VILNIUS Journal of Environmental Engineering and Landscape Management
TECH ISSN 1648-6897 / elSSN 1822-4199
Vilnius Gediminas

Technical University 2022 Volume 30 Issue 1: 195-205
https://doi.org/10.3846/jeelm.2022.16382

TEMPORAL AND SPATIAL EVOLUTION CHARACTERISTICS OF LAND
USE AND LANDSCAPE PATTERN IN KEY WETLAND AREAS OF
THE WEST LIAO RIVER BASIN, NORTHEAST CHINA

Zhichun WANG!, Huiying ZHAO?', Chunliang ZHAO?

IChifeng Meteorological Bureau, Inner Mongolia, 024000 Chifeng, China
2Heilongjiang Meteorological Science Research Institute, Heilongjiang, 150030 Harbin, China
3New Zuoqi Meteorological Bureau, Inner Mongolia, 021008 Hulunbuir, China

Received 16 December 2020; accepted 23 September 2021
Highlights

The wetland resources area in the West Liao River Basin is drastically reduced from 1985 to 2015.

The CONTAG index of each research area is showing an upward trend, indicating that it is increasingly controlled by
the dominant landscape types.

The main driving force of the landscape pattern evolution in West Liao River Basin are insufficient water resources and
intensified human disturbance.

Abstract. The impact of the wetland ecosystem on arid and semi-arid areas is much higher than that in humid areas. It
plays a more significant role in regulating climate, conserving water sources, purifying water bodies, and protecting bio-
diversity. The West Liao River Basin is located in a moderately temperate, semi-arid, and continental monsoon climate-
sensitive area, with a fragile ecological environment. Climate warming and drought have gradually caused dry-flow of
some river sections in the basin, reduction in the water area, shrinking of wetlands, degradation of vegetation ecological
function, and decline of biodiversity. Ultimately, the effect of ecological barriers is significantly weakened. The research of
the temporal and spatial evolution of landscape patterns and their relationship with human activities in arid and semi-arid
regions is of great significance for the protection and restoration of wetland resources. Based on Landsat remote sensing
images in 1985 and 2015, the temporal and spatial evolution of landscape patterns in four key wetland areas in the West
Liao River Basin was studied by 3S technology and landscape ecology indexes. Results show that during the 30a years, the
wetland resources area in the West Liao River Basin is drastically reduced. Wetland resources of the four study areas, the
Dalinor, the Saihanwula, the Hongshan Reservoir, and the West Liao River Estuary, were decreased by 13.80%, 31.06%,
61.10%, and 66.03%, respectively. The reduced wetland resources in the Dalinor and the Saihanwula were mainly converted
into grassland, while those of the Hongshan Reservoir and the West Liao River Estuary were mostly converted into farm-
land. The diversity and evenness indexes of landscape in the Hongshan Reservoir and the West Liao River Estuary are grad-
ually decreasing. The diversity and evenness indexes of the Dalinor and the Saihanwula are not significantly changed but
are slightly disturbed by human activities. Changes in the landscape pattern index highlight the decrease in the water area,
the increase in the area of dry and paddy fields, and the improvement of sandy land. All these further reflect that insuf-
ficient water resources supplementation and increasing human disturbance have a profound impact on the landscape pat-
tern, which has also become the main driving force for the evolution of the landscape pattern in the West Liao River Basin.

Keywords: key wetland areas, land use, landscape pattern, West Liao River Basin.

Introduction (Editorial Committee, 2009; Lii et al., 2018). Wetland is a
Wetland, known as “the kidney of the Earth”, “the cradle unique ecosystem formed by the interaction of land and
of life and civilization”, and “the gene pool of species’, is water, and it has the attributes of terrestrial ecosystem and
listed as one of the three major ecosystems in the World ~ water ecosystem. It offers a variety of resources for human
Conservation Strategy, together with forests and oceans living and production and has functions such as climate
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regulation, water conservation, and purification. And at
the same time, it plays a crucial role in biodiversity con-
servation, which has a great significance in the healthy
development of the ecological environment (Zhang et al.,
20164, 2016b; Gong et al., 2012).

The impact of the wetland ecosystem on arid and
semi-arid areas is much higher than that in humid areas.
Wetlands in this climate zone are scattered, with small
patch areas and relatively scarce water resources. There-
fore, wetland ecosystems are more vulnerable to external
factors (Gao et al., 2009; Yang, 2019). In recent years, due
to the dual constraints of the natural environment and
human production and living, wetland ecosystems in
arid and semi-arid areas have become fragile and sensi-
tive, and wetland structure and ecological functions have
been degraded significantly (Song et al., 2017). Therefore,
research on the evolution of landscape patterns of wet-
land ecosystems in arid and semi-arid regions is of far-
reaching significance in maintaining the sound develop-
ment of the wetland ecological environment (Xiao et al.,
2010; Wu, 2007). The West Liao River Basin is located in
a moderately temperate, semi-arid, and continental mon-
soon climate-sensitive area, with little precipitation and
severe drought. Affected by multiple factors, the current
ecological and environmental problems of some river sec-
tions such as dry-flow, reduction of water area, shrinking
of wetlands, degradation of vegetation ecological function,
and decline of biodiversity are becoming more and more
prominent. All of these are posing a major threat to the
ecological environment and sustainable economic devel-
opment of the river basin (Zhang et al., 2017).

