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Article history:

Received 27 November 2015

Received in revised form 31 January 2016
Accepted 31 January 2016

Available online 11 February 2016

Geographic Object-Based Image Analysis (GEOBIA) is becoming more prevalent in remote sensing classi-
fication, especially for high-resolution imagery. Many supervised classification approaches are applied to
objects rather than pixels, and several studies have been conducted to evaluate the performance of such
supervised classification techniques in GEOBIA. However, these studies did not systematically investigate
all relevant factors affecting the classification (segmentation scale, training set size, feature selection and
mixed objects). In this study, statistical methods and visual inspection were used to compare these fac-

5?;;?;‘“-’ tors systematically in two agricultural case studies in China. The results indicate that Random Forest (RF)
SiA and Support Vector Machines (SVM) are highly suitable for GEOBIA classifications in agricultural areas

and confirm the expected general tendency, namely that the overall accuracies decline with increasing
segmentation scale. All other investigated methods except for RF and SVM are more prone to obtain
a lower accuracy due to the broken objects at fine scales. In contrast to some previous studies, the RF
classifiers yielded the best results and the k-nearest neighbor classifier were the worst results, in most
cases. Likewise, the RF and Decision Tree classifiers are the most robust with or without feature selec-
tion. The results of training sample analyses indicated that the RF and adaboost. M1 possess a superior
generalization capability, except when dealing with small training sample sizes. Furthermore, the clas-
sification accuracies were directly related to the homogeneity/heterogeneity of the segmented objects
for all classifiers. Finally, it was suggested that RF should be considered in most cases for agricultural
mapping.

Random Forest
Segmentation scale
Training set size
Feature selection
Mixed object
Classification

High spatial resolution

© 2016 Elsevier B.V. All rights reserved.

1. Introduction features/neighborhood relation, scaled-hierarchy relations, form

features etc.) (Benz et al., 2004; Blaschke, 2010; Tiede et al., 2010;

Recent advances in the airborne and spaceborne remote sensing
technology and image segmentation techniques offer new opportu-
nities for remote sensing agricultural mapping (Wulder and Coops,
2014; Ma et al.,, 2014; Zhang et al., 2015), whilst the OBIA/GEOBIA
((Geographic) Object-based Image Analysis) paradigm in the field of
remote sensing classification is already widely accepted (Liu et al.,
2006; Blaschke et al., 2014). Plenty of classification approaches are
documented within the GEOBIA framework, especially the imple-
mentation of expert rule-sets, which make use of the extremely
extended feature space spanned by the use of the available
object-specific features at several segmentation scales (context

* Corresponding author at: Jiangsu Provincial Key Laboratory of Geographic Infor-
mation Science and Technology, Nanjing University, 210023 Nanjing, China.
E-mail address: maleinju@gmail.com (L. Ma).

http:/jdx.doi.org/10.1016/jjag.2016.01.011
0303-2434/© 2016 Elsevier B.V. All rights reserved.

Strasser and Lang, 2015). Nevertheless, supervised classification
algorithms based on objects rather than pixels as classification units
are still very important. According to previous studies, the com-
parison of classification approaches within a GEOBIA framework
can be divided into two general topics: 1) a comparison of GEO-
BIA and traditional per-pixel image analysis; and 2) a comparison
of different classification techniques within GEOBIA only. Although
there is general agreement regarding the former (Yan et al., 2006;
Duro et al., 2012), the selection of a suitable classifier is still a prob-
lem for any per-pixel and GEOBIA method due to the diversity of
data sources, the training set size and feature and, especially, the
selection of segmentation parameters (e.g.scale/size of objects)and
spectrally mixed objects bringing some uncertainty into the com-
parison of methods(Yuetal., 2008). In the following sub-section we
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ARTICLE INFO ABSTRACT

Article fistory: Object-based image classificalion [or land-cover mapping purposes using remole-sensing imagery has
Received 24 December 2016 attracted significant attention in recent years. Numerous studies conducted over the past decade have

Received in revised form 28 May 2017
Accepred 2 June 2017
Available online 23 June 2017

Keywords:

