex data repre-
sentations (Wang et al., 2022; Zhou et al., 2021b). Unlike traditional
methods, which rely on handcrafted features and specific assumptions,
DCNNs can capture intricate relationships within the interferometric
phase through multiple layers of nonlinear transformations. This capa-
bility allows DCNNs to handle diverse and complex scenarios effectively,
reducing dependency on specific conditions and enhancing model
adaptability (Yang et al., 2022).

* Corresponding author at: Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China.

E-mail address: heyi@mail.lzjtu.cn (Y. He).
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A Deep Neural Network Framework for Landslide
Susceptibility Mapping by Considering
Time-Series Rainfall

Binghai Gao", Yi He”, Xueye Chen

Abstract—Landslide susceptibility mapping (LSM) is of great
significance in geohazard early warning and prevention. The ex-
isting LSM methods mostly used traditional static landslide condi-
tioning factors (LCFs), which only considered the spatial features
of single-pixel neighborhoods and could not extract the time-series
dynamic features of developing landslides, resulting in low accu-
racy and insufficient reliability of LSM. To solve this problem, this
study proposes to introduce time-series rainfall factors based on
the traditional static factors and construct an integrated time-series
dynamic neural network (TSDNN) model for LSM. A convolutional
neural network (CNN) adding time-distributed convolution and
a bidirectional long and short-term memory neural network is
utilized to extract time-series rainfall features, and a multiscale
convolutional neural network (MSCNN) is utilized to extract static
features of the static LCFs. In this study, multicollinearity analysis
and geodetector are utilized to analyze the LCFs. Multiple eval-
uation metrics are utilized to analyze the proposed model perfor-
mance. The results indicate that the overall accuracy has improved
by introducing time-series rainfall factors, and the susceptibility
area of actual predicted is more refined. The study indicates that
significant advantages of the proposed TSDNN model are over mod-
els [CNN, MSCNN, random forest (RF)] when processing combined
static and rainfall data. This is notably evident that the accuracy
is enhanced by 12.9%, 10.7%, and 11.4% compared to CNN,
MSCNN, and RF models in the receiver operating characteristic
curve analysis, respectively. Moreover, two typical areas containing
three recent landslide events validate the reliability of the proposed
TSDNN model. The proposed network model framework for LSM
considering time-series rainfall factors can provide new ideas and
key technical support for landslide disaster prevention.

Manuscript received 27 December 2023; revised 21 January 2024 and 14
February 2024; accepted 22 February 2024. Date of publication 27 February
2024; date of current version 11 March 2024. This work was supported in part
by the Open Fund of the Key Laboratory of Urban Land Resources Monitoring
and Simulation, Ministry of Natural Resources, under Project KF-2021-06-014,
in part by the Key Science and Technology Project of Jiangxi Provincial
Department of Natural Resources, Research on Key Technologies of Ground
Settlement Monitoring and Landslide Monitoring and Early Warning Model in
Nanchang City Based on InSAR under Project ZRKJ20232424, in part by the
Key Research and Development Project of Lanzhou Jiao tong University under
Project LZJITU-ZD YF2301, and in part by the Gansu Science and Technology
Program under Grant 23JRRAS881. (Corresponding author: Yi He.)
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susceptibility.

1. INTRODUCTION

S ONE of the major disasters, landslides are commonly

found in mountainous regions around the world posing a
grave danger to human life, property, and ecological security
[1]. Landslide susceptibility entails the nonlinear amalgamation
of a specific geographical location and various environmental
factors to assess the likelihood of landslides occurring in that
particular area [2]. In the field of landslide research, Landslide
susceptibility mapping (LSM) is an important subject [1], [3].
LSM can effectively reveal the potential probability of landslides
occurring in a region and provide a scientific basis for planning
disaster control and management in the region [4] [5], [6].

Traditional machine learning (ML) techniques can effectively
capture the nonlinear relationships [7] between landslides and
geographic environments that are frequently employed in LSM,
such as random forest (RF) [8], [9], [10] and logistic regression
[9], [10]. However, these methods classify the samples directly
[11], [12], and hard to fully exploit the underlying and complex
characteristics of landslides, resulting in poor reliability for
LSM. In past studies, deep learning (DL) models have been
employed in landslide identification and the LSM, which can
effectively extract not only the deep, inner features of each
factor by multilayer neural networks but also the nonlinear
relationships between factors. In particular, the convolutional
neural network (CNN) has shown very strong capabilities in
local feature extraction by using its parameter sharing and
local connectivity characteristics [1], [13], [14] and obtained
an LSM for Yanshan County, China, with CNN in the region,
and demonstrated that the LSM obtained utilizing CNN is more
suitable for landslide prevention and management.

Most of the existing LSM studies used a variety of static
environmental factors as basic geographic data [14], such as
topographic factors (elevation, aspect, slope, relief degree of the
land surface (RDLYS), terrain ruggedness index (TRI), curvature,
etc.), geological factors (distance from faults (DFFA), lithology,
etc.), and human engineering activities (distance from roads
(DFRO), land use, etc.), among others [15], [16], showed that
rainfall intensity and rainfall dynamic process were the key
dynamic factors that determined the stability of landslides. It

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
https://creativecommons.org/licenses/by-nc-nd/4.0/
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A Dual-Stream Coding Fusion Network for
Landslide Mapping Based on Multisource
Remote Sensing Images

Yi He", Member, IEEE, Huaiyuan Chen", Qing Zhu", Member, IEEE, Qing Zhang", Wang Yang",
Jinkun Yang", Wangke Shi, Liang Gao, and Mikalai Filonchyk

Abstract—The accurate acquisition of fine-scale landslide infor-
mation is critical for disaster early warning and prevention.
However, existing landslide detection methods mainly focus
on the spatial characteristics of multisource remote sensing
data, while often overlooking the cross-channel semantic depen-
dencies inherent in their fusion. This limitation hinders the
comprehensive characterization of landslides in complex envi-
ronments, leading to insufficient recognition accuracy across
different shapes and scales, and resulting in missed detections
and false alarms. To address this challenge, we propose a
dual-stream coding fusion landslide detection network (DSCF-
LDNet), which simultaneously models spatial features and
cross-channel semantic dependencies in multisource landslide
remote sensing data, thereby enabling the high-precision auto-
matic landslide detection. Specifically, the spatial branch employs
a multiscale residual network (MSRNet) to extract fine-grained
spatial features, whereas the sequential branch integrates an
MSRNet with a long short-term memory module (MSRNet-
LSTM) to model cross-channel correlations among multisource
features. Subsequently, a feature fusion module is designed to
integrate both representations, generating more discriminative
landslide features. In the decoding stage, an attention-gated
decoder module (AGDM) is designed to enhance multiscale
feature interactions, thereby improving the model’s sensitivity
to landslide targets. Experiments on the self-constructed Bailong
River Basin dataset demonstrate that DSCF-LDNet achieves
a precision of 80.84%, a recall of 77.89%, an Fl-score of
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79.35%, and a mean intersection over union (mloU) of 81.74%,
surpassing benchmark models such as SCDUNet++, STUNet,
and Attention-UNet. Tests on Landslide4dSense and Lanzhou
Urban Area datasets further confirm the model’s robustness
across diverse geological settings. Overall, DSCF-LDNet effec-
tively learns both spatial features and interchannel semantic
dependencies from multisource remote sensing data, enabling
accurate landslide mapping for diverse shapes and scales,
and provides a practical framework for large-scale landslide
monitoring.

Index Terms—Attention-gated decoder module (AGDM), land-
slide mapping, long short-term memory (LSTM), multiscale
residual network (MSRNet), multisource remote sensing data.

I. INTRODUCTION

ITH the intensification of global climate change,
Wextreme weather events such as heavy rainfall have
become frequent, significantly increasing the risk of land-
slides and the associated loss of life and property [1], [2].
Landslides exhibit diverse morphological characteristics and
are commonly classified from two perspectives. Based on the
geometric shape, landslides can be classified into elongated,
equidistant, and wide-spreading types [3]. In terms of scale,
they are categorized as large, medium, and small events [4]. A
summary of these classification criteria is provided in Table I.
High-precision historical landslide cataloging is essential not
only for issuing early warnings and minimizing casualties dur-
ing disaster events but also for providing critical information
on landslide locations and spatial extent [5]. This information
can support governmental agencies and relevant departments
in guiding the construction of protective infrastructure and the
development of emergency response strategies. Consequently,
one of the primary objectives of current landslide research is to
develop high-precision identification methods that can rapidly
and accurately acquire landslide. These advancements enhance
landslide identification efficiency and response capabilities,
thereby mitigating potential social and economic losses
(6], [71].

Landslide identification methods are generally catego-
rized into three types: traditional manual field surveys,
semiautomatic recognition based on machine learning (ML),
and automatic recognition based on deep learning (DL) [8].
Traditional methods rely on manual field investigations to
update landslide inventory maps. While this approach yields

1558-0644 © 2025 IEEE. All rights reserved, including rights for text and data mining, and training of artificial intelligence and
similar technologies. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.
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A Graph—Transformer Method for Landslide
Susceptibility Mapping

Qing Zhang ", Yi He

Jiapeng Tang

Abstract—Landslide susceptibility mapping (LSM) is of great
significance for regional land resource planning and disaster pre-
vention and reduction. The machine learning (ML) method has
been widely used in the field of LSM. However, the existing LSM
model fails to consider the correlation between landslide and
disaster-prone environment (DPE) and lacks global information,
resulting in a high false alarm rate of LSM. Therefore, we propose
an LSM method with graph—transformer that considers the DPE
characteristics and global information. First, correlation analysis
and importance analysis are employed on nine landslide contribut-
ing factors, and the landslide dataset is generated by combining
remote sensing image interpretation and field verification. Sec-
ond, a graph constrained by environment similarity relationship
is constructed to realize the correlation between landslide and
DPE. Then, the transformer module is introduced to construct a
graph—transformer model that considers the global information.
Finally, the LSM is generated and analyzed, and the accuracy of
the proposed model is compared and evaluated. The experimental
results show that the environment similarity relationship graph
effectively improves the accuracy of the models and weakens the
influence of environmental differences on the models. Compared
with graph convolutional network, graph sample and aggregate,
and graph attention network models, the area under the curve
(AUC) value of the proposed model is more than 2.05% higher
under the environment similarity relationship. In addition, the
AUC value of the proposed model is more than 8.8% higher than
that of traditional ML models. In conclusion, our proposed model
framework can get better evaluation results than most existing
methods, and its results can provide effective ways and key techni-
cal support for landslide disaster investigation and control.

Index Terms—Environment similarity relationship, graph,
landslide susceptibility mapping (LSM), transformer.
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1. INTRODUCTION

ANDSLIDE disasters often appear in people’s production
L and life, their strong destructive power will not only change
the topography but also cause people’s lives and property losses
[11, [2]. Therefore, it is very important to evaluate the suscepti-
bility of landslides scientifically and prevent landslide disasters
in time. Landslide susceptibility mapping (LSM) refers to pre-
dicting the spatial distribution of the probability of landslide
occurrence according to the characteristics of topography and
geomorphology in the study area [3], [4], which is of great
significance to the prevention of landslide disasters and the
planning and siting of cities.

With the rapid development of artificial intelligence and Big
Data, scholars [5], [6], [7] in LSM fields have begun to use
machine learning (ML) methods to evaluate landslide suscepti-
bility, such as multilayer perceptron (MLP) [8], convolutional
neural network (CNN) [9], and gate recurrent unit (GRU) [10].
Compared with traditional landslide susceptibility assessment
methods, ML has a more powerful feature analysis ability, which
can further improve the reliability of LSM [11], [12], [13]. In
recent years, as an important branch of ML, deep learning (DL)
has inherited and developed the advantages of ML algorithms
[14]. For landslide disaster, its formation conditions are rela-
tively complex, and the amount of data involved is also relatively
large. Theoretically, DL can better extract the formation char-
acteristics of landslide disasters, efficiently and quickly process
various landslide-related data, and more accurately assess the
probability of landslides. For example, Zhao et al. [15] proposed
a local and global feature extraction network, which combines
the advantages of CNN and transformer models. Chen et al. [16]
proposed a new hybrid framework combining landslide con-
ditioning factors with swin transformer for landslide analysis.
However, although these DL methods can obtain reliable LSM
in simple small scenes, for complex environment scenes, there
are still limitations that cannot consider the correlation between
landslide and disaster-prone environment (DPE), and lack of
feature extraction ability, resulting in a high false alarm rate of
LSM.

The graph is generally represented as G = (V, E), where V is
the set of nodes in the graph, and E is the set of edges between
nodes [17], [18]. Each edge represents the relationship be-
tween nodes [19]. Considering the complexity between landslide
and DPE, compared with a single feature sequence or image,
the graph structure has a high degree of data abstraction and

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
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An identification method of potential landslide zones
using InSAR data and landslide susceptibility
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ABSTRACT

Landslides are destructive to property, infrastructure and people in
potential landslide zones. ldentifying potential landslides is an
important step in landslide preparedness and will help develop sus-
tainable landslide risk management. Interferometric synthetic aper-
ture radar (InSAR) and landslide susceptibility assessment (LSA) have
poor reliability in individually identifying potential landslide zones.
This study proposes a threshold model for identifying potential land-
slide zones that fuses the InSAR two-dimensional (vertical direction
and east-west direction) deformation rates and LSA results. The
deformation rate threshold for this threshold model is |Dy| or
|Dg|>10 mm/year (Dy and Dg are the vertical and the east-west
deformation rates, respectively), with threshold levels of LSA set to
high and very high susceptibility. The criterion of potential landslide
zones is ((|Dy| or |Dg/>10 mm/year) N (high or very high susceptibil-
ity of LSA)), and points with similar deformation and susceptibility
are clustered by the K-means algorithm, and the potential landslide
zones are obtained by elimination, smooth and speckle removal
operations. The results showed that the InSAR two-dimensional
deformation rates Dy and Dg were —32.71 —12.72 mm/year and
—14.88 — 24.81 mm/year, respectively, during 2015-2020 in Lanzhou
city. The LSA showed that very low, low, medium, high, and very
high susceptibility accounted for 55.36%, 10.54%, 21.37%, 9.63%,
3.1% of the total area, respectively. Using the proposed threshold
model, 117 potential landslide zones were identified in Lanzhou. The
overlap rate between potential landslide zones and the landslide
inventory was 40.17%, indicating that about 40% of the potential
landslide zones overlapped with the landslide inventory and that
about 60% were new potential landslide zones in Lanzhou. The feasi-
bility of the threshold model in identifying potential landslides was
confirmed by field research and time-series InSAR analysis on typical
areas (L1, L2, L3, and L4), which had large deformation variables and
landslide features. The proposed method can quickly determine the

ARTICLE HISTORY
Received 19 November 2021
Accepted 10 February 2023

KEYWORDS

Potential landslide zones;
SBAS-InSAR; landslide
susceptibility assessment;
threshold model

CONTACT Wenhui Wang @ wangwenhui.dahuilang@gmail.com, heyi@lzjtu.edu.cn

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is

properly cited.

125



6732

IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 15, 2022

Time-Series Analysis and Prediction of Surface
Deformation in the Jinchuan Mining Area, Gansu
Province, by Using InSAR and
CNN-PhLSTM Network

Yi He”, Haowen Yan, Wang Yang

Abstract—Surface deformation poses a great threat to the safety
of Jinchuan mining area production activities. At present, the
spatio-temporal evolution law and mechanism of surface deforma-
tion in the Jinchuan mining area are unclear, and it is difficult to
obtain reliable prediction results using the existing spatio-temporal
prediction methods due to the lack of model parameters or relevant
data. To solve these problems, this study proposes a new unified con-
volutional neural network with peephole long short-term memory
(CNN-PhLSTM). Small baseline subset interferometric synthetic
aperture radar (SBAS-InSAR) technology was used to obtain the
spatio-temporal evolution characteristics of surface deformation
in the period of 2014-2021. Time series InSAR deformation data
are merged into a unified network model in series with a time-
distributed CNN segmentation and stacked PhLSTM. The InSAR
measurement results are shown to be reliable by comparison and
verification with the benchmark and InSAR results of different
orbits. The proposed CNN-PhLSTM model was evaluated by mean
absolute error and structural similarity (SSIM) evaluation indexes,
and was compared with support vector regression (SVR), multi-
layer perceptron (MLP) and CNN-LSTM models. The results show
three continuous subsidence areas, namely the Longshou, second
western and third eastern mining areas. The cumulative surface
deformation continued to increase from 2014 to 2021. Faults and
lithology control the spatial distribution of surface deformation
in the Jinchuan mining area. The prediction results demonstrate
that the surface deformation range will continue to expand and
that time-series surface deformation will show a slow deceleration
trend in the next two years.
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Index Terms—Interferometric synthetic aperture radar
(InSAR), mining area, peephole long short-term memory
(PhLSTM), predictive simulation, surface deformation.

1. INTRODUCTION

INERAL resources have played a significant role in pro-

moting China’s economic development, with the mining
economy accounting for 5.5% of China’s GDP. However, the
large-scale exploitation of mineral resources inevitably leads to
surface deformation, surface collapse, and other potential dis-
asters [1]. According to the survey results of the China Institute
of Geological Environment Monitoring, at the end of 2015, the
volume of mined-out sites formed by underground mining in
China reached 12.8x10° m?, causing a variety of geological
disasters, such as mine collapse and collapse, resulting in a large
number of property losses, and casualties [2]. A typical example
of this phenomenon is the surface subsidence of a mined-out
area in the Zhaoyuan gold mine in Shandong Province, which
led to the destruction of a large area of highway and major
economic losses, according to the results of a national mine
geological environment survey. In the face of such a serious
surface deformation problem, it is necessary to monitor and
predict the spatiotemporal characteristics of surface deformation
in mining areas in real time [3], [4].