Land-use change is the main manifestation of changes
in terrestrial landscape ecosystems (Li et al., 2012; Wang
et al., 2014a), and is also one of the most important re-
sponses of global environmental changes and terrestrial
ecosystems to global climate change and human activities.
It has become one of the core themes of global change

M7°E 18°E 119°E 120°E
1 1 1 1

research (Liang et al., 2010; Xie, 2008). The landscape pat-
tern can reflect the spatial pattern, size, and shape of the
landscape, and the spatial distribution and combination of
patches (Du et al., 2018; Wei et al., 2018). The landscape
index highly condenses the landscape pattern information
and is a simple quantitative index to describe the char-
acteristics of its structural composition and spatial con-
figuration (Gao & Bi, 2010). With the continuous devel-
opment of landscape ecology, landscape ecology methods
have been widely used in land-use change and wetland
type succession (Zhou et al., 2020). In this paper, the four
most representative wetland ecological key areas in the
West Liao River Basin are selected as the research objects,
based on the interpretation of high-resolution remote
sensing images. This paper analyzes the land-use change
and the evolution of wetland landscape patterns in the key
wetland areas of the West Liao River Basin, aiming to pro-
vide references for the ecological environment protection,
utilization, and restoration of the wetlands in this area.

1. Overview of the study areas

The main body of the West Liao River Basin is located in
Chifeng City and Tongliao City in the southeast of Inner
Mongolia and covers Pingquan and Weichang of Hebei
Province, Horqin Right Wing Middle Banner of Inner
Mongolia, Jianping of Liaoning Province, part of Tongyu,
and Shuangliao of Jilin Province, China (Figure 1). The
West Liao River Basin is located in the inland and due to
the limitation of precipitation, its wetland ecosystem is very
fragile. In this study, four representative key wetland areas
with the most abundant wetland resources were selected
as the study areas, covering the upper, middle, and lower
reaches of the West Liao River Basin. They are as follows:
1. The Dalinor National Nature Reserve (1182.98 km?): a
comprehensive nature reserve with rare birds and diverse
landscapes such as lakes, wetlands, sand, grasslands, and
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Figure 1. The location of the study areas
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woodlands; 2. The Saihanwula National Natural Reserve
(1005.68 km?): a comprehensive nature reserve with rare
and endangered wild animals and plants and diverse land-
scapes such as forests, grasslands, sandy lands, and wet-
lands; 3. Hongshan Reservoir (1148.31 km?): is the largest
reservoir in the West Liao River Basin. The “Xiaoheyan
wetland bird nature reserve” is located in this area, main-
ly composed of birds and wetlands; 4. The reach area of
the West Liao River Basin before it flows into Liao River
(1548.27 km?).

2. Data and research method

2.1. Data source and preprocessing
2.1.1. Data source

The research data in this paper is the remote sensing im-
age data taken by the American land satellite Landsat-5
TM and Landsat-8 OLI in two phases (July-August in
1985 and 2015), with a spatial resolution of 30 m. The
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image data is downloaded from the United States Geologi-
cal Survey (USGS) website (http://earthexplorer.usgs.gov/)
and the geospatial data cloud website (http://www.gsloud.
cn/). The field survey data mainly takes the research wet-
land type areas as the main survey objects. Google Earth
satellite imagery is also used.

2.1.2. Remote sensing data preprocessing

The division of landscape types is the primary link in the
evolution and dynamic analysis of landscape patterns, and
determining the appropriate basic taxonomic unit is criti-
cal for landscape ecological research (Zhang et al., 2003;
Chen et al., 2010). The land use classification system has
a clear classification significance in geoscience research,
and its dynamic changes can directly reflect the evolution
of landscape patterns. First, the remote sensing image is
segmented at multiple scales, and then the object-orient-
ed classification method is used to interpret the land use
types. The interpretation includes wetlands (swamps: grass
wetland, shrub wetland, forest wetland), beach land, water
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Figure 2. Temporal and spatial evolution of the land use in Dalinor
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Figure 5. Temporal and spatial evolution of the land use in West Liao River Estuary

area (river, lake, pond), grassland, shrubland, woodland,
dry land, paddy field, sandy land, construction land (resi-
dential area), Factories, highways, dams, etc.) 10 types, of
which wetland includes 4 types of wetland, beach land,
water area, and paddy field. Finally, field survey data and
drones are used to take aerial images, Google Earth high-
resolution images are used to select points, and a confu-
sion matrix is used to evaluate the classification effect, for
the purpose of obtaining the total classification accuracy
and Kappa coefficient for each year. The result shows that
the classification accuracy is greater than 85%, which
meets the research requirements. The interpretation re-
sults are shown in Figure 2-Figure 5.

2.2. Research methods
2.2.1. Transition matrix method

The land use transfer matrix can describe the mutual trans-
formation of various types and can reflect the structural
characteristics of land types and the direction of trans-
fer between types (Shi et al., 2012; Wang et al., 2014b).
This paper rasterizes the interpreted vector data of land
use types, uses the spatial analysis function of GIS to per-
form statistical analysis on the area of each land-use type
in different periods in the study areas, and constructs the
transition probability matrix between different regions.
Ultimately, the temporal change characteristics and spa-
tial pattern evolution trend of wetland types in a certain
period are analyzed.

