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Abstract: Poyang Lake is a typical lake in the middle and lower reaches of the Yangtze River and
is the largest freshwater lake in China. The habitat quality of Poyang Lake has been declining in
recent years, leading to a series of ecological problems. An ecological risk evaluation, based on land
use, is important in order to promote a coordinated development of land use and the ecological
environment. In this paper, land use data from the Poyang Lake basin in the corresponding years are
interpreted based on the images from the Landsat satellite mission in seven periods from 1980 to 2020.
The lake surface and the 1 km lakeshore zone of Poyang Lake are extracted based on the interpreted
land use data. Finally, the ecological service value per unit area of the area is measured by combining
it with the Chinese terrestrial ecosystem service value equivalent table, and then with the value of
each ecological factor and the value of the changes to land use type. The research results show that:
(1) from 1980 to 2000, the lake area of Poyang Lake had an overall decreasing trend (the area slightly
increased from 1980 to 1990); from 2000 to 2020, the lake area of Poyang Lake gradually increased
(the area slightly decreased from 2015 to 2020). (2) The farmland, forest, grassland and desert areas
gradually increased and the wetlands gradually decreased over 40 years; the area of the water body
gradually increased from 1980 to 2010, and gradually decreased from 2010 to 2020. (3) The ecosystem
service value of the lakeshore zone of Poyang Lake fluctuated around 15,000 x 10° Yuan from year
to year.

Keywords: Poyang Lake; ecosystem service value; lakeshore zone; Landsat

1. Introduction

How to use land use/cover changes to understand changes in complex human—
environment systems in an integrated manner—i.e., causes, consequences, and effects—is
one of the focal issues in the land use discipline [1]. Many scholars are now beginning to
focus on changes in land use landscape patterns from different perspectives and scales [2,3]
and are trying to understand land use change and its ecological effects [4-7]. With the
correction and refinement of the principles and methods of Ecosystem Service Value (ESV)
estimation and the various ecosystem service values proposed by Costanza et al. [8], schol-
ars in various countries have determined the appropriate ESVs for different study areas.
Research on the value of ecosystem services has entered a period of rapid development [9].
At the same time, the United Nations Environment Programme (UNEP), the World Bank
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and other agencies launched the Millennium Ecosystem Assessment (MA) from 2001 to
2005. After the MA, the United Nations organized and implemented The Economics of
Ecosystems and Biodiversity (TEEB) project (2007-2010), and the UNEP supported the
establishment of the Intergovernmental Science-Policy in 2012. In 2012, the UNEP also
supported the establishment of the Intergovernmental Science-Policy Platform on Bio-
diversity and Ecosystem Services (IPBES). Since then, ecosystems have gone through a
rapid development phase and a diversified development phase before reaching the current
integrated application phase [10]. In recent years, scholars have also started to use machine
learning in order to construct ecosystem service frameworks [11].

Xie Gaodi et al. [12-14], among other scholars in China, completed a table of ecosystem
service value equivalent factors in China, based on existing studies, to provide support
for the study of the ecosystem value in China. On this basis, Chinese scholars tried to
analyze the value of ecosystem service functions under different time frames and spaces.
Chen Juncheng et al. [15] assessed the ecological service value of provincial administra-
tive regions in China and analyzed the characteristics of changing spatial differences;
Ma Guoxia et al. [16] studied the ecological damage loss in the Chinese ecosystem in 2015,
and from that quantified the ecological loss caused by different factors. The study by
Ma Guoxia et al. [16] quantified the ecological losses caused by different factors in 2015;
Zhang Hao et al. [17] measured the value of arable land development rights and protection
compensation based on this theory. Ecosystem services have a very significant impact
on human life [18], and studying the value of ecosystem services helps to understand
the process of change in ecosystem service functions, which has become a hotspot for
ecosystem sustainability research in recent years.

The lakeshore zone is the area at the edge of the lake basin, which is adjacent to
the surrounding land [19], and has the function of regulating water quality [20], water
quantity [21], and groundwater recharge [22] of the lake. In addition, the lakeshore zone
maintains the biodiversity of flora and fauna in the area [23,24] and is critical for food
security in nearby subsistence agriculture areas [25,26]. The lakeshore of Poyang Lake
influences wetlands maintenance and the biodiversity of Poyang Lake, but previous studies
assumed that there was a fixed area of the lakeshore zone [27-29]. In contrast, the lake
area of Poyang Lake has experienced large fluctuations caused by the implementation of
different water policies in the last 40 years, and the extent of the corresponding lakeshore
zone on the lake surface has changed accordingly [30]. In this paper, the distribution of
the corresponding 1 km lakeshore zone is divided based on the changes to the lake area
in different years from 1980 to 2020. While the remote sensing film of each year cannot
fully reflect the overall situation of the lakeshore zone that year, we believe that the long
time scale can reflect the inter-annual spatial variation of the lakeshore zone of Poyang
Lake, which can provide some reference for the subsequent study of Poyang Lake and the
lakeshore area.

