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1 Introduction

Abstract: The spatial distribution of land use at diﬀerent
terrain gradients has been used as an important index for
the land management and ecological restoration in the
Loess Plateau of China. Based on the land use data surveyed in 2015 and digital elevation model data with a
resolution of 30 m from typical village transects in the
Loess Plateau area in Yan’an City, Shaanxi Province,
this study analyzed the terrain niche index, distribution
index, land utilization comprehensive index, and land
use equilibrium degree for four village transects. The
results demonstrated that the land use types in the four
village transects were mainly grassland, forest land, and
cropland. Land use types showed obvious diﬀerences in
respect to topographical gradient with built-up land,
traﬃc land, water bodies, cropland, and orchard distributed in low terrain gradient areas, forest land, and grassland distributed in medium- and high-terrain areas. As
terrain gradient increased, the land utilization comprehensive index and land use equilibrium degree showed a
generally decreasing trend. These ﬁndings may provide a
useful reference for land use planning and land resource
allocation in the Loess Plateau region.

Land use and cover change is a multi-disciplinary issue
that needs to be considered comprehensively [1–4]. The
study of land use change has become an important topic
related to the dynamic process of regional environmental
changes, which has also stimulated considerable research
around the world. Changes in spatial distribution patterns
are key issues of research on land use [5–7]. Land use can
be aﬀected by a variety of inﬂuencing factors. Terrain, as
one of the basic factors of the natural environment, has
signiﬁcant impacts on the land use process and degree
[8,9] and is an important factor inﬂuencing regional
land use [10]. In the Loess Plateau of China, the terrain
is complex and ﬂuctuates dramatically. In addition, there
are obvious diﬀerences in temperature, humidity, solar
radiation, and soil conservation, thereby further enlarging the eﬀect of topographic factors on land use [11–13].
In recent years, numerous studies that focused on the
impact of terrain on populations [14,15], economy [16,17],
environmental pollution [18,19], landscapes [20,21], hydrological processes [22,23], vegetation change trends [24],
regional land use and cover, ecological characteristics
[25–27], vertical changes in elevation and slope [28], spatiotemporal changes in land use [29–31], and the suitability of forest landscape [32,33] have been reported. In
practice, elevation and slope are closely related and typically aﬀect the spatial distribution patterns of land use
simultaneously. Therefore, analyzing the inﬂuence of topographic factors on land use spatiotemporal distribution
patterns using the terrain niche index [34,35] which combines the eﬀect of elevation and slope has attracted a lot of
attention. For example, the terrain niche index was used to
study the land use spatiotemporal distribution patterns in
Znojmo and Třebíč in the Czech Republic [36]. In addition,
the terrain niche index was also used to examine the spatial distribution characteristics of land use in Wanzhou

Keywords: transect, terrain gradient, distribution index,
land utilization comprehensive index, spatial distribution, Loess Plateau


* Corresponding author: Jiannong Cao, Department of Surveying and
Mapping, School of Geology Engineering and Geomatics, Chang’an
University, Xi’an 710064, China, e-mail: xacjnchan@126.com
Yizhen Zhao: Department of Surveying and Mapping, School of Geology
Engineering and Geomatics, Chang’an University, Xi’an 710064, China
Xiaodong Zhang: Aerial Photogrammetry and Remote Sensing
Information Co., LTD., Xi’an 710199, China
Ming Zhang: Geological Survey of Japan, AIST, Tsukuba, Ibaraki
305-8567, Japan
Open Access. © 2022 Jiannong Cao et al., published by De Gruyter.
International License.

This work is licensed under the Creative Commons Attribution 4.0

430



Jiannong Cao et al.