Many scholars have used global position system (GPS) and
leveling methods for the real-time monitoring of surface defor-
mation in mining areas [5], [6], [7], but these methods have
the disadvantages of small monitoring range, low monitoring
efficiency, high cost, and low monitoring site density [8]. Inter-
ferometric synthetic aperture radar (InSAR) is a high-precision
measurement technology that uses phase differences to obtain
information about surface deformation [9], [10], [11]. Com-
pared with traditional methods, InSAR has a higher density
of monitoring points, a larger monitoring range, and a higher
monitoring efficiency [12], [13]. The research results of many
scholars prove that InSAR technology is an effective method for
monitoring surface deformation in mining areas [14], [15], [16],
[17], [18]. For example, Li et al. [19] evaluated the stability
of residential buildings in the Huainan mining area by com-
bining a time-series InNSAR analysis method with an empirical
model of building damage levels. Ma et al. [20] investigated

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
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ARTICLE INFO ABSTRACT

Keywords: Landslide susceptibility mapping (LSM) is very important for hazard risk identification and prevention. Most of

GRU existing neural network models extract a pixel neighborhood feature or a pixel sequence feature of landslide

LMSfiNll\{i il factors on one side, which leads to the generalization ability of the network models difficultly, and had a low
R:narsui Ge[;uscepn ility prediction accuracy in complex scenes. In this paper, a new unified network of information considering super-

imposed landslide factors sequence and pixel spatial neighbourhood is proposed for LSM. Different from the
traditional prediction model framework, the landslide conditioning factors are merged into a unified network
model in parallel with the pixel sequence features and pixel neighbourhood features. In the experiment, we take
the proportion of landslide binary pixels as label data, which represents the landslide possibility in the neigh-
bourhood. We propose a pixel sequence feature extraction algorithm based on a gated recurrent unit (GRU)
network and a pixel neighbourhood feature extraction algorithm based on a multi-scale convolution neural
network (MSCNN). In this study, the landslide conditioning factors were analysed by multicollinearity analysis
and the frequency ratio (FR) method. The performance of the modes was evaluated by statistical indexes and the
correlation analysis. The LSM results were verified by google earth images and field investigation. Our research
shows that the proposed model can greatly improve the accuracy of LSM compared with the individual GRU and
MSCNN, especially, the proposed model had 6.1% more improvement than the GRU model in terms of the area
under curve (AUC). Therefore, we suggest that the proposed model is a suitable technology for use in early
identification and landslide prediction.

Lanzhou city

1. Introduction

Landslides are considered to be one of the most serious natural di-
sasters in the world, with them causing considerable damage to public
infrastructure and human life every year (Avalon et al., 2016; Chen
et al., 2017a; Dai et al., 2020). Due to many factors affecting landslides,
landslide prediction is very difficult, and landslide prediction modelling
is one of the main challenges of geological disaster research. Landslide
susceptibility mapping (LSM) is a comprehensive evaluation based on
remote sensing image and geographic information system (GIS) spatial
analysis of landslide influence factors and landslide characteristics
(Pradhan, 2010). LSM is also an effective visualization technology for

landslide regional positioning and sustainable land resource manage-
ment (Wang et al., 2015; Chang et al., 2020). The LSM model can pro-
vide an important theoretical basis for regional land resource planning
and disaster prevention and mitigation.

LSM is one of the important research topics of landslide risk pre-
diction. A suitable LSM model is very important for improving the ac-
curacy of LSM. Nowadays, machine learning has been introduced into
the research and application of LSM (Chen et al., 2017b; Bui et al., 2019;
Hong et al., 2020; Du et al., 2020). With the increasing complexity of
scenes and the increasing demand for LSM accuracy, the traditional
machine learning method is not deep enough to fully extract the un-
derlying features of landslides, and the model has some problems, such
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InSAR-Based Surface Deformation Analysis and
Trend Prediction in Permafrost Areas Along the
Qinghai-Tibet Railway Using Sentinel-1A
and Environmental Factors

Tianbao Huo ", Yi He"”, Yaoxiang Liu"”, Wang Yang

Binghai Gao

Abstract—Global warming is accelerating the permafrost degra-
dation along the Qinghai-Tibet railway (QTR), causing the sur-
face deformation (SD) of the railway subgrade. Especially in the
Salt Lake to Wuli section of the QTR, the permafrost is widely
distributed, and the SD has been the most serious. However, the
spatiotemporal characteristics and mechanism of SD are still un-
clear. In addition, it is very important to predict the future trend
of SD. Therefore, we acquired time series SD results from 2019
to 2022 based on small baseline subset interferometric synthetic
aperture radar (SBAS-InSAR) and analyzed the spatiotemporal
characteristics and mechanism of SD in the Salt Lake to Wuli
section. Subsequently, the EnvCA-GRU model for SD prediction
was developed, integrating the multihead cross-attention mecha-
nism and gated recurrent unit (GRU) to account for changes in
environmental factors. The model was then employed to forecast
SD trends over the next two years. Our results showed that the
SD was uneven in the Salt Lake to Wuli section of the QTR from
2019 to 2022, there were six typical deformation areas, and the
maximum cumulative ground subsidence reached 126.79 mm. The
SD velocity of the sunny slope was higher than that of the shady
slope, and the closer to the QTR, the greater the ground subsidence.
Land surface temperature (LST), normalized difference vegetation
index (NDVI), and precipitation are the main factors affecting SD.
Our proposed EnvCA-GRU prediction model fusing NDVI, LST,
and precipitation showed a root mean square error of 0.153 and
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2025. Date of publication 26 March 2025; date of current version 10 April 2025.
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an R? of 0.991, the proposed model was reliable. The maximum
cumulative ground subsidence of six typical areas by July 2024
reached 177.52, 268.08, 287.73, 270.99, 190.70, and 211.89 mm,
respectively. The results of this study can play a guiding role in
the early warning and mitigation of ground subsidence disasters
along the QTR.

Index Terms—Deformation prediction, EnvCA-gated recurrent
unit (GRU), Qinghai-Tibet railway (QTR), small baseline subset
interferometric synthetic aperture radar (SBAS-InSAR), thawing
subsidence.

I. INTRODUCTION

HE Qinghai-Tibet Plateau (QTP) encompasses an area of

T approximately 1.06 x 10% km?, with 40% of it underlain
by permafrost [1], [2]. In the background of global warming, the
permafrost areas of the QTP have decreased by 2.4 x 10° km?
from 1960 to 2020 [3], and it is projected to shrink by nearly
half by the end of the century [4]. The permafrost degradation
not only induces hazards such as seasonal thaw settlement and
thaw slumping [5], [6] but also contributes to the formation
of thermokarst lakes [7]. These hazards pose a threat [8] to
Qinghai-Tibet railway (QTR) subgrade traversing 630 km of
permafrost [9], [10], affecting infrastructure safety, operation
[11], and stability [12], [13]. Accurate time-series monitoring
of surface deformation (SD) in permafrost areas and reliable
time-series prediction of future trends are necessary for the safe
operation of the QTR and early warning of thawing subsidence.
Traditional geodetic methods make it difficult to effectively
perform large-scale deformation monitoring tasks due to the
harsh natural environment of the QTP. The small baseline subset
interferometric synthetic aperture radar (SBAS-InSAR) technol-
ogy [14] can effectively reduce atmospheric delay and related
noise error [15] caused by too long space-time baseline. At the
same time, SBAS-InSAR is not affected by weather and has a
wide monitoring range, it has been widely used in the fields
of SD monitoring [16], infrastructure deformation monitoring
[17], subgrade deformation monitoring [18], and SD monitoring
in permafrost areas under complex engineering environment
[19]. However, few studies have explored the spatiotemporal
elationships between time-series InSAR SD and environmental
factors (EFs) in permafrost areas. Meanwhile, the mechanism of

© 2025 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see
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Abstract The vegetation in the Ningxia Hui Autono-
mous Region (henceforth, Ningxia) of north-western
China plays an important role in guarding regional
ecological safety and sustainable development. However,
it is unclear how climate affects vegetation growth in terms
of seasonality and various vegetation types in Ningxia.
Based on remote sensing vegetation index from 2001 to
2016, climatic parameters, and the Chinese vegetation type
data, this article examines the spatiotemporal effects of
climate parameters on vegetation. The relative importance
to variability in the normalized difference vegetation index
(NDVI) for different seasons and various vegetated types is
also determined. The results demonstrate that the vegeta-
tion increased from 2001 to 2016 in Ningxia. The rate of
NDVI increase was fastest in summer and slowest in
spring. Areas with significant increases in vegetation
occurred primarily in the southern mountain, Liupan
Mountain, and central arid areas. Degraded vegetation
occurred in the Yellow River irrigation area with intense
human activity influence. The vegetation in most areas of
Ningxia will continue to increase in the future. The
sensitivity of vegetation to temperature, precipitation,
sunshine duration, and wind velocity showed significantly
seasonal variability. Sunshine duration and wind velocity
were important climatic factors affecting vegetation
growth in Ningxia. However, the impact of summer
precipitation variation on summer NDVI (SMN) demon-
strated a time lag effect. The impact of climate variation on
vegetation was distinct among various vegetation types.
Moreover, the spatial pattern of vegetation in Ningxia was
also impacted by human activities.

Keywords spatiotemporal patterns, vegetation NDVI,
climatic parameter, Hurst exponent, Ningxia
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1 Introduction

Global climate has undergone substantial changes that
significantly affect human lives, natural environments, and
socio-economic development. Vegetation can reflect
climate change and has been used to detect changes in
the water, soil and atmosphere (Gerten et al., 2004; Guo
et al., 2014; Lei et al., 2014; Mao et al., 2015; Nair et al.,
2017). Previous research has shown the relations between
vegetation and climate exhibiting specific characteristics in
different regions, e.g., the correlation of vegetation to
climate parameters was very strong in one place with one
certain time, but weak in other locations at different times
(Zhao et al., 2011; Wang et al., 2015; Zhang and Wang,
2015). Therefore, it is clear that the effect of climate
variation on vegetation is spatiotemporally correlated in
different geographic regions. Furthermore, it needs to be
further explored. Vegetation is an important part of the
ecosystem and responds to climate variation in north-
western China and Central Eurasia. These regions are
characterized by slight precipitation and thin vegetation,
and have a high risk of desertification (Jamali et al., 2014).
Ningxia Hui Autonomous Region (henceforth, Ningxia) in
north-western China is a typical arid region characterized
by a fragile ecological environment. Vegetation change in
Ningxia can guard the regional ecological security of the
north-western China. Therefore, considerable research
focused on vegetation change in Ningxia (e.g., Jin et al.,
2007; Du and Tian, 2012; Zong and Wang, 2014).

The NDVI is largely applied for vegetation dynamic
monitoring that is affected by climatic changes (Mao et al.,
2012). Using NDVI, researchers have achieved significant
advancements in the field (Hu et al., 2011; Zhang et al.,
2013a; Xu et al., 2016). Research in the field included
following: Chen et al. (2007) used GIMMS NDVI data to
analyze the average vegetation coverage in each geogra-
phical unit from 1982 to 2004 and establish statistical
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ABSTRACT ARTICLE HISTORY
Accurate landslide extraction is significant for landslide disaster Received 7 November 2022
prevention and control. Remote sensing images have been widely used Accepted 1 February 2023

in landslide investigation, and landslide extraction methods based on
deep learning combined with remote sensing images (such as U-Net) Senti :

. . . entinel-2A remote sensing

have received a lot of attention. Howe?ver, because pf the variable image; landslide extraction;
shape and texture features of landslides in remote sensing images, the U-Net; attention mechanism;
rich spectral features, and the complexity of their surrounding features, deep learning
landslide extraction using U-Net can lead to problems such as false
detection and missed detection. Therefore, this study introduces the
channel attention mechanism called the squeeze-and-excitation
network (SENet) in the feature fusion part of U-Net; the study also
constructs an attention U-Net landside extraction model combining
SENet and U-Net, and uses Sentinel-2A remote sensing images for
model training and validation. The extraction results are evaluated
through different evaluation metrics and compared with those of two
models: U-Net and U-Net Backbone (U-Net Without Skip Connection).
The results show that proposed the model can effectively extract
landslides based on Sentinel-2A remote sensing images with an F1
value of 87.94%, which is about 2% and 3% higher than U-Net and U-
Net Backbone, respectively, with less false detection and more accurate
extraction results.

KEYWORDS

1. Introduction

Landslides are a common geological disaster, in which a large amount of rocks, debris, or soil is
loosened by rivers, rain, earthquakes, and other factors before moving, downward along a slope
under the effect of gravity (Prakash, Manconi, and Loew 2020). Landslides are characterized by
high hazard and destruction, susceptibility, and suddenness, posing a serious threat to the safety
of human life and property worldwide while, causing damage to the surface environment
(Cheng et al. 2021; Thomas et al. 2021; Wandong et al. 2021). Therefore, rapid and accurate land-
slide extraction of landslide areas is essential for carrying out emergency relief work and postdisa-
ster recovery. In addition, accurate landslide extraction to obtain spatial information on landslides,
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ABSTRACT ARTICLE HISTORY
Landslide susceptibility mapping (LSM) is crucial for disaster pre- Received 29 May 2025
vention and regional planning; however, existing approaches face Accepted 30 December 2025
challenges in large-scale and heterogeneous environments owing
to high computational costs and limited capacity for modeling
long-range dependencies. To overcome these limitations, we pro-
posed a scalable Graph Transformer with a dual-branch design. It
integrates a linear attention-based Transformer, which reduces
the computational complexity for global dependency modeling,
and a Scalable Inception Graph Neural Network (SIGN), which
emphasizes local feature extraction and multiscale feature integra-
tion. Additionally, consistency regularization loss was incorporated
to enhance the robustness and generalizability. Experiments in
the Upper Yellow River Basin, which is characterized by complex
and diverse geomorphology, show that the proposed model
achieves 81.7% accuracy and 88.8% recall, outperforming tradi-
tional machine learning methods and mainstream Graph Neural
Networks (GNNs) with improvements of 5% and 3.7%, respect-
ively. Furthermore, we introduced the Mean Average Distance
(MAD) and the gap of MAD values (MADGap) to quantify the
over-smoothing problem in a GNN-based LSM. The proposed
model exhibited consistently higher MADGap values across mul-
tiple subgraphs than mainstream GNNSs, indicating its superior
capacity in mitigating over-smoothing and confirming its overall
accuracy and effectiveness for large-scale LSM.

KEYWORDS

Landslide susceptibility
mapping; graph neural
network; graph-transformer;
Upper Yellow River Basin

1. Introduction

As highly destructive geological hazards, landslides pose severe threats to human life,
property, and regional economic development (Ghanbari et al. 2025). Landslide
susceptibility mapping (LSM) predicts the probability of landslide occurrence by inte-
grating multi-source environmental factors, thereby providing critical information for
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A spatiotemporal displacement prediction method for InSAR-detected
landslides using a graph neural network coupling spatial and temporal
features
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ABSTRACT ARTICLE HISTORY

Accurate spatiotemporal prediction of landslide displacement is crucial for early disaster ~ Received 16 June 2025
. . e A . . Accepted 21 November 2025
warning and risk mitigation. However, existing deep learning-based models typically

focus on either temporal or spatial features independently, without adequately captur- KEYWORDS
ing the interactions and dependencies between them, leading to reduced prediction Landslide displacement
accuracy. In this study, we propose a novel InSAR-based landslide displacement predic- prediction; InSAR; three-
tion method that integrates spatial and temporal features through a graph neural dimensional

network (GNN) framework. Taking the Heifangtai landslide area in the Chinese Loess  decomposition; GNN

Plateau as a case study, we first utilize SBAS-InSAR techniques on multi-orbit Sentinel-
1A data to derive surface deformation time series, and apply a three-dimensional
decomposition method to extract east-west, vertical, and north-south displacement
components. Four typical landslide regions in the Heifangtai area are selected as
experimental scenarios, and their corresponding spatial nodes are defined through a
grid-based approach to construct an adjacency matrix, forming a spatial graph. We then
develop a hybrid model, GCN-MHSA-TCN (GMTC), which combines Graph Convolutional
Networks (GCN), Multi-Head Self-Attention (MHSA), and Temporal Convolutional
Networks (TCN) to jointly learn spatiotemporal dependencies for accurate landslide
displacement forecasting. Experimental results demonstrate that the proposed method
effectively captures both local and long-range spatiotemporal correlations, achieving
improved prediction accuracy and robustness compared to existing approaches.
Moreover, across the four typical landslide regions, the GMTC model achieves an
average root mean square error (RMSE) of 0.13 mm, representing the best performance
among all evaluated prediction models. The predicted displacement time series exhibit
high consistency with observed values and demonstrate greater temporal stability. This
model offers a promising tool for supporting landslide monitoring, hazard assessment,
and emergency evacuation planning based on InSAR time-series data.

1 Introduction

Landslide disasters occur frequently in China, posing serious threats to people’s lives and property (Zhang
et al. 2024). Landslide displacement, as a direct indicator of landslide activity status, serves as a critical
metric in early landslide warning systems (Yang et al. 2024; Meng et al. 2024; Jiangang Lu et al. 2024).
Therefore, conducting landslide displacement monitoring, multidimensional analysis, and prediction
research to achieve high-precision displacement forecasting holds significant scientific importance and
practical value for enhancing early warning capabilities and reducing disaster risks (Liu, Zhao, Zhang, Yin,
et al. 2021; Wang et al. 2022; Chang et al. 2025).

In recent years, some researchers have employed GPS and leveling surveys to monitor landslide
deformation; however, these methods suffer from high costs, limited monitoring coverage, and sparse
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A Heterogeneous Ensemble Learning Method
Combining Spectral, Terrain, and Texture
Features for Landslide Mapping
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Abstract—The existing landslide recognition methods mainly
focus on the use of spectral bands of optical remote sensing and
machine learning base classifiers, which are insufficient in landslide
characterization in complex scenes, resulting in a high missed
and false detection of landslides. In this article, we develop a
landslide recognition framework, which combines the multidimen-
sional feature advantages of spectral, terrain, and texture of optical
satellite images, and constructs a heterogeneous ensemble learning
method for landslide mapping. First, we construct a landslide
multidimensional feature dataset using Sentinel-2A and Advanced
Land Observing Satellite digital elevation model data. Then, we
construct a heterogeneous ensemble learning landslide recognition
method, which combines the advantages of fully convolutional
network, U-Net, and attention U-Net base classifiers to fully learn
the multidimensional features of landslides. Finally, we evaluate
the performance of the landslide recognition framework in the
Bailongjiang River Basin complex scenes. The experimental results
show that integrating the multidimensional features of spectral,
terrain, and texture and using the heterogeneous ensemble learning
method can reduce the missed and false detection of landslides
in complex scenes. Specifically, compared with using only spec-
tral bands, integrating spectral bands, spectral indexes, terrain
factors, and texture indexes achieves the highest Recall, Kappa,
F1-score, and MIoU in testing areas, and missed alarm (MA) is
reduced by 15.56 % . Compared with deep learning base classifiers,
the constructed heterogeneous ensemble learning demonstrates
improvements in Recall ranging from 41.67 % to 69.89 %, and MA
is reduced from 52.17 % to 30.11%. This study provides a new idea
for high-precision landslide recognition in complex environments.