The main research contributions of this paper are: (1) an interpretation of the land
use data from Poyang Lake basin, based on remote sensing images from the Landsat
series satellite from October to November from 1980 to 2020 over seven periods, and we
conducted a change analysis of Poyang Lake and the lakeshore zone, based on the land use
data from Poyang Lake over seven periods. (2) The area of Poyang Lake, the area of the
lakeshore zone, and the land use type of the lakeshore zone from 1980 to 2020 are analyzed.
(3) At the end of the article, the ecosystem service value table of the Poyang Lake basin is
also calculated and the changes to the ESV of the riparian zone of Poyang Lake from 1980
to 2020 are evaluated.

2. Materials and Methods
2.1. Study Site
Poyang Lake is located on the south bank of the Yangtze River, north of Jiangxi

Province, in three prefecture-level cities of Jiujiang, Nanchang and Shangrao. The geo-
graphical range of the main lake body is 115°49' E~116°46' E, and 28°24’ N~29°46’ N, and
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is connected to the lower reaches of five major rivers, including Ganjiang River, Fu River,
Xinjiang River, Rao River and Xiushui River (Figure 1). Poyang Lake is connected to the
Yangtze River via its mouth under the lake, and is an overwater (exchange of nutrients in
lake waters with different rivers) throughput type (water in the lake is fed by rivers and
outflow) seasonal shallow freshwater lake, which has a water level change that is influ-
enced twice as much by the five major rivers and the Yangtze River [31]. The groundwater
flow direction in the lakeshore zone of Poyang Lake is mainly from the surrounding hilly
area to the downstream lake area where the terrain is relatively flat, and the groundwater
flows towards the river and lake area in general [32].
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Figure 1. Location of Poyang Lake.

Poyang Lake and the adjacent area is a basin that is composed of different landform
types, such as mountains, hills, plains and lakes. The elevation of the lake basin is generally
high in the south and low in the north; the maximum elevation difference can be up to
13 m, and the average elevation difference between the south and north is about 6.5 m [33].
Taking Songmen Mountain between Duchang County and Wucheng Town of Yongxiu
County as the boundary, Poyang Lake is divided into two lakes in the north and south;
the southern part is wide and shallow, which is the main lake area; the northern part is
narrow and deep, which is the waterway into the Yangtze River. The geomorphology of
the lake is combined by a waterway, continental beach, island, inner lake and branching
port. The waterway includes five rivers that lead into the lake and Poyang Lake leads into
the river waterway. The distribution is strongly influenced by the water level. Due to the
influence of human activities, most of the branches and harbors were turned into closed
water bodies for aquaculture, or were transformed into paddy fields for rice cultivation.

The biodiversity and ecological conservation of the Yangtze River basin has been the
priority area of the World Wide Fund for Nature or World Wildlife Fund, and the ecological
wetlands of Poyang Lake were listed in the “List of Wetlands of International Importance”
in 1992, which is the only representative of China to join the “World Network of Lakes for
Life”. Poyang Lake is responsible for various ecological functions, such as flood control and
water storage, climate regulation and pollution degradation. Poyang Lake is an important
storage lake of the Yangtze River, and the annual average water volume into the river
accounts for about 15.6% of the runoff of the Yangtze River. The sustainable stability of
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water quantity and quality of Poyang Lake is directly related to the water security of the
surrounding area of Poyang Lake and even the middle and lower reaches of the Yangtze
River.

Throughout history, China has seen several southward migrations of populations in
the Central Plains, and a southward migration of the population lived nearby the water,
The migration led to an increase in the population around Poyang Lake, and the seasonally
submerged beach was reclaimed to a large extent, which is called “polder farming”. With
the increase in population and demand for arable land, the activity of “paddock farming”
around Poyang Lake was very active in the early 1970s; after the 1980s, people gradually
realized the harm caused by excessive paddock farming in the Poyang Lake, and paddock
farming was subsequently prohibited. However, due to the influence of the Yangtze River
Three Gorges Storage Project, the low water level of Poyang Lake was persistently low,
and since 2008, the climax of paddock farming, paddock city farming and paddock land
farming in the areas along the lake began. The official approval of the “Poyang Lake
Ecological Economic Zone Plan” by the State Council of China in December 2009 marks the
point at which the construction of Poyang Lake Ecological Economic Zone was formally
upgraded to a national strategy. The Poyang Lake Ecological Economic Zone is an economic
development zone with Poyang Lake as the core, Poyang Lake City Cluster as the base, the
low-carbon economic development pioneer area as the target, and ecological civilization
and coordinated economic and social development as the strategic concept.

2.2. Data Source

We obtained Landsat-MSS, Landsat-TM/ETM, and Landsat-8 remote sensing data
from the Geospatial Data Cloud Platform of the Computer Network Information Center of
the Chinese Academy of Sciences (http://www.gscloud.cn/, accessed on 31 August 2021)
for October-November 1980, 1990, 2000, 2005, 2010, 2015, and 2020 for the Poyang Lake
basin. Among them, Landsat-MSS remote sensing image data were mainly used for the
1980 land use interpretation and Landsat-TM/ETM remote sensing image data were mainly
used for the remote sensing interpretation of the 1990, 2000, 2005 and 2010 data periods,
while Landsat8 remote sensing image data were used for the 2015 and 2020 land use data.
All Landsat satellite mission remote sensing image data were filtered appropriately, based
on cloudiness. Then, ENVI 4.5/ ArcGIS 10.2 was used for the preliminary interpretation of
remote sensing images, and land use classification was carried out using the secondary
land use classification standard issued by the Chinese Academy of Sciences (Appendix A,
Table AT). We used the computer supervised classification method, based on the maximum
likelihood method, to classify land use in the Poyang Lake region. The advantages of the
computer supervised classification method are higher classification accuracy, based on
training samples, and faster speed, as compared to the traditional classification method,
and finally, the seven-phases of the Poyang Lake Basin land use data could be obtained.