District [37]. The Loess Plateau, located in the central and
northern parts of China, is one of the largest loess plateaus
in the world and is also one of the most ecologically vulnerable regions in China. Soil erosion has led to soil degradation and reduction of agricultural yields. Land use
pattern is undergoing an intensive change in the Loess
Plateau. Therefore, the subjects of spatial change and
distribution patterns of land use in the Loess Plateau
have become research focuses for a long time [38–41].
The change of cropland area is an important part of land
use change in the Loess Plateau, especially the abandoned
cropland [42]. The inﬂuencing factors were analyzed to
understand how diﬀerent factors aﬀect the spatio-temporal changes in land use in the Loess Plateau [43]. The
knowledge of how the changing land cover aﬀects the
response of vegetation to drought in the Loess Plateau
can provide a guidance on environmental protection and
ecological restoration [44]. The dynamic impact of land
management practices on the Loess Plateau through ﬁeld
investigation and quantitative analysis from the perspective of returning farmland to forests was revealed. Based
on the results, the researchers proposed environmental
restoration and optimization of land use in the Loess
Plateau [12]. However, there is still a lack of research on
smaller scales, especially on land use spatial distribution
patterns at diﬀerent terrain gradients in village transects
in the Loess Plateau. A transect is a linear area type that
changes regularly or has obvious diﬀerences under a certain dominant driving factor [45]. The transect research
method was ﬁrst successfully applied to the study on
global change [46] and further applied to the study on
borderland change [47]. The study on village transects is
important for reasonable use of natural resources and sustainable development of the village economy since the
preliminary investigation has shown that more and more
economic production activities have been performed in
transects [28]. Therefore, the purpose of this study is to
analyze the land spatial patterns in village transects in the
Loess Plateau, which is expected to reveal the characteristics
of diﬀerentiation in rural development, help further examination of changes in the relationships between urban–rural
development and topographic gradients, and lay a foundation
for the optimization of overall layout of villages and towns.

2 Materials and methods
2.1 Study area
Yan’an City, located in the middle reaches of the Yellow
River, had been eroded and cut by the river ﬂow for a long

time, resulting in the formation of special terrains in this
region, such as ridges and hills, and numerous valleys. It
is a typical hilly and gully area in the Loess Plateau.
Considering such topographical and geomorphological
characteristics there, we chose Yan’an City as a study
area. The geographical environment, such as the terrain,
is high in the northwest and low in the southeast. The
city is adjacent to Yulin City in the north; Xianyang City,
Tongchuan City, and Weinan City in the south; Qingyang
City of Gansu Province in the west; and Linfen City and
Lyuliang City of Shanxi Province across the Yellow River
in the east (Figure 1).
In the process of selecting the transects, the accuracy
of land use data, topographic trends, and area size were
considered. After a comprehensive consideration of various factors, four representative transects were selected
from the perspective of the village administrative district,
i.e., channels passing through villages between two county/
district government areas. Transect 1 is located in the east
of Yan’an City, with an average altitude of 834.95 m. The
villages along the channels between Qilicun Town and
Luozishan Township in Yanchang County were selected
as the county–township transect. Transect 2 is located in
the south of Yan’an City, with an average altitude of
939.68 m. The villages in Fucheng Town in Fu County
and Yongxiang Township in Luochuan County were selected
as the county–township transect. Transect 3 is located in
the west of Yan’an City, with an average altitude of
1369.90 m. The villages along the channel between Wuqi
Town in Wuqi County and Danba Town in Zhidan County
were selected as the county–county transect. Transect 4 is
located in the north of Yan’an City, with an average altitude of 1142.91 m. The villages along the channel between
Jianhua Town in Ansai County and Hezhuangping Town
in Baota District were selected as the county–county
transect (Figure 1).
Three major reasons were considered for selecting
the four transects. First, the four transects are located
in diﬀerent directions to Yan’an City, a prefecture-level
city in the Shaanbei region of Shaanxi province, China.
Second, the average elevations of the four transects are
signiﬁcantly diﬀerent, with an elevation interval of about
100 m. Third, two “county–county” transects with the
channels passing through villages between two county
government areas, and two “county–township” transects
with the channels passing through villages between county
and township government areas were selected.
Two county–county transects include 14 administrative villages in four towns, and two county–township
transects include 12 administrative villages in four towns
and 19 administrative villages in four towns (Figure 2).
The administrative districts in the typical village transects are summarized in Table 1.