Index Terms—Ensemble learning, landslide detection, spectral
index, texture index, U-Net.
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1. INTRODUCTION

landslide is a frequent geological disaster in nature. Land-

A slides have caused huge losses to the ecological environ-
ment, communication systems, transport services, and human
life and property [1], [2]. China is a country with frequent geo-
logical disasters, among which the landslide disaster occurs most
frequently [3]. A total of 3 668 geological disasters occurred in
China in 2023, of which 925 were landslides, accounting for
25.21% of the total annual geological disasters. Therefore, it
is very important to obtain landslide information quickly and
accurately for formulating disaster relief plans and emergency
measures [4]. Using geological data and information technology
to quickly detect and warn landslides in a large area is of great
significance for speeding up disaster reduction and prevention
and winning the battle of disaster prevention and control [5], [6].
Landslide recognition methods mainly include visual inter-
pretation, object-oriented [7], traditional machine learning [8],
[9], and deep learning [10], [11]. Among them, the deep learning
method can obtain the optimal parameters of the construc-
tion model [12], [13]. Deep learning has been widely used in
landslide recognition; for example, fully convolutional network
(FCN) [14], [15], U-Net [16], [17], region-based convolutional
neural network (R-CNN) [18], and YOLO [19], [20]. FCN and
U-Net models are simple and have a strong ability to learn
features, so they are widely applied for landslide recognition
[15], [17]. However, most of the existing studies mainly use
the spectral bands of optical remote sensing. In the face of
complex geographical and geological environments, landslide
colors in remote sensing images of different regions are diverse
spectral and textural characteristics of different background en-
vironments [21], such as soil type, water content, solar incidence
angle, and vegetation. For example, in some areas with sparse
vegetation, landslide colors in remote sensing images are very
similar to those of bare lands. The existing landslide recognition
methods based on deep learning using spectral bands have high
missed and false detection rates in complex environments [11].
Some studies have tried to increase spectral index [22], terrain
factor [16], [23], [24], and texture index [25] to extract infor-
mation, respectively, and these studies have achieved excellent
results. However, the existing studies do not integrate the mul-
tidimensional features of spectral band, spectral index, terrain
index, and texture index for landslide detection, which leads to

© 2025 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see
https://creativecommons.org/licenses/by/4.0/
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ABSTRACT ARTICLE HISTORY

We develop an integrated neural network landslide susceptibility Received 3 August 2023
assessment (LSA) method that integrates temporal dynamic features of ~ Accepted 11 December 2023
interferometry synthetic aperture radar (INSAR) deformation data and

t_he sp_atigl features of Ian_dslide influencing factors. We construct a Landslide susceptibility
time-distributed convolutional neural network (TD-CNN) and assessment: INSAR: time
bidirectional gated recurrent unit (Bi-GRU) to better understand the distributed convolutional
temporal dynamic features of INSAR cumulative deformation, and neural network: bidirectional
construct a multi-scale convolutional neural network (MSCNN) to gated recurrent unit; remote
determine the spatial features of landslide influencing factors, and sensing

construct a parallel unified deep learning network model to fuse these

temporal and spatial features for LSA. Compared with the traditional

MSCNN method, the accuracy of the proposed model is improved by

1.20%. The performance of the proposed model is preferable to

MSCNN. The area under the receiver operating characteristic curve

(AUC) of the testing set reaches 0.91. Our LSA results show that the

proposed model clearly depicts areas with very high susceptibility

landslides. Further, only 10.18% of the study area accurately covers

84.79% of historical landslide areas. Subjective consequences and

objective indicators show that the proposed model that is integrated

time-series InSAR deformation dynamic features can make full use of

landslide characteristics and effectively improve the reliability of LSA.

KEYWORDS

1. Introduction

Landslides damage or destroy houses, roads, bridges and other infrastructure, often resulting in
casualties and property losses (Dai et al. 2020; He et al. 2023a). In addition, landslides destroy
land ecosystem, causing environmental problems, such as soil erosion, water and soil loss and
water pollution (Keefer and Larsen 2007). Early landslide positioning and prevention are the
best measures available for reducing and avoiding disaster losses (Chawla et al. 2002; Mantovani
et al. 2023). Landslide susceptibility assessment (LSA) explores the complex relationship between
landslides and disaster-prone environments (He et al. 2021a). LSA determines the occurrence prob-
ability of unknown landslides in similar environments through comprehensive evaluation (Cantar-
ino et al. 2019; Fan et al. 2021; Thomas et al. 2021). LSA can provide strong support to landslide
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observation data

Yi He®P<, Binghai Gao®, Haowen Yan®<, Qing Zhang?, Lifeng Zhang®, Wende Li*"*,
Xu He® and lJiangang Lu®

“Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou, People’s Republic of China; PNational-Local Joint
Engineering Research Center of Technologies and Applications for National Geographic State Monitoring, Lanzhou,
People’s Republic of China; “Gansu Provincial Key Laboratory of Science and Technology in Surveying & Mapping,
Lanzhou, People’s Republic of China

ABSTRACT ARTICLE HISTORY
Current machine learning methods for land subsidence susceptibility Received 12 September 2024
mapping (LSSM) predominantly focus on the spatial features of land Accepted 24 March 2025
subsidence conditioning factors (LSCFs), overlooking the sequence
relationships that merger after the superposition of these factors. This EEYWORPS
. e . and subsidence
often leads to unreliable LSSM results. To address this limitation, this paper susceptibility; INSAR; CNN;
proposes a novel double-branch parallel fusion neural network, termed LSTM: GIS and RS
DBPFNet, which integrates multi-factor sequence and spatial features to
improve LSSM accuracy. The Beijing Plain is selected as the study area.
InSAR-derived land subsidence data are used as positive samples, and 12
LSCFs are chosen for analysis. Convolutional neural network (CNN) is
employed to learn multi-factor spatial features, while long short-term
memory (LSTM) is used to learn multi-factor sequence features. The spatial
and sequence features are fuzed by two full connections to generate the
LSSM. Experimental results demonstrate that the proposed DBPFNet
model significantly outperforms CNN, LSTM and transformer models in
terms of performance, yielding highly accurate LSSM result. The high
susceptibility areas are predominantly located in the central region of
Beijing Plain. Key factors influencing land subsidence in the study area
include groundwater, altitude, build density, precipitation and river density.

1. Introduction

Land subsidence is a geological disaster resulting from both natural and anthropogenic factors (Qin
et al. 2018). It is characterized by regional, long-term and varying characteristics. In the early stage,
land subsidence is often imperceptible, yet it predominantly occurs in medium and large cities, pos-
ing significant threats to local urban safety and hindering sustainable economic and social develop-
ment (Lei et al. 2022). Since the beginning of the twenty-first century, approximately 150 cities
worldwide have experienced land subsidence, with over 50 of these cities located in China (Cao
et al. 2019; He et al. 2023a). The urban areas exhibiting a cumulative subsidence greater than
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Accurate assessment of vegetation productivity dynamics is critical for understanding Accepted 07 October 2025

ecosystem responses to environmental change. However, the spatiotemporal consist-
ency among key remote sensing indicators, such as solar-induced chlorophyll fluores- KEYWORDS

cence (SIF), gross primary productivity (GPP), and net primary productivity (NPP), Vegetation productivity;
remains poorly quantified, especially in ecologically fragile drylands of Northwest spatiotemporal dynamics;
China (NWCQ). In this study, we developed a dual-factor framework integrating climate consistency; climate and
and vegetation perspectives to evaluate the consistency and inconsistency among SIF, ~ ecosystem feedback;
GPP, and NPP across diverse climatic gradients and vegetation types from 2000 to 2020. northwest China

We found that all three indicators increased significantly across most of NWC (p < 0.05),

with higher values in the southeast and lower values in the northwest. Only 61.41% of

the pixels presented fully consistent trends, which were concentrated in humid eastern

regions. In contrast, 38.59% of the pixels presented inconsistent trends among SIF, GPP,

and NPP, which were predominantly located in arid and subarid transition zones and

central grasslands. Notably, SIF and GPP demonstrated strong consistency in humid

zones (R>0.95) and grasslands (R=0.91), making them suitable for tracking dynamic

photosynthesis, whereas NPP was more reliable in arid zones because of its lower

sensitivity to atmospheric interference. The proposed framework provides a reference

approach for selecting appropriate vegetation productivity indicators based on local

climatic and ecosystem contexts. Our findings lay a solid foundation for more reliably

assessing the carbon cycle in global drylands.

1. Introduction

Vegetation productivity, quantified rate of photosynthetic carbon assimilation into organic matter, serves as
the foundational process driving terrestrial ecosystem function. It regulates global carbon cycles, energy
budgets, and the provisioning of vital ecosystem services (Yue, Zhang, and Shao 2021; Zhang et al. 2022;
Wang et al. 2020; Xia et al. 2020; Wei et al. 2022; Wang et al. 2025). Satellite observations have documented
widespread vegetation greening and significant increases in terrestrial vegetation productivity globally in
recent decades (Fensholt and Proud 2012; Shen et al. 2022; Zhang et al. 2025), highlighting the need for
quantifying spatiotemporal vegetation dynamics at regional to global scales (Beck et al. 2011; Chen
et al. 2014).

Remote sensing technologies have enabled large-scale monitoring of vegetation productivity through
proxies, including solar-induced chlorophyll fluorescence (SIF), gross primary productivity (GPP), and net
primary productivity (NPP) (Wang et al. 2020; Xia et al. 2020; Wei et al. 2022). SIF, an emerging optical signal
emitted during photosynthesis, provides near-real-time insights into photosynthetic activity and strongly
correlates with GPP (Li and Xiao, 2019a). GPP—representing total photosynthetic carbon assimilation—is
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Thaw Slump Susceptibility Mapping Based on
Sample Optimization and Ensemble Learning
Techniques 1n Qinghai-Tibet Railway Corridor

Yi He"”, Member, IEEE, Tianbao Huo

Qing Zhang

Abstract—Thaw slump susceptibility mapping (TSSM) of
Qinghai-Tibet railway corridor (QTRC) is the prerequisite and
basis for disaster assessment and prevention of permafrost projects.
The objective of this article is to construct ensemble learning models
based on single classifier models to generate the TSSM of the
QTRC, compare and verify the performance of the models, and
further explore the relationship between the high susceptibility
area and environmental factors of the QTRC. The collinearity
analysis was carried out by selecting 14 thaw slump conditioning
factors (TSCFs). We used the balance bagging method for sample
optimization, and the dataset was divided into 70% training set
and 30 % verification set. Convolutional neural network, multilayer
perceptron, support vector regression, random forest single clas-
sifiers were selected to construct blending and stacking ensemble
learning models for the TSSM. The results showed that there was
no collinearity among the 14 TSCFS. The comparison of model
performance revealed that all models had good performance, but
the constructed stacking and blending ensemble learning models
had stable performance and high prediction accuracy for TSSM.
The stacking ensemble learning model had the best effect, and the
area under curve value of receiver operating characteristic curve
reached 0.9607. It showed that the generated TSSM of QTRC based
on stacking ensemble learning model had the highest reliability.
The QTRC has local areas with high thaw slump susceptibility,
mainly concentrated in the permafrost areas with high altitude,
high slope, adjacent faults, sparse vegetation, ice and snow and the
more cumulative precipitation.

Index Terms—Ensemble learning, Qinghai-Tibet railway,
sample optimization, thaw slump susceptibility mapping (TSSM).
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I. INTRODUCTION

HAW slump is a typical thermal karst landform, which
T refers to the phenomenon that the underground ice is
exposed by natural factors or human activities in the slope area
where the underground ice is distributed, so that the melting soil
above it loses its support and collapses under the action of its
own weight [1], [2]. Thaw slumps that are accompanied by the
melting of underground ice will have a series of disaster effects
on ecological environment, water environment, climate, and
infrastructure [3], [4]. Specifically, thaw slump disasters expose
the surface and promote ecosystem degradation [5]; Thaw slump
disasters break water balance, releasing chemical solutes and
causing water environment pollution [6]; Thaw slump disasters
release greenhouse gases and accelerate global warming [7].
In addition, thaw slump disasters will destroy roadbed, block
bridges and culverts, and threaten the safe operation of frozen
soil projects [8], [9]. In recent years, with the influence of
global warming and anthropogenic activities, the number of
thaw slumps development has increased rapidly [10], [11]. It is
very important to identify the potential thaw slumps. The eval-
uation of thaw slump susceptibility can predict the probability
of potential thaw slumps, which is of great significance for the
prevention and control of thaw slump disasters.

The QTRC is a belt area that runs through the south and
north. Due to the rapid warming of the global climate, the thaw
slump geological hazards in the QTRC show a trend of obvious
intensification [12]. In particular, the new thaw slump disasters
in recent years not only threaten the safety and stability of
existing permafrost projects such as the Qinghai—Tibet railway
(QTR), but also have a great impact on the design and operation
of future Qinghai-Tibet projects [13]. It is extremely important
to carry out comprehensive identification of potential thaw
slumps of QTRC. However, there are few reports on the
evaluation of thaw slump susceptibility, and even fewer studies
on the evaluation of thaw slump susceptibility of the QTRC.
Therefore, this article carried out the evaluation of thaw slump
susceptibility of QTRC and realized the evaluation of thaw
slump susceptibility “one map.”

Machine learning methods have the ability to express
nonlinear relationships and have been widely explored and
applied in susceptibility assessment, such as logistic regression
[14], decision tree [15], RF [16], SVM [17], artificial neural

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Spatio—Temporal Prediction of Time—Series InSAR Land Subsidence
Based on ConvLSTM Neural Network
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Abstract: Objective: The existing spatio—temporal prediction methods of land subsidence have some prob-
lems, such as poor ability to capture time—series features and ignoring spatial neighborhood features, which
lead to poor reliability of spatio-temporal prediction of land subsidence. Method: This paper proposes a spa-

tio—temporal prediction of land subsidence based on convolutional long short-term memory (ConvLSTM)
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Abstract

Lanzhou is located in the long, narrow valley of the Yellow River Basin, China. With the development of urbanization, the
contradiction between its economic development and limited spatial expansion was very acute. To expand urban space,
improve the efficiency of land use and protect farmland effectively, Hilltop Removing and Gully Filling Projects (HRGFP)
around Lanzhou have been carried out over the last decades by local government. To better manage and evaluate the
effectiveness of HRGFP implementation, it is necessary to map the urban newly land creation, monitor its dynamics
change and access the environmental impact, which is of great significance to understand and master the past, present and
future development trend of HRGFP. Based on multi-source remote sensing data and field investigation, here we use
multiple monitoring indicators and spatial statistical analysis to analyze the change dynamic characteristics of newly plots
from HRGFP and its impact on the local ecological environment. The main conclusions are as follows: From 1989 to 2016,
the total area of the newly land creation around Lanzhou was about 203.18 km?. The center of newly land plots generally
showed a trend of continuous transfer from south to north, from the main urban region to the low hills, gentle slopes, and
gullies and shifted 15.5 km northwest. And the maximum annual average expansion rate was about 36.003 km?/a, which
occurred in the third stage (i.e., 2012-2016). During the study period, it was found from land use and land cover change
(LULCC) statistics that more new land plots from HRGFP were converted to forest land and grassland, except for
construction land, which was consistent with the results of remote sensing environmental index (RSEI). Statistics showed
that the area of environmental quality improvement in the study region is about 3984 km?, accounting for 55.73% of the
total area. Our results indicated that HRGFP in Lanzhou have enlarged the urban space and increased economic devel-
opment and improved ecological environment under the guidance of the local government.

Keywords Hilltop removing and gully filling - City expansion - Newly land creation - Remote sensing - Indicator
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As a scarce natural resource, land cannot be used by human
beings without limitation because of its fixed location and
limited area (Fischer et al., 2012; Steduto et al., 2012). In
China, the national land survey shows that by the end of
October 2006, the total area of farmland in the country was
about 121.8 M hectares and per capita farmland area is less
than 0.093 hectares, which is only 40% of the world
average area (Wen, 2016; Yang & Wang, 2014). It is
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urgent to restrict the conversion of farmland to non-agri-
cultural land. Therefore, the Chinese government stipulated
that the farmland area of 120 M hectares is “red line” and
nobody can change its use. With the development of
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Application of PS-InSAR Technology in Ground Deformation
Monitoring of Lanzhou City

NIU Quan-fu'? LU Ming" MA Yama' FU Jiankai' ZHANG Man'
(1. School of Civil Engineering Lanzhou University of Technology Lanzhou 730050 China;
2. Gansu Emergency Surveying and Mapping Engineering Center Lanzhou 730050 China)

Abstract  In recent years the secondary disasters caused by urban surface subsidence have become more serious and have brought
many hidden dangers to the development of the city. Therefore long-term deformation monitoring of the city has important practical sig—
nificance while traditional monitoring methods unable to obtain information on the surface deformation of a large area of the city. Inter—
ferometric synthetic aperture radar ( InSAR) technology has unique advantages in large-scale surface deformation monitoring. Lanzhou
City has special geological conditions and complex geomorphic conditions. It is one of the areas where geological disasters occur fre—
quently in my country. 63 scenes of Sentinel4 A and 5 scenes of Sentinel-d B were used to obtain the ground surface deformation field of
Lanzhou City from October 2014 to April 2020 based on persistent scatterer interferometric synthetic aperture radar ( PSInSAR) . The
research results show that the surface deformation in the urban area of Lanzhou is relatively small and several villages and towns adja—
cent to the urban area have different degrees of subsidence and the subsidence in some areas has gradually accelerated.

Keywords land subsidence; Sentineld A; permanent scatterer interferometry; time series
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Abstract

Multiple ecological engineering projects have been implemented in semiarid and
subhumid Northern China since 1978 with the purpose to combat desertification,
control dust storms, and improve vegetation cover. Although a plethora of local
studies exist, the effectiveness of these projects has not been studied in a systematic
and comprehensive way. Here, we used multiple satellite-based time-series data as
well as breakpoint analysis to assess shifts in leaf area index (a proxy for green
vegetation cover), gross primary production, and aboveground biomass in Northern
China. We documented increased vegetation growth in northwest and southeastern
parts of the region, despite drought anomalies as documented by the standardized
precipitation-evapotranspiration index during 1982-2016. Significant breakpoints in
leaf area index were observed for over 72.5% of the southeastern and northwestern
regions, and 70.6% of these breakpoints were detected after 1999, which correspond
well to the areas with the highest ecological engineering efforts. Areas with negative
trends were mainly located in the Inner Mongolian Plateau, Hulun Biur, Horgin Sand
Land, and urban areas. The Loess Plateau had the largest increase in vegetation
growth, followed by the north parts of Northern China where biomass increased
more in the provinces of Shanxi, Liaoning, Shannxi, Hebei, and Beijing than Xinjiang,
Inner Mongolia, Tianjin, and Qinghai. Our results show that multiple ecological
engineering projects in the region have increased vegetation cover, production, and
aboveground biomass that have led to improved environmental conditions in the

study area.
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Selection and prediction of metro
station sites based on spatial
data and random forest: a study
of Lanzhou, China

Quanfu Niu*23*, Gang Wang?, Bo Liu?, Ruizhen Zhang?, Jiaojiao Lei’, Hao Wang' &
Mingzhi Liu?