2.2.2. Landscape pattern index

The landscape pattern index is a high-level summary of
landscape pattern information, reflecting the composition
of landscape structure and spatial configuration character-
istics, and is one of the important indexes for landscape
pattern research (Wu, 2007; Ahlqvist & Shortridge, 2010).
Fragstats software includes all commonly used calcula-
tion methods of landscape pattern index, which can be
analyzed from three levels of patch, type, and landscape.
This paper selects the Number of Patches (NP), the Larg-
est Patch Index (LPI), and the Mean Fractal Dimension

Index (FRAC_MN) based on the type level. Based on the
landscape level, this paper selects the Shannon’s Diversity
Index (SHDI), Shannon’s Evenness Index (SHEI), Conta-
gion Index (CONTAG) to analyze the shape, fragmenta-
tion, spatial configuration, and diversity of the landscape
in the study area for research. The calculation formula of
the landscape index can be found in the literature (Herzog
et al., 2001; Hulshoff, 1995).

3. Results and analysis

3.1. Spatio-temporal changes of land use in each
study area

3.1.1. Present situation of land use

From the land use of each study areas (see Table 1 and
Figure 6), the Dalinor is mainly composed of grassland,
which is mainly distributed in the north of the south edge
of the Dalinor Lake, with an area of 548.17 km? (the data
in 2015, the same below), accounting for more than 40%.
The waters are mainly composed of the Dalinor Lake, the
Ganggengnuoer Lake, and the Duonuonuoer Lake, with
a total area of 220.97 km?. The forest land (sparse sand
forest) and the sandy land are mainly distributed in the
Hunshandake Sandy Land in the south, with an area of
181.60 km? and 66.42 km?, respectively. The wetland and
the flood land are mainly distributed around two large
lakes, accounting for 6.97% and 6.06%, respectively. The
proportion of the farmland and the construction land is
very small.

The Saihanwula is mainly composed of forest, shrub,
and grass, with a total area of 895.69 km?, accounting
for 89.07%. The farmland, residential area, and wetland
are mainly distributed in the river valley, accounting for
5.96%, 1.04%, and 1.78%, respectively. Some flood land
and sandy land are scattered.

The Hongshan Reservoir is mainly composed of
dryland and grassland, with an area of 722.79 km? and
176.85 km?, totally accounting for 78.34%. The paddy field
is mainly distributed in the flood discharge area of the
reservoir, accounting for about 4%. Waters (reservoir) and



Journal of Environmental Engineering and Landscape Management, 2022, 30(1): 195-205

199

Table 1. Changes in land use in each study area (km?)

Dalinor Saihanwula Hongshan Reservoir West Liao River Estuary
Land use
1985a 2015a 1985a 2015a 1985a 2015a 1985a 2015a
Wetland 126.07 82.44 26.64 17.90 52.26 21.90 40.57 2.95
Flood land 73.15 71.64 0.00 0.30 54.98 1.80 33.71 13.32
Waters 235.87 220.97 0.50 0.51 91.18 21.24 26.96 18.12
Paddy fields - - - - 28.17 43.21 - -
Grassland 495.16 548.17 312.79 322.40 301.29 176.85 213.18 86.65
Shrub - - 314.09 265.36 11.58 30.41 - -
Woodland 189.15 181.60 287.69 307.93 5.53 33.94 38.97 53.78
Dryland 3.62 1.48 36.37 59.94 479.18 722.79 1074.77 1218.27
Sand 55.18 66.42 21.25 20.85 89.87 16.42 11.60 6.23
ﬁﬁf”umon 478 10.26 6.35 10.49 3428 79.75 108.51 148.95
Note: — means no such land use, the same below.
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Figure 6. Changes in the proportion of land use in each study area

wetlands account for 1.85% and 1.91%, respectively. The
Horgin Sandy Land is on both sides of the flood discharge
area, which has been greatly reduced in recent years, ac-
counting for only 1.43%.

The West Liao River Estuary is dominated by farm-
land, with a total area of 1218.27 km? in 2015, account-
ing for 78.69%. Most towns and villages are built near the
river, with a large population density. There are also many
residential areas and factories. The construction land ac-
counts for a relatively high proportion of approximately
10%.

3.1.2. Temporal change characteristics of land use

From the perspective of temporal change, the wetland
area of each study area showed a significant downward
trend in the past 30a years. The wetland of the Dalinor
decreased by 43.63 km?, the Saihanwula by 8.74 km?, the
Hongshan Reservoir by 30.36 km?, and the West Liao Riv-
er Estuary by 37.62 km?. Except for the Saihanwula, the
waters of the other three study areas also decreased signifi-
cantly. Compared with that in the 1980s, it has decreased
by 6.32% (Dalinor), 76.71% (Hongshan Reservoir), and
32.79% (West Liao River Estuary) respectively. The area of
the paddy field of the Hongshan Reservoir has increased
from 28.17 km? to 43.21 km?. A comprehensive analysis
of natural wetland and constructed wetland shows that the

area of wetland is still shrinking. Except for the Dalinor,
which is dominated by animal husbandry, the proportion
of farmland (dryland) in other study areas continued to
rise. The dryland of the Hongshan Reservoir increased
by 243.61 km?, followed by the West Liao River Estuary,
which increased by 143.50 km?. The forest land changes
in each area are relatively stable. The grassland changes are
divided into three levels. The grassland area in the forest
area (Saihanwula) has basically remained stable, the grass-
land area in the pastoral area (Dalinor) tends to increase,
and the grassland area in the agricultural area (Hongshan
Reservoir, West Liao River Estuary) has dropped signifi-
cantly.