Characteristics of land use distribution in typical village transects
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Figure 1: Location map of the study area which is produced based on a land survey database using the ArcGIS 10.3 software. (a) China,
(b) Shaanxi province, and (c) Yan’an city.

2.2 Data sources
The land use data and village boundaries were vector
data based on the database surveyed at the end of 2015

by the Yan’an Natural Resources Bureau. According to
the quantity, quality, and distribution of the land use
types in the study area and the purpose of this study, a
single spot was processed. The map spots of cropland,
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Figure 2: Names of villages in individual transects.

Table 1: List of administrative districts in the typical village transects
Transect code

Transect type

Village number

District

Transect 1

“County–township” transect

12

Qilicun Town, Yanchang County
Zhangjiatan Town, Yanchang County
Anhe Town, Yanchang County
Luozishan Township, Yanchang county
Fucheng Town, Fu County
Yongxiang Township, Luochuan County
Fengqi Town, Luochuan County
Jiaokouhe Town, Luochuan County
Wuqi Town, Wuqi County
Baibao Town, Wuqi County
Jingding Town, Zhidan County
Danba Town, Zhidan County
Jianhua Town, Ansai County
Zhenqudong Town, Ansai County
Yanhewan Town, Ansai County
Hezhuangping Town, Baota District

Transect 2

Transect 3

19

“County–county” transect

Transect 4

orchard, forest land, grassland, traﬃc land, water bodies,
built-up land, and unused land were merged. The description
of land use types is summarized in Table 2. The terrain factors

14

14

included the digital elevation model (DEM), slope, and terrain
niche index. The DEM was extracted from the Advanced
Spaceborne Thermal Emission and Reﬂection Radiometer

Characteristics of land use distribution in typical village transects
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Table 2: Description of land use types
Land use type

Description

Cropland
Orchard
Forest land
Grassland
Traﬃc land
Water bodies
Built-up land
Unused land

The land where crops are produced
The land planted with perennial woody and herbaceous crops, mainly for collecting fruits and leaves
The land where trees, bamboos, shrubs, and mangroves grow
The land mainly for growing herbaceous plants
The land used for transportation, such as ground lines, stations, airports, ports, docks, and bridges
Water bodies refer to the land areas where beaches, ditches, marshes, hydraulic structures, etc. are located
The land for diﬀerent types of houses and ancillary facilities mainly used for human activities
The land without being used

Global Digital Elevation Model Version 2 products with a
spatial resolution of 30 m downloaded from the Geospatial
Data Cloud (www.gscloud.cn/). Using the surface analysis
function in the toolbox within ArcGIS 10.3 software, the slope

was calculated from the DEM. The raster calculator was used
to obtain the terrain niche index (see Section 2.3.1) from the
elevation and slope. The land use, slope, DEM, and terrain
niche index maps are shown in Figure 3.

Figure 3: The maps of (a) land use, (b) slope, (c) DEM, and (d) terrain niche index in the village transects.
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2.3 Methods
2.3.1 Terrain niche index
Slope and elevation are the two important environmental
factors that aﬀect land use and land carrying capacity.
The terrain niche index combines slope and elevation
information to comprehensively reﬂect the terrain conditions of certain locations [48]. The calculation formula is
as follows:

e
s
TNI = log ⎡⎛ + 1⎞ × ⎛ + 1⎞⎤ ,
E
S
⎝
⎠
⎝
⎠⎦
⎣

(1)

where TNI represents the terrain niche index, e and s
represent the elevation and slope at any point on the
grid in the area, and E and S represent the average elevation and average slope of the grid where the point is
located, respectively. The larger the terrain niche index
is, the higher the elevation and/or the slope are, and vice
versa.

based on the previous results [52] and natural conditions.
The grading index intensity of each category was assigned
as follows: 1 for unused land; 2 for water bodies, forest land,
and grassland; 3 for cropland and orchard; and 4 for builtup and traﬃc lands.