OBIA

GEOBIA

Meta-analysis

Supervised object-based classification
Land-cover mapping

Review

investigated a broad array of sensors, feature selection, classifiers, and other factors of interest.
However, these research results have not yet been synthesized to provide coherent guidance on the effect
of different supervised object-based land-cover classification processes. In this study, we first construct a
database with 28 fields using qualitative and quantitative information extracted from 254 experimental
cases described in 173 scienlific papers. Second, the resulls of Lhe mela-analysis are reported, including
general characteristics of Lhe sludies (e.g., Lhe geographic range ol relevant instilules, preferred journals)
and the relalionships between [aclors ol inleresl (e.g., spatial resolulion and study area or oplimal seg-
mentation scale, accuracy and number of targeted classes), especially with respect to the classification
accuracy of different sensors, segmentation scale, training set size, supervised classifiers, and land-
cover types, Third, useful data on supervised object-based image classification are determined fros

the meta-analysis. For example, we find that supervised object-based classification is currently exper
encing rapid advances, while development of the fuzzy technique is limited in the object-based frame-
work. Furthermore, spatial resolution correlates with the optimal segmentalion scale and study area,
and Random Foresl {RF) shows Lhe best performance in objecl-based classilication. The area-based accu-
racy assessment method can obtain stable classification performance, and indicales a strong correlation
between accuracy and training set size, while the accuracy of the point-based method is likely to be
unstable due to mixed objects. In addition, the overall accuracy benefits from higher spatial resolution
images (e.g., unmanned aerial vehicle) or agricultural sites where it also correlates with the number of
targeted classes. More than 95.6% of studies involve an area less than 300 ha, and the spatial resolution
of images is predominantly between 0 and 2 m, Furthermore, we identify some methods that may
advance supervised object-based image classification. For example, deep learning and type-2 [uzzy Lech-
niques may [urlher improve classification accuracy. LasLly, scienlists are strongly encouraged Lo reporl
results of uncerlainly studies Lo [urlher explore Lhe ellects of varied lactors on supervised objecl-
based image classification.
© 2017 The Authors. Published by Elsevier B.V. on behalf of International Society for Photogrammetry and
Remote Sensing, ne. (ISPRS). This is an open access article under the CC BY-NC-ND license (http://creati-
vecommons.orgflicenses{by-nc-nd}4.0j).
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1.3. Post-earthquake assessment of building damage degree using LIiDAR data
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Various methods have been developed to detect and assess building's damages
due to earthquakes using remotely sensed data. After the launch of the high reso-
lution sensors such as IKONOS and QuickBird, it becomes realistic to identify
damages on the scale of individual building. However the low accuracy of the re-
sults has often led to the use of visual interpretation techniques. Moreover, it is
very difficult to estimate the degree of building damage (e.g. slight damage, mod-
erate damage, or severe damage) in detail using the existing methods. Therefore, a
novel approach integrating LIiDAR data and high resolution optical imagery is
proposed for evaluating building damage degree quantitatively. The approach con-
sists of two steps: 3D building model reconstruction and rooftop patch-oriented 3D
change detection. Firstly, a method is proposed for automatically reconstructing 3D
building models with precise geometric position and fine details, using
pre-earthquake LiIiDAR data and high resolution imagery. Secondly, focusing on
each rooftop patch of the 3D building models, the pre- and post-earthquake LiDAR
points belonging to the patch are collected and compared to detect whether it was
destroyed or not, and then the degree of building damage can be identified based
on the ratio of the destroyed rooftop patches to all rooftop patches. The novelty of
the proposed approach is to detect damages on the scale of building’s rooftop
patch and realize quantitative estimation of building damage degree.

post-earthquake assessment, building damage degree, rooftop patch, LiDAR, imagery
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1.4. Remotely sensed soil temperatures beneath snow-free skin-surface using ther-
mal observations from tandem polar-orbiting satellites: An analytical three-

time-scale model. 2014, Remote Sensing of Environment.
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ARTICLE INFO ABSTRACT
Article history: Subsurface soil temperature is a key variable of land surface processes and not only responds to but also modu-
Received 11 May 2013 lates the interactions of energy fluxes at the Earth’s surface. Thermal remote sensing has traditionally been

Received in revised form 9 December 2013
Accepted 10 December 2013
Available online 8 January 2014

regarded as incapable of detecting the soil temperature beneath the skin-surface. This study shows that thermal
remote sensing can be used to estimate soil temperatures. Our results provide insights into thermal observations
collected with tandem polar-orbiting satellites when used toward obtaining soil temperatures under clear-sky
conditions without the use of any ground-based information or field-measured soil properties.