3.1.3. Spatial change characteristics of land use

This paper uses the area transfer matrix to analyze the
spatial evolution characteristics of various land use.
Table 2 shows the land-use area transfer matrix of the
Dalinor. From 1985 to 2015, 36.66% of the wetlands were
converted into grassland. 13.03 km? of waters turned
into flood land and 5.57 km? of those turned into wet-
lands. However, the area converted into waters is only
5.63 km?, and the waters are reduced as a whole. Forest-
grass and forest-sand conversion to each other, and the
areas are the same as before. Other land uses have little
mutual transformation.
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Table 2. Area transfer matrix of Dalinor land use from 1985 to 2015 (km?)
Wetland | Flood land | Waters Grassland | Woodland | Dryland Sand Coni’;;udc Hon | Total

Wetland 64.43 5.38 3.78 46.22 5.76 0 0.09 0.36 126.02
Flood land 2.31 43.33 1.35 24 2.08 0 0.08 0.04 73.19
Waters 5.57 13.03 215.34 1.9 0.03 0 0.01 0 235.88
Grassland 7.87 7.7 0.5 461.32 10.92 0.22 14 5.06 494.99
Woodland 2.17 1.2 0 10.34 147.31 0 28.08 0.16 189.26
Dryland 0 0 0 1.86 0 1.26 0 0.4 3.52
Sand 0.07 1.01 0 1.53 15.99 0 36.74 0 55.34
Construction | 0 0 0.5 0 0 0 423 478
land

Total 82.42 71.65 220.97 547.72 182.09 1.48 66.4 10.25 1182.98
Note: the matrix element A;; represents the area converted from land-use i to j from 1985 to 2015.

Table 3. Area transfer matrix of Saihanwula land use from 1985 to 2015 (km?)
Wetland Flood Waters | Grassland | Shrub | Woodland| Dryland | Sand Construction | - pp.)
land land

Wetland 14.38 0.28 0.14 5.87 0.89 0.14 4.6 0 0.34 26.64
Flood land 0 0 0 0 0 0 0 0 0
Waters 0.04 0 0.34 0.07 0.02 0 0.03 0 0 0.5
Grassland 1.64 0.02 0.03 214.49 43.43 20.39 21.73 7.2 3.83 312.76
Shrub 1.34 0 0 72.95 194.08 42.06 2.97 0.34 0.34 314.08
Woodland 0.28 0 0 17.86 25.07 244.50 0.02 0 0 287.73
Dryland 0.23 0 0 3.31 1.58 0.42 30.11 0.05 0.66 36.36
Sand 0 0 0 7.39 0.19 0.42 0 13.26 0 21.26
Construction | 0 0 0.45 0.03 0.07 0.48 0 532 635
land

Total 17.91 0.3 0.51 322.39 265.29 308 59.94 20.85 10.49 1005.68

The Saihanwula mainly has three types of land use:
forest, shrub and grass. From 1985 to 2015, the area trans-
fer was mainly concentrated among these three types of
land use, with shrubs transferring the most, followed by
grassland, and forest land the least (Table 3). From the
perspective of income and expenditure, shrubs have nega-
tive incomes, and grasslands and woodlands have positive
incomes. 5.87 km? of wetland was converted into grass-
land, while only an small area of other land use types were
converted into wetland. In general, wetlands are gradually
shrinking. The increase in construction land (mainly resi-
dential areas) was mainly transformed from grassland, in-
dicating that villages were mainly expanding on grassland.

From the Area transfer matrix of Hongshan Reservoir
land use from 1985 to 2015 (Table 4), it can be seen that
from 1985 to 2015, the area of dry land increased rapidly,
mainly transferred from wetlands along the river, beach
land, grassland and reservoir areas. Since the 1980s, the
waters of the reservoir have been continuously reduced
and have been in the state of dead storage capacity. As the
reservoir area shrinks, the wetlands and flood lands along

the river gradually move with the reservoir. The exposed
reservoir, wetland, and flood land far away from the res-
ervoir were transferred into farmland. The increase in the
area of the paddy field is mainly concentrated in the flood
discharge area of the reservoir. With the decrease of dis-
charge water, the flood discharge area has been transferred
into paddy fields. Both sides of the flood discharge area
are the Horqin Sandy Land. In recent years, with the vig-
orous advancement of sandy land protection and green-
ing, sandy land vegetation has recovered rapidly, and most
of the sandy land has been transformed into grassland.
The West Liao River Estuary is dominated by farm-
land. During the 30a years, the area of dry farmland has
increased by 143.50 km?, of which 108.67 km? was trans-
formed from grassland, and the rest are from the wetland,
flood land, construction land, and waters. Another type of
transfer is the transfer from dryland to construction land
with an area of 62.55 km?. This is mainly due to a large
number of villages and towns on both sides of the estuary.
With the increase in population and industrial develop-
ment, construction land has increased greatly (Table 5).
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Table 4. Area transfer matrix of Hongshan Reservoir land use from 1985 to 2015 (km?)
Flood Paddy | Grass- Wood- Construc-

Wetland land Waters felds land Shrub land Dryland | Sand tion land Total

Wetland 2.01 0 0.02 4.62 0.32 0 0.01 44.37 0 0.92 52.27
Flood land 3.07 0 0 0.15 1.07 0 0.28 49.91 0 0.50 54.98
Waters 8.11 0.71 21.02 2.38 0.84 0.01 0.63 56.79 0.01 0.70 91.20
Paddy fields 0.61 0 0 12.84 0.66 0.01 13.63 0 0 0.42 28.17
Grassland 451 0.45 0.15 15.75 90.68 11.99 12.26 140.29 2.99 22.2 301.27
Shrub 0 0 0 0 0.14 9.18 0.75 1.50 0.01 0 11.58

Woodland 0 0 0 0 0.08 0 5.45 0 0 0 5.53
Dryland 3.38 0.64 0.06 6.05 31.46 4.98 14.37 396.66 0.13 21.43 479.16
Sand 0.21 0 0 1.34 51.20 4.23 0 15.20 13.28 4.40 89.86
ﬁﬁ‘ftmcuon 0.01 0 0 0.09 0.38 0 0.17 445 0 29.19 34.29
Total 21.90 1.80 21.25 43.22 176.83 30.40 47.55 709.17 16.42 79.76 1148.31

Table 5. Area transfer matrix of West Liao River Estuary land use from 1985 to 2015 (km?)