The DEM data used in this paper were obtained from the geospatial data cloud
platform of the Computer Network Information Center of Chinese Academy of Sciences
(http:/ /www.gscloud.cn, accessed on 31 August 2021), which was processed from the
data from ASTER GDEM version 1, which is a digital elevation data product with a global
spatial resolution of 30 m.

2.3. Research Methodology

Costanza et al. [8,34] classified ecosystem services into 17 types, and in this paper,
the 17 types of ecosystem services proposed by Costanza et al. [35] were reclassified
into 11 types, based on the results obtained by Xie Gaodi et al. [35]. We reclassified the
17 categories of ecosystem services found by Costanza into 11 categories, with the following
criteria (Appendix A, Table A2): (1) climate regulation includes climate regulation and
disturbance regulation in the Costanza system; (2) soil conservation includes erosion
control and sediment retention, and soil formation in the Costanza system; (3) biodiversity
includes pollination, biological control, refugia, and genetic resources in the Costanza


http://www.gscloud.cn/
http://www.gscloud.cn

Land 2021, 10, 951

50f18

system; and (4) the aesthetic landscape includes recreation and culture in the Costanza
system.

According to Costanza’s findings [8], the amount of economic value obtained from one
ecological service value equivalent factor was 446.58 Yuan/hm? (in 1997, the exchange rate
between the US dollar and the Chinese yuan was 1:8.27); however, Xie Gaodi et al. [12,14,35]
argued that the calculation of ecological service value equivalent per unit area of the
Chinese ecosystems should set the ecological service value equivalent of farmland failure
production as 1, and then the value of other ecological services provided by the ecosystem
should be determined. The size of the other ecological services provided by the ecosystem
was determined (Appendix A, Table A3). The calculation method of the ecosystem service
value is as follows.

(1) Firstly, the ecological service value per unit area of the secondary ecosystem in Poyang
Lake basin is calculated as (Table 1):

1
Pij = akbCﬂU (1)

where Pj; is the value of the ecosystem service of class i per unit area of the class j
secondary land use type; i =1, 2, ... 11 represent different types of ecosystem service
values of gas regulation, climate regulation, etc.; j =1, 2, ... 14 represent secondary
land use types of dryland, paddy field, grassland, meadow, etc.; a;; represents class
i ecosystem of the class j secondary land use type service equivalent factor [14]; b
represents the unit area grain yield; c is the average grain purchase price in the region
in that year; k is the correction coefficient of the equivalent factor; and %k-b-c is the
corrected unit ecosystem value equivalent in the Poyang Lake basin.

(2) Combine secondary land use types into primary land use types according to the
specific research scale of this paper.

Since the land use classification standard used for remote sensing interpretation is
the secondary land use classification standard issued by the Chinese Academy of Sciences
(Appendix A, Table A1), this paper converts both classification standards into six primary
land use types according to the table of ecological service values per unit area of the
primary ecosystem in Poyang Lake Basin (Table 2) before analysis.

According to the geomorphological characteristics of the lakeshore zone of Poyang
Lake [28], we combined the land use types of the lakeshore zone of Poyang Lake; the
average value of dry land and grassland was taken as the ecological service value of the
primary use type farmland; the ecological service value of the shrubs with the highest
area share were taken as the ecological service value of the forest; the ecological service
value of the meadow was taken as the ecological service value of the grassland; wetlands
were kept unchanged; the ecological service value of bare land was taken as the ecological
service value of the desert; the ecological service value of the water system was taken as
the ecological service value of the watershed. Finally, the unit to calculate the ecosystem
value service was converted to Yuan/km?, and the table of the ecological service value
per unit area of the ecosystem in the Poyang Lake basin level after conversion is shown as
follows (Table 2):
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Table 1. Table of ecological service value per unit area of the secondary ecosystem in Poyang Lake basin (Yuan/hm?).