= nr
ﬁﬁﬁ:ﬂ;ﬁmm sensing We designed an analytical three-time-scale (3-scale, for short) model, dividing the annual cycle of soil tempera-
Land surface temperature tures into three subcycles: the annual temperature cycle (ATC), which represents the daily-averaged tempera-
Soil temperature ture; the diurnal temperature cycle (DTC), which represents the instantaneous temperature; and the weather-
Annual temperature cycle change temperature cycle (WTC), which is divided into two parts to represent both the daily-averaged (WTC..g)
Diumal temperature cycle and the instantaneous temperature (WTCine). The DTC and WTCine were further parameterized into four unde-

Thermal inertia

% termined variables, including the daily-averaged temperature, thermal inertia, upward surface flux factor, and
Polar-orbiting satellite

day-to-day change rate. Thus, under clear-sky conditions, the four thermal measurements in a diurnal cycle re-
corded with tandem polar-orbiting satellites are sufficient for reconstructing the DTC of both land surface and
soil temperatures. Polar-orbiting satellite data from MODIS are used to show the model's capability. The results
demonstrate that soil temperatures with a spatial resolution of 1 km under snow-free conditions can be gener-
ated at any time of a clear-sky day. Validation is performed by using a comparison between the MODIS-inverted
and ground-based soil temperatures. The comparison shows that the accuracy of inverted soil temperatures lies
between 0.3 and 2.5 K with an average of approximately 1.5 K. These results open a new frontier in the applica-
tion of thermal remote sensing wherein soil temperatures with high spatial and temporal resolutions can be re-
motely estimated.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction important variable for biophysicochemical soil processes, such as micro-
bial activity, evaporation, aeration, seed germination, and root develop-

When the sun radiates energy onto a location on Earth, a portion of ment (Hillel, 1998). Soil temperature from a relatively deep layer can be
the absorbed solar radiation at the Earth’s surface is conducted down- used to model land surface processes (Best, Cox, & Warrilow, 2005), to
ward, changing the subsurface soil temperatures periodically at multi- monitor subsurface urban heat islands and subsurface geothermal sys-
ple temporal scales. Soil temperature within the shallow layers is an tems (Ferguson & Woodbury, 2007}, and to optimally design under-
ground pipes (Dalla Rosa, Li, & Svendsen, 2011).

Soil temperature can be obtained from both observations and
models. Observed soil temperatures are usually measured by thermom-
T— . = = ) pore eters installed within the soil near the surface (e.g., the Soil Climate

* Corresponding author at: No. 163, Xianlin Avenue, Qixia District, Nanjing Jiangsu  analysis Network sites). These measurements are characterized by
Proyines 2100 china, Tel/Boc. + B 25 43,9080, high accur: as well as high cost, but low representativeness over

E-mail addresses: zhanwenfeng@foxmailcom (W. Zhan), jzhou233@uestc.educn 1g - 2y, 5 g 3 U1 3 P ENESI O
(J Zhou), juweimin@nju.eduw.cn (W. Ju), limanchun@njuedu.cn (M. Li), is@space.dtudk extensive and heterogeneous areas. Modeling has the advantage of pro-
(L Sandholt), j .ca (J. Voogt), yuchao0501 @f il.com (C. Yu). viding the soil temperature at any depth and time. However, this

0034-4257/$ - see front matter © 2013 Ekevier Inc. All rights reserved.
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1.5. Training set size, scale, and features in Geographic Object-Based Image Anal-
ysis of very high resolution unmanned aerial vehicle imagery. 2015, ISPRS
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ARTICLE INFO ABSTRACT

Article history:

Received 28 May 2014

Received in revised form 20 December 2014
Accepted 24 December 2014

Available online 4 February 2015

Unmanned Aerial Vehicle (UAV) has been used increasingly for natural resource applications in recent
years due to their greater availability and the miniaturization of sensors. In addition, Geographic
Object-Based [mage Analysis (GEOBIA) has received more atlention as a novel paradigm for remole sens-
ing earth observation data, However, GEOBIA generates some new problems compared with pixel-based
methods. [n this study, we developed a strategy for the semi-automatic optimization of object-based clas-
sification, which involves an area-based accuracy assessment that analyzes the relationship between

?L;%";"]’;‘ts: scale and the training set size, We found that the Overall Accuracy (OA) increased as the training set ratio
0";"\ (proportion of the segmenled objects used [or training) increased when Lthe Segmentation Scale Param-
Scale eter (SSP) was fixed. The OA increased more slowly as the training set ratio became larger and a similar

Training set size rule was obtained according to the pixel-based image analysis. The OA decreased as the SSP increased
UAV when the training sel ratio was [ixed. Consequently, the SSP should not be Loo large during classificalion
Very High Resolution (VHR) using a small training set ratio. By contrast, a large training set ratio is required if classification is per-
formed using a high SSP. In addition, we suggest that the optimal SSP for each class has a high positive
correlation with the mean area obtained by manual interpretation, which can be summarized by a linear
correlation equation, We expect that these results will be applicable to UAV imagery classification to

determine the optimal SSP for each class.
© 2015 International Society for Photogrammetry and Remote Sensing, Inc. (ISPRS). Published by Elsevier
B.V. All rights reserved.

1. Introduction

Geographic Object-Based Image Analysis (GEOBIA) is a system-
atic framework for geographic object identification, which
combines pixels with the same semantic information into an
object, thereby generating an integrated geographic object, before
recognizing the geographic object using GIS spatial analysis or a
mature classification algorithm, ie., Neural Networks (NN),
Maximum Likelihood (ML), Support Vector Machines (SVM), and
Random Forests (RF). GEOBIA is also a new and evolving paradigm,
which was designed specifically for high resolution remote sensing
image data, in contrast to the pixel-based approach {Benz et al,

* Corresponding authors at: Jiangsu Provincial Key lLaboratory of Geographic
Information Science and Technology, Nanjing University, Nanjing 210023, China.
Tel.: +86 25 8359 7359 (L. Cheng), +86 25 8359 5336 (M. Li).

E-mail addresses: Icheng@nju.educn (L Cheng), limanchun_nju@126.com
(M. Li).

http:j{dx.doi.org/10.1016/j.isprsjprs.2014.12.026

2004; Liu et al,, 2006; Blaschke, 2010; Myint et al,, 2011; Addink
et al,, 2012; Blaschke et al., 2014), Indeed, GEOBIA has become a
popular alternative for land cover and land use classification
(Radoux and Bogaert, 2014). Since the first international GEOBIA
conference in Calgary, Canada, the unique advantages of GEOBIA
have attracted the attention of scholars throughout the global field
of remote sensing (Hay and Castilla, 2008; Powers et al., 2012;
Arvor et al., 2013; Costa et al., 2014; Blaschke et al., 2014). GEOBIA
has many advantages as a new paradigm in the diverse fields of
remote sensing because it is readily combined with GIS to provide
a complete vector map of land use types, which can be used
directly for GIS analysis (Arvor et al,, 2013). However, the pixels
that belong to the same object cannot be combined into one com-
plete object accurately due to the uncertainty of segmentation,
which is a process used to partition a complex image scene into
non-overlapping homogeneous regions (Witharana and Civco,
2014). This is because over-segmentation and under-segmentation

0924-2716/© 2015 International Society for Photogrammetry and Remote Sensing, Inc. (ISPRS). Published by Elsevier B.V. All rights reserved.

42




1.6. Impacts of LUCC on soil properties in the riparian zones of desert oasis with
remote sensing data: A case study of the middle Heihe River basin, China.

2015, Science of The Total Environment.

