Eng. Sci., 2025, 36, 1688

Engineered Science
DOI: https://dx.doi.org/10.30919/es1688

Responses of Ecosystem Services and Biodiversity to Changes in
the Land Use: A Case Study on the East Dongting Lake, China
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Abstract

Wetlands serve as a vital guarantee for regional and urban development. Therefore, it is of great significance to study the
changes taken place in ecosystem services as well as their contributing factors during the collaborative conservation and
management of water resources across varying regions. We have studies and coupled the remote sensing image data in the
years of 2000, 2009 and 2019, so as to estimate the value of ecosystem services available. Furthermore, we have evaluated
the biodiversity of the East Dongting Lake Area. The findings indicate that: (1) The area of the construction land in research
area has experienced increases, whereas the area of arable land has witnessed constant declines. (2) The total value of
ecosystem services available in research area decreased by RMB 1.53 billion. The value of ecosystem services provided by
the arable land decreased by 745 million yuan. (3) The sensitivity of the coefficient of ecosystem service value of all types of
land use to the ecosystem service value does not exceed 1, revealing the lack of elasticity of the value of ecosystem services
provided by research area. (4) The species diversity index measured in the construction land is lower than other areas in
research area. Judging from the analysis that the changes taken place in the land use will impose a significant impact on the
service value of ecosystems and biodiversity, and the reasonable development and utilization will facilitate the improvement
of the service value of ecosystems and biodiversity in East Dongting Lake Area.
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1. Introduction but will also directly contribute to the changes of land
productivity in a region.” For instance, Costanza ef al. sought

to examine the impact of land use changes on the valuation of

The ecosystem services refer to the varying sorts of material
foundations and environmental conditions directly or

indirectly available to humankind during its survival in the
ecosystem Biodiversity serves as a critical measure to
assessing whether the ecosystem is well-functioning, whereas
the value of ecosystem services could manifest the intuitive
value of varying sorts of services available in the ecosystem.!'!
At present, land use is now the main cause of global
biodiversity loss.?* As the carrier of the natural ecosystem,
the changes taken place in the types of land use will not only
undermine the self-adjustment capabilities of the ecosystem,
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ecosystem services. A comprehensive evaluation of the global
economic value was conducted, revealing a decline over a
span of 34 years.! Concurrently, scientists from multiple
nations engaged in extensive deliberations on this proposition.
In Leipzig, Germany, the total economic value has decreased
by as much as 23% over the past 40 years.[”? In Changzhou,
China, there has been a 19.3% decrease in the ecological
service value of the region over a period of 15 years, due to
changes in land use.™ Presently, the most substantial land use
change on a global scale is the expansion of farmland and
pasture areas, which has had a profoundly deleterious effect
on the natural ecosystem.”” However, in the context of China,
this scenario is further compounded by additional
complexities. The rapid economic development has resulted in
a rapid process of urbanisation, causing the built-up areas to
expand at an extremely fast rate and resulting in a significant
loss of arable land.!'”! The inappropriate alteration of land,
which disregards environmental limits, will inevitably result
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Table 1: Grain Yield per Unit Area, Price and Sowing Area of Main Crops in the Years of 2000, 2009 and 2019 in the East Dongting

Lake Area.
Vear Grain yield/ (t/hm 2) Price/ (yuan/t) Sowing area/ (hm?)
Rice Cotton Oil Rice Cotton 0Oil Rice Cotton Oil
2000 6.35 1.20 1.43 1009.5 10078.9 2415.7 143076.2 11253.2 34591.1
2009 6.06 1.47 1.52 1986.0 16949.9 41613 157769.1 10175.2 36749.7
2019 6.26 1.23 1.70 3108.2 33132.8 132753 130062.5 7714.6 35699.9

in adverse consequences, including land degradation, water
pollution, deterioration of water quality, and a decline in flood
regulation and storage capabilities.!'"! Quantifying the value of
ecosystem services provided by the East Dongting Lake and
analyzing the trend of variations in the value of varying
ecosystem services could provide critical statistical support to
optimize the methods of land use, while offering measurement
instruments for considering the assessment of land use
schemes in the future.