2.3.4 Land use equilibrium degree
The land use equilibrium degree can be used to indicate
the order degree and spatial dispersion of land use distribution in the study area. Moreover, this degree can
reﬂect the dynamic change law of land use from diﬀerent
aspects [53]. The calculation formula is as follows:
n

aie log (aie )
,
log (n)
i=1

J = −∑

(4)

2.3.2 Distribution index

where J is the land use equilibrium degree, J ∈ [0,1]; aie is
the proportion of land use type i on terrain gradient e;
and n represents the number of land use types. The
smaller the land use equilibrium degree is, the simpler
the land use structure is. Theoretically, when J = 1, land
use reaches the equilibrium state.

The distribution index can be used to describe the distribution frequency of each land use type on diﬀerent
terrain gradients [49]. The calculation formula is as follows:

3 Results

P=

Sie
Si

Se
,
S

(2)

where P is the distribution index, Sie is the area of the
land type i on the terrain e, Si is the area of the land type i,
Se is the area of terrain interval e, and S is the total area of
the study area. When P > 1, it means that the land use
type belongs to the dominant distribution [50].

2.3.3 Land utilization comprehensive index
The land utilization comprehensive index can quantitatively express the distribution characteristics of land use
degree on diﬀerent terrain gradients [51]. The calculation
formula is as follows:
n

R = 100 ×

∑Li × Ci,

(3)

i=1

where R is the land utilization comprehensive index, Li is
the grading index of land type i, and Ci is the proportion
of land type i. The distributions of land utilization comprehensive index across the study area were calculated

3.1 Inﬂuence of topographic factors on land
use spatial distribution
3.1.1 Distribution index of land use type against terrain
gradient
Based on the actual situation of the study area and the
above formula, the distributions of terrain niche index in
the four transects were calculated. To reﬂect the dominant distribution interval of each land use type, the raster
map of the terrain niche index was reclassiﬁed using the
equal interval reclassiﬁcation method [54], which was
divided into eight levels represented by codes 1–8. The
classiﬁcation standards and results are provided in Table 3.
The area percentage of each transect is shown in the
Table A1.
The distribution index of each transect against the
terrain gradient is depicted in Figure 4. Transect 1 was
one of the county–township transects (Figure 4a). The
dominant distribution of water bodies was at the 1st,
2nd, and 3rd terrain gradients, distributed mainly along

Characteristics of land use distribution in typical village transects
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Table 3: The classiﬁcation of terrain factors
Code

1

2

3

4

5

6

7

8

Range

0–0.33

0.33–0.41

0.41–0.49

0.49–0.57

0.57–0.65

0.65–0.73

0.73–0.81

0.81–0.98

Figure 4: Distribution index of land use type against terrain gradient in four transects: (a) transect 1, (b) transect 2, (c) transect 3, and
(d) transect 4.

the transect and concentrated in low-elevation areas. At
the 4th–8th levels, the distribution index of water bodies
tended to be zero. The distribution indices of forest land
and grassland increased and the dominant distributions
were at 5th–8th terrain gradients. Built-up land was predominantly distributed at the 1st–4th and the 8th terrain
gradients. The dominant distribution of built-up land at
the 8th level was located at Chengguan Village. Cropland
showed predominant distributions at the 1st–4th terrain
gradients and was mainly scattered in low-terrain areas.
The distribution index of orchards ﬂuctuated obviously,
and its dominant distribution was at the 2nd–5th and the
8th terrain gradients. Traﬃc land exhibited predominant
distributions at the 5th–7th terrain gradients, where
Dongjiahe Village’s road is situated in this area. Unused