Science of the Total Environment 506-507 (2015) 259-271

Contents lists available at ScienceDirect

Science
Total Environment

Science of the Total Environment

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

Impacts of LUCC on soil properties in the riparian zones of desert oasis
with remote sensing data: A case study of the middle Heihe River
basin, China

@ CrossMark

Penghui Jiang *®, Liang Cheng **<* Manchun Li ***, Ruifeng Zhao ¢, Yuewei Duan *°

* De of Gi iphic Inf ion Science, Nanjing University, Nanjing, Jiangsu Province 210046, PR China

® Jiangsu Provincial Key Laboratory of Geographic Information Science and Technology, Nanjing University, Nanjing. Jiangsu Province 210046, PR China
¢ Collaborative Innovation Center for the South Sea Studies, Nanjing University, Nanjing, Jiangsu Province 210023, PR China

¢ College of Geography and Environment, Northwest Normal University, Lanzhou, Gansu Province 730070, PR China

HIGHLIGHTS GRAPHICAL ABSTRACT

+ We analyzed the impacts of LUCC on soil
properties in the riparian area zones of
desert oasis.

* The combination of soil experiment
with RS images in a long time scale

« Soil moisture and soil organic carbon
can be explained by LUCC well.

+ Soil nutrients have no significant corre-
lation with LUCC.

ARTICLE INFO ABSTRACT

Article history: Large-scale changes in land use and land cover over long timescales can induce significant variations in soil phys-
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icochemical properties, particularly in the riparian zones of arid regions. Frequent reclamation of wetlands and
grasslands and intensive agricultural activity have induced significant changes in both land use/cover and soil
physicochemical properties in the riparian zones of the middle Heihe River basin of China. The present study
aims to explore whether land use/land cover change (LUCC) can well explain the variations in soil properties
in the riparian zones of the middle Heihe River basin. To achieve this, we mapped LUCC and quantified the
type of land use change using remote sensing images, topographic maps, and GIS analysis techniques. Forty-
two sites were selected for soil and vegetation sampling. Then, physical and chemical experiments were
employed to determine soil moisture, soil bulk density, soil pH, soil organic carbon, total nitrogen, total potassi-
um, total phosphorous, available nitrogen, available pc i and available phosphorous. The Independent-
Samples Kruskal-Wallis Test, principal component analysis, and a scatter matrix were used to analyze the effects
of LUCC on soil properties. The results indicate that the majority of the parameters investigated were affected sig-
nificantly by LUCC. In particular, soil moisture and soil organic carbon can be explained well by land cover change

* Corresponding authors at: Department of Geographic Information Science, Nanjing University, PR China. Tel./fax: + 86 25 83597359.
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ARTICLE INFO ABSTRACT

Article history:
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Landscape fragmentation in wetlands usually implies degradation of its ecological functions. Landscape
fragmentation divides wetlands into isolated islands, which disturbs the energy flow and nutrient cycling
within the wetland. Research into the development and causes of landscape fragmentation in wetlands is
urgently needed for effective monitoring and protection of wetlands. We use a combination of techniques
including remote sensing, a landscape index model, and redundancy analysis to analyze landscape
fragmentation and its driving forces in the middle reaches of the Heihe River from both temporal and
spatial perspectives. A new mathematic morphological method that enhances the credibility of
landscape fragmentation analysis without changing the original pixel size of the interpreted data is
proposed for the calculation of landscape indices. The combination of this new mathematic
morphological method and traditional landscape pattern indices enhances the evaluation strategy for
landscape fragmentation. Our results demonstrate that the fragmentation processes that affect the
wetland landscape of the study area are primarily represented as the shrinking of core wetland area and
decrease in mean size of wetland patches. Our results also show an increase in the fragmentation index
(FS) of the landscape in recent decades. The impacts of natural factors on wetland landscape
fragmentation processes are typically reflected in changes in climate and hydrology. In the study area,
temperature, which is more important than precipitation in driving wetland landscape fragmentation
processes, cannot be omitted. In addition, our analysis proves that unnecessary human activity is a major
threat for sustainable development and maintenance of wetlands.

@ 2014 Elsevier Ltd. All rights reserved.