The methods of assessing the value of ecosystem services
mainly consist of the benefit transfer method, the presentation
preference method and the display preference method.!?!
Based on the theories of equilibrium value and effect value,
Costanza et al."*have inferred the global economic value of
17 sorts of ecosystem services provided by 16 major
biocommunities. In addition, other researchers have renewed
their valuation for over 300 cases worldwide.l'J On the basis
of the research findings of Costanza, domestic scholars
including Xie et al.l'"have assessed the service function of the
land ecosystems in China. Judging from the holistic
observation of the features of China’s ecosystems and the
country’s status-quo of socio-economic development, they
have formulated the Scale of Ecosystem Service Value
Equivalent per Unit Area.l'd! The scale has laid a

computational foundation for studying the value of regional
ecosystems in China, and is thus widely applied nationwide.
From the perspective of Wei et al.!' the primary factor
leading to the diminishing value of regional ecosystem
services is the enhanced level of urbanization. Li and Shao!®
put forward that the declining area of lands with a high
coefficient of ecosystem service value constitutes the major
reason behind the reduction of the total value of ecosystem
services.

At present, research into ecosystem service value
assessment based on remote sensing technology has been
extensively applied in the field of ecology, primarily due to
the unique advantages of remote sensing data in detecting
changes in land cover. The multi-temporal resolution
characteristic of remote sensing can precisely capture the
temporal and spatial heterogeneity of the surface cover, and
the long-term sequence data provide continuous temporal and
spatial data for the assessment of ecosystem service value. At
the technical implementation level, current research relies
primarily on advanced machine learning algorithms for the
interpretation and analysis of remote sensing images. To
illustrate this point, classification algorithms based on random
forests or deep learning are employed to convert multispectral
remote sensing images into land use classification maps, with

Table 2: Coefficient of the Value of Ecosystem Services of Varying Types of Land Use in the East Dongting Lake Area.

E t Arabl Wat
co.sys em Woodland Meadowland rave ater Wetland
service land body
Food production 611.325 796.575 1852.502 981.825 666.902
Provisioning service
Raw material 5520.451 666.901 722.475 648.375 444.603
Gas regulation 8002.8 2778.75 1333.800 944.775 4464.525
Regulating service Climate regulation 7539.675 2889.903 1796.925 3816.150 25101.375
Water regulation 7576.725 2815.802 1426.425 34771.425 24897.601
Regulating service Waste treatment 3186.301 2445.300 2574.975 27509.625 26676.001
Soil formation and
) 7447.050 4149.604 2723.175 759.525 3686.475
. . protection
Supporting service o
Biodiversity
. 8354.775 3464.175 3464.175 6354.075 6835.725
conservation
) Providing aesthetics
Cultural service oht 3853.203 1611.675 314.925 8225.102 8688.225
sig
Total/(Yuan/hm?) 52092.3 21618.675 14634.75 84010.875 101461.425
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Fig. 1: Location map of the research area in the Chinese scale.
(Note: Fig. 1 is a map that illustrates the spatial position of Hunan
province where the East Dongting Lake located research area in.
It adopts a specific scale where 1 centimeter (cm) on the map
corresponds to 290,000 meters (m) in the real world.)

classification accuracy generally reaching over 85%.1°! The
integration of nighttime light data with 10-metre resolution
images from Sentinel-2 facilitates the effective differentiation
of urban construction land from unbuilt land, thereby reducing
the value deviation caused by classification errors in
traditional ESV assessment.?") Concurrently, the integration of
remote sensing and Geographic Information System (GIS)
technologies has engendered visualization methodologies,
including Sankey diagrams and transfer matrices. These
methodologies can intuitively depict the service value transfer
pathways between disparate land use types, thereby
facilitating profound analysis of the spatiotemporal evolution
patterns of ecosystem service value.*?