land was dominantly distributed at the 2nd, 3rd, and 8th
terrain gradients and reached the highest index value
(7.73) at the 8th terrain gradient.
Transect 2 was another county–township transect
(Figure 4b). The dominant distribution of forest land
was at the 4th–7th terrain gradients, which were mainly
distributed in An’er, Duhe, Duanjiazhuang, Liuwan, Pingquan, and Yukou Villages in the northern part of the
transect. The distribution indices of grassland and forest
land were similar, and their dominant distributions were
at the 4th–8th terrain gradients. Water bodies were distributed dominantly at the 1st–3rd and the 7th terrain gradients and in the valley area of the channel. At the 1st
terrain gradient, the maximum distribution index was
3.62, indicating that water bodies had strong selectivities
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to the areas with small slopes and low elevations. The
dominant topographical position of built-up land was at
the 1st–4th topographical gradients, where topographical
conditions of this area are relatively good and water
resources are abundant, thereby meeting the requirements
for living. The dominant distribution of traﬃc land was at
the 1st–3rd terrain gradients, which were convenient for
the construction of roads. A large amount of cropland was
distributed at the 1st–3rd terrain gradients with low elevations, which were convenient for human activities. The
dominant terrain position of the orchard was at the 1st–4th
terrain gradients, indicating that the spatial distribution of
the orchard was less aﬀected by the altitude and slope. The
dominant topographic position of unused land was at the
2nd and the 6th–7th terrain gradients.
Transect 3 was one of the county–county transects.
Figure 4c shows that the distribution index in this transect
had similarities and diﬀerences with respect to diﬀerent
terrain gradients. Water bodies, cropland, and built-up
land had dominant distributions at the 1st–3rd terrain
gradients. The distribution indices of the three land-use
types gradually decreased as the topographic gradient
increased. Water bodies were distributed along the
channel, and cropland was distributed mainly along
the water bodies in a strip. Meanwhile, built-up land
was distributed mainly in the northwest of transect 3
and mostly located in Yaogoumen, Zhongyangqing, and
Jinfoping Villages. The dominant distribution of forest
land was at the 4th–6th terrain gradients. The dominant terrain position of grassland was at the 4th–8th
terrain gradients, indicating that grassland was distributed mainly in the areas with relatively steeper terrain
gradients. The orchard distribution index ﬂuctuated as
the terrain niche index increased, and the dominant
topographic position of the orchard was at the 2nd–4th,
7th, and 8th terrain gradients. The dominant distribution
of traﬃc land was located at the 1st–2nd and 7th terrain gradients with the Jinfoping Village roads passing
through the area of the 7th terrain gradient. The dominant topographical position of unused land was at the
1st– 2nd terrain gradients. The distribution index gradually decreased to zero as the topographic gradient
increased.
Transect 4 was another county–county transect and
its topography exerted a considerable inﬂuence on the
land use spatial distribution. Figure 4d shows that the
dominant topographic positions of cropland, built-up
land, and unused land were located at the 1st–3rd terrain
gradients. Unused land had the largest distribution index
(8.18) at the 1st topographic gradient, mainly distributed
in Majiagou Village. From the 1st to 8th terrain gradients,
the distribution index of cropland gradually decreased,

indicating that the cropland in transect 4 was highly
selective to low terrain gradients. Built-up land was distributed at low terrain gradients where industrial and
mining land and residential areas were located. Forest
land and grassland had a similar distribution index,
which increased as the topographic level index increased,
and the dominant interval of both land use types was at
the 4th–8th terrain gradients. The orchard distribution
index showed a ﬂuctuating trend, and the dominant terrain was at the 2nd–4th and the 8th terrain gradients. The
dominant distribution of traﬃc land was located at the
1st–3rd and the 8th levels with the roads of Lijiawan Village and Majiagou Village passing through this area at
high terrain gradients.