Keywords:
Wetlands
Fragmentation
Driving forces
Heihe River
Landscape indices

1. Introduction things (Mander and Mitsch, 2009, Copeland et al., 2010; Sulman
et al., 2013). However, the Organization of Economic Cooperation
and Development has estimated that approximately 50% of global

wetlands could have been lost since 1900, with the remainder

Wetlands are unique ecosystems formed as a result of
interactions between the forces affecting land and water (Zhang

et al., 2010). As key parts of the global ecological system and carbon
pool, wetlands offer important ecological functions and effects that
cannot be replaced: they mitigate pollution, provide habitats for
wildlife, regulate climate, and preserve biodiversity, among other

* Corresponding autho at: Department of Geographic Information Science,
Nanjing University. Tel.: +86 25 83597359; fax: +86 25 83597359,
** Corresponding author at: Department of Geographic Information Science,
Manjing University. Tel.: +86 25 83593660; fax: +86 25 83593660
E-mail addresses: |cheng@nju.edu.cn (L. Cheng), limanchun_nju@126.com
(ML Li).

http://dx.doi.org/10.1016/j.ecolind 2014.06.026
1470-160X/© 2014 Elsevier Ltd. All rights reserved

experiencing increased fragmentation in recent years (Lienert
etal., 2002; Erwin, 2008; Khaznadar et al., 2009; Zhang et al., 2010;
Wang et al., 2011). Similarly, incomplete statistics suggest that two
thirds of wetlands in France were lost during 1900-1993 [West-
erberg et al, 2010). In general, climatic change accompanied by
increased disturbance caused by human activity has placed
wetlands at greater risk, particularly in arid zones (Zhao et al,
2009). Wetlands in arid zones are key nodes and represent critical
areas in the landscape patterning that is crucial to the functioning
of arid environments; they also play a key role in providing water,
energy, and other resources to sustain human life (Zhou, 2005;
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Case Study of Changzhou, China. 2017, Scientific Reports.

SCIENTIFIC REPg}RTS

OFEN" Constructing Ecological Networks
Based on Habitat Quality
Assessment: A Case Study of

o, Changzhou, China

Published: 10 April 2017 ) . . .
valshe pr Yu Gao'23, Lei Ma'23, Jiaxun Liu'23, Zhuzhou Zhuang®?3, Qiuhao Huang'2 &

Manchun Li+23

Fragmentation and reduced continuity of habitat patches threaten the environment and biodiversity.
Recently, ecological networks are increasingly attracting the attention of researchers as they provide
fundamental frameworks for environmental protection. This study suggests a set of procedures to
construct an ecological network. First, we proposed a method to construct a landscape resistance
surface based on the assessment of habitat quality. Second, to analyze the effect of the resistance
surface on corridor simulations, we used three methods to construct resistance surfaces: (1) the method
proposed in this paper, (2) the entropy coefficient methed, and (3) the expert scoring method. Then, we
integrated habitat patches and resistance surfaces to identify potential corridors using graph theory.
These procedures were tested in Changzhou, China. Comparing the outputs of using different resistance
surfaces demonstrated that: (1) different landscape resistance surfaces contribute to how corridors are
identified, but only slightly affect the assessment of the importance of habitat patches and potential
corridors; (2) the resistance surface, which is constructed based on habitat quality, is more applicable

to corridor simulations; and (3) the assessment of the importance of habitat patches is fundamental for
ecological network optimization in the conservation of critical habitat patches and corridors.

Ecosystems support life on Earth, and thus play a vital role in human well-being, either directly or indirectly'. In
recent years, anthropogenic activity has facilitated the invasion of ecosystems by nonnative species and natural
hazards, leading to the worsening of various environmental problems, including the degeneration of ecosystem
services and a sharp decline in biodiversity'. Low continuity between habitat patches caused by the fragmenta-
tion of ecological landscapes (i.e., natural or semi-natural habitats) represents the greatest threat to biodiversity
conservation®. However, growing environmental awareness and an improved understanding of how human
communities interact with their environment have led to growing concerns about enhancing habitat patch con-
tinuity within ecosystems®”. Nevertheless, recent studies show that economic growth has actually made humans
more dependent on ecosystem services and biudlversityn. ‘Therefore, it is particularly important to maximize
ecosystem service values by constructing networks that enhance the functionality of urban ecosystem services™!’.