Dongting Lake ranks as the second largest freshwater lake
in China, whereas the East Dongting Lake is the largest lake
in the lake clusters of the Dongting Lake Area. The lake is
jointly managed by Yiyang, Changde and Yueyang
Municipalities. In addition, the East Dongting Lake Nature
Reserve constitutes one of the 21 internationally important
wetland nature reserves located in China as specified in the
International Wetland Convention, covering an area of
190,000 hectares.” Given the extremely high coefficient of
the value of ecosystem services provided by the wetland, it has
become a vital part of the total value of regional ecosystem
services.?!! In this study, we have assessed the value of
ecosystem services and biodiversity in the East Dongting Lake
Area in two stages, so as to reveal the features of time-specific
variations in the ecosystem service value over the past two
decades and the impact imposed by varying types of land use
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on the biodiversity in the surrounding areas. In addition, we
intend to analyze the response of ecosystem services and
biodiversity to the changes taken place in land use. This study
is expected to lay a theoretical foundation for deepening the
collaborative conservation and management of cross-regional
ecological environment, thus providing theoretical support to
and having practical implications for the optimization of land
use structure and joint protection of cross-regional wetlands in
the East Dongting Lake Area.

2. Materials and methods

2.1 Overview of the study area

The East Dongting Lake is located on the south side of
Jingjiang River section in the middle reaches of the Yangtze
River, ranging between 28°59’ and 29°38'N, and between
112°43" and 113°15'E.’”¥ The East Dongting Lake is an
immense water-carrying lake accepting inflow of water from
Xiangjiang, Zijiang, Yuanjiang and Lijiang Rivers. The lake
covers an area of 190,000 hm? in total, with the water area
amounting to 65,400 hectares.”® The East Dongting Lake
Area enjoys long sunshine duration, abundant rainfall and
amiable temperature mostly exceeding 17°C. In addition, the
East Dongting Lake is the largest and most well-preserved
natural seasonal lake in the Dongting Lake clusters, with a rich
variety of habitats. Therefore, the lake has provided optimal
conditions for creatures to survive and thrive.?”

0 75,000 150.000 300000 450000
1cm=060000m mer—wmr -

Fig. 2: Location map of the research area at the scale of Hunan
Province. (Note: Fig. 2 focuses on showing the location of the
East Dongting Lake research area within the administrative
boundary of Hunan Province. The scale of this map is 1
centimeter (cm) on the map representing 60,000 meters (m) in
reality.)
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Fig. 3: Distribution Map for the Plants in the East Dongting Lake Area.

2.2 Source of data and method of processing

The data on the East Dongting Lake Area in the years of 2000,
2009 and 2019 collected by LandsatTMS5 and Landsat 8 are
extracted from the Geospatial Data Cloud for Computer
Network Information Center, CAS (http:/www.gscloud.cn/)
and the United States Geological Survey
(http://earthexplorer.usgs.gov). We have collected the data of
DEM by using Aster GDEM jointly developed by the National
Aeronautics and Space Administration (NASA) of the United
States and the Ministry of Economy, Trade and Industry
(METI) of Japan for August and September. In addition, we
have adopted the output value of grain crops grown in the
study area in the statistical yearbooks for 2000, 2009 and 2019
specified in the official WeChat account of Hunan Statistics.*"
Supported by the Environment for Visualizing Images (ENVI),
we have coupled the remote sensing images to set up the
interpretative mark of the ground in the image. In addition, we
have divided the types of land use in the East Dongting Lake
Area into arable land, water body, meadowland, woodland and
construction land.??! Judging from the analytical results of the
maximum likelihood method based on the supervised
classification, the accuracy of remote sensing images
amounted to above 90%.0"

2.2.1 Dynamic index of the changes of land use

4| Eng. Sci., 2025, 36, 1688

Dynamic degree of single land use: The dynamic degree of
single land use refers to the index of depicting the velocity and
range of variation for different types of land use in a certain
period of time. The index is able to reflect the impact imposed
by human activities on a single type of land use.!*? The
formula is specified as follows:

Sit1—Sit2 1

k; =
' Sit1 th—t

x 100

(M

where, K; refers to the dynamic degree of the i type of land
use from t; to t2, Sii and Sie refer to the area of the i type of
land use from t; to t,.

2.2.2 Calculation of the value of ecosystem services
Formula for calculating the value of ecosystem services:

n
1 m;p.q.
E, == ——(@{=1~n
DA
=

)

where, E,, refers to the economic value of grain crops of 1hm?
arable land (yuan/hm?); i refers to the main types of crops

grown in the East Dongting Lake Area, including rice, cotton,
oil crops (which consist of rapeseed and peanuts); p; refers to
the national average price of the i crop (yuan/t); g; refers to
the grain yield per hectare of the i crop (t/hm?); m; refers to
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Table 3: Land Use of the Dongting Lake Area from 2000 to 2019.