3.1.2 Spatial distribution of land use types on terrain
gradient
The land use types in the village transects on the Loess
Plateau showed several common features and diﬀerences
against terrain gradients (Figure 5). The built-up land
and cropland distribution indices in the four transects
were greater than 1 at the 1st–3rd terrain gradients, where
water bodies required for human activities and agricultural production were available. The distribution indices
of grassland in the four transects showed a gradual
upward trend, and the dominant terrain positions were
at the 5th–8th terrain gradients, indicating the strong
vitality of grassland, which had good adaptability and
can be distributed in the areas of high elevation and steep
slope, with less demands for ﬂat geographical conditions.
For the traﬃc land, the dominant distributions were on
the 5th–7th terrain gradients, the 1st–3rd terrain gradients, the 1st–2nd and 7th terrain gradients, and the
1st–3rd and 8th terrain gradients in transect 1, transect
2, transect 3, and transect 4, respectively. The orchard
distribution indices in the four transects ﬁrst showed
a slowly increasing trend and then a decreasing and
increasing trend. The dominant topographical positions
of forest land in the four transects were on the 4th–8th
terrain gradients. Unused land in the study area was relatively small and scattered on diﬀerent terrain gradients.

3.2 Comprehensive land use index analysis
based on terrain gradient
Figure 6 shows that the land utilization comprehensive
index of the study area demonstrated a decreasing trend
as terrain gradient increased. The reason was that in the

Characteristics of land use distribution in typical village transects
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Figure 6: Comprehensive land use index in each village transect
against terrain gradient.

population and the intensity of human activity were
low, whereas shrubby areas were larger. Land use type
composition was relatively simple, and the land comprehensive degree index was relatively stable. The land
comprehensive degree index of transect 1 on the 1st–3rd
terrain gradients, and transect 4 on the 1st–4th terrain
gradients declined signiﬁcantly, indicating that the areas
were greatly aﬀected by both elevation and slope.

3.3 Land use equilibrium degree analysis on
terrain gradient
Figure 5: Distribution indices of diﬀerent land use types against terrain gradients: (a) cropland, (b) orchard, (c) forest land, (d) grassland,
(e) traﬃc land, (f) built-up land, (g) water bodies, and (h) unused land.

low-terrain gradient areas, the elevation and slope were
relatively small, which was suitable for human life and
various production activities. The land use types were
mainly construction land and arable land, increasing in
land use intensity. As the terrain gradient increased, the
proportion of forest land increased in general (Table A1),
land use intensity decreased, and the land utilization
comprehensive index decreased. When the terrain gradient was higher than the 5th level, the land utilization
comprehensive index of the study area tended to be
stable. Four transects had similar land use comprehensive index. On the middle–high terrain gradients, the

Figure 7 shows that the land use equilibrium degree of
the transects in the typical Loess Plateau exhibited similar
characteristics and diﬀerences. The equilibrium degree of
the land use types in transect 1 reached the maximum
value in the 2nd terrain gradient (0.81), indicating that
human activities in this area were mainly concentrated
in the low topographic places. On the 5th terrain gradient,
the land use equilibrium degree decreased slowly, where
the grassland area occupied more than 50% of transect 1
on the 5th terrain gradient (Table A1). Transect 2 had the
highest land use equilibrium degree in the 1st and 2nd
terrain gradients, which was 0.85 for both levels. In the
3rd–6th terrain gradients, equilibrium degree decreased
rapidly. The land use equilibrium degree of transect 3 was
the highest (0.78) in the 1st terrain gradient area. In the 3rd
terrain gradient area, equilibrium decreased the most,
where forest land and grassland occupied nearly the
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Figure 7: Land use equilibrium degree in each transect against
terrain gradient.

entirety of transect 3 (Table A1). The land use equilibrium
degree index of transect 4 was 0.82 and 0.81 in the 1st and
2nd terrain gradient areas, respectively. As the terrain gradient increased, equilibrium decreased to as low as 0.49 in
the 6th terrain gradient area and rose to 0.50 at the 8th
level. This was because the forest and grasslands have a
predominant distribution in transect 4, with less disturbance from human activities, and have few land use types.
The common feature of the four transects was that
with the increase in topographic gradient, the equilibrium degree decreased. The reason was that the terrain
in this region was relatively ﬂat. Convenient transportation, abundant water, and soil resources were conducive
to human life and agricultural production activities. Land
use types were diverse, and the equilibrium degree was
higher.