Wetland | Flood land | Waters Grassland | Woodland | Dryland Sand Conﬁrnudc Hon | Total

Wetland 0.12 0.01 0.47 1.24 0.26 37.69 0.14 0.64 40.57

Flood land 0.60 1.83 2.46 0.16 0 27.84 0.18 0.64 33.71

Waters 0.41 2.28 4.85 0.43 0 17.91 0.1 0.99 26.97
Grassland 0.84 1.86 1.96 39.68 10.72 148.35 1.00 8.78 213.19

Woodland 0 0 0 1.84 36.25 0.41 0.34 0.09 38.93
Dryland 0.85 6.87 8.1 36.22 5.86 950.26 4.06 62.55 1074.77

Sand 0.09 0.07 0.1 5.22 0.55 4.37 0.27 0.94 11.61
gﬁzs““““’“ 0.04 0.41 0.18 1.87 0.1 31.44 0.14 7434 108.52
Total 2.95 13.33 18.12 86.66 53.74 1218.27 6.23 148.97 1548.27

3.2. Analysis of landscape pattern changes in each
study area

3.2.1. Structural characteristics of landscape patches

From changes in the number of landscape patches in
each study area (see Table 6), the number of grasslands,
woodland, and sand patches in the Dalinor is the major-
ity, while the number of wetland and water patches is
the minority. The Saihanwula is dominated by grassland,
shrub, and woodland patches, accounting for more than
80%. The number of patches of grassland, dryland, and
construction land in the Hongshan Reservoir is the major-
ity. The number of patches of grassland and construction
land occupied the majority in the West Liao River Estu-
ary. Comprehensive analysis of patch number change and
largest patch index (Table 7) shows that the number of
grassland patches in the Dalinor has little change, but the
largest patch index increases, indicating that the grassland
uniformity is getting worse. The number of patches in the
sandy sparse forest and the sandy landscape is decreasing,

the woodland area changes little, and the sandy land area
increases slightly, all of which demonstrating that the small
area of woodland shows a trend of being connected into
patches. The two lakes and the waters connecting them
are separated due to the drop in water level, which leads
to an increase in the number of patches in the waters, and
thus reducing the maximum patch index of the waters.
The number of forest, shrub, and grass landscape patches
increased in the Saihanwula, but the largest patch index ei-
ther increased or decreased differently, resulting from hu-
man disturbance. The increase of grassland patches in the
Hongshan Reservoir originated from the transfer of sandy
land in the lower reaches of the reservoir. The decrease of
dryland and wetland patches is due to the transfer of part
of the wetland into dryland and part of the reservoir area
into dryland, which makes the dryland connected into
a piece, and the largest patch index of dryland increases
from 10.86% to 56.53%. The increase in the number of
construction land patches is closely related to population
growth and economic development. The results show that
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Table 6. Changes in the number of landscape patches in each study area
Landscape Dalinor Saihanwula Hongshan Reservoir West Liao River Estuary
type 1985a 2015a 1985a 2015a 1985a 2015a 1985a 2015a
Wetland 30 29 42 41 28 19 25 12
Flood land 18 35 - 25 78 115
Waters 9 19 3 13 23 73
Paddy fields - - - - 3 - -
Grassland 228 237 179 220 122 209 113 217
Shrub - - 182 344 8 16 - -
Woodland 289 164 94 106 7 35 20 41
Dryland 4 4 23 49 111 82 73 102
Sand 285 181 7 20 47 46 17 55
ponstruction 11 15 23 30 76 139 243 326
Table 7. Changes in landscape largest patch index in each study area (%)
Landscape Dalinor Saihanwula Hongshan Reservoir West Liao River Estuary
type 1985a 2015a 1985a 2015a 1985a 2015a 1985a 2015a
Wetland 4.49 2.12 0.60 0.22 1.30 0.62 0.60 0.06
Flood land 1.80 2.18 - 0.03 1.65 0.06 0.17 0.06
Waters 17.96 16.18 0.03 0.03 6.02 1.84 0.40 0.14
Paddy fields - - - - 1.30 2.25 - -
Grassland 26.07 38.91 16.89 9.03 5.68 4.18 2.38 0.74
Shrub - - 524 5.68 0.35 0.85 - -
Woodland 12.10 8.68 11.40 12.20 0.30 0.54 1.77 1.78
Dryland 0.28 0.04 1.10 1.12 10.86 56.53 61.10 77.29
Sand 0.60 1.32 1.55 1.40 1.35 0.19 0.31 0.05
[onstruction 0.15 0.22 0.07 0.13 0.33 0.44 0.93 1.50

the number of patches increased significantly, but the total
area and the largest patch index of grassland decreased
significantly, revealing that the grassland is severely frag-
mented after being divided. The reason for the change of
patch number of construction land was the same as that
of the Hongshan Reservoir.