Ecosystem Classification Provisioning Services Regulating Services Supporting Services g::‘:lcr::
Prlm'a‘ry Secon.d‘a Y Food Raw{ Water Gas Climate Environmental Hydrological Soil Conser- Mamten‘a nee s . Aesthetic
Classifica- Classifica- Producti Material Supol Reeulati Resulati Purificati Reeulati G of Nutrient Biodiversity Land
. . roduction . upply egulation egulation urification egulation vation andscape
tion tion Production Cycles
Dryland 3063.47 1441.63 72.08 2414.73 1297.47 360.41 973.10 3712.20 432.49 468.53 216.24
Farmland Paddy field 4901.55 324.37 —9478.73 4000.53 2054.33 612.69 9803.10 36.04 684.78 756.86 324.37
Coniferous 792.90 1874.12 973.10 6126.94 18,272.69 5370.08 12,037.63 7424.40 576.65 6775.67 2955.35
Forest col:ﬁlf);igus 1117.26 2558.90 1333.51 8469.59 25,336.68 7172.12 12,650.32 10,307.67 792.90 9370.61 4108.65
Broad-leaved 1045.18 2378.69 1225.39 7820.85 23,426.52 6955.87 17,083.34 9550.81 720.82 8685.83 3820.32
Shrub 684.78 1549.75 792.90 5081.75 15,245.26 4613.22 12,073.67 6199.02 468.53 5658.41 2486.82
Grass 360.41 504.57 288.33 1838.08 4829.47 1585.80 3532.00 2234.53 180.20 2018.28 901.02
Grassland Scrub 1369.55 2018.28 1117.26 7100.04 18,777.26 6199.02 13,767.59 8649.79 648.73 7856.89 3459.92
Meadow 792.90 1189.35 648.73 4108.65 10,884.32 3604.08 7965.02 5009.67 396.45 4577.18 2018.28
Wetland 1838.08 1802.04 9334.57 6847.75 12,974.69 12,974.69 87,326.86 8325.42 648.73 28,364.11 17,047.30
Wetland Desert 36.04 108.12 72.08 396.45 360.41 1117.26 756.86 468.53 36.04 432.49 180.20
Desert Bare ground 0.00 0.00 0.00 72.08 0.00 360.41 108.12 72.08 0.00 72.08 36.04
Waters Water system 2883.26 828.94 29,877.82 2775.14 8253.34 20,002.64 368,481.14 3351.79 252.29 9190.40 6811.71
Glacial snow 0.00 0.00 7784.81 648.73 1946.20 576.65 25,697.09 0.00 0.00 36.04 324.37
Table 2. Table of ecological service value per unit area of the ecosystem in the Poyang Lake basin level (Yuan/km?).
Provisioning Services Regulating Services Supporting Services Cultl.lral
Ecosystem Services
Level Raw Maintenance Total
Classification Food Material Water Gas Climate Environmental Hydrological  Soil Conser- of Nutrient Biodiversit Aesthetic
Production P atertz Supply Regulation Regulation Purification Regulation vation y Landscape
roduction Cycle
Farmland 398,251 88,300 —470,332 320,763 167,590 48,655 538,810 187,412 55,863 61,269 27,031 1,423,612
Forests 68,478 154,975 79,290 508,175 1,524,526 461,322 1,207,367 619,902 46,853 565,841 248,682 5,485,411
Grassland 79,290 118,935 64,873 410,865 1,088,432 360,408 796,502 500,967 39,645 457,718 201,828 4,119,463
Wetlands 183,808 180,204 933,457 684,775 1,297,469 1297,469 8,732,686 832,542 64,873 2,836,411 1,704,730 18,748,424
Desert 0 0 0 7208 0 36,041 10,812 7208 0 7208 3604 72,081
Waters 288,326 82,894 2,987,782 277,514 825,334 2,000,264 36,848,114 335,179 25,229 919,040 681,171 45,270,847
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(3) Calculate the value of the ecosystem services in the lakeshore zone.

6

m=1

wherem =1, 2, ... 6 represent the primary land use types, such as farmland, forest
and grassland, respectively; P, represents the ecological service value of the m class
primary land use types, and the conversion relationship between Py, and P;; is shown
in Table 2 (P; = Y DPjj, and P; represents the ecological service value of the j class
secondary land use types). We converted the secondary land use ecosystem service
value (P;j) into the primary land use ecosystem service value (Py), based on the
situation of the lakeshore zone of Poyang Lake); A, is the area size of the m class
land use types in the lakeshore zone, unit hm?; and ESV is the total ecological service
value of the lakeshore zone (units are in Yuan).

Based on the results obtained in Xie Gaodi’s study [14,36], the economic value of
1 ecosystem value equivalent in China was determined to be 3406.50 Yuan/hm?, and this
paper calculated the grain yield per unit area using the National Bureau of Statistics (http://
www.stats.gov.cn/tjsj/zxfb /201512 /t20151208_1286449.html, accessed on 31 August 2021),
published by Jiangxi Province in 2015; the grain yield per unit area of cultivated land
was 5798.6 kg /hm?, while the average grain yield per unit area of the cultivated land in
China in the same period was 5482.9 kg/hm?, and the correction coefficient was calculated
as 1.058, i.e., k = 1.058. Then, the value equivalent of one ecosystem in the Poyang Lake
basin was determined to be 3604.08 Yuan/hm?. In this paper, the corresponding secondary
ecosystem service value of Poyang Lake was calculated based on the corrected ecosystem
service value equivalent and different land use areas of the corresponding lakeshore zones
(Tables 1 and 2).

3. Results
3.1. Spatial and Temporal Changes of Poyang Lake and Lakeshore Zone

According to the results from the remote sensing image interpretation, the lake area of
Poyang Lake had a generally increasing trend from 1980 to 2020, the lake area decreased
from 1990 to 2000, and the lake area decreased from 2015 to 2020. From Figure 2a, the lake
area of Poyang Lake had an increasing trend, year-by-year, from 1980 to 2020. Due to the
increase in the lake area, all the waters of the lake started to be connected, and the lake
integrity of Poyang Lake was enhanced. It can be seen that the decrease in the lake level of
Poyang Lake firstly leads to the degradation of the lake surface in the southwest area of
Poyang Lake, which is the most significant area, and this reflects the changes to the lake
area of Poyang Lake. The lake area increased by 109.96 km? from 1980 to 2000, which was
an increase in the lake area by 7.46% in 20 years. The lake area increased by 920.74 km?
from 2000 to 2020, which was an increase in the lake area by 58.13% in 20 years. The
total lake area increased by 1030.43 km? in 40 years, and the lake area obviously increased
(Figure 2).