4 Discussion
In this study on the spatial distribution of land use, most
of the transects were selected based on the scales at
county levels. Two county–county transects and two
county–village transects were selected to pursue the
research on land use distributions with respect to terrain
gradients. The results revealed the characteristics of changes
in the rural land type, which can be further used to reveal
the relationships between urban and rural development
and lay a foundation for optimizing the layout of villages
and towns. The study on the scales smaller than a village,
however, remain a research topic in the future.

The distribution index can eﬀectively eliminate the
eﬀects of diﬀerent terrain segments and/or areas. It can
be used to illustrate the dominant distribution of diﬀerent
land types. The decrease in comprehensive land use
index with an increase in terrain gradient was attributed
to the relatively small elevation and slope in low terrain
gradient areas, which were suitable for human production activities. Moreover, built-up land and cropland
were the main land use types that resulted in an increase
in land use intensity in low terrain gradient. The main
reason for the low land utilization comprehensive index
in high terrain gradient areas was that a large amount of
irrigated land and dry land had been converted into
forest land and grassland. More speciﬁcally, the land utilization comprehensive index of transect 3 and transect 4
at the 1st–4th terrain gradients decreased rapidly, indicating that elevation and slope had a great impact in
these areas. With the implementation of the policy of
returning cropland to forest land and grassland, the
forest land and grassland had become dominant in the
areas with medium- and high-terrain gradients. Similar
results were also reported by Liang and Liu [55]. The land
types with competitive relationships on the same topographic gradient should be rationally allocated.
Aside from the inﬂuence of natural factors such as
elevation and slope, the comprehensive land use index
and land use equilibrium degree can be signiﬁcantly
aﬀected by human activities [56]. Terrain aﬀects the formation of land distribution types. More human activities
appeared on lower terrain gradients. For example, builtup land was relatively ﬁxed, and diﬀerent land use types
were diﬃcult to change the current land use type, so they
were in a state of balance with a high degree of land use
equilibrium. In higher terrain gradient areas, the land use
types were mostly woodland and grassland, and the land
use balance was lower. Similar eﬀects were observed in
this study because both the comprehensive land use
index and the land use equilibrium degree in the four
transects decreased as the terrain gradient increased.

5 Conclusions
In this study, four village transects in the Chinese Loess
Plateau of Yan’an City, Shaanxi Province, China, were
selected as representatives to examine the land use distribution patterns in 2015 against terrain gradients. Major
conclusions drawn from this study are as follows:
(1) The land use types in the four transects are mainly
grassland and forest land. The distribution of the land

Characteristics of land use distribution in typical village transects

use types at diﬀerent topographic gradients exhibited
signiﬁcant hierarchical characteristics. Cropland, builtup land, traﬃc land, water bodies, and unused land
had predominant distributions at low terrain gradients, whereas forest land and grassland were mainly
distributed at medium to high terrain gradients.
(2) Diﬀerences existed in the comprehensive land use
index at diﬀerent terrain gradients. Fundamentally,
it was relatively high in low topographic areas and
decreased as the topographic level increased. At the
middle and low terrain levels, the land use comprehensive degree index decreased rapidly, while at the
high terrain level, the land use comprehensive degree
index tended to be stable because of less inﬂuence
from human activities.
(3) Overall, the land use equilibrium degree decreased as
the terrain gradient increased. The land use equilibrium degree was high in low terrain gradient areas.
This ﬁnding indicated that the land use diversity
in the study area was concentrated mainly in lowterrain areas because the terrain in such areas was
relatively ﬂat, transportation was convenient, and
water and soil resources were abundant, which were
conducive to human activities and agricultural production. At the 2nd–4th terrain gradients, the order
of land use equilibrium degree in the four transects
was transect 2 > transect 1 > transect 4 > transect 3.
(4) Although several common features were observed in
land use spatial distribution in the Loess Plateau,
diﬀerences existed in each transect. The reason was
that diﬀerent natural conditions and socio-economic
development in the four transects lead to land use
restrictions in the Loess Plateau. As a result, the
four transects demonstrated diﬀerences in land use
distribution. The ﬁndings obtained from this study
can help better understand the current status of
land use distribution and planning of future land
use in the Loess Plateau region.
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Appendix
Table A1: The area percentage of each transect