3.2.2. Shape characteristics of landscape patches

The mean fractal dimension index of patches can be used
to judge the complexity of the landscape. The mean frac-
tal dimension index change of each study area is shown
in Figure 7. It can be seen from the figure that the mean
fractal dimension index of each wetland has increased to
varying degrees, which shows that although the area of
the wetland has decreased, the shape of the wetland has
become more complicated.

Among them, the mean fractal dimension index of the
Hongshan Reservoir has the largest increase from 1.1064
to 1.1912. The Saihanwula’s rise was not significant. The
mean fractal dimension of the grassland in the Dalinor,
the Hongshan Reservoir, and the West Liao River Estuary

decreased, revealing that the shape of grassland patches
tends to be simple. The mean fractal dimension index of
the Dalinor grassland has not decreased much. And that
of the Hongshan Reservoir and the West Liao River Estu-
ary has decreased due to the fact that most of the grass-
land has been transferred into farmland, and the outline
has become simple, which is consistent with the simulta-
neous decrease of the mean fractal dimension index of the
dry fields in the two areas. While the mean fractal dimen-
sion index of the Saihanwula grassland has become larger,
and the number of patches has also increased, indicating
that the grassland is divided by human intervention. The
changing trend of the mean fractal dimension index of the
waters is exactly the opposite of that of the wetland, which
shows that the shape of the waters becomes simple while
shrinking. The mean fractal dimension index of other
landscape types does not change significantly.

3.2.3. Overall changes in landscape pattern

This research selects the Shannon’s diversity index and
the evenness index to measure the characteristics of the
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Figure 7. The mean fractal dimension index of landscape types in each study area

landscape. From 1985 to 2015, the diversity index and
the evenness index of the Hongshan Reservoir and the
West Liao River Estuary showed a significant decreasing
trend, which indicates that the diversity and uniform-
ity of patches are gradually decreasing (Table 8). This
was because the waters of the Hongshan reservoir were
transformed into farmland, and the grassland of the
West Liao River Estuary was transformed into farmland,
and farmland became the dominant landscape. Gener-
ally speaking, the disparity between the proportions of
all kinds of landscapes is getting wider and wider. The
diversity index and evenness index of the Dalinor and
the Saihanwula did not change significantly, indicating
that the proportion of each landscape has not changed
much, which also shows that the two study areas have
been effectively protected after the establishment of na-
ture reserves.

Analyzing the CONTAG index, we can see that the
CONTAG index of each area is showing an increasing
trend (Table 8), indicating that each area is increasing-
ly controlled by dominant landscape types. The most
prominent change is the Hongshan Reservoir, where
the CONTAG index increased from 59.5607 to 67.7229,
mainly due to the sharp decrease in the waters and the
sharp increase in the area of farmland. The main reason
for the change in the CONTAG index of the West Liao
River Estuary was that grassland gradually transformed
into farmland, and the proportion of farmland increased
to 78.69%.

Table 8. Overall landscape pattern index of each study area

Study area Year SHDI SHEI | CONTAG

1985 1.5733 0.7566 58.0366
Dalinor

2015 1.5244 0.7331 58.9760

1985 1.4182 0.6820 61.8170
Saihanwula

2015 1.4527 0.6612 62.2221
Hongshan 1985 1.6703 | 0.7254 | 59.5607
Reservoir 2015 1.3086 0.5683 67.7229
West Liao 1985 | 1.0912 | 05248 | 69.6904
River Estuary 2015 0.8189 | 0.3938 | 76.1954

4, Discussion

The patch characteristics of different landscape types in
different study areas show irregular changes, and a certain
index alone cannot objectively analyze the evolution trend
of the landscape. For example, the number of grassland
landscape patches in each study area is increasing, but it
does not necessarily mean that the grassland landscape
is seriously fragmented. A comprehensive analysis of the
area change and the largest patch index shows that both
the area of the Dalinor grassland and the largest patch in-
dex has increased, which does not mean that the fragmen-
tation of grassland landscape is serious, but the grassland
area and grassland patches increase due to the conversion
of other landscape types into grassland. It is not possible
to use a single landscape index to measure the trend of
landscape feature changes. Multiple interrelated indexes
should be analyzed comprehensively so that the conclu-
sions will be more objective.

The diversity index and evenness index of the Dalinor
and the Saihanwula did not change significantly and
were less disturbed by human activities, which is con-
sistent with the analysis conclusion of Su Longgaowa (Su,
2010)’s analysis of the landscape pattern of the Saihan-
wula Nature Reserve. However, according to Guan Rui-
hua (Guan, 2011), the impact of human activities on the
Dalinor is increasing, which is not completely consist-
ent with the conclusion of this paper. The Hongshan
Reservoir wetland has transformed into farmland in a
large amount, showing a serious shrinking trend, which
is similar to Wu Menghong (Wu, 2018)’s analysis of the
wetland in the West Liao River Basin. Due to the shrink-
ing of wetlands, the drastic reduction of water area, the
expansion and connection of farmland, the diversity of
wetland landscapes in the Hongshan Reservoir and the
West Liao River Estuary has decreased, farmland has
become a dominant landscape, and the proportion of
landscape structure has become increasingly disparity.
This is contrary to the evolution characteristics of urban
wetland landscapes along the Yellow River in Ningxia,
which belong to the same semi-arid region (Gao et al,,
2020). All of these may result from the composition and
structure of land-use types and local policies in the ur-
ban belt along the Yellow River.
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From the temporal evolution of wetland landscapes
in each study area, the wetland resources in the West
Liao River Basin tend to deteriorate, especially the wa-
ter landscape has the largest decrease. From the analysis
results of the precipitation change of the West Liao River
Basin (Wang et al., 2020), the precipitation in the basin
has a slight downward trend, and the decline is not large.
This shows that the natural precipitation in the basin has
not changed significantly. Therefore, the decrease in the
amount of water in the major waters (river, lake, reservoir)
and the interference of human activities have become the
main reasons for the shrinkage of wetland in the basin.