According to the results from the remote sensing interpretation, the area of the 1 km
range lakeshore zone of the lake in 1980 was 1215.38 km?, the area of the 1 km range
lakeshore zone of the lake in 1990 was 1370.22 km?, the area of the 1 km range lakeshore
zone of the lake in 2000 was 1076.20 km?, and the area of the 1 km range lakeshore zone of
the lake in 2005 was 1399.76 km?. The area of the 1 km extent lakeshore zone in 2010 was
1584.66 km?, the area of the 1 km extent lakeshore zone in 2015 was 1494.19 km?, and the
area of the 1 km extent lakeshore zone in 2020 was 1457.13 km?. The area of the lakeshore
zone decreased by 139.18 km? between 1980 and 2000, a decrease by —11.45%.
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Figure 2. (a) Spatial changes and (b) area changes of Poyang Lake and the lakeshore zone from 1980 to 2020.

The area change of Poyang Lake and the area change of the 1 km lakeshore zone of
the lake were highly consistent; both reached the lowest value in 2000 and then started to
increase. Over 40 years, the average change rate of the lake area was 25.76 km? /year, and
the average change rate of the 1 km lakeshore zone of the lake was 6.04 km?/year.

3.2. Changes of Various Land Use Types in the Lakeshore Zone of Poyang Lake

The area of each land use type at the first level of the lakeshore zone of Poyang Lake
from 1980 to 2020 was analyzed by counting the area of each land use type at the first level
of the lakeshore zone of Poyang Lake from 1980 to 2020; the area of each land use type at
the first level of the lakeshore zone of Poyang Lake from 1980 to 2020 shows an increasing
trend from 1980 to 1990, and a decreasing trend from 1990 to 2000 (Table 3). From 2000 to
2015, the area of farmland and forest shows a continuously increasing trend, the area of
grassland and wetlands show a decreasing trend, the area of desert shows a decreasing
and then increasing trend, and the area of water shows an increasing and then decreasing
trend. From 2015 to 2020, the area of farmland, forest and water shows a decreasing trend,
and the area of grassland, wetlands and desert shows an increasing trend; over 40 years,
except the area of wetland, which decreased, the area of all other types increased (Figure 3).
The area of all types of land use increased during the 40-year period, except for the area of
wetlands. The area changes and trends of each land use type were analyzed using a linear
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fit, as shown in Figure 3. The proportion of various types of land uses in the lakeshore zone
of Poyang Lake remained the same in 2000, but its area was greatly reduced compared to
other years. This is due to the fact that the lake area of Poyang Lake shrank to a minimum
in 2000, resulting in the lowest area of the Poyang Lake riparian zone in history.

Table 3. The values of the lake area of Poyang Lake and the area of the land use type of the lakeshore
zone of Poyang Lake from 1980 to 2020 (km?).

Year 1980 1990 2000 2005 2010 2015 2020

Lake area (kmz) 1473.47 1750.00 1583.43 2381.27 2529.60 2718.23 2503.90
Lakeshore zone

area (km?) 1215.38 1370.22 1076.20 1399.76 1584.66 1494.19 1457.13
Farmland 430.83 500.30 351.16 648.61 724.59 794.51 728.49
Forests 103.08 107.94 91.13 123.08 114.18 132.90 128.60
Grassland 48.58 60.86 42.02 79.63 70.37 69.46 71.59
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Figure 3. Values and trends of land use types at the level of the lakeshore zone of Poyang Lake from
1980 to 2020.

The farmland area generally showed an increasing trend from 1980 to 2020: the lowest
value of 351.16 km? was reached in 2000 and the highest value of 794.51 km? was reached
in 2015. Through linear fitting, it was found that the farmland area in the lakeshore zone
increased at a rate of 9.57 /year over 40 years. It is worth noting that the area of farmland
in the lakeshore zone was 728.49 km? in 2020, which is a decrease of 66.02 km?2, indicating
a decreasing trend in the area of farmland. The forest area generally showed an increasing
trend between 1980 and 2020; the lowest value of 91.13 km? was reached in 2000 and the
highest value of 132.90 km? was reached in 2015. Through linear fitting, it was found that
the forest area in the lakeshore zone increased at a rate of 0.75/year over the 40-year period,
an insignificant increase. It is noteworthy that the forest area in the lakeshore zone shows a
small fluctuation between 2005 and 2020, indicating that its area tends to be stable. The
grassland area generally shows an increasing trend between 1980 and 2020; the lowest
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value of 42.02 km? was in 2000 and the highest value of 79.63 km? was in 2015. There is
a high similarity between the area of grassland and agricultural land during the 40-year
period. From 1980 to 2020, the wetlands area showed a generally decreasing trend; the
lowest value of 224.26 km? was in 2015 and the highest value of 555.66 km? was in 1990.
The area of wetlands in the lakeshore zone declined at an average rate of 8.08/year over
the 40-year period, and the area of wetlands rebounded in 2020, as compared to that in
2015. The water area showed an overall increasing trend between 1980 and 2020; the lowest
value of 75.97 km? was in 1980 and the highest value of 336.34 km? was in 2010. The linear
fit shows that the water area in the lakeshore zone increased at an average rate of 0.86/year
over 40 years. The average rate of increase in the water area in the lakeshore zone was
3.80/year over the 40 years.