Dynamic degree of single land use

Duration
Arable land Woodland Meadowland Water body Construction land
2000—2009 -0.27 -0.16 3.92 -1.34 5.60
2009—2019 -1.64 0.80 -5.21 0.64 13.07
the area of the i crop (hm?); M refers to the total area of n landscapes, have been shown to offer non-material

types of crops (hm?); and % refers to the value of ecosystem

services per unit, which is regarded as equivalent to per unit
yield of major crops in the research year of the study area.['s]

ESV = Z AAVC, 3)

where, ESV Eq. (3) refers to the value of ecosystem services;

Ay refers to the area of distribution of the kth type of land use

in the study area (hm?); VCyrefers to the coefficient of the
ecosystem value (yuan/hm~2a™).

] Arable land
I Woodland
| [ Meadowland
: Construction land
I Water body

km
4 2

0 1
Fig. 4: (a) Types of Land Use in the East Dongting Lake Area in
2000; (b) Types of Land Use in the East Dongting Lake Area in
2009: (c) Types of Land Use in the East Dongting Lake Area in
2019.

The classification of ecosystem services is typically
performed into four categories: provisioning, regulating,
supporting, and cultural services.’* As Kuyah et a/.*¥ have
demonstrated, the provision of services (e.g. food, raw
materials) yields direct material outputs. The regulation of
services (for example, gases, climate regulation) is related to
ecological processes that stabilise the human environment.
It has been demonstrated that supporting services (e.g. soil
formation, biodiversity) underpin other services.P%3*37
Cultural services, for example in the form of aesthetic
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benefits.*#3% This framework is designed to ensure global
consistency, thereby facilitating cross-regional comparisons
and policy application.”” This study will interpret ESV from
the above perspectives.

In this study, by calculating the grain yield per unit area,
price (the prices of the respective years) and sowing area of
rice, cotton and oil crops from 2000 to 2019 (as specified in
Table 1), we have measured the equivalent factor of the value
of single ecosystem services in the East Dongting Lake Area
to reach 1852.5 yuan/hm?, thereby obtaining the coefficient of
the value of ecosystem services (as specified in Table 2).

2.2.3 Sensitivity analysis

We have adopted the Coefficient of Sensitivity (CS) to
measure the dependence of the value of ecosystem services of
varying types of land use over time.***!1 If CS > 1, then ESV
is estimated to be elastic to the Valuation Coefficient (VC), i.e,
the coefficient of the value of ecosystem services. 1% of the
changes taken place in VC, or the coefficient of the value of
ecosystem services, can result in changes of the CS of over 1%,
indicating low level of credibility and accuracy;***! if CS <1,
then ESV is shown to be inelastic to VC and features high
credibility in its results. The formula for calculating CS is
specified as follows:

_ | (ESV;—ESV))/ESV;
(VCi—=VCy)/ESV;

4

where, CS refers to the Coefficient of Sensitivity; ESV; and
ESV; refer to the total value of the initial ecosystem services

and the adjusted ecosystem services, respectively. VC;;, and
VCjy refer to the initial value coefficient and the adjusted value
coefficient of the K% type of land use, respectively.

2.2.4 A diversity analysis

2.2.4.1 Data acquisition

We have adopted the sample method for verifying the
inventory of plant communities. We have set up 14 quadrats
for sampling in 14 collection points, including Nianpanzhou,
Wangjunzhou, Changzhou, Tuanzhou, Xin’an, Weiguozha,
Wugangzi, Liugangzi, Laogang, Lujiao, Niuchang, Taipingzui
and Yueshan. In addition, we have set up each of the sampling
points in 5 m X 5 m quadrat in the East Dongting Lake Area
s0 as to calculate the number of species as well as the number
of individual species in each quadrat. The distribution of the

Eng. Sci., 2025, 36, 1688 | 5
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Table 4: Changes in the Value of Local Ecosystem Services in the Dongting Lake Area from 2000 to 2020.
Ecosystem Service Value/(x) element
1 08 Proportion/% Dynamic degree/%
Types of land use
2000- 2009-
2000 2009 2019 2000 2009 2019