The abundance of water resources is directly related
to the stability and health of wetland resources. For the
Hongshan Reservoir and the West Liao River Estuary,
which are dominated by agriculture, as the area of farm-
land continues to increase, the demand for water resources
will inevitably increase. It will cause water shortages and
impair the watershed, and thus leading to a great threat
to wetland resources. Therefore, wetland protection is a
systematic project. We should focus on the wetland area
and make scientific judgments from a wider range and
deeper level before putting forward systematic and scien-
tific protection measures and plans.

Conclusions

Based on Landsat remote sensing image data and land-
scape ecology principles, this study analyzed the temporal
and spatial evolution characteristics of landscape patterns
in four key wetland areas in the West Liao River Basin,
and reached the following conclusions:

From 1985 to 2015, the area of wetland in each study
area was significantly reduced. The area of the Dalinor
wetland has been reduced by 13.80%, among which
the area of wetland along the lake has been reduced by
43.63 km?, and the area of the three main lakes has been
reduced by 14.90 km?. Although the flood discharge area
of the Hongshan Reservoir has increased its paddy field
area since 2000, the overall wetland area has decreased by
61.10% (138.44 km?2) due to the substantial decrease in
the water area of the reservoir area. After the degradation
of the wetland resources in the West Liao River Estuary,
most of them were developed into farmland (a decrease
of 66.85 km?). The Saihanwula has very few waters and
accounts for a not large proportion of wetland, which has
been reduced by 8.43 km? in 30a years.

In the past 30a years, the diversity index and evenness
index of the Hongshan Reservoir and the West Liao River
Estuary has shown a significant downward trend, which
indicates that the diversification and uniformity of patches
are gradually decreasing. The diversity index and evenness
index of the Dalinor and the Saihanwula did not change
significantly. The CONTAG index of each study area is
showing an upward trend, indicating that it is increasingly
controlled by the dominant landscape types.

With the gradual increase in ecological restoration and
protection, the Horqin Sandy Land on both sides of the

Hongshan Reservoir’s flood discharge area was transferred
into grassland after 2000, and the ecological environment
has been greatly improved. As the flood discharge and
drainage of the Hongshan Reservoir have been reduced,
most of the flood discharge areas have been transformed
into paddy fields. As a result, the area of constructed wet-
lands has increased to a certain extent.

Ethical approval

— Consent to Participate: agree.

— Consent to Publish: agree.

— Authors Contributions: Zhichun Wang: analysis; Hui-
ying Zhao: supervision, Chunliang Zhao: analysis.

— Availability of data and materials: N/A.

— Clinical Trials Registration: N/A.

Funding

This research is funded by the National Natural Science
Foundation of China (41665007).

Corresponding author

Zhao Huiying (1964-), a senior engineer with a master’s
degree. He is mainly engaged in the assessment of the im-
pact of climate change on the ecological environment.

Disclosure statement

We declare that we have no conflict of interest.

References

Ahlgvist, O., & Shortridge, A. (2010). Spatial and semantic di-
mensions of landscape heterogeneity. Landscape Ecology,
25(4), 573-590. https://doi.org/10.1007/s10980-009-9435-8

Chen, ], Fu, X, & Liu, G. (2010). Spatial-temporal heterogeneity
of human influence for landscape pattern change in Yellow
River Delta. Journal of Soil and Water Conservation, 24(1),
134-138+144.

Du, J., Zhu, ], Xie, J., & Ma, Z. H. (2018). Changes of land use
and landscape pattern in the Guanzhong area in recent 25
years. Arid Zone Research, 35(1), 217-226.

Editorial Committee. (2009). China wetlands encyclopedia. Bei-
jing Science and Technology Press.

Gao, Y., & Bi, R. (2010). Effects on changing grain size of land-
scape indices in Sushuihe watershed. Chinese Agricultural Sci-
ence Bulletin, 26(13), 396-400.

Gao, Y., Wang, H., & Long, D. (2009). Changes in hydrological
conditions and the eco-environmental problems in Baiyang-
dian watershed. Resources Science, 31(9), 1506-1513.

Gao, Z., Bai, Y., Zhou, L., Qiao, E-W,, Song, L.-J., & Chen, X.-N.
(2020). Characteristics and driving forces of wetland land-
scape pattern evolution of the city belt along the Yellow River
in Ningxia, China. Chinese Journal of Applied Ecology, 31(10),
3499-3508.

Gong, T., Shao, Q,, Liu, J.,, Sun, C., & Cao, W. (2012). The im-
pact of land use/cover types on climate warming in southern
China. Geographical Research, 31(8), 1465-1478.


https://doi.org/10.1007/s10980-009-9435-8

Journal of Environmental Engineering and Landscape Management, 2022, 30(1): 195-205 205

Guan, R. (2011). Research on landscape pattern evolution and
monitoring technology in Dalinor National Nature Reserve
based on 3S. Inner Mongolia Agricultural University.