3.3. Changes of Ecosystem Service Value in the Lakeshore Zone of Poyang Lake

Based on the area of each primary land use type in the lakeshore zone from 1980 to
2020 (Table 4), combined with Table 2, changes in the value of various ecosystem services
were calculated, as shown in the following table (Table 4).

Table 4. Values of ESV in the lakeshore zone of Poyang Lake from 1980 to 2020 (10° Yuan).

Classification 1980 1990 2000 2005 2010 2015 2020
Farmland 613.34 712.23 499.91 923.37 1031.54 1131.08 1037.09
Forests 565.44 592.09 499.90 675.13 626.33 729.01 705.41
Grassland 200.13 250.71 173.12 328.03 289.87 286.13 294.93
Wetlands 9930.93 10,417.78 8638.73 7018.90 5453.83 4204.47 5831.32

Desert 1.96 2.70 1.83 3.88 3.48 4.26 4.32
Waters 3439.30 4887.74 4784.42 5444.39 15,226.19 9684.26 7128.61

Total 14,751.11 16,863.26 14,597.91 14,393.70 22,631.24 16,039.21 15,001.68

From 1980 to 2020, the ecosystem value service of the lakeshore zone of Poyang
Lake showed an increasing trend from 1980 to 1990, and a decreasing trend from 1990 to
2000. From 2000 to 2010, the ecosystem value service of farmland, forest and water areas
showed a continuously increasing trend, the ecosystem value service of grassland and
desert showed an increasing trend first and then a decreasing trend, and the ecosystem
value service of wetlands showed a decreasing trend. During the period 2015-2020, the
ecosystem value services of farmland, forest and watershed showed a decreasing trend,
and grassland, wetlands and desert showed an increasing trend; during the 40-year period,
except for the decrease in ecosystem value services of wetland, all other types of ecosystem
value services increased. The trend of the total ecosystem value services is shown in
Figure 4.

The overall trend of the ecosystem service value (ESV) of the lakeshore zone of
Poyang Lake shows an increasing trend, but the increasing trend is not obvious. Among
them, the ESV in 2010 is the highest in the lakeshore zone of Poyang Lake, reaching
22,631.24 x 10° Yuan, which may be related to the fact that the water area in the lakeshore
zone of Poyang Lake in 2010 was the largest from 1980 to 2020 (the water area contributes
a significant part of the ESV). The ESV in the lakeshore zone of Poyang Lake decreased
slightly from 2015 to 2020.
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Figure 4. Values and trends of ESV in the lakeshore zone of Poyang Lake from 1980 to 2020.

4. Discussion

Human activities and changes in natural conditions directly cause changes in land
use land cover, which in turn affects the changes in the ecological environment [2,37,38].
With the development of “enclosing the lake and making fields” of Poyang Lake, the
wetlands area is reduced, vegetation is destroyed, soil erosion is serious, and biodiversity
is seriously threatened [39,40]. According to a survey, 119 species of wetlands plants
and 126 species of fishery resources in the Poyang Lake in the 1960s reduced to 102 and
118 species, respectively, in the 1980s, and the reed and dipterocarp clusters everywhere
were gradually replaced by mossy grass clusters with short plants [41,42].

The results of this study show that the lake area of Poyang Lake decreased obvi-
ously between 1990 and 2000, and the lake area decreased from 1370.22 km? in 1990 to
1076.20 km? in 2000. Meanwhile, about 40% of the land use types in the 1 km lakeshore
zone are farmland, which is probably due to the “enclosing lake for farming”. It is likely
that the area of the Poyang Lake has been decreasing year after year due to the “enclosing
lake for farming”. The study of domestic related scholars [43] shows that the utilization
of the wetlands of Poyang Lake is mainly to enclose the lake in order to make fields for
agricultural production, which is consistent with the results of this study. Meanwhile, the
area of wetlands increased in 2020, as compared to 2015, which indicates that the proposal
and construction of “Poyang Lake Eco-Economic Zone” has begun to show effect [43], and
this reflects that the ecological service value generated by wetlands accounts for about
40% of the ecological service value generated by all the lakeshore zones in 2020. The land
use types that changed more significantly between 1980 and 2020 were agricultural land,
wetlands, and waters. Among them, agricultural land had the highest change in area,
increasing at a rate of 9.57 /year, followed by wetlands, decreasing at the rate of 8.08/year. it
is worth noting that the wetlands area in the lakeshore zone of Poyang Lake has continued
to decrease from 1990 to 2015, which is consistent with some current findings [44—46].