Urban economic development, congestion relief, and traffic efficiency are all greatly impacted by the
thoughtful planning of urban metro station layout. with the urban area of Lanzhou as an example,
the suitability of the station locations of the built metro stations of the rail transit lines 1 and 2 in

the study area have been evaluated using multi-source heterogeneous spatial data through data
collection, feature matrix construction, the use of random forest and K-fold cross-validation, among
other methods. The average Gini reduction value was used to examine the contribution rate of each
feature indicator based on the examination of model truthfulness. According to the study’s findings:
(1) K-fold cross-validation was applied to test the random forest model that was built using the

built metro stations and particular factors. The average accuracy of the tests and out-of-bag data
(OOB) of tenfold cross-validation were 89.62% and 91.285%, respectively. Additionally, the AUC
area under the ROC curve was 0.9823, indicating that this time, from the perspective of the natural
environment, traffic location, and social factors The 19 elements selected from the views of the urban
function structure, social economics, and natural environment are closely associated to the locations
of the metro station in the research region, and the prediction the findings are more reliable; (2) It
becomes apparent that more than half of the built station sites display excellent agreement with

the predicted sites in terms of geographical location by superimposing the built metro station sites
with the prediction results and tally up their cumulative prediction probability values within the

300 m buffering zone; (3) Based on the contribution rate of each indicator to the model, transport
facilities, companies, population density, night lighting, science, education and culture, residential
communities, and road network density are identified as the primary influential factors, each
accounting for over 6.6%. Subsequently, land use, elevation, and slope are found to have relatively
lower contributions. The results of the research provided important information for the local metro’s
best location selection and planning.

Given the explosive growth of the Chinese economy, urban rail transit has been instrumental in improving the
effectiveness of urban public transportation, reducing congestion, optimizing the use of readily available space,
and improving the living environment'. To date, approximately 53 cities in China have opened and operated
urban rail transit, of which the selection of urban metro station sites needed to be done in conjunction with the
spatial layout of the city, work commuting and the layout of tourist attractions®. The reasonable design of metro
stations contributes significantly to the economic growth of cities, the reduction of commute times, the growth
of tourism, and the name-card impact of the city.

There are often the following categories for the site selection issue. One is the traditional site selection meth-
ods, which is based on the development of various industries within the proposed site selection area, combined
with the proposed site and surrounding environment to determine the site selection. This method is easily
influenced by subjective factors of the executors®. The second is to use mathematical modeling methods, which
primarily rely on specific algorithms and multivariate analysis to establish a location model and are more popular
due to their better siting accuracy®. The third is to use the geo-information system (GIS) technique, which is

1School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China. 2Emergency Mapping
Engineering Research Center of Gansu Province, Lanzhou 730050, China. 3Academician Expert Workstation of
Gansu Dayu Jiu Zhou Space Information Technology Co., Ltd, Lanzhou 730050, China. *email: Niugf@Iut.edu.cn
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ABSTRACT

MODIS snow products MOD10A1\MYD10A1 provided us a unique chance to investigate snow cover as well as its spa-
tial-temporal variability in response to global changes from regional and global perspectives. By means of MODIS snow
products MOD10A1\MYD10A1 derived from an extensive area of the Amur River Basin, mainly located in the Northeast
part of China, some part in far east area of the former USSR and a minor part in Republic of Mongolia, the reproduced
snow datasets after removal of cloud effects covering the whole watershed of the Amur River Basin were generated by us-
ing 6 different cloud-effect-removing algorithms. The accuracy of the reproduced snow products was evaluated with the
time series of snow depth data observed from 2002 to 2010 within the Chinese part of the basin, and the results suggested
that the accuracies for the reproduced monthly mean snow depth datasets derived from 6 different cloud-effect-removing
algorithms varied from 82% to 96%, the snow classification accuracies (the harmonic mean of Recall and Precision) was
higher than 80%, close to the accuracy of the original snow product under clear sky conditions when snow cover was sta-
bly accumulated. By using the reproduced snow product dataset with the best validated cloud-effect-removing algorithm
newly proposed, spatial-temporal variability of snow coverage fraction (SCF), the date when snow cover started to accu-
mulate (SCS) as well as the date when being melted off (SCM) in the Amur River Basin from 2002 to 2016 were investi-
gated. The results indicated that the SCF characterized the significant spatial heterogeneity tended to be higher towards
East and North but lower toward West and South over the Amur River Basin. The inter-annual variations of SCF
showed an insignificant increase in general with slight fluctuations in majority part of the basin. Both SCS and SCM
tended to be slightly linear varied and the inter-annual differences were obvious. In addition, a clear decreasing trend in
snow cover is observed in the region. Trend analysis (at 10% significance level) showed that 71% of areas between
2,000 and 2,380 m a.s.l. experienced a reduction in duration and coverage of annual snow cover. Moreover, a severe snow
cover reduction during recent years with sharp fluctuations was investigated. Overall spatial-temporal variability of Both
SCS and SCM tended to coincide with that of SCF over the basin in general.

Keywords: MODIS; SCF; SCS; SCM; Amur River Basin; cloud effect removal
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Analysis of Vegetation Phenological Changes and Influencing Factors in the
Loess Plateau Region of Gansu Province

ZHOU Xinrong', NIU Quanfu'**, ZHU Dengfeng', SHAO Donghu', CHENG Xi'an'
(1.School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2.Emergency Mapping
Engineering Research Center of Gansu Province, Lanzhou 730050, China; 3.Academician Expert Workstation of
Gansu Dayu Jiuzhou Space Information Technology Co., Ltd., Lanzhou 730000, China)
Abstract: [ Objective ] This study aimed to investigate the phenology of vegetation, i.e., the seasonal changes in
the growth and development of vegetation in the Loess Plateau region of Gansu Province, and to gain a deeper
understanding of how climate change affects the growth patterns of vegetation in this area. [ Methods] Based on
MODIS NDVI datasets, meteorological data, digital elevation models (DEM) , and standardized precipitation
evapotranspiration index (SPED data from 2002 to 2021, the start of the growing season (SOS), end of the
growing season (EOS) , and length of the growing season (LOS) of vegetation in the Loess Plateau region of
Gansu Province were extracted. Theil-Sen trend analysis and Mann-Kendall tests were used to explore the

spatiotemporal dynamics of SOS, EOS and 1.LOS. Partial correlation analysis was employed to investigate the
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Monitoring vegetation dynamics and analyzing driving factors on the gansu loess

plateau based on kernel fractional vegetation cover

WANG Zhenyu', NIU Quanfu'*?, WANG Gang', CHEN Xi’an', SHAO Donghu*

(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China;

2. Emergency Mapping Engineering Research Center of Gansu Province, Lanzhou 730050, China;

3. Academician Expert Workstation of Gansu Dayu Jiuzhou Space Information

Technology Co. , Ltd, Lanzhou 730050, China)

Abstract: The Loess Plateau is a fragile ecological region in China. Gansu’s Loess Plateau, as an

important part of it, is characterized by sparse vegetation, water scarcity, and frequent natural disasters,

Remote sensing monitoring of vegetation dynamics in this area is of significant practical importance. This

study focuses on Gansu’ s Loess Plateau. Based on kernel Normalized Difference Vegetation Index

(kNDVD and the Pixel Binary Model, we constructed kernel Vegetation Fraction Coverage(kFVC) for
the years 2002 to 2022. We employed Sen’s slope estimator combined with the Mann-Kendall(MK) trend

analysis and significance testing, coefficient of variation,

Hurst exponent, and residual analysis to

analyze vegetation dynamics, driving factors, and future trends in the study area. The findings are as
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Risk assessment of landslides induced by the 1/6.2 earthquake in
Jishishan, Gansu Province

WANG Xiugin'?, NIU Quanfu®’, WANG Hao”*, CHENG Xi’an?, LI Kegong®, NIU Hulin*
(1. The Map Institute of Gansu Province, Lanzhou, Gansu 730000, China; 2. School of Civil Engineering, Lanzhou
University of Technology, Lanzhou, Gansu 730050, China; 3. Gansu Provincial Institute of Surveying and Mapping,
Lanzhou, Gansu 730000, China; 4. The Third Geological and Mineral Exploration Institute of Gansu Provincial

Geological and Mineral Exploration and Development Bureau, Lanzhou, Gansu 730050, China)

Abstract: On December 18, 2023, at 23:59, a magnitude M6.2 earthquake occurred in Jishishan County, Gansu Province,
resulting in significant casualties and triggering numerous secondary geological disasters such as landslides and collapses.
Utilizing high-resolution satellite imagery from before and after the earthquake, this study employs a MaxEnt model,
constructed with visually interpreted disaster points and a set of impact factor characteristics, to assess the post-earthquake
landslide hazard post-earthquake landslide hazard. The research conclusions are as follows: 1) Earthquake-induced landslide

disasters are predominantly distributed within sunny slopes at elevations of 1 800 to 2 300 m and slope gradient of 20° to 25°,
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Spatio-temporal dynamics of snow cover in Amur River basin and
its relationship with climate factors

LU Xiaolin' > ZHANG Wanchang” NIU Quanfu' LIU Jinping® CHEN Hao’® GAO Huiran®’
(1 College of Civil Engineering Lanzhou University of Technology Lanzhou 730050 China; 2 Aerospace Information Research
Institute  Chinese Academy of Sciences Betjing 100094  China; 3 University of Chinese Academy of Sciences Beijing 100049  China;
4 North China University of Water Resources and Electric Power Zhengzhou 450045 China)

Abstract As one of the important types of land cover snow cover has important feedback and
adjustment effects on the local hydrological environment and phenological change of vegetation.
Based on MOD10A1/MYDI10A1 daily snow cover dataset after removing cloud the spatio-temporal
variation of snow cover and the correlation between snow cover area and meteorological factors

( temperature and precipitation) was analyzed in the Amur River Basin from 2002 to 2016. The
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Construction of comprehensive drought index on the Loess Plateau
and analysis of spatiotemporal characteristics

CHENG Xi’an', NIU Quanfu'?’, WANG Gang', SHAO Donghu', ZHU Dengfeng', WANG Zhenyu'
(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou,Gansu 730050, China;
2. Gansu Province Emergency Surveying and Mapping Engineering Research Center, Lanzhow, Gansu 730050, China;
3. Academician Expert Workstation of Gansu Dayu Jiuzhou Space Information Technology Co., Lid., Lanzhou,Gansu 730050, China)

Abstract: As one of the key regions in China with frequent and highly influential droughts, the Loess Plateau
has a particularly significant negative impact on the ecological environment and people’ s lives. This study was
based on the CRITIC weighting method, which comprehensively considers meteorological and agricultural drought
indicators, aiming to construct a comprehensive drought index ( 7VSS). Based on this, trend analysis and trip theo-
ry were combined to study and analyze the drought change trend and drought events in the Loess Plateau region.
The results showed that TVSS constructed based on the CRITIC weighting method at different time scales have been
confirmed to be reliable through correlation analysis, and a total of 28 comprehensive drought events have been re-
corded in the past 23 years. Through analyzing the characteristics of drought, it was found that the duration, peak
intensity, and total intensity of drought all showed a decreasing trend. The frequency of drought in the western part
of the Loess Plateau was higher than that in the eastern part, and that in the northern part was higher than that in
the southern part. The proportion of regional drought and local drought was 19.6% and 18.5%, respectively, while
the frequency of regional drought and partial regional drought was relatively low, at 7.6% and 8.7% , respectively.
From 2000 to 2022, the TVSS index of the Loess Plateau showed an upward trend, with the monthly change rate of
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Suitability Analysis of Topographic Factors in Loess Landslide Research

NIU Quanfu’, FENG Zunbin, DANG Xinghai, ZHANG Yingxue and LI Yuefeng
School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China

Abstract: The region of loess plateau is one of the ecologically fragile areas in China. It is one of the slippery
strata of which landslides often developed. The development of the loess landslides is the result of the combined
effect of many factors such as the disaster environment, the disaster factor and the disaster bearing body. The
selection of topographic factors which are important environmental elements of the disasters is the basis of the
study of loess landslide risk. We take Gangu county as the study area, which is one of the frequent occurrence of
loess landslide hazards in Gansu province. According to the basic conditions of landform, suitability analysis of
topographic factors in the study area was carried out with models of sensitivity index (SI), certainty factor (CF)
and correlation coefficient (CC). The following conclusions were obtained: Based on the models of SI, CF and
CC, the topographic factors suitable for the loess landslide hazard research of this area are: slope, slope of slope
(SS), slope shape and surface roughness (SR). The selection of disaster-inducing factors with the methods of SI
and CF is merely based on the analysis of the relationship between the single factor and the landslides. We
ignore the correlation between the topographic factors. The experimental results indicated that the area with poor
stability in the study area has a good correspondence with the number of landslide hazard distributions. After
deeply analyzing the relationship between the landslides and the grade range of the topographic factors, it is
found that the grade range of the topographic factors has an important influence on the landslide risk assessment
of the study area. This is one of the main reasons of the differences in some areas. Based on field investigation,
the river-cutting depth, drainage density and human engineering activities are also important topographic factors
and have key control effect on the landslides of this study area.

Key words: landslide hazard; loess; topographic factors; model; suitability analysis
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Risk assessment of flash flood disasters in Longnan mountain
area of Gansu Province based on FFPI model

NIU Quanfu"*?, XIONG Chao',LEI Jiaojiao' , WANG Hao', LIU Bo', ZHANG Ruizhen'

(1. College of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. Emergency Mapping
Engineering Research Center of Gansu,Lanzhou 730050, China; 3. Academician Expert Workstation of Gansu Dayu
Jiuzhou Space Information Technology Co., Ltd., Lanzhou 730050, China)

Abstract: Flash floods are often sudden and destructive natural disasters triggered by heavy rainfall in small
mountainous watersheds, which cause a great threat to the lives and property safety of local people. Previous flash
flood studies are mostly based on single ditch and small watershed scales with mature assess system and models.
How to assess flash flood hazards in the large-area mountain with diverse landforms and complex geological
structures still need further exploration. Taking Longnan mountain area in Gansu Province, which is prone to flash

floods, as an example, this paper introduces the flash flood potential index ( FFPI) to build an evaluation system
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Application of ARIMA-NAR neural network model based on Kalman filter in
deformation monitoring of deep foundation

NIU Quan-fu'*, LI Yue-feng'?®, ZHANG Man', FU Jian-kai', MA Ya-na'

(1. School of Civil Engineering, Lanzhou Univ. of Tech., Lanzhou 730050, China; 2. Emergency Mapping Engineering Research Center of
Gansu, Lanzhou 730050, China; 3. Gansu Civil Engineering Research Institute Co., Ltd, Lanzhou 730050, China)

Abstract: Deformation monitoring of deep foundation pits is becoming more and more important in the
security control of urban construction. Because of the unavoidable noise in the monitoring data and the pre-
diction residual problem from the single prediction model, it is necessary to improve the prediction accura-
cy of deep foundation excavation. Taking ZJ52 of a deep foundation pit in Lanzhou as an example, and
based on Kalman filtering, the paper used a combined model of ARIMA-NAR neural network to predict
and analyze the change trend of the observation point. The results show that the average absolute error,
average relative error and residual variance from the established model are 0.43 mm, 0.04 mm and 2.23
mm, respectively. The prediction results are better than those of single ARIMA and NAR neural network
models. The prediction results from ARIMA-NAR neural network with Kalman filtering can provide relia-
ble guidance for the security construction of this project.

Key words: deep foundation pit; filtering; combination model; prediction
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Spatial Distribution Prediction of Flash Flood Disaster in Longnan City
Based on Particle Swarm Algorithm Combined with MaxEnt Model

WANG Hao' NIU Quanfu'?® LIU Bo' LEI Jiaojiao' WANG Gang' ZHANG Ruizhen'

1 School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2 Emergency Mapping Engineering Research Center of Gansu, Lanzhou 730050, China

3 Academician Expert Workstation of Gansu Dayu Jiuzhou Space Information Technology Co.Ltd, Lanzhou 730050, China

Abstract: Objectives: Flash floods are natural disasters caused by sudden rise in water levels in mountainous
rivers, which are characterized by instantaneity and great destructiveness. In recent years, the frequent
occurrence of flash floods in Longnan city, Gansu province, has posed a serious threat to the safety of local
people’ s lives and property, thus it is urgent to carry out a risk assessment of flash floods in this region.
Methods: This study takes LLongnan city as the study area, and utilizes the MaxEnt model combining with
the particle swarm algorithm to evaluate the vulnerability of study area based on 834 flash flood hazard
points investigated and 32 disaster—causing factors. It also predicts the spatial pattern changes and potential
mass migration trends of the future flash flood vulnerability areas based on three periods of climate data
from the current period (2021—2040) and the future period (2041—2060, 2061—2080, 2081—2100).

Results and Conclusions: The area under receiver operating characteristic curve of the results of the study
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Hazard assessment of debris flow in Lanzhou City of Gansu Province
based on methods of grey relation and rough dependence

NIU Quanfu' > LU Ming' LI Yuefeng' FENG Zunbin' GAO Wenxin' LU Xiaolin'

1. College of Civil Engineering Lanzhou University of Technolo, Lanzhou Gansu 730050 China;
g g g ¥ 8y

2. Emergency Mapping Engineering Research Center of Gansu Lanzhou Gansu 730050 China)

Abstract: Hazard assessment is one of the key issues in disaster studies of debris flow. And comprehensive
assessment with multiple factors is the main mode of them. Because of uncertainty and complexity non-—
deterministic analysis has already become the preferred approach. This study take Lanzhou a provincial
capital with frequent debris flows as an example. Firstly the relationship among 10 topographic factors such
as slope et al. was taken away with the method of complex correlation coefficient and the topographic
susceptibility factor was gained from them. Then wusing five factors for example the topographic
susceptibility the geological lithology landform the precipitation and vegetation coverage and the hazard
assessment maps were obtained with three methods of grey relational degree rough dependence degree and
fuzzy comprehensive method with grey relational degree and rough dependence degree. The conclusions are as

follows: (1) These debris flows in the study area are controlled by seven factors including the relief slope
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Comparison of GF—6 WFV and Landsat8 OLI Remote Sensing Image Classification
Based on Random Forest
NIU Quanfu*?, FU Jiankai*, LU Ming', MA Yana', ZHANG Man"

(1. College of Civil Engineering, Lanzhou University of Science and Technology, Lanzhou 730050, China;
2. Gansu Emergency Mapping Engineering Research Center, Lanzhou 730050, China)

Abstract: GF-6 satellite has the advantages of wide coverage, multi-resolution and multi band, which can provide more information for remote

sensing land use. In order to make clear the importance of GF-6 WFV in land use classification, taking Hunyuan County, Shanxi Province as the

research object, taking Landsat8 OLI images of the same period as the comparative data set, we used random forest classification method to com-

pare land cover classification. The results show that the overall classification accuracy of GF-6 WFV and Landsat8 OLI are 91.11% and 87.87%,

respectively, and Kappa coefficient are 0.89 and 0.85, indicating that the classification effect of GF-6 WFV is better than that of Landsat8 OLI.