2009 2019
Woodland 57.92 57.08 61.65 19.13 20.16 21.44 -0.16 0.80
Meadowland 6.31 9.75 4.62 2.08 3.44 1.61 3.92 -5.21
Arable land 40.56 39.60 33.11 13.39 13.99 11.52 -0.27 -1.64
Water body 198.02 176.70 188.13 65.40 62.41 65.43 -1.34 0.64
Construction land 0 0 0 0 0 0 5.60 13.07
Total 302.81 283.13 287.51 100 100 100 7.75 7.66

collection points of experimental data are illustrated in Fig. 3,
where the collection points are marked in black circle from
Plot 1 to Plot 14 in the counterclockwise direction starting
from the top right corner. Specifically, we have selected the
following survey index:

(1) Species richness (S): Number of species present in the
quadrat

(2) Abundance: Number of individuals of an individual
species in a community

(3) Margalef Index

(-1

~ InN
where, S refers to the total number of species in the community
and N refers to the total number of individuals of all species

observed.
(4) Shannon Index

== winp) ©)

where, H' refers to the Shannon index; P; refers to the
proportion of the significance of the i species among all
species. For instance, in terms of the number of individuals, n;
refers to the number of the i

®)

individuals, whereas N refers to

100

80

60

40

20

the total number; accordingly, we have obtained the formula
P,

= %, where, S refers to the total number of species.
(5) Simpson Index

0=1- o)

where, D refers to the Simpson Index; N refers to the total

n;—1)

[N(N = 1)] )

number of individuals; 7, refers to the number of individuals

of the i species.
(6) Importance value

v
_ (Relative abundance + Relative frequency + Relative coverage)

3

®)

where, Relative abundance (RD) is defined as the proportion
of individual specimens within a species that constitute the
total number of individuals in the community, thereby
reflecting the numerical dominance of that species. Relative
frequency (RF) is defined as the percentage of occurrence of
a species among all sample plots, and it characterizes the
uniformity of spatial distribution. Relative coverage (RC) is
defined as the percentage of a species' coverage in the total
coverage of the community, thereby reflecting the resource

2000

Farmland |

Fig. 5: Land Use Structure of the East
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Dongting Lake Area from 2000 to 2019.
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Fig. 6: LUCC in the East Dongting Lake Area from 2000 to 2009.

occupancy capacity.

3. Results analysis

3.1 Analysis of changes taken place in the land use of the
dongting lake area

Judging from the distribution map of the types of land use in
the Dongting Lake Area (Fig. 4), the arable land and water
area account for the largest proportion of land use in the study
area, which are the major types of land use, followed by water
body, woodland, meadowland and construction land. Based on
the data on the changes of types of land use from 2000 to 2019
in the East Dongting Lake Area and the dynamic degree of
changes of land use, through the Dynamic index of the
changes of land use Eq. (1), we have obtained the structural
diagram of varying land use types (Fig. 5) and table on thend

use dynamics (Table 3).
The decline in Dongting Lake's water area stems from
combined natural and anthropogenic factors, with

hydrological alterations from the Three Gorges Reservoir
(TGR) being dominant. During impoundment, the TGR
reduces Yangtze River inflow, it also impedes sedimentation,
weakening the lakebed's siltation capacity,*** diminishing
the natural expansion capacity. Moreover, disrupted
hydrological connectivity reduces high-water level duration
and impairs flood storage.***1 Meanwhile, the loss of water
bodies has been exacerbated by historical reclamation (e.g.,
fewer lakes 0.1 km? from 1954 to 1998) and changes in land
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use.**#1 Climate change is also key, as decreased precipitation
and increased drought frequency lowered the West Dongting
Lake multi-year average water level by 1.05 meters,*”* while
enhanced evapotranspiration shortens water residence time.