Research on ecological network construction has been widely carried out on a global scale!!'2. The ecological
network is a representation of the biotic interactions in an ecosystem, in which ecological corridors link pro-
tected habitat patches'. A habitat patch is a set of landscape patches, while a landscape patch is the basic unit—a
relatively homogenous mosaic of familiar land-use types that differ from the surrounding background—that
formulates landscape patterns. Previous studies have suggested that habitat patches are areas where organisms
aggregate, representing stepping stones for migration'*'>, while ecological corridors are narrow bands of vegeta-
tion that promote biological migration between the two habitat patches, allowing wild animals to survive'. These
two landscape types form the core of ecological networks. However, one of the main limitations of studies on
ecological newtorks is that the movement data of target speices are frequently unavailable. Therefore, there have

liangsu Provincial Key Laboratory of Geegraphic Information Science and Technology, Nanjing University,

Manijing 210023, China. *School of Geographic and oceanographic sciences, Nanjing University, Nanjing 210023,

China. *Collaborative Innovation Center for the South Sea Studies, Nanjing University, Nanjing 210023, China.
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Article history:
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The delineation of permanent basic farmland will safeguard the production baseline of China’s agri-
cultural development by securing easily appropriated, high-quality farmland surrounding urban areas,
thereby strictly controlling the use of farmland (especially high-quality farmland surrounding urban
areas) facing accelerated urban expansion. This study researched the delineation of permanent basic
farmland in a typical region undergoing rapid urbanization. By constructing a systematic classification
model, farmland was classified into matrix, edge, and island farmlands in order to analyze farmland
contiguity and fragmentation. Based on the indicator requirements of various plans related to farmland,
an evaluation indicator system was constructed in order to develop an evaluation model for compre-
hensive farmland productivity. From the perspective of farmland spatial contiguity and highly efficient
productivity, a delineation model for permanent basic farmland was proposed to delimit the permanent
protection and utilization boundaries for high-quality farmland around urban areas. The results show
the following: (1) matrix and edge farmlands can intuitively display farmland contiguity characteristics;
(2) comprehensive farmland productivity was closely related to farmland spatial patterns, supporting
infrastructure, and policy management and protection; and (3) there was a high degree of spatial overlap
between contiguous and highly productive farmland. The model took both comprehensive farmland pro-
ductivity and spatial clustering into consideration in order to delineate permanent basic farmland, which
is a beneficial factor in protecting farmland quality and safeguarding sustainable farmland utilization. It
can also be used as a control line to limit urban sprawl, guide urban cluster development, and improve
economical and intensive urban land use.

Keywords:

Permanent basic farmland

Farmland morphological spatial pattern
analysis (FMSPA)

Comprehensive farmland productivity
Urbanization

© 2016 Elsevier Ltd. All rights reserved.

ing pressure on the global food supply due to a gradually expanding
population (Foley et al., 2005, 2011). The food security issue is

1. Introduction

Farmland serves to protect human food security. It is also the
foundation for industrial development and social stability and is
a key factor in regional food and ecological security (Lambin et al.,
2013; Cheng etal., 2015a; Ministry of Agriculture et al., 2015). With
socio-economic developments in recent years, there has been a
sharp decrease in the scale of farmland in certain areas and increas-

* Corresponding authors at: Department of Geographic Information Science, Nan-
Jing University, Nanjing Jiangsu Province 210023, PR China.
E-mail addresses: jiangph1986@163.com {J. Penghui), limanchun@nju.edu.cn
(L.Manchun).

http://dx.doi.org/10.1016/jlandusepol 2016.10.014
0264-8377/© 2016 Elsevier Ltd. All rights reserved.

especially prominent in China, which contains 7% of the world's
farmlandand feeds 22% of the global population (Ding, 2004). As the
world's most populous country, there is no doubt that a reduction
in farmland threatens China's food security (Liu et al., 2005).
China and several other developing countries are facing the
issue of increased food demand and limited production growth
(Fader et al.,, 2013; Cristina Rulli and D'Odorico, 2014). To this
end, the Chinese government has invested significant financial and
human resources in order to develop modern agriculture and pro-
mote its sustainable development (Ministry of Agriculture et al.,
2015). Currently, however, China’s basic conditions can be char-
acterized by a large population, a scarcity of land, and a shortage
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ARTICLE INFO ABSTRACT