Combined with the spectral characteristics of ground features of GF-6 WFV and Landsat8 OLI images, it can be seen that the near-infrared band

of the two images are more distinct, but the red band of GF-6 WFV has better separability for arable land, forest land, grassland and shrub, espe-

cially in the red band 2. In addition, GF-6 WFV has higher resolution. The classification accuracy of GF-6 WFV is higher in the complex terrain

type distribution area.

Key words: GF-6 WFV, Landsat8 OLI, random forest method, classification accuracy, Hunyuan County
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Text Recommendation Based on Heterogeneous Attention
Recurrent Neural Network

NIU Yaogiang' MENG Yuyu' NIU Quanfu’
( 1. School of Electronic and Information Engineering Lanzhou Jiaotong University Lanzhou 730070 China;

2. College of Civil Engineering Lanzhou University of Technology Lanzhou 730050 China)

[Abstract] To improve the inaccurate text recommendation in the big data environment this paper merges two kinds of
heterogeneous data text data and relational network and introduces the encoder-decoder framework. On this basis a
Recurrent Neural Network ( RNN) model based on heterogeneous attention is proposed for short-term text
recommendation. The sentence-evel Distributed Memory Model of Paragraph Vectors( PV-DM) and the representation
method for entity relations TransR are used to embed text data and relational network into high-dimensional vectors as
the input of the model. In the encoding stage the short-term interests of users are introduced into the recommendation
model by using bidirectional GRU and the attention mechanism is used to connect with the decoder so that the decoder
can dynamically select and linearly combine different parts of the input sequence of the encoder in order to build short—
term interests of users. In the decoder stage the attention output of the encoder the candidate items and the representation
of current users are taken as inputs. The score of each candidate item is calculated with the bidirectional GRU and the
feedforward network layer to obtain the recommendation result. Experimental results show that compared with TFADF
ItemKNN and other models the proposed model significantly improves the recall rate and the average precision of the
mean.

[Key words] short-term text recommendation; data embedding; heterogeneous data; bidirectional GRU; attention mechanism
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Vegetation Dynamic Change and Its Response to Climate and Topography
in Altay Region of Xinjiang in Recent 20 Years

NIU Quanfu'? LIU Mingzhi' ZHANG Man' CHENG Weiming "

1 School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2 Emergency Mapping Engineering Research Center of Gansu, Lanzhou 730050, China
3 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China
4 State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences and Natural Resources
Research, CAS, Beijing 100101, China

Abstract: Objectives: Vegetation plays an important role in ecological environment monitoring. Studying
vegetation cover change can provide reference for regional ecological environment protection. The region of
Altay in Xinjiang belongs to the ecological function zone of water conservation mountain grassland, with
rich natural resources and beautiful scenery. However, the ecological environmental problems were gra-
dually emerging under the national development strategies. Therefore, monitoring the dynamics of vegeta-
tion change in the area with multi—source remote sensing data is necessary to explore the relationship be-
tween the economic development and ecological environment protection. Methods: This paper uses multi-

source remote sensing long time series data with breaks for additive seasonal and trend, topographical posi-
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Dynamic monitoring of vegetation coverage variation on southern and
northern two mountains in Lanzhou

NIU Quan-fu, ZHANG Ying-xue, FENG Zun-bin

(College of Civil Engineering, Lanzhou Univ. of Tech. , Lanzhou 730050, China)

Abstract: Based on fractional vegetation coverage classification graphs obtained by means of analysis of
remote sensing images in three issues (2000, 2008 and 2013) of Landsat TM/TM-+, the variation of the
fractional vegetation coverage (FVC) on southern and northern two mountains in Lanzhou was quantita-
tively analyzed by means of statistics and analysis of vegetation coverage areas, in every periods for every
classes and the transition matrixes calculated on the basis of the former. The result showed that from 2000
to 2013, the inferior vegetation coverage area decreased from 393. 07 km” in 2000 to 0. 12 km® in 2013. The
moderate vegetation coverage area changed relatively less in the first eight years and then changed greater
in the late five years. The both good and excellent vegetation coverage areas expanded obviously. During
these years, the FVC of the inferior vegetation was continuously transferred to that of excellent one, but
the FVC of the excellent one was less transferred to that of inferior one comparatively. Vegetation cover-
age on southern and northern two mountains in Lanzhou exhibited all in an obvious growth trend. By
2013, the vegetation has entered into a good growth period, and the effect of ecological construction was
remarkable.

Key words: northern and southern two mountains; remote sensing; vegetation cover age fraction;

dynamic monitoring
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Analysis of Forest Cover Changes and Driving Forces in the
Loess Plateau ( Gansu Region) Based on Multisensor
Remote Sensing Images

LIU Bo'*, NIU Quan-fu**" | WANG Gang'”, LIU Ming-zhi'>, WANG Hao'*, LEI Jiao-jiao'"
(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Emergency Mapping Engineering Research Center of Gansu Province, Lanzhou 730050, China;
3. Academician Expert Workstation of Gansu Dayu Jiuzhou Space Information Technology Co. , Ltd. , Lanzhou 730000, China)

[ Abstract] The Loess Plateau, as a natural ecological barrier in the western region of China, has made positive contributions to the sus-
tainable development of the nation. The governance and restoration of the ecological environment on the Toess Plateau (Gansu region) plays
a critical role in the implementation of China’s ecological civilization construction strategy. To monitor the changes in forest resources on the
Loess Plateau (Gansu region) from 2008 to 2018, based on cloud platform, Landsat, PALSAR, and terrain data were integrated to explore
the advantages of spectral index, backscatter, texture, and terrain features in obtaining forest resource information. The random forest feature
selection algorithm was utilized to obtain the spatiotemporal distribution of forest cover in the study area for 10 years, and factor detection was
conducted using geographic detectors. The results indicate that the random forest feature selection algorithm can effectively screen important
feature information, with an overall accuracy of 91. 88% and a Kappa coefficient of 0. 91. The experimental scheme that integrates Landsat,
PALSAR, and terrain data presents significantly higher accuracy compared to the forest classification results using a single data source. The
overall accuracy of the four classification results is 86.65% , 88.23% , 90. 15% , and 89.86% respectively. Over the past 10 years, the net
increase in forest area in the study area is 0. 60 x 10* km®. The areas with increased forests are primarily distributed in the central and eastern

parts of Qingyang City, Pingliang City, Tianshui City, and the western region of Linxia Hui Autonomous Prefecture, while forest degradation
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Mapping the forests and their spatiotemporal changes in the Yellow River
Basin (Gansu section) in China from 2008 to 2018

Quanfu Niu®?<, Mingzhi Liu?, Bo Liu?, Gang Wang?, Zhenyu Wang?, Xiujie Liu?, Weiming Cheng®
and Kegong Li®

aSchool of Civil Engineering, Lanzhou University of Technology, Lanzhou, China; PEmergency Mapping Engineering Research Center of
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Resources Research, CAS, Beijing, China; ¢Gansu Academy of Surveying and Mapping Engineering, Lanzhou, China

ABSTRACT

Efficient and precise extraction of forest information is crucial for assessing the effectiveness of
ecological projects and informing ecological policy adjustments in the Gansu section of the
Yellow River Basin, China. Utilizing PALSAR (Phased Array L-band Synthetic Aperture Radar) and
Landsat data, this study gathered forest/non-forest samples and formulated classification rules
using the backscatter coefficients from PALSAR’s HH, HV, HH-HV, and HH/HV polarizations to
generate monthly 30-meter forest data. These results were further refined using Landsat’s
NDVImax and B7max indices. Our findings are as follows: The forest/non-forest data extracted
from PALSAR and Landsat aligns more closely with publicly available forest data, achieving an
overall accuracy of 95.4% and a Kappa coefficient of 0.87, which demonstrates the reliability
and accuracy of our extraction method. Driven by ecological engineering projects and climate
factors, the forest area has expanded significantly, from 13,200 square kilometers in 2008 to
19,800 square kilometers in 2018, with an average annual growth rate of 5%. Approximately
94.09% of the forest area is located at elevations up to 3,500 meters, with stable and increasing
forest types predominantly found on the northern and western slopes, spanning elevations
between 3,000 and 3,500 meters and slopes ranging from 20° to 35°. Our study provides
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valuable insights into regions characterized by rugged terrain and low forest density.

Introduction

As an essential component of terrestrial ecosystems,
forests play a crucial role in providing regional and
global ecological services (Seddon et al., 2016). Forests
not only serve as an important material foundation for
national sustainable development, but also represent
an essential renewable resource in economic and eco-
logical construction (Fang & Li, 2021). They possess
multiple ecological functions, including soil and water
conservation (Li et al.,, 2020), biodiversity protection
(Cao et al, 2017), air purification, wind and sand
prevention, and climate regulation (Zhang et al.,
2018). Therefore, forest protection and afforestation
are crucial in establishing a favorable ecological envir-
onment. The Yellow River Basin spans the three major
regions of China: the Qinghai Plateau, the Loess
Plateau, and the North China Plain. This region not
only serves as a significant ecological barrier in China,
but is also a typical area characterized by a fragile
ecological background and severe soil erosion (Kang
et al, 2022). Among them, the Gansu section of the
Yellow River Basin is an important area for water
source conservation and supply, responsible for the

ecological restoration of the upper reaches of the
Yellow River. In history, the region had a beautiful
ecological environment, a pleasant climate, and abun-
dant mineral resources. Before the 1980s, with the
acceleration of development and construction in the
central and western regions of China, the contradic-
tion between economic development and environ-
mental protection in the Yellow River Basin became
increasingly acute. In order to protect the ecological
environment, a series of ecological engineering pro-
jects such as the Grain for Green (GfG) program were
launched (Niu et al., 2019), which is a major ecological
project with the widest coverage and has had the high-
est rate of public participation in history, involving
124 million people and 32 million households across
a total of 1,897 counties and 25 provinces (Delang &
Wang, 2013; Niu et al., 2019; Zhou et al., 2019). After
more than 30 years of ecological construction, evalu-
ating the ecological effectiveness of the region has
become a research focus (Qu et al., 2021; Yang et al,,
2022; Zhu et al., 2022). Quantitative forest information
extraction through remote sensing is a crucial
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Quantifying spatial-temporal changes of tea plantations in complex landscapes
through integrative analyses of optical and microwave imagery
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Abstract: High demand for tea has driven the expansion of tea plantations in the tropical and
subtropical regions over the past few decades. Tea plant cultivation promotes economic
development and creates job opportunities, but tea plantation expansion has significant impacts on
biodiversity, carbon and water cycles, and ecosystem services. Mapping the spatial distribution
and extent of tea plantations in a timely fashion is crucial for land use management and policy
making. In this study, we mapped tea plantation expansion in Menghai County, Yunnan Province,
China. We analyzed the structure and features of major land cover types in this tropical and
subtropical region using (1) the HH and HV gamma-naught imagery from the Advanced Land
Observation Satellite (ALOS) Phased Array L-band Synthetic Aperture Radar (PALSAR) and (2)
time series Landsat TM/ETM+/OLI imagery. Tea plantation maps for 2010 and 2015 were
generated using the pixel-based support vector machine (SVM) approach at 30 m resolution,
which had high user/producer accuracies of 83.58%/91.67% and 87.50%/90.83%, respectively.
The resultant maps show that tea plantation area increased by 33.56% (~9335 ha), from ~27,817
ha in 2010 to ~37,152 ha in 2015. The additional tea plantation area was mainly converted from
forest (32.50%) and cropland (67.50%). The results showed that the combination of PALSAR and
optical data performed better in tea plantation mapping than using optical data only. This study
provides a promising new approach to identify and map tea plantations in complex tropical
landscapes at high spatial resolution.

Keywords: Tea plantation; Support vector machine; Landsat; PALSAR; Tropical zone

1. Introduction

The tea plant (Camellia sinensis (L.) O. Kuntze), an evergreen broad-leaved perennial shrub,
is widely cultivated in the mountains of tropical and subtropical zones and is important
commercial crop (Duncan et al., 2016; Wang et al., 2016). As one of the three most popular
manufactured beverages (tea, coffee, and cocoa) consumed in the world (Kumar et al., 2013), tea
is a major economic crop in many developing countries, including China, India, Kenya, and Sri
Lanka. Due to the rapid development of the global tea industry since the beginning of this century,

tea plantation area and tea production have increased significantly. According to International Tea

1
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Suitability analysis for topographic factors in loess landslide research:
a case study of Gangu County, China
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Abstract

Loess Plateau is one of the ecologically fragile regions in China. It is one of the slippery strata of which landslides often
developed. The formation and development of landslides are mainly affected by various natural environments, triggering
factors, the vulnerability of landslide-bearing bodies, and topography has a controlling effect on landslides and determines
landslide distribution. As important environmental elements, the selection and reclassification of topographic factors are the
basis for loess landslide vulnerability map. In this study, our research suggests an effective workflow to select and analyze
the topographic factors in the loess landslides. Nine hazard-formative environmental factors [e.g., slope, aspect, slope shape
(SS), slope of slope (SOS), slope of aspect (SOA), surface amplitude (SA), surface roughness (SR), incision depth (ID) and
elevation variation coefficient (EVC)] are prepared for landslide suitability analysis. The models of certainty factor, sensi-
tivity index and correlation coefficient are combined to select and analyze the suitability of these factors. Four topographic
factors (i.e., slope, SOS, SS and SR) were ultimately selected to carry out the landslide vulnerability mapping with other
factors. Our results showed that most of the landslides were located in medium and high classes and accounting for 75.3%,
and these places also coincided with higher economies and intense human activities. Our research also suggested that in situ
measurements are necessary to determine how to reclassify these topographic factors and how many grades these topographic
factors divided, which would further improve the reliability of landslide vulnerability map for the decision makers to deal
with the possible future landslides in terms of safety and human activities.

Keywords Landslide - Loess - Topographic factor - Model - Suitability analysis

Introduction

Loess is a windblown under-consolidated deposit formed
during the past 2.5 million years in arid and semi-arid cli-
matic conditions (Zhang and Liu 2009) and is widely dis-
tributed in Asia, Europe, North America and South America
with the color of pale yellow or brownish yellow (Liu 2009).
It consists of angular grains of quartz, feldspar, mica and
other minerals between 0.005 and 0.05 mm in size with the
characteristic of macroporous, well-developed vertical joint-
ing and susceptibility to collapse on wetting (Zhang and
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Liu 2009). The north and northwest parts of China have the
most extensive, most complete and thickest loess deposits
(Zhang and Liu 2009). Loess is mainly distributed in Gansu,
Shaanxi, Shanxi and other places in China, and covers a total
area of over 0.6 million km? (Duan 1993). Loess deposits
record the changes of the global natural environment and cli-
mate and the occurrence of geological disasters since the late
Neogene (Liu 2009). Because of its large thickness, loose
structure, intersecting ravines and gulliesjavascript:void(0);,
broken terrain, dry climate, short-time concentrated rain-
fall and serious soil erosion, loess is the most ecologically
vulnerable area in China and extremely prone to landslide
development. In China, approximately one-third landslides
occurred in the loess area (Zhou and Zhu 2002). With the
development of the economy and human engineering activi-
ties, a variety of landslides and latent unstable slope have
increased apparently. In recent years, landslide risk assess-
ment for regional scale has received more and more atten-
tion (Erener and Diizgiin 2011; Xu et al. 2009). To gain the
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Dominant drivers of vegetation changes in key ecological barrier of
northeastern Tibetan Plateau since 2000: Human impacts or natural forces?
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ARTICLE INFO ABSTRACT

Handling editor: Jason Michael Evans Human activities and natural forces have profoundly influenced vegetation ecosystems in the Tibetan Plateau
over the recent decades. However, contributions of these two driving forces to vegetation changes remain
controversial, especially in the ecological barriers like the Qilian Mountains (QM) in the northeast where many
protecting measures and strategies were applied to enhance ecosystem stability and services. Our study employed
a process-based model and a multi-perspective assessment method to determine dominant drivers of vegetation
changes in the QM since 2000. The result indicated that human activity changes contributed 40.74% to the
significant vegetation amelioration of the QM as a whole, which is comparable to natural forces. Areas domi-
nated by human activity changes accounted for 18.42% of the entire region, which were mainly distributed in
grassland restoration area, oasis agricultural area and forestry protection area. In these areas, increased human
activities (including desertified grassland restoration, agricultural irrigation and fertilization, forest protections
and afforestation) mainly promoted the vegetation amelioration. Yet, natural forces resulted in amelioration in
partial alpine grasslands in southeastern QM, accounting for 10.53% in area. Areas dominated by both human
activity changes and natural forces, mainly in grazing grasslands, accounted for 47.80%. Variations in grazing
intensity and climate jointly determined fluctuations in vegetation therein. Additionally, there remained 23.25%
areas lack of obvious drivers, generally with sparse vegetation. Ecological protections and agricultural measures
significantly promoted the vegetation amelioration of the QM since 2000. The findings could provide essential
insights for protection and construction of the ecological barriers in the Tibetan Plateau.

Keywords:

Vegetation changes
Human activity changes
Natural forces
Ecological barriers
Qilian mountains

1. Introduction

The intensity of human activities in the Tibetan Plateau have
changed markedly since the launch of the China’s Western Development
Strategy (WDS) in 2000 (Zeng et al., 2023; Yang et al., 2022). Extensive
land development, agricultural cultivation, and grazing activities have
been continuously undertaken to stimulate socioeconomic growth of
local mountainous areas (Zhu et al., 2023; Yang et al., 2022; Winkler
et al., 2021). Meanwhile, ecological protecting measures and strategies,
such as desertified grassland restoration, afforestation and grazing re-
strictions, have also been performed for restoring and enhancing
ecosystem stability and services within ecological barriers (Fu et al.,
2023; Wang et al., 2022; Chen et al., 2019). Concurrently, the regional
climate has experienced significant warming (Bao et al., 2024; Yao,
2019), and the natural resilience of the ecosystem tends to increase (Gao
et al., 2019; Fang and Zhang, 2019). Natural forces (i.e., climate change

and natural resilience) and human activity changes have induced sig-
nificant changes in the greening and carbon sequestration capacity of
the mountainous vegetation (Li et al., 2024; Wang et al., 2021, 2023).
However, whether human activity changes or natural forces are the
dominant drivers of these changes remains controversial. It is urgent to
determine relative contributions of these two drivers to vegetation
changes and then guide ecosystem protection and construction of the
ecological barriers in Western China (Fu et al., 2023; Wen et al., 2023;
Wester et al., 2019).