Between 2000 and 2020, the lake area rebounded and the area of the lakeshore zone
increased accordingly. The year 2010 benefited from the increase in the area of water bodies
and the ecosystem service value (ESV) reached 22,631.24 x 10° Yuan in 2010, which was
the highest in 40 years. The area of water bodies in the lakeshore zone decreased in 2020,
as compared to 2015, which is the main reason for the lower ESV in 2020, as compared to
2015. This is the main reason why the ESV of the lakeshore zone in 2020 was lower than the
ESV in 2015. Except for 2010, the ecological service value of the riparian zone of Poyang
Lake grew slowly and remains around 15,000 x 10° Yuan all year round, which indicates
that the ecosystem service value of the riparian zone of Poyang Lake fluctuates within
the normal range (1500-3000 km?) under the change of lake area and spatial location and
area of the riparian zone of Poyang Lake. This manuscript differs from previous papers
in the valuation of ecosystem services in the riparian zone of Poyang Lake in that we
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used the interannual dynamic riparian zone to more accurately quantify the magnitude of
ecosystem services provided by the riparian zone to the Poyang Lake region. Few papers
have been published on the ecosystem service value of the riparian zone of Poyang Lake.
Previous studies [27,32,47-49] used the multi-year mean water level of Poyang Lake in
order to determine the area of the surface of the Poyang Lake and thus the riparian zone
area, and the ESV results obtained from those studies may be inaccurate.

Since the implementation of the Yangtze River Protection Law in March 2021, Poyang
Lake has entered a ten-year ban on fishing, which promotes the implementation of the
“catching big protection and not big development” in the Yangtze River basin; the previ-
ously artificially closed water body has gradually broken the dike, and the hydrological
connectivity of the lake area tends to be in the natural state. The local wetlands protection
policy has achieved remarkable results and should be continued, as well as the ecological
restoration of previously developed agricultural land and construction sites. The local
decision makers could consider the following two aspects: (1) ensure that the total amount
of wetlands in the Poyang Lake area will not be reduced and the ecological function will
not be diminished. That is, consider the need for wetlands protection and biodiversity
protection, especially the need to maintain the function of various aquatic biological re-
serves, and establish an ecological protection alert line in the Poyang Lake area. (2) Speed
up the biodiversity reply in the basin, establish a mechanism for establishing aquatic life
race restoration, and study the influence of human interference on ecosystem degradation.
Use certain anthropogenic methods to accelerate the ecological restoration process of the
Poyang Lake region.

In the future, if the farmland type in the lakeshore zone of Poyang Lake is further
transformed into the wetlands or water body, and the land use types such as building land,
forest and grassland are reasonably allocated, the ecological service value of lakeshore zone
will be further improved, the ecological effect of the lakeshore zone will be more stable,
and the quality of the lakeshore zone of Poyang Lake will be further improved.

5. Conclusions

In this paper, based on the land use data corresponding to a 30 m resolution, based on
7-Landsat satellite image interpretation from 1980 to 2020, the changes in the ecosystem
service value of the Poyang Lake surface and the 1 km lakeshore zone are assessed, in com-
bination with the ecological service value per unit area of different terrestrial ecosystems in
Poyang Lake basin, and the conclusions are as follows.

(1) The lake area of Poyang Lake has shown a decreasing trend from 1980 to 2000; the
lake area of Poyang Lake has gradually increased from 2000 to 2020. This indicates
that the current lake area of Poyang Lake has recovered.

(2) The area of farmland, forest, grassland and desert has gradually increased and the
area of wetlands has gradually decreased over 40 years. The area of the water
body gradually increased from 1980 to 2010, while the area of water body gradually
decreased from 2010 to 2020.

(3) The ecosystem service value of the lakeshore zone of Poyang Lake fluctuates around
15,000 x 106 Yuan from year to year.
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Appendix A

Table A1. Chinese Academy of Sciences secondary land use classification system.

No.
(Level 1)

Name

No. (Level 2)

Name

Description

Farmland

Refers to the planting of crops cab land, including
ripe cultivated land, newly opened land, recreational
land, rotational rest land, grass field rotation crop
land; to plant crops which are mainly agricultural
fruit, agricultural mulberry, and agricultural forestry
land; cultivated for more than three years of the
beach and sea shoals.

11

Water Field

Refers to the arable land with water guarantee and
irrigation facilities, which can be irrigated normally
in normal years and used for growing rice, lotus root
and other aquatic crops, including the arable land
where rice and dryland crops are rotated.

12

Dryland

Cultivated land without irrigation sources and
facilities, growing crops by natural precipitation;
cultivated land with water sources and irrigation

facilities, which can be irrigated normally in one year;
cultivated land mainly for growing vegetables;
recreational land and rotational land with normal
crop rotation.

Forests

Refers to forestry land such as growing trees, shrubs,
bamboos, and coastal mangrove land.

21

With woodland

Refers to natural forests and plantations with a
denseness of >30%. Including timber forests,
economic forests, protective forests and other mature
woodlands.

22

Shrubland

Refers to short woodlands and scrub woodlands
with densities > 40% and heights below 2 m.

23

Open woodland

Refers to forest land with 10-30% tree densities.

24

Other woodland

Refers to the non-forested plantations, trails,
nurseries and various types of gardens (orchards,
mulberry gardens, tea gardens, hot crop forests, etc.).

Grassland

Refers to all kinds of grassland with herbaceous
plants growing mainly and covering more than 5%,
including scrub grassland mainly for grazing and
open forest grassland with less than 10% depression.

31

High-cover grassland

Refers to natural grassland, improved grassland and
mowed grassland covering > 50%. This type of
grassland has a good moisture condition and dense
grass cover growth.