Keywards: Land use and land cover (LULC) is one of the most representative criteria used to evaluate the global en-
Land use and land cover vironment and terrestrial ecosystem change. LULC plays an important role in the ecological and environmental
Land system protection of the Qinghai-Tibetan Plateau (QTP), which is a unique geographical location. The LULC of the QTP

CLUMondo model
Biodiversity protection
Afforestation

has undergone drastic changes during the past few decades due to local pl and policy impl ation,
Projects such as reforestation and grassland restoration are exerting pressure on land resources and may affect
future land use patterns iderably. Current of future land use changes rarely focus on the

Itiple d ds for ¢ ies and services. This study employed the CLUMondo model to predict future
land use change trajectories for the period 2010-2030 under three different scenarios. The results indicate that
land system changes varied notably under different land gies and exhibited large locational
discrepancies. Moreover, future land system changes are mainly demonstrated in the form of management in-
tensification under all three scenarios. High demand for livestock in the TREND scenario leads to grassland
expansion as well, resulting in corresponding increase in the grassland cover density. Additionally, the expansion
of forest area under the FOREST scenario suggests that caution should be exercised during afforestation in the
QTP. The results of this study can guide and support future land i and policy for-

mulation in the QTP.

1. Introduction

Human activities have significantly influenced the Earth's surface to
satisfy societal demand for food and living space, with considerable
environmental consequences (Ellis, Klein Goldewijk, Siebert, Lightman,
& Ramankutty, 2010; Malek, Verburg, Geijzendorffer, Bondeau, &
Cramer, 2018). Anthropogenic effects are especially significant in the
Qinghai-Tibetan Plateau (QTP), a fragile and vulnerable ecosystem,
which is highly sensitive to human disturbances (Chen et al., 2013; Ma
etal., 2017; Shen et al., 2015). The land use structure of the plateau has
undergone drastic transformations in the last 30-50 years due to socio-
economic development and intensification of human activity (Cui &
Graf, 2009; Peng, Liu, Liu, Wu, & Han, 2012; Liu et al., 2018). For
example, about 30% of the region's grasslands have experienced
varying degrees of degradation, leading to notable decrease in grass
yield and quality. Its forest coverage dropped from 22% in 1957 to 10%
in 1986; an estimated 300000 km? of its land has undergone desertifi-
cation. These changes have generated ecological and environmental
problems such as increased frequency of dust storms, excessive soil

erosion, and biodiversity endangerment (Yao et al., 2012; Yu, Zhang,
Zeng, Zhang, & Wang, 2012; Chen et al., 2017).

In order to address these problems, the Chinese government has
implemented several ecological conservation and restoration projects
since the late 20th century, including Grassland Restoration, Returning
Farmland to Forest and Nature Forest Conservation Program (Miehe
et al., 2008; Zhang et al., 2000). In 2001, the total restored grassland
and reforestation areas in the plateau were about 160000 km? and
4200km?, respectively. These projects have contributed to a gradual
improvement in the ecology and environment of the QTP. Moreover,
additional planning and protection projects have been implemented
(The Government of the Tibet Autonomous Region, 2009; The State
Council of the Central Committee of the Communist Party of China,
2011). In 2009, the State Council approved the “Protection and Con-
struction Planning of Ecological Safety Shelter for Tibet (2008-2030)",
and in 2011, the Government launched the “Tibetan Plateau Environ-
mental Construction and Protection Planning (2011-2030)”. These
measures aim to protect the ecological safety barrier of the QTP. Con-
sequently, more than 155 nature reserves with different functions such

“ Corresponding author. School of Geography and Ocean Science, Nanjing University, Nanjing, 210023, China. Tel./fax: +86 25 83595336.
E-mail addresses: DG1727013@smail.nju.edu.cn (X. Jin), jiangph1986@nju.edu.cn (P. Jiang), 2739852953@qq.com (D. Ma), limanchun@nju.edu.cn (M. Li).
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