Extensive studies have assessed the contributions of human activity
changes and natural forces to vegetation changes in the Tibetan Plateau
using a residual-trend method (Zhang et al., 2022; Li et al., 2018; Evans
and Geerken, 2004). These assessments typically quantified the contri-
bution of human activity changes through comparing remotely sensed
vegetation changes with its potential changes driven solely by climate
change (Zhang et al., 2022; Chen et al., 2021; Li et al., 2018). The
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Abstract

Vegetation carbon sequestration in alpine areas of West China, such as the Qilian Mountains on the
northeastern Tibetan Plateau, has been subject to long-term human intervention under a warming climate
since the launch of the western development strategy (VWWDS) in 2000. However, the human impacts on
vegetation carbon sequestration capacity during this period remain unclear. In this study, the magnitude and
direction of human impacts on vegetation carbon sequestration capacity (defined as net primary production,
NPP) were assessed by the deviation of remote-sensing—estimated actual NPP data from the simulated
potential NPP. The potential value was derived from natural system coupling under the assumption that
human activities ceased during the assessment period. The impacts of natural forces and historic human
activities were then effectively exfoliated in our final assessment using a process-based IBIS; model. The
results indicate that the total actual vegetation carbon sequestration capacity in the Qilian Mountains has
reduced compared with its potential value since the WDS launched. This reduction was mainly attributed to
grazing in the grasslands. However, deforestation, mineral resource exploitation, and the construction of
hydropower facilities have also caused a reduction in vegetation carbon sequestration capacity at the local
scales. In contrast, forestry protections and afforestation, and agricultural activities associated with recla-
mation, cultivation, irrigation, and fertilization, have resulted in local increases in the vegetation carbon
sequestration capacity in the corresponding forest lands, shrublands, and croplands. These findings highlight
the importance of ecological protections for vegetation carbon sequestration and were expected to provide
evidence to verify the improvement of ecological management and the increasing of carbon sinks in West
China.

Keywords
human impacts, vegetation carbon sequestration, net primary production, Qilian Mountains, the western
development strategy in China, IBIS; model
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Abstract: The upper Yellow River Basin (UYRB) is an important water source and conservation area.
As well as a warming climate, the region has experienced long-term human interventions, such
as grazing, farming and reservoir construction, since the mid-1980s. The runoff dynamics and its
drivers in the UYRB remain poorly constrained, especially the differences between pastoral and
agricultural areas, due to a lack of detailed measurements. Here, the contributions of climate change,
land-use change and anthropogenic water consumption to runoff changes observed at hydrological
stations were evaluated by combining the observations with scenarios simulated by a process-based
hydrological model. Changes in the pastoral and agricultural areas of the UYRB were then compared
at 10-year intervals during the period 1986-2020. The results indicated lower runoff in the UYRB over
the past 35 years, when compared with that in the baseline period of 1965-1985, due to the negative
influences of both climate change and anthropogenic water consumption. Meanwhile, land-use
change had only a weak influence, due to stable land-use patterns. However, spatial differences in
dominant drivers of runoff reductions were evident between the pastoral area and agricultural area.
Specifically, runoff decreases were caused by the negative influences of climate change in the pastoral
area and anthropogenic water consumption in the agricultural area. A shift in the dominant drivers
after the period 2006-2015 was attributed to the positive influence of climate change and a weakening
of agricultural water consumption and reservoir inflow during the same period. These changes
initially caused a decrease in runoff, and later an increase. These findings contribute to a crucial
evidence base for optimizing water resource management, ecological protection and high-quality
development in the Yellow River Basin.

Keywords: runoff dynamics; dominant drivers; spatiotemporal heterogeneity; upper Yellow River Basin

1. Introduction

The Yellow River (Huang Ho) is central to Chinese culture, where it is considered the
Mother River. The upper Yellow River Basin, as an important water source area and water
conservation area [1-3], is a primary resource for socioeconomic development along the
Yellow River [2,4]. The basin has experienced continuous agricultural and grazing activities,
as well as a warming climate, over the past decades [5-7]. Agriculture in this region depends
heavily on the upper Yellow River water resource [4,8], such that water consumption for
livestock grazing has a direct impact on river runoff. Meanwhile, grazing also changes the
underlying surface conditions (mainly the vegetation cover and soil structure), thereby
influencing the local water cycle [2,9,10]. A series of ecological conservation and restoration
programs (e.g., the Grain for Green Project and Grazing withdraw program) had additional
impacts on the ground surface, with corresponding impacts on the water storage capacity

Remote Sens. 2022, 14, 3628. https:/ /doi.org/10.3390/1s14153628

168

https://www.mdpi.com/journal /remotesensing


https://doi.org/10.3390/rs14153628
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com
https://orcid.org/0000-0002-6647-3236
https://orcid.org/0000-0002-3398-0741
https://doi.org/10.3390/rs14153628
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com/article/10.3390/rs14153628?type=check_update&version=1

Catena 206 (2021) 105479

Contents lists available at ScienceDirect

Catena

journal homepage: www.elsevier.com/locate/catena

Check for
‘ updates

An improved IBIS model for simulating NPP dynamics in alpine mountain
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Tibetan Plateau

Biao Zeng, Fuguang Zhang , Lanlan Wei, Xiaomiao Zhang, Taibao Yang

College of Earth and Environmental Sciences, Lanzhou University, Lanzhou, China

ARTICLE INFO ABSTRACT
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The Integrated Biosphere Simulator (IBIS) model is an effective means of simulating potential vegetation dy-
namics driven by climate change. However, this model neglects certain key processes and the influences of
terrain and soil thickness in alpine mountain ecosystems, which leads to a poor accuracy of net primary pro-
duction (NPP) simulation. Taking the eastern Qilian Mountains as a case, we revised the IBIS model by inte-
grating terrain influences, water distribution processes, and vegetation and soil characteristics. Terrain effects on
solar radiation and precipitation intensity were executed using a hill-shade value and a terrain correction factor,
respectively. Then, the re-infiltration process of surface runoff within a pixel was integrated into water distri-
bution sub-module. In the revised model (IBIS;), soil hydraulic conductivity was dynamically updated based on
the saturated hydraulic conductivity of soil texture and soil-pore water content, instead of a constant value.
Inverse migration of soil water due to surface evaporation was also integrated to simulate its impacts on soil
moisture. Considering spatial heterogeneity of soil thickness in alpine mountains, the IBIS; adopts a thickness-
based soil layer structure instead of a 4-meter one. The leaf area index base in herbaceous areas was opti-
mized by a germination coefficient. A measured CO; concentration series was utilized as an alternative to the
calculated values by model prediction. Meanwhile, the key parameters of alpine mountain ecosystems were set
based on field survey from the case study area. The NPP values simulated by the IBIS; model were compared with
the ones measured by remote sensing in areas with relatively less human activities. The results indicated that the
IBIS; model had a high reliability and accuracy. Thus, it is a good option for simulating NPP dynamics in alpine
mountain ecosystems under climate change, and could also provide a scientific basis for assessing human activity
impacts at the regional scale.

1. Introduction

Alpine mountains count for approximately 24% of the whole land
area on the earth (FAO, 2000). Alpine mountain ecosystem, widely
distributed in the Tibetan Plateau and inland high-altitude mountain
areas in China (Wang et al., 2011), is of great significance to regional
ecological quality and safety (Wang et al., 2020). In this complex
ecosystem, there are commonly various components such as glacier and
snow, alpine deserts, grasslands and forests, which are very sensitive to
global changes. Thus, the dynamics of the alpine mountain ecosystem
are extremely complicated, especially under the influence of both
climate change and human activities (Yue and Fan, 2014, Huang et al.,
2016, Yao, 2019). It is difficult and important to understand their

dynamics and its driving mechanisms within the framework of coupling
multi-element and multi-process in ecosystems.

Net Primary Production (NPP) dynamics in alpine mountains have
always been the hotspot of mountain system research, and are
commonly investigated by means of remote sensing, ground-based ob-
servations and model simulation (Wang et al., 2011; Li et al., 2018;
Wester et al., 2019). Remote sensing is widely used to monitor NPP
changes in terrestrial ecosystems due to its advantages of large-area
synchronization and high-efficiency (Congalton, 2010; Wang et al.,
2019). The remote-sensed results generally reflect actual NPP changes
under the impacts of both human activities and climate changes (Zhang
et al., 2018; Wang et al., 2020). Nevertheless, remote-sensing images
have obvious distortion in alpine sparsely vegetated areas, because of
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Abstract

Alpine sparsely vegetated areas (ASVAs) in mountains are sensitive to climate change and rarely studied. In
this study, we focused on the response of ASVA distribution to climate change in the eastern Qilian
Mountains (EQLM) from the 1990s to the 2010s. The ASVA distribution ranges in the EQLM during the past
three decades were obtained from the Thematic Mapper remote sensing digital images by using the threshold
of normalized difference vegetation index (NDVI) and artificial visual interpretation. Results indicated that
the ASVA shrank gradually in the EQLM and lost its area by approximately 11.4% from the 1990s to the
2010s. The shrunken ASVA with markedly more area than the expanded one was mainly located at altitudes
from 3700 m to 4300 m, which were comparatively lower than the average altitude of the ASVA distribution
ranges. This condition led to the low ASVA boundaries in the EQLM moving upwards at a significant velocity
of 22 m/decade at the regional scale. This vertical zonal process was modulated by topography-induced
differences in local hydrothermal conditions. Thus, the ASVA shrank mainly in its lower parts with mild and
sunny slopes. Annual maximum NDVI in the transition zone increased significantly and showed a stronger
positive correlation with significantly increasing temperature than insignificant precipitation variations during
1990-2015. The ASVA shrinkage and up-shifting of its boundary were attributed to climate warming, which
facilitated the upper part of alpine meadow in the EQLM by releasing the low temperature limitation on
vegetation growth.
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1 | INTRODUCTION

Human activity and climate change play key roles in controlling the
Net Primary Production (NPP) of ecosystems in Northwest China and
Central Asia (Jiang et al., 2017; Qi et al., 2020; Teng et al., 2020),
where land degradation and water scarcity are severe (Huang
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Abstract

The Ili River basin (IRB), as an epitome of border areas of Northwest China and has
experienced intensive human disturbance since the implementation of the Western
Development Strategy in 2000. However, the ways that human activity affected the
pattern and trend of net primary production (NPP) in this region under current rapid
climate change remain unclear. Here, potential NPP time-series data, driven solely by
climate change, were simulated using a process-based model IBIS;, with an initial sta-
tus that was already disturbed by human activity prior to the measurement period.
The human impacts on NPP during the measurement period were derived by com-
paring potential NPP with remotely-sensed ones. The results indicate that human
activities have markedly altered the pattern and trend of NPP in the IRB during
2000-2017. Cropland reclamation and cultivation, and afforestation, have resulted in
significant increases in NPP relative to their typically low values in the basin bottom
areas. Associated with those changes grazing has caused negative deviations in most
grasslands with potentially high NPP. As a consequence, the spatial heterogeneity of
NPP was significantly lowered. A slight decreasing trend in NPP of the IRB was rev-
ealed by remote sensing, which contrasted the increasing trend that should have
occurred due to climate change. This difference between the real and simulated
trends was mainly attributed to a weakening of positive human impacts on NPP in
croplands and strengthening of negative impacts in grasslands. These findings pro-
vide valuable information for current land-use management and ecosystem restora-

tion in Northwest China and Central Asia.

KEYWORDS
human activity impact, lli River basin, land use, net primary production

et al., 2020; Qi et al., 2020). The Ili River basin (IRB), located in the
upper lli-Balkhash basin in Central Asia, is an important transboundary
area between China and Kazakhstan (Chen et al., 2018; Duan et al.,
2020). NPP in the IRB has been profoundly affected by the current
warming and wetting of the climate and by intense human activity

due to the Western Development Strategy of China since 2000 (Chen

Land Degrad Dev. 2022;33:2585-2595.
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Abstract: Intense human activities and rapid climate changes both have obvious impacts on alpine
ecosystems. However, the magnitudes and directions of the impacts by these two drivers remain
uncertain due to a lack of a reasonable assessment method to distinguish between them. The impact
of natural resilience is also generally included in the dynamics of a disturbed ecosystem and is liable
to be mixed into the impact of human activity. It is urgent that we quantitatively discriminate hu-
man activity impacts on the ecosystem under climate change, especially for fast-developing alpine
regions. Here, we propose an assessment method to determine human activity impacts under a dy-
namic climate, taking the potential net primary production (NPP) of an ecosystem as a benchmark.
The potential NPP (NPPr) series under the changing climate was retrieved by an improved inte-
grated biosphere simulator based on the initial disturbed ecosystem status of the assessment period.
The actual NPP (NPPa) series monitored by remote sensing was considered as the results derived
from the joint impacts of climate change, natural resilience and human activity. Then, the impact of
human activity was quantified as the difference between the NPPr and NPPa. The contributions of
human activity and natural forces to ecosystem NPP dynamics were then calculated separately and
employed to explore the dominant driver(s). This assessment method was demonstrated in a typical
alpine ecosystem in Northwest China. The results indicate that this method capably revealed the
positive impacts of local afforestation and land-use optimization and the negative impacts caused
by grazing during the assessment period of 2001-2017. This assessment method provides a quanti-
tative reference for assessing the performances of ecological protections or human damage to alpine
ecosystems at the regional scale.

Keywords: the impact of human activity; multi-perspective assessments; improved integrated bio-
sphere simulator model (IBISi); net primary production; alpine ecosystem

1. Introduction

Intense human activity and rapid climate change have significantly affected natural
terrestrial ecosystems [1-4], especially alpine ecosystems, which are widely distributed in
high-altitude mountainous areas [5-7]. The vegetation composition of the ecosystem
mainly involves alpine meadows, forests and grasslands. Vegetation expansion to higher
altitudes in alpine areas has been recognized [8,9], with such changes in vegetation pat-
tern and ecosystem services directly impacting socio-economic development downstream
of alpine areas [10-12]. Concurrent greening in recent decades is evident from remotely
sensed data [13-15], including within arid and semi-arid areas [12,16,17], though debate
remains regarding the sustainability of afforestation with respect to water resource limits
[18-21]. Land degradation and ecological destruction, such as deforestation and overgraz-
ing, have also been detected in alpine areas [22-24].

Remote Sens. 2022, 14, 208. https://doi.org/10.3390/rs14010208
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Abstract

Meteorological datasets with high-precision and high spatiotemporal resolution are an important base in many applications,
such as climatology, ecology, and hydrology. To improve the spatial resolution and accuracy of meteorological data with
different elements, this study proposes a method, whereby a machine learning (ML) algorithm is jointly applied to spatial
downscaling and post-downscaling error correction (ML-ML). Taking a water conservation area of the upper Yellow River
basin (UYRB) as a case study, and using the China Meteorological Forcing Dataset (CMFD), four ML algorithms (Gaussian
process regression (GPR), neural network (NN), random forest (RF), and support vector machine (SVM)) were selected to
verify the effectiveness of ML-ML and explore the optimal downscaling model suitable for different meteorological elements.
The experimental results show the following: (1) the CMFD has good applicability in the UYRB; (2) in addition to the RF,
the GRP, NN, and SVM models can successfully retain the original spatial distribution patterns of the CMFD dataset and
reflect increased spatial detail; and (3) by comparing the performance of the four models in spatial downscaling and error
correction of different meteorological elements, we find that the GPR model is best for precipitation, and the SVM model
is best for relative humidity, 2-m air temperature, and 10-m wind speed. On the basis of the thinking behind the ML-ML
method, the downscaling models applicable to different meteorological elements screened in this study can provide a refer-
ence for generating high-precision and high-resolution meteorological datasets.

1 Introduction

In recent decades, climate change has affected various
aspects of ecosystems, water resources, and agriculture to
varying degrees (Whitehead et al. 2009; Dhakal et al. 2016;
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Bakure et al. 2022), and the challenges it posed have been
an important concern for many researchers (Lesk et al.
2016). As the main drivers of the water and carbon cycles,
near-surface air temperature, precipitation, wind speed, and
humidity are important input parameters for studying the
response of surface processes to climate change (Mackay
et al. 2007; Briimmer et al. 2012; Kour et al. 2016). The
accuracy of the input data often affects the precision of the
model simulation results (Cosgrove et al. 2003). Therefore,
meteorological datasets with high precision and high spa-
tiotemporal resolution are of fundamental importance to
hydrology, meteorology, and ecology.

To quickly obtain meteorological multielement data and
simultaneously meet the needs of research in terms of spa-
tiotemporal resolution, Kriging (Chang 1991), ANUSPLIN
(Price et al. 2000), and other methods have been used to
directly interpolate the observations in space. Although
these interpolation methods are common and simple, they
are dependent on the number and spatial distribution of
meteorological stations. Hence, there are still some defects
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Abstract: Research on the spatial access to medical services has become a hot topic in recent years. The
representative provincial capital in the underdeveloped region of northwestern China, Lanzhou, was
selected for the research area. In this paper, methods such as the two-step floating catchment area and
ArcGIS network analysis are used to analyze the geographic spatial accessibility of medical services
and differences of spatial access between urban and rural areas in Lanzhou city. The results show that
1. Areas in General and below grade of accessibility account for most of Lanzhou city. Therefore,
the spatial accessibility of whole Lanzhou city is comparatively unsatisfactory. It shows a tendency
of the north region to be worse than south region, and areas in parts of the main districts, parts of
HG, and other tiny minority show Great grade of accessibility, and most of other areas distribute in
poorer grade of accessibility, especially the surrounding mountainous region. 2. There are obvious
differences in accessibility between urban and rural regions, mainly reflected in that residents and
areas are basically districted in the Great and Good grade in the urban region, while almost 75% of
the population and 35% of the areas are distributed in the Great and Good grade, and nearly 25% of
the residents and 65% of the areas are still in the unsatisfactory accessibility grade in the rural region.
According to the results, the researchers put forward corresponding suggestions to improve the
current situation, which are roughly as follows: The construction of hospitals and primary health care
should be strengthened in the rural region, especially the construction of township health centers
and health stations. High-class hospitals are needed in Honggu district, Yongdeng county, Yuzhong
county, and Gaolan county, while the medical capacity and facility grade of existing hospitals should
be improved to satisfy the demand of local residents. Meanwhile, rural areas should strengthen the
construction of road networks.