32

Grassland with
medium cover

Natural grassland and improved grassland with
>20-50% cover, where one strand has insufficient
moisture and the grass cover is sparse.
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Table A1. Cont.

No.
(Level 1)

Name

No. (Level 2)

Name

Description

33

Low-cover grassland

Refers to natural grassland with a cover of 5-20%.
This kind of grassland lacks moisture and the grass
cover is sparse and poorly used for grazing.

Waters

Natural terrestrial waters and water facilities.

41

River and canal

Refers to the land below the perennial water level of
naturally formed or artificially dug rivers and their
main trunks. Artificial canal including embankment.

42

Lakes

Refers to the land below the perennial water level of
naturally formed waterlogged areas.

43

Reservoir ponds

Refers to the land below the perennial water level of
artificially constructed water storage areas.

44

Permanent glacial
snow

Includes land covered by glaciers and snow all year
round.

45

Mudflats

Refers to the tidal inundation zone between the high
and low tide levels of the coastal high tide.

Urban and rural,
industrial and
mining,
residential land

Refers to urban and rural settlements and the land
outside of them for industry, mining, transportation,
etc.

51

Urban land

The land in large, medium and small cities and
built-up areas above the county town.

52

Rural settlements

Refers to the rural settlements independent of the
towns.

53

Other construction use

Land for large industrial areas, oil fields, salt fields,
quarries, etc., as well as traffic roads, airports and
special land.

Unused land

Land that is currently unused, including land that is
difficult to use.

61

Sandy land

Refers to land with a sand-covered surface and
vegetation cover of less than 5%, including deserts,
excluding deserts in water systems.

62

Gobi

Refers to land where the ground surface is
dominated by gravel and the vegetation cover is less
than 5% cab land.

63

Saline land

Refers to the land where salt and alkali gather on the
surface, vegetation is sparse, and only strong
salt-tolerant plants can grow.

64

Swampy land

Refers to land with flat and low-lying terrain, poor
drainage, chronically wet, seasonally waterlogged or
perennially waterlogged, and wet plants growing on

the surface.

65

Bare land

Refers to land with surface soil cover and vegetation
cover of less than 5%.

99

Marine

Marine
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Table A2. Classification of ecosystem services [8,14].
Primary Classification Secondary Classification Comparison with Constaza Classification
Provisioning services Food production Food production (13)
Raw material production Raw material (14)
Water supply Water supply (5)
Regulating services Gas regulation Gas regulation (1)
Climate regulation Climate regulation (2), Disturbance regulation (3)
Environmental purification Waste treatment (9)
Hydrological regulation Water regulation (4)
Supporting services Soil conservation Erosion control and sediment retention (6), Soil formation (7)
Maintenance of nutrient cycle Nutrient cycling (8)

Cultural services

Biodiversity

Aesthetic landscape

Pollination (10), Biological control (11), Refugia (12), Genetic
resources (15)
Recreation (16), Cultural (17)
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Table A3. Ecosystem service equivalent value per unit area [14].

Ecosystem Classification Provisioning Services Regulating Services Supporting Services g::‘:lcr::
Prlm'a‘ry Secon.d‘a Y Food Raw{ Water Gas Climate Environmental Hydrological  Soil Conser- Mamten‘a nee Lo . Aesthetic
Classifica- Classifica- P . Material . . cpe e 7 . of Nutrient Biodiversity
. . roduction . Supply Regulation Regulation Purification Regulation vation Landscape
tion tion Production Cycles
Dryland 0.85 0.40 0.02 0.67 0.36 0.10 0.27 1.03 0.12 0.13 0.06
Farmland Paddy field 1.36 0.09 ~2.63 1.11 0.57 0.17 2.72 0.01 0.19 0.21 0.09
Coniferous 0.22 0.52 0.27 1.70 5.07 1.49 3.34 2.06 0.16 1.88 0.82
Forest Mixed 031 071 0.37 2.35 7.03 1.99 351 2.86 0.22 2.60 1.14
coniferous
Broad-leaved 0.29 0.66 0.34 217 6.50 1.93 4.74 2.65 0.20 2.41 1.06
Shrub 0.19 0.43 0.22 141 4.23 1.28 3.35 1.72 0.13 1.57 0.69
Grass 0.10 0.14 0.08 0.51 1.34 0.44 0.98 0.62 0.05 0.56 0.25
Grassland Scrub 0.38 0.56 0.31 1.97 5.21 1.72 3.82 2.40 0.18 2.18 0.96
Meadow 0.22 0.33 0.18 1.14 3.02 1.00 2.21 1.39 0.11 1.27 0.56
Wetlands 0.51 0.50 2.59 1.90 3.60 3.60 24.23 2.31 0.18 7.87 4.73
Wetland Desert 0.01 0.03 0.02 0.11 0.10 0.31 0.21 0.13 0.01 0.12 0.05
Desert Bare ground 0.00 0.00 0.00 0.02 0.00 0.10 0.03 0.02 0.00 0.02 0.01
Waters Water system 0.80 0.23 8.29 0.77 2.29 5.55 102.24 0.93 0.07 2.55 1.89

Glacial snow 0.00 0.00 2.16 0.18 0.54 0.16 7.13 0.00 0.00 0.01 0.09
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