Herzog, E, Lausch, A., Muller, E., Thulke, H.-H., Steinhardt, U.,
& Lehmann, S. (2001). Landscape metrics for assessment
of landscape destruction and rehabilitation. Environmental
Management, 27(1), 91-107.
https://doi.org/10.1007/s002670010136

Hulshoft, R. M. (1995). Landscape indices describing a Dutch
landscape. Landscape Ecology, 10(2), 101-111.
https://doi.org/10.1007/BF00153827

Li, B,, Gu, H,, & Ji, Y. (2012). Evaluation of landscape pattern
changes and ecological effects in land reclamation projects
of mining area. Transactions of the Chinese Society of Agricul-
tural Engineering, 28(3), 251-256.

Liang, X., Cao, Y., & Zhou, W. (2010). Analysis on change in
land-use and its driving forces in Lanzhou City. Resource De-
velopment & Market, (10), 876-879.

Li, J., Jiang, W., Wang, W,, Chen, K., Deng, Y., Chen, Z., & Li, Z.
(2018). Wetland landscape pattern change and its driving
forces in Beijing-Tianjin-Hebei region in recent 30 years. Acta
Ecologica Sinica, 38(12), 4492-4503.
https://doi.org/10.5846/stxb201712232309

Shi, L., Wang, S., Yao, X., Niu, J., & Yu, L. (2012). Spatial and
temporal variation characteristics of land use and its driving
force in Shanghai city from 1994 to 2006. Resources and En-
vironment in the Yangtze Basin, 21(12), 1468-1479.

Song, S., Zeng, B., Zhou, T., & Guan, S. (2017). Dynamic analysis
of wetland landscape in Wujiang River Basin (Chongqing sec-
tion) using remote sensing and GIS technologies. Science of
Soil and Water Conservation, 15(1), 81-88.

Su, L. (2010). Analysis of the landscape pattern in the Saihanwula
Nature Reserve. Inner Mongolia Agricultural University.

Wang, G., Zhang, L., Chen, Q., Yu, H., & Chen, Y. (2014a). Anal-
ysis on landscape pattern change and its driving forces-taking
Caofeidian New Area, Tangshan City as an example. Research
of Soil and Water Conservation, 21(5), 84-88.

Wang, Q., Meng, J., & Mao, X. (2014b). Scenario simulation
and landscape pattern assessment of land-use change based
on neighborhood analysis and auto-logistic model: A case
study of Lijiang River Basin. Geographical Research, 33(6),
1073-1084.

Wang, Z., Chen, S., & Li, C. (2020). Analysis of the climatic
change characteristics in the XiLiao River Basin in recent 57
years. Journal of Inner Mongolia Agricultural University (Natu-
ral Science Edition), 41(1), 42-48.

Wei, X, Cai, ], Ye, Y., Zhou, Y., & Liu, C. Q. (2018). Landscape
pattern analysis and optimum design of park green space in
Nanchang City, China-based on GIS. Chinese Journal of Ap-
plied Ecology, 29(9), 2852-2860.

Wu, J. (2007). Landscape ecology: Pattern, process, scale and hier-
archy (2nd ed.). Higher Education Press.

Wu, M. (2018). Study on wetland evolution characteristics and
driving factor in West Liao River Basin. Jilin University.

Xiao, D., Li, X., Gao, J., Chang, Y., Zhang, N., & Li, T. (2010).
Landscape ecology (2" ed.). Science Press.

Xie, H. (2008). Driving force analysis of land-use changes in the
typical farming-pastoral ecotone. Transactions of the Chinese
Society of Agricultural Engineering, 24(10), 56-62.

Yang, Z. (2019). Study on ecological water demand of river marsh
system based on water flow process. China Institute of Water
Resources & Hydropower Research.

Zhang, M., Gong, Z., & Zhao, W. (2016a). Analysis of driving
forces of Baiyangdian wetland evolution during 1984-2013.
Chinese Journal of Ecology, 35(2), 499-507.

Zhang, M., Gong, Z., Zhao, W,, & Duo, A. (2016b). Landscape
pattern change and the driving forces in Baiyangdian wetland
from 1984 to 2014. Acta Ecologica Sinica, 36(15), 4780-4791.
https://doi.org/10.5846/stxb201501140110

Zhang, Q., Fu, B., & Chen, L. (2003). Several problems about
landscape pattern change research. Scientia Geographica Si-
nica, 23(3), 264-270.

Zhang, Y., Zhang, F, Wang, J., Ren, Y., Ghulam, A., Kung, H.-t,,
& Chen, Y. (2017). Analysis of the temporal and spatial dy-
namics of landscape patterns and hemeroby index of the Ebi-
nur Lake Wetland Nature Reserve, Xinjiang, over the last 40
years. Acta Ecologica Sinica, 37(21), 7082-7097.
https://doi.org/10.5846/stxb201609081825

Zhou, Y., Liu, T, Duan, L., Wang, Y,, Li, X., & Li, M. (2020).
Driving force analysis and landscape pattern evolution in
the upstream valley of Xilin River Basin. Arid Zone Research,
37(3), 580-590.


https://doi.org/10.1007/s002670010136
https://doi.org/10.1007/BF00153827
https://doi.org/10.5846/stxb201712232309
https://xueshu.baidu.com/s?wd=author:(YU Hua-Long) &tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(YH Chen) &tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://doi.org/10.5846/stxb201501140110
https://doi.org/10.5846/stxb201609081825