Keywords: two-step floating catchment area; network analyst; spatial access to medical services;
urban-rural disparities; undeveloped region of northwestern China

1. Introduction

It is one of the main imperatives of health care geography to study the reasonable geographical
allocation of health care institutions and facilities, which involves analyzing the spatial allocation and
functions of medical service institutions, including geographic locations and spatial distribution of
them, and the number of medical staff and beds. Geography of health care studies the relationship
between the spatial distribution of medical services and the demand of an area’s residents, the reasons
for destroying the balance and its spatial distribution pattern, and the condition of maintaining the
balance. Meanwhile, it describes and explains the characteristic of providing services, the usage type
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Abstract: Fine-resolution population distribution mapping is necessary for many purposes, which
cannot be met by aggregated census data due to privacy. Many approaches utilize ancillary data
that are related to population density, such as nighttime light imagery and land use, to redistribute
the population from census to finer-scale units. However, most of the ancillary data used in the
previous studies of population modeling are environmental data, which can only provide a limited
capacity to aid population redistribution. Social sensing data with geographic information, such as
point-of-interest (POI), are emerging as a new type of ancillary data for urban studies. This study, as
a nascent attempt, combined POI and multisensor remote sensing data into new ancillary data to
aid population redistribution from census to grid cells at a resolution of 250 m in Zhejiang, China.
The accuracy of the results was assessed by comparing them with WorldPop. Results showed that our
approach redistributed the population with fewer errors than WorldPop, especially at the extremes
of population density. The approach developed in this study—incorporating POI with multisensor
remotely sensed data in redistributing the population onto finer-scale spatial units—possessed
considerable potential in the era of big data, where a substantial volume of social sensing data is
increasingly being collected and becoming available.

Keywords: point-of-interest; remote sensing; nighttime light; population modeling

1. Introduction

High-resolution population distribution data are essential in addressing a wide range of critical
issues, such as vulnerability assessment [1,2], urban planning [3,4], emergency management [5], and
public health [6,7]. In most countries worldwide, commonly available information on population
number and composition through the Census Bureau is aggregated over administrative units, such as
provinces, counties, townships, census tracts, and block groups. The usefulness of these census data
is limited due to the spatial heterogeneity of population distribution within administrative units [8].
Meanwhile, both the availability and quality of environmental data are increasing. Such an unmatched
development of demographic and socioeconomic data and natural science data, especially at the fine
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Natural vegetation responses to warming climates in Qaidam Basin
1982-2003

BIAO ZENG and TAI-BAO YANG*
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In this paper, we quantified vegetation variations in the Qaidam Basin from 1982
to 2003 by using growing-season NDVI sequences, which were defined as the
summation of monthly NDVI values from May to September, and were calculated
pixel-by-pixel from a successive 8-km NDVI dataset. We adopt linear regressions
to examine the trends in growing-season NDVI and the trends in climate (tem-
perature, precipitation and sunshine duration) during this period in an attempt to
depict their temporal and spatial variability. Our results indicate that climate in the
Qaidam Basin has homogeneously warmed at a rate of about 0.6°C/decade during
the study period, with significant trends in monthly mean temperatures in
April-September. However, there were no statistically significant trends observed
in precipitation and sunshine duration. We found positive growing-season NDVI
trends in 31.6% of the vegetated lands in 1982-2003 and in 24.1% over the first half
period, 1982-1992. In addition, few areas were shown to have negative trends
during these periods. In 1993-2003, however, the percentage of land with a positive
trend decreased to 13.1%, and the percentage of vegetated land with a negative
trend increased to 10.2%. Growing-season NDVI trends show both temporal and
spatial variability. Areas with negative trends are distributed mostly at lower
elevations and near oasis boundaries, and areas with positive trends at higher
elevations. Using correlation analyses we estimated the relationship between
growing-season NDVI and the climatic factors with the consideration of duration
and lagging effects. The results suggest that growing-season NDVI trends are more
correlated to temperature increases in growing-season months when compared to
variations in precipitation and sunshine duration; however increased precipitation
amounts within May—August can also facilitate vegetation growth in some of this
arid basin. However, we found no significant correlations between growing-season
NDVI and temperature in the non-trend areas, which account for the majority of
the vegetated land. We suggest that the variability in vegetation responses to the
observed warming climates results from the differences in background thermal
condition and moisture availability, which depend on elevation and other factors,
such as hydrological conditions.

1. Introduction

Climate change plays a key role in driving vegetation dynamics at both global and
regional scales (Braswell 1997, Lucht et al. 2002, Nemani et al. 2003, Nezlin et al.
2005). Thus, the warming climates in recent decades as reported by IPCC (2001) may
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Impacts of climate warming on vegetation in Qaidam Area
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Abstract The observed warming trend in the Qaidam
area, an arid basin surrounded by high mountains, has
caused land surface dynamics that are detectable
using remotely sensed data. In this paper, we detected
land-cover changes in the Qaidam Area between 1990
and 2003 in attempt to depict its spatial variability.
The land-cover changes were categorized into two
trends: degradation and amelioration, and their spatial
patterns were examined. Then we estimated the corre-
lation coefficients between growing-season NDVI and
several climatic factors with the consideration of
duration and lagging effects. The results show that
the inter-annual NDVI variations are positively
correlated with May to July precipitations, but not
significantly correlated with sunshine duration. We
observed no obvious trend in precipitation or sunshine
duration from 1990 to 2003. Thus, the authors suggest
that their slight fluctuations may not be responsible to
the decade-scaled land-cover changes. However, our
results indicate a good positive relationship between
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the NDVI trend and climate warming in the amelio-
rated areas, but a negative one in the degraded areas.
By statistical analyses, we found that degradations
mainly occurred at the oasis boundaries and at lower
elevations in the non-oasis regions where effective soil
moisture might have been reduced by the warming-
caused increase in evapotranspiration. At higher eleva-
tions where thermal condition acts as a major limiting
factor, ameliorations were unequivocally detected,
which is attributable to the direct facilitation by tem-
perature increases. We suggest that the impacts of the
observed climate warming on vegetation are spatially
heterogeneous, depending on the combinations of
thermal condition and moisture availability.

Keywords Spatial variability- NDVI -
Land-cover change - Degradation - Amelioration

Introduction

In recent decades, land surfaces over the Northern
Hemisphere experience a general warming, which
was modeled to continue in the following future
(IPCC 2001 ). This climate warming can cause and
have caused detectable ecosystem changes (Hughes
2000; Walther et al. 2002), because climatic fluctua-
tions are usually of great importance to vegetation
dynamics at both global and regional scales. Detailed
knowledge about the ecological impacts of increased
temperatures and their spatial variability will contrib-
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Reasonable target and restoration strategies of vegetation restoration in a water

conservation area of the upper Yellow River Basin

CAO Ying, ZENG Biao”, ZHANG Fuguang, JIANG Rong, SHEN Yanqi
College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China

Abstract; Setting scientifically reasonable target of vegetation restoration, formulating appropriate and feasible restoration
strategies, and maximizing the carbon sequestration benefits of vegetation restoration are of utmost importance in improving
the effectiveness of ecological restoration. In this paper, we focused on a key ecological function area of the water
conservation area of the upper Yellow River Basin. The Improved Integrated Biosphere Simulator (IBIS;) model was used to
simulate the potential vegetation state under the average climatic condition of the last ten years by using the current actual
vegetation state as the boundary condition. And the short—term reasonable target of vegetation restoration in the study area
was set based on the net primary productivity in the potential vegetation state, and the potential improvement of carbon
sequestration due to vegetation restoration was then estimated. On the basis of this, priority areas were identified by
assessing the degree of damage to the vegetation, and the vegetation restoration strategies for different regions were classified
based on the analysis of the ecological resilience and the trend of the actual vegetation change. The results showed that; (1)
The average restoration target value for vegetation net primary productivity in the water conservation area of the upper Yellow
River Basin was 295.4 ¢C m™ a™', with a potential increase of 7.18% over the current vegetation status. (2) Under the
current restoration target, the potential improvement of carbon sequestration in the study area had obviously spatial

variability. The areas with significant carbon sequestration potential through vegetation restoration were mainly distributed in
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Regional differentiation of climate changes in Qaidam Basin and its
influencing factors

Xu Wan-tong, Zeng Biao, Li Bo, Yang Tai-bao

Institute of Glaciology and Ecogeography, College of Earth and Environmental Sciences, Lanzhou
University, Lanzhou 730000, China

Abstract: An analysis of the spatial and temporal characteristics of the meteorological data such as precip-
itation, temperature, sunshine hours, relative humidity and wind velocity, and the information of summer
monsoon, zonal and meridional circulation, and vegetation cover from 1982 to 2013 revealed the climate
contributing factors of regional differences. The results showed that precipitation and temperature dis-
played a significant increasing trend, which had the distinct characteristics of longitudinal zonality. Sun-
shine hours and wind velocity exhibited a significantly decreasing trend, while relative humidity did not
have an obvious change trend. There was significant differentiation in the period of sudden change for
precipitation, temperature, sunshine hours and wind velocity in two regions. The periods of sudden
change for precipitation, temperature and wind velocity in the eastern region were obviously earlier than
those of the western region, while the sunshine hours were the opposite. Significant cycles were found on
series of 32, 16, 10-12, 5-6 and 2-3 a for meteorological elements. In the global warming situation, sum-
mer monsoon, zonal and meridional circulation, subtropical high pressure and the underlying surface,
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Spatiotemporal Variation of NDVI and Its Influence Factors in

Different Ecological Districts, Shanxi Province

TONG Limian, ZENG Biao, WANG Xin

(College of Earth and Environmental Sciences, Lanzhou University s Lanzhou 730000, China)

Abstract; Spatiotemporal variation of growing-season average NDVI in Shanxi Province was analyzed based on
MODIS-NDVT during the period from 2000 to 2012, and the influence of climate change and human activities
impacting on vegetation growth were discussed. The result showed that: (1) the growing-season average
NDVI of three ecological districts in Shanxi Province which were the Mountain Deciduous Broad-leaved For-
est Ecological District, the Agriculture and Grassland Ecological District and the Fen River Valley Agricul-
tural Ecological District showed a significant increase trend; the growth rates of three ecological districts
were 0. 052/decade, 0. 079/decade and 0. 049/decade, respcectively; (2) there were obvious spatial differ-
ences about vegetation change in Shanxi Province, the greening area accounted for 73.76% of the total area
that was mainly distributed in Taithang Mountain, Taiyue Mountain, Liiliang Mountain, Zhongtiao Moun-
tain, the degraded area accounted for 3. 29% of the total area that was mainly distributed in the edge of
Taiyuan Basin and Linfen Basin; (3) both climate change and human activities were important factors on veg-
etation variation. Different districts had different responses to climate change. Increasing precipitation from
November to May probably was the main reason for average NDVI increase in the Mountain Deciduous
Broad-leaved Forest District. Decreasing temperature from December to January and increasing precipitation
from February to May probably were the main reasons for average NDVI increase in the Agriculture and
Grassland District. Decreasing temperature from May to September and increasing precipitation from Novem—
ber to August probably were the main reasons for average NDVTI increase in the Fen River Valley Agricultur-
al District. In addition, the impacts of human activities on the NDVI changes mainly were observed in forest-
land shifted from the cropland, shelter forest construction, mining, urban expansion.

Keywords: MODIS-NDVI; spatiotemporal variation; climate influence; human activities
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Research on the Upper Boundary Change of Alpine Meadow and Its Relationship

with Climate Change During the Past 23 Years in Xiangride, in Northeast Tibetan Plateau

WANG Xin, ZENG Biao, TONG Limian, YANG Taibao
(College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract: We adopted the unsupervised classification and visual interpretation to extract upper boundary of
alpine meadow in Xiangride by using remote sensing images of 1990, 1999 and 2013 to summarize the change
characteristics and analyze its relationship with climate change. The results showed that: (1) the tempera-
ture had a significant increasing trend and the precipitation remained unchanged from 1990 to 1999; the
temperature remained unchanged and the precipitation increased significantly from 1999 to 2013. (2) the
upper boundary change of alpine meadow was controlled by both temperature and precipitation, the alpine
meadow expanded in higher region in the past 23 years, the area increased fast from 1990 to 1999 which was
controlled by temperature change, the area increased slowly from 1999 to 2013 which was controlled by
precipitation change. (3) the upper boundary of alpine meadow increased in all slope aspects, alpine meadow
increased mainly in north and west from 1990 to 1999 which was controlled by temperature, and it increased
in southern slope aspect from 1999 to 2013 which was controlled by precipitation. (4) according to the distri-
bution of slope gradient changes, the expansion of the upper boundary of the alpine meadow in 1990 to 1999 mainly
occurred in steepness of 15°~25%,and the expansion in 1999—2013 mainly occurred in gradients of 20°~35°.

Keywords: Landsat; the upper boundary of alpine meadow; unsupervised classification; visual interpretation;

climate change;
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Temperature and precipitation changes in the Chinese monsoon
region during the recent half century and the spatio-temporal
differences thereof

Jia Lei, Zeng Biao, Yang Tai-bao, Liu Kai-xi

Glacier and Ecological Geography Institute, College of Earth and Environmental Sciences,

Lanzhou University, Lanzhou 730000, China

Abstract: In recent years, the serious consequences of global warming have become a greater concern for the wide
international community. The existing research into the eastern China monsoon region has discussed either an area
or the whole region and had different emphases. Recently there have been few studies about the periods and abrupt
features of different regional climate change in the eastern monsoon region. Base on the linear trend analysis, Mann-
Kendall mutation test and Morlet wavelet, the regional annual average temperature and annual precipitation were
analysed by using 20 sites’ monthly temperature and precipitation data from 1960—2012 in eastern China monsoon
region. The results show that the whole region is getting warmer. Abrupt climate changes occurred in 1990’s and the
northeast underwent earlier changes than other areas. The increasing of temperature in the northern area was higher
than the southern area. There existed an about-4-year cycle and a 8~12 year quasi-period. High frequency periodic
variations of temperature were more obvious in the inland areas. The precipitation in the Sichuan Basin, Northern
China and northwest of the monsoon region decreased. Precipitation in the lower part of the Changjiang river basin
showed an increasing trend and other areas did not change significantly. There existed a 2~4 year cycle, and an 8~16
year quasi-period and the low frequency periodic variations of precipitation were more obvious in the offshore areas.

Key words: Chinese monsoon region; annual average temperature; annual precipitation; climate cycle
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Analysis of Tree Ring Width Index and Its Relationship with

NDVI in Qinghua Forest of Chongqing

LIU Kaixi, ZENG Biao, YANG Taibao, JIA Lei

(College of Earth and Environmental Science, Lanzhou University, Lanzhou 730000, China)

Abstract; This study aims at analyzing the relationships between tree ring width index, climatic factors, and
NDVI, using MODIS-NDVT data from 2000 to 2010, meteorological data, and fir [ Cunninghamia lanceolata
(Lamb). Hook] tree ring samples. The tree ring samples were collected from Qinghua forest in Youyang
Tujia and Miao Ethnic groups Autonomous County, southwest of Chongqing. Correlation analysis and a line-
ar fitting were used to investigate and reveal the relationship between trunks and canopies. The findings
showed that the original value of the tree ring width presented the declining trend during the study period.
There are correlations of different levels between climatic factors and tree ring width index. Meanwhile,
NDVI and climatic factors in the same periods show the significant correlation. The entire wheel width and
earlywood width both have significantly positive correlation with the NDVTI of the last year and the NDVI
from July to September of the last year, while latewood width and NDVI of April and May in the same years
have the significantly negative correlation.

Keywords: tree ring width; NDVI; climatic factors
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Spatial-temporal variations of MODIS-NDVI and its correlations

with climate in Delingha Region, Qaidam Basin

ZENG Biao, GAO Wei, Yang Tai-bao

College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China

Abstract: Based on RS and GIS technology, the spatial-temporal changes of NDVI in Delingha Region and its
spatial correlation with temperature and precipitation were analyzed and the results showed that the greening
area, stable area, degraded area and bare area accounted for 49.13%, 32.14%, 0.51% and 18.21% of the total area
respectively in the variation trend of growing-season vegetation NDVI averages from 2000 to 2011. The growth
rate of growing-season vegetation NDVTI averages in mountain and oasis region was 3.9%/10a and 2.9%/10 a.
In all the altitude rings of the mountainous region, the bigger the NDVI value, the more intense the vegetation
greening trend; the smaller the NDVI value, the weaker the vegetation greening trend. The greening area in the
mountain region was larger in lower altitudes, concentrated on gentle slopes and south sides. The greening area
in oasis region was mainly distributed in farming areas and riversides, the degraded area was mainly distributed
in urban construction zones, and vegetation deterioration mainly occurred along railway and highway construc-
tion areas. The climate in Delingha Region became warmer and wetter in the last 12 years. Vegetation growth
conditions in Delingha Region had positive correlations with growing-season precipitation and prophase temper-
ature, but were uncorrelated with growing-season temperature and prophase precipitation. Higher temperature
and more precipitation in the spring, more precipitation in the summer and higher temperature in the winter of
the previous year was beneficial to vegetation growth.

Key words: MODIS/NDVT,; spatial difference; climatic variation; Delingha Region
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Analysis on the Devebpm ent Potentialof CentralC ities and Urban Spatia I E xtension

in G uangdong Province
/HANG Xn-hong ZHANG Zhibh
(CoTege of Geography and EnvironmentalScience Northwest NormalUniversity  Lanzhou 730070, China)

Abstract Applying the principal component analysis and supported by the statistical sofware SPSS
13.0, the devebpmentpotentialof the 21 centralcities in Guangdong province were measured and ac-
cording 1 scoring kvel the first second and general principal components were com partn enta lized
The cakulation indicated that the economic vigor agricu tural devebpment evel and city deve bpment
potential which coud be represented by different principal components saw a big discrepancy n the
scope of Guangdong province The np Tications of the study to the rationalurban spatialextension in the
province were put forward

Key words Guangdong province central city devebpment potential  principal com ponent ana lysis
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IMAGE SPACE AND ITS STRUCTURE OF URBAN RESIDENTS IN LANZHOU CITY

ZHANG Xin-hong, SU Jian-ning, WEI Shu-wei
(Department of Urban Planning, College of Design and Art,
Lanzhou University of Technology, Lanzhou, 730050, China)

Abstract: Urban image space is the cognitive space based on residents' direct or indirect experience in the
surroundings, and is also the space of "subjective environment" in residents' mind. To analyze urban structure
by image space is one of the research methods on the spatial structure of modern city. Well avoiding the
disadvantage of neglect of residents' status and functions in traditional city planning and construction, the
method is helpful to plan and design a city with the consideration of humanism, therefore the harmony
between man and city can be established, accordingly it is also one of the most popular method in modern city
planning and designing in western countries. This paper examines the image space and its structure of
residents in the city of Lanzhou which is a typical valley-city, and has a rather unique city landscape. Asa
result of the grand western development program, a new urban image of Lanzhou is in the process of forming.
Therefore, to study the urban image space of Lanzhou city, discuss the city image in people's mind, and
provide theoretical base for urban planning and designing are quite necessary. The authors investigate the
image space of urban residents in Lanzhou by questionnaire, and get 266 cognitive maps. Then the authors
analyze the basic types,the constitutive factors, and the development stages of space cognition. The research
shows that the basic types of Lanzhou residents' image space include not only the sequentially and spatially
cognitive maps developed by western scholars, but also the individually cognitive maps. The constitutive
factors do not go beyond the five factors developed by Kevin Lynch, which are road, border, district, node
and sign. In the development stages of spatial cognition, the elementary and medium stages, which means the
residents' space cognition level in Lanzhou city is low relatively. Based on the regional objects and the
emergence frequency of regional elements recorded on the cognitive maps of urban residents, the authors
generalize the general image framework of spatial structure in Lanzhou city in which parts of Kevin Lynch's
urban image theory are proved in Lanzhou city.