Transect 1

Transect 2

Transect 3

Transect 4

Code

1

2

3

4

5

6

7

8

Cropland
Orchard
Forest land
Grassland
Traﬃc land
Water bodies
Built-up land
Unused land
Cropland
Orchard
Forest land
Grassland
Traﬃc land
Water bodies
Built-up land
Unused land
Cropland
Orchard
Forest land
Grassland
Traﬃc land
Water bodies
Built-up land
Unused land
Cropland
Orchard
Forest land
Grassland
Traﬃc land
Water bodies
Built-up land
Unused land

14.63
4.56
8.03
34.82
0.00
25.88
11.96
0.12
27.07
21.38
9.05
20.65
4.18
13.35
4.33
0.00
34.68
1.10
16.76
18.15
0.08
10.40
18.08
0.77
34.94
1.15
17.74
13.26
5.44
7.96
18.84
0.68

17.69
7.18
13.22
38.11
0.00
12.61
11.00
0.17
23.10
21.58
14.34
23.56
3.70
9.66
3.99
0.06
24.26
1.48
29.39
28.23
0.03
6.01
10.28
0.32
23.19
1.79
32.20
16.24
4.02
5.51
16.76
0.29

15.27
7.21
17.19
44.24
0.00
7.65
8.31
0.14
15.62
19.64
22.38
31.81
1.93
5.16
3.45
0.01
14.02
1.52
42.03
37.08
0.00
1.62
3.68
0.04
11.93
1.65
49.46
19.46
2.35
3.07
11.96
0.12

12.36
6.80
21.46
48.37
0.00
4.16
6.74
0.10
10.23
13.39
30.78
40.26
1.01
2.45
1.88
0.00
11.78
1.40
46.04
38.56
0.00
0.58
1.64
0.00
6.62
1.47
60.71
22.07
1.27
1.25
6.59
0.02

10.55
6.56
24.59
50.88
0.01
2.21
5.09
0.11
7.33
8.34
34.84
46.28
0.72
1.79
0.70
0.00
10.22
1.34
46.65
39.84
0.00
0.46
1.47
0.01
4.21
1.25
66.07
23.11
0.90
0.61
3.85
0.00

9.02
6.33
25.64
53.27
0.03
1.53
4.09
0.10
6.02
5.95
35.58
49.39
0.65
2.02
0.38
0.02
9.73
1.18
45.20
41.57
0.00
0.71
1.60
0.00
3.69
1.08
67.43
23.41
0.85
0.57
2.94
0.03

7.29
4.83
26.47
56.27
0.04
1.39
3.60
0.10
5.58
5.81
34.61
49.40
0.39
3.93
0.27
0.01
9.74
1.70
41.26
44.32
0.01
1.17
1.80
0.00
4.15
1.24
65.11
24.48
1.58
0.95
2.45
0.05

5.65
4.84
25.86
58.82
0.01
1.14
3.58
0.10
4.50
7.04
35.87
51.53
0.00
2.80
0.25
0.00
11.73
3.08
34.11
47.40
0.00
1.30
2.38
0.00
2.60
1.65
65.02
24.26
2.95
1.84
1.67
0.00