Key words: image space; spatial cognition; urban spatial structure; Lanzhou
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Spatial differentiation characteristics and impact factors of
poverty settlements in Lanzhou City

ZHANG Xinhong

( College of Resources and Environment University of Chinese Academy of Sciences Beijing 100049  China;
Department of Urban Planning Lanzhou University of Technology Lanzhou 730050 China)

Abstract Based on the spatial and social characteristics we classified the 155 poverty settlements
in Lanzhou City into shanty-town type urban—village type multi-ethnic type and single-Han-ethnic
type. Then we analyzed the spatial differentiation characteristics of poverty settlements and the
impact factors using several methods such as nearest neighbor index ( NNI) kernel density buffer
analysis and overlay analysis. The results are given as follows. 1) The poverty settlements of
shanty-town type urban-village type and single-Han-ethnic type present condensed distributions

but the multi-ethnic type presents dispersed distribution. 2) There are a high density area and a
second high density area for each of the four types. There is also a third density area for each of
single-Han-ethnic type and multi-ethnic type but the central locations and the highest density

values are different. 3) In terms of the spatial relations between poverty settlements and the three
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Abstract: As a typical traditional military defensive settlement, cantonment is of great significance
to recognize its spatial form and construction wisdom for its scientific protection and sustainable
development. The article takes Bao’an four cantonments in Tongren City as the research object,
and analyzes their spatial morphological characteristics by several mathematical methods. Bao’an
four cantonments, namely Bao’an, Wutun, Nianduhu and Guomari, are located in the valley area of
Longwu River, a tributary of the upper Yellow River. They not only carry rich historical and cultural
heritage, but also are typical representatives of ancient cantonment in the Qinghai-Tibet Plateau.

In the early stage of the study, the formation history and current situation characteristics of
Bao’an four cantonments were briefly summarized. Then, through AutoCAD software, the outer
contour lines of buildings and public activity places, the street road network and the border of Tunpu
are digitized, and their building bottom, public space bottom and road axis are obtained.

The boundary shape index and the fractal dimension of public space are used to determine
the geometric shape of the military camp boundary, and to quantify the degree of compactness
and structure of the internal space form of the cantonment. Although the boundary of Bao’an four
cantonments is fingerlike, its shape tendency is different. The Nianduhu cantonment is banded, while
the other three cantonments are clumpy (Tab.2). Generally speaking, the finger-shaped boundary
shape means that the security four cantonments have a high spatial compactness, which is due to the
need of military defense function and the influence of local natural geographical environment. There
are few agricultural lands around cantonment, and the finger-shaped layout can not only reduce the
occupation of cultivated land, but also facilitate the development of agricultural production activities.
The fractal dimension values of public space in Bao’an four cantonments are all greater than 1.5
(Tab.3), and the cantonments are strongly structured. This shows that although they are located in
different areas, the cantonments are all confined by the fortress wall, and they rely on less public
space to organize more residential buildings and public buildings, which is compact.

At the same time, Cantonment is a kind of densely distributed settlement of construction
groups, so it is suitable to use the axis analysis method in space syntax to analyze and calculate
the degree of integration, coordination and control of Bao’an four cantonments, and analyze the
spatial similarity and difference between them. The axis of the warm color system of the overall
integration degree of Bao’an four cantonments (Fig.6) is mainly concentrated in the central area of
the cantonments, indicating that the center of most cantonments is the most accessible and dynamic
area, which is closely related to the daily life of residents. The warm color axis of local integration
(Fig.7) is mainly distributed in the main entrance and exit of cantonments and its connected streets,
or the main movable nodes and their connected streets. For example, Bao’an cantonment is mainly
distributed in Dusi Yamen, Chenghuang Temple, Guandi Temple, etc. These spaces have the
function of defending the enemy and guarding the passage. The coordination degree of Bao’an four
cantonments (Fig.8) is less than the highly correlated level of 0.7, that is, the fitting level of local
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The Theory and Practice on Integration Development of Northwest
Interior City and Town Concentrated Areas
—— A Case Study of Lanzhou—Xining CCA

ZHANG Xin—-hong ZHANG Zhi-bin WU Yong—cheng CHEN (Qian

Abstract:Choose the economy, space and institutionas three integration basic—points, and elementarily construct the theory frame

on integration development of northwest interior CCAs. Then, the paper takes Lanzhou—Xining CCA as a typical case, and analyzes

its basic terms, restricting factors, inner and outer dynamics under the theory frame. Lastly, the paper summarizes the economic,

spatial and institutional integration models at different stages. Among them, the economic models include mutual complementary

industry model, flying geese development modeland economy integration model. The spatial ones include dual —core, axes and

polygon integration models. The Institution ones include innovations of macroinstitution and microcosmic mechanism.

Key words: CCA; integration theory; Northwest interior; integration model; Lanzhou; Xining
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Spatial-temporal Distribution Characteristic and Spatial Integrated Protection of
Chinese Industrial Heritages

ZHANG Xinhong'?, YANG Yuhuan®, LIU Benteng'**
(1. School of Design Art ,Lanzhou University of Technology ,Lanzhou 730050, Gansu , China;2. College of Urban and
Environmental Sciences , Northwest University ,Xi'an 710127 ,Shaanxi, China ;3. Key Laboratory of Urban and Architectural
Heritage Conservation of Southeast University of Ministry of Education( Northwest Center) ,Lanzhou 730050, Gansu , China)

Abstract: Proposing specific strategies for the protection of historical-cultural heritages based on the characteristics of
spatial and temporal distribution is not only the basic connotation of protecting the heritages under the background of the
territorial space planning,but also a necessary measure to restore the national cultural space genes. Selecting 342 Chinese
industrial heritages as the research objects and using the methods of kernel density estimation and social network analysis,
this paper explores the spatial and temporal distribution characteristics, network attribute characteristics and spatial
integration protection strategies of industrial heritages. The main conclusions are as follows: 1) The development of
industrial heritage shows significant stage characteristics,and the number and category composition of the six stages are
very different. 2)The spatial distribution of industrial heritages is uneven, with a strong "core-periphery" feature, this
reveals the macro-regional differences bounded by the HU Huanyong Line. 3) The social connection of industrial heritage
network is quite different among three regions which are eastern region,central region and western region,and there is a
significant phenomenon of hierarchical agglomeration, and heritage clusters also show significant "core-periphery"
characteristics and watershed agglomeration characteristics. 4)The spatial integrated protection of industrial heritage
should build a networked structure of "double cross axis, nine nodes, and multiple clusters", and focus on grading
protection of 16 heritage clusters.

Keywords: industrial heritage; spatio-temporal distribution;heritage network;social relation;spatial integrated protection;

spatial structure;heritage cluster
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Multi-scale spatial distribution characteristics and
influencing factors of Chinese vernacular culture
YANG Yuhuan', HE Jianxiong'?, ZHANG Xinhong’, RUI Yang'

(1. College of Urban and Environmental Sciences, Northwest University, Xi’an 710127, China;
2.Xi’ an XIDA Research Institute of Urban-Rural Planning and
Environmental Engineering Co. ,Ltd, Xi’ an 710069, China;
3. School of Design and Art, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract Promoting the overall cognition of vernacular culture is an important measure to repair the genes of
cultural space and implement rural revitalization in China. In view of this, taking the directory data represen-
ting vernacular culture as the research object, the methods such as mathematical statistics, spatial analysis,
geographic detector (GD) and geographic weighted regression (GWR) were comprehensively used to quantita-
tively explore the spatial distribution pattern and influencing factors of vernacular culture. The results show
that; D vernacular culture presents a clustering distribution pattern at the national scale, and the interprovin-
cial distribution is unbalanced; @ The spatial distribution of culture shows a " core-edge" characteristic

bounded by Hu Huanyong Line, and the core area clusters in the Yangtze River and Yellow River basins and

We#E B #9:2022-05- 13
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Research on Spatial Allocation Optimization of Urban Public Service Facilities in Living Circle
—A Case Study of Tianshui City

BER', HER’, kB, KL

HEE&WMAB: HEARFAELE (51668039)

EEEN: BEX (1999—) , T, WA Lo 22 NBE TR I HRIR, Holb 220 7300505
N 3k 2 R AR A 2. EMTHIOCX T LR BT, HA 22 730030

E-mail: yang-yuhuan@foxmail. com

AR AR (19927 . B DN yANG Yuhuan', PU Faliang?, ZHANG Xiaojuan', ZHANG Xinhong'
A DIRPANE, B, BT 1. Department of Urban and Rural Planning, Lanzhou University of Technology, Lanzhou
Bt 730050, China;

E-mail: 1975098309@qq. com 2. Municipal Engineering Management Office of Chengguan District, Lanzhou 730030, China
R BHA: 2020-12-29

[ E ] ARG BBl & A Japtd T F I S T BN E B . T RAKMTE2ANEAENX . BAPFT2ERE . 345X BEE e 2594
INAETEGG . IS AR G, SIS ST, Ripley's KERB. ArcGISHRSS X/ Mras ik, MAS A& R 8t Y i 4T nlabs ok 7
THE R A B A0 T R AR N A FE IR 25 et (PR A 1 o IR I, SRR SS Yol 5 o AR 2 o) 3 (s A R 22 e R, TR e I
X ZERD I RAZ I IR P R SNG4, S 2Bt A A /N X R 2 TR S e 2, ANV ) 58 s AR 28 it 5 i 4 2 )
TEERFE T ZES N, —E RS ACT T w8 /N IR St i AT S5 I B 7 B Y P, B ae /DX BOE s A JLIRS- &
AR 5 AR VOB AN AL S AR 2 . RSB = RSP SEIAN R TR AN AL SR O R, B s el

[ R8BIR ] AICRSS Wit felasivg; 2SIk s s aktk; ARG A A

[ PEISZES ] P424. 441 [ SCHEkARIRED ] A [ XZ|HE ) 1672-1586 (2021) 06-0084-07

Abstract: The scientific and reasonable layout of public service facilities is particularly important for the one—shaped city. The purpose of this
experiment to quantitatively explore the coupling between the one—shaped river valley urban residential communities and public service facilities.
The spatial data sample were collected from 592 residential areas, 54 schools, 34 community hospitals, 259 bus stations, 15 markets in Tianshui
City. Methods such as kernel density estimation, Ripley's K function, ArcGIS service area analysis are used to analyze the data from the spatial
pattern and the walkability of facility outlets aspects. The research found that: The spatial pattern between public service facilities and residential space
is significantly different. But as a whole, the two cores of the old city and Maiji District are formed, and present a distribution characteristics that
weakens from the inside to the outside. The spatial coupling between various facilities and residential areas is poor, which means mismatch problem
is evident. The agglomeration characteristics of public service facilities and residential spaces are obviously different, which indicates the level of
spatial coupling between the two still needs to be improved. The smaller the facility, the wider the reach and the larger the number of reachable cells.
There are three main problems in the layout of public service facilities in Tianshui city: insufficient facility supply, poor road accessibility and lack of
flexibility of large facilities. The corresponding optimization strategy and scheme are put forward to improve the spatial accessibility.

Key words: public service facilities; residential space; spatial pattern; accessibility; space coupling; one—shaped valley city
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ZHANG X H, LI H J, YANG H Q. Spatial accessibility and distribution characteristics of traditional villages in Gansu Province [J]. Journal of
Subtropical Resources and Environment, 2023, 18 (4): 69-79. DOI: 10. 19687/]. cnki. 1673-7105. 2023. 04. 009.
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2. ABMRF BT HAAASRPHEFHRELZREHI P S, 2 730050)

HE: RAEENENZEATARS 2 AHME, SHFRFPEAHERRHI SN RLEAETE
WEREAEEL. ZAHRERT AN T &, AHFLGEAAENSH TEE. 4
THAEREYHEEFHATHAR. FREFW: 1) AN ENZTHTAELEKSE, 2R THEHE
BWAEERK. ZNERTEEERMAGEERX, BRI TEUEGHAEEENMAERK.
ZN. BREEET. 2) BRA. AEARAELEAEHNERRA LG, BRARE L,
WHARAE, AEZARBE - HEEAET L2 ANES. 3) FAHEEEAXIAE “AE %
TR, BEF. Ko#H” WEEARE, BFERMTRAK—EBEHX. 4) HHEATENZH
A ZE HARARELGEMAXLSHENLERAL K. FHEKE. A¥HGDP. AT FEME
WAEBRANEFREEARE, ECERNEFRUREYHHATENRTF, LEEFEHE
KESAHGDP. AOBEESEH R E=HE.

KER: HFAME ZETEME; TEOAHME PWER HERNE HHE
RESZES: TU9S2.29 MNERFRERD: A MER/S: 1673-7105 (2023) 04-0069-11

Spatial Accessibility and Distribution Characteristics of Traditional Villages
in Gansu Province
ZHANG Xinhong'?, LI Hongjun', YANG Haiqin'

(1. School of Design and Art, Lanzhou University of Technology, Lanzhou 730050, China; 2. Northwest Center, Key Laboratory
of Urban and Architectural Heritage Protection, Ministry of Education, Southeast University, Lanzhou 730050, China )

Abstract: Exploring the spatial accessibility and distribution characteristics of traditional villages has
significant theoretical and practical significance for scientifically protecting traditional villages and
promoting rural revitalization. Using mathematical statistical analysis and spatial analysis methods, this
paper presented the study of spatial accessibility, distribution characteristics and its influencing factors
of traditional villages in Gansu Province. The results show, 1) in general, the spatial accessibility of
traditional villages is poor. Villages with high global accessibility have formed high—density areas and
sub—high—density areas in Tianshui and Lanzhou, but villages with high local accessibility are mainly
distributed in Tianshui, Lanzhou, Jiuquan and Longnan. 2) The spatial distribution types of traditional
villages at different levels are all agglomerative, their fractal characteristics at the county level are more
obvious, which suggesting a concentrated distribution along a geographic line. 3) The overall distribu—
tion of traditional villages shows a spatial pattern, which is “dense in the southeast, sparse in the
northwest, strong concentration, and large dispersion” , and their high —density area is in the mixed

area of Tianshui and Longnan. 4) The spatial distribution of traditional villages is affected by natural

i HEE: 2022-08-24

EE&WE: HEZAARPEEGIH (42261034, 52168005)

EBE T Ll (1981—) , 55, HlKBEAN, AlZER, WL, Lo eI, OF980r m ik & M550t
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Spatial-temporal distribution characteristics and influencing
factors of the grottoes in Gansu Province
ZHANG Xinhong, YANG Haiqin, LI Hongjun

(School of Art and Design, Key Laboratory of Urban and Architectural Heritage Conservation of

Ministry of Education (SEU-NWC) , Lanzhou University of Technology, Lanzhou 730050, China)
Abstract The research on spatial and temporal distribution is a necessary prerequisite and important basis for
the spatial integration and protection of historical and cultural heritage. Taking 166 grottoes in Gansu Province
as an example, the spatial and temporal distribution characteristics and influencing factors of grottoes were an-
alyzed by GIS spatial analysis technology. The results show that; (D The open niche statues in grottoes show
an evolutionary trend of increasing first and then decreasing and then increasing, with the peak periods of open
niche statues in Wei, Jin, Southern and Northern Dynasties, Sui, Tang and Five dynasties. 2 A belt-shaped
high-density area with Tianshui and Pingliang as the core has been formed in eastern Gansu. From the Wei,
Jin, Southern and Northern Dynasties to the Ming and Qing Dynasties, the high density area of new grottoes
was Tianshui, Jiuquan and Zhangye. 3 The spatial distribution of grottoes shifted significantly in different pe-
riods, and the distribution center of grottoes shifted from the southeast to the northwest and then continued to

the southeast. (@) The spatial and temporal distribution of grottoes is mainly affected by topography, river sys-
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Study on spatial — temporal distribution characteristics and influencing factors of cultural relic protection units in Gansu Province
ZHANG Xin — hong,ZHANG Rong, LIU Ben — teng, DONG Jian — hong
(School of Art and Design, Lanzhou University of Technology , Key Laboratory of Urban and Architectural Heritage Conservation
of Ministry of Education (SEU - NWC) , Lanzhou 730050, China)

Abstract: It was of great value to analyze the spatial — temporal distribution characteristics of cultural relic protection units for the protec-
tion, excavation and inheritance of national excellent culture . Taking 689 cultural relic protection units in Gansu Province as the research ob-
jects, this paper discussed their spatial — temporal distribution characteristics and influence factors by means of mathematical statistics and GIS
spatial analysis. The results showed that: (D The proportions of the six types of cultural relic protection units were different in the seven historical
periods, and the distribution of ancient sites, ancient tombs, grotto temples and stone carvings, ancient buildings, modern and important historical
sites and representative buildings had a strong chronological character. @ The spatial distribution of cultural relic protection units showed a char-
acteristic of “higher in southeast and lower in northwest” , and the spatial distribution of the first five types of cultural relic protection units was
very distinct. @ The distribution of cultural relic protection units in different historical periods was agglomerative, but the distribution of high —
density area and the secondary density area was different. The gravity center changed over time and showed the characteristics of moving to
northwest — southeast — southeast — southeast — northwest — northeast in different periods. @ Natural geographical factors such as landform and
river system, humanity factors such as social politics, economic development, historic culture and road traffic, both of which had an important im-
pact on the generation, type, number and spatial — temporal distribution of cultural relic protection units.

Key words: cultural relic protection units; spatial — temporal distribution; influence factors; Gansu Province
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