By quantifying the rate of land use change in the study area
from 2000 to 2019, the dynamic change characteristics of each
land type were revealed. The water area exhibited an
evolutionary trend characterised by an initial decrease,
followed by a subsequent increase. The mean annual rate of
change for the period 2000 to 2009 was -12.06%, with the
predominant changes involving the conversion of land into
meadowland and construction land. However, from 2009 to
2019, the trend underwent a reversal, with an average annual
change rate of 6.4%. The arable land area underwent a
consistent decrease, exhibiting an average annual change rate
of -2.43% from 2000 to 2009, and subsequently accelerating
to -16.4% from 2009 to 2019. The woodland area exhibited
stability, maintaining proportions of 16.58%, 16.34%, and
17.65% across the three periods, with an average annual
change rate of merely 3.28%. The most significant
development was the expansion of construction land. The
average annual change rate from 2000 to 2009 was 50.4%, and
it further increased to 130.7% from 2009 to 2019. The overall
dynamic degree index attained 13.07, a figure that was found
to be significantly higher than that of other land types (p <
0.01). This change pattern is closely related to China's rapid
urbanisation process. The proportion of construction land was
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Table 5: Changes of the Value of Ecosystem Services in the East Dongting Lake Area from 2000 to 2019.

ESV/(x element) 1 8 Proportion/% Change rate/%
Ecosystems service
2000 2009 2019 2000 2009 2019 2000-2019
Food production 836  8.11 7.28 2.72 291 2.50 -12.92
Raw material 9.86  9.67 9.76 3.21 3.47 3.35 -1.01
Gas regulation 15.63  15.62 15.20 5.10 5.60 522 -2.75
Climate regulation 2320 21.37 22.24 7.57 7.66 7.64 -4.14
Water regulation 95.16 86.56 90.66 31.05 31.03 31.14 4.73
Waste treatment 7624  69.42 71.72 24.87 24.88 24.63 -5.93
Soil formation and protection 18.83 11.70 17.56 6.14 4.19 6.03 -6.74
Biodiversity conservation 3465 3346 32.69 11.31 11.99 11.23 -5.66
Provision of aesthetic landscape 25.01 23.10 24.04 8.16 8.28 8.26 -3.88

only 2.58% in 2000, but it increased to 12.03% in 2019,
reflecting the profound impact of economic development on
land use changes.

A quantitative analysis of the LUCC transfer matrix of East
Dongting Lake from 2000 to 2009 (see Fig. 6) was conducted,
the results of which indicate that during the study period arable
land was the dominant land type, accounting for 70.16%
(1172.84 km?) of the total area, with a system retention rate of
79.81% (936.08 km?). However, a transfer scale of 236.76 km?
was identified, with the most significant transformation being
to water bodies (220.14 km?). The area change of water bodies
exhibited a bidirectional change feature. While the total area
increased by 222.23 km? (an increase of 33.62%), 438.60 km?
(66.34%) remained stable within the area, and 8.72 km?
(1.32%) reversed to cultivated land. The expansion of
construction land was 7.36 km? (an increase of 24.36%), with
69.95% of this expansion occurring as a result of the

transformation of cultivated land (5.25 km?). This indicates a
spreading trend along the periphery of the built-up area. The
woodland system demonstrated a relatively high degree of
stability, with a retention rate of 73.22%, however, a
transformation of 3.38 km? (12.64%) to arable land was
observed, predominantly occurring in ecologically fragile
areas.

Focusing in more detail on the land use transfer between 2009
and 2019 (see Fig. 7), it was found that, compared with the
2000-2009 period, the area of arable land remained relatively
stable, accounting for 69.68% (1164.53 km?) of the total area,
with a system retention rate of 95.57% (1112.86 km?).
However, a transfer scale of 51.67 km? was identified, with
the most significant transformation being to water bodies
(46.88 km?), exhibiting a transformation rate of 4.03%. The
expansion of construction land was significant, increasing by
13.31 km? (an increase of 35.41%), with 75.78% of this

Table 6: Coefficient of Sensitivity of the Value of Ecosystem Services Provided by Varying Types of Land Use.

ESV/(x element) 108

Types of land use

Coefficient of sensitivity

2000 2009 2019 2000 2009 2019

Woodland VC + 50% 331.77 311.67 303.34

0.0478 0.0252 0.0275
Woodland VC-50% 273.85 254.59 256.69
Meadowland VC + 50% 305.965 288.01 289.82

0.0052 0.0086 0.0040
Meadowland VC-50% 299.66 278.26 285.20
Arable land VC + 50% 323.09 302.93 304.07

0.0335 0.0349 0.0288
Arable land VC-50% 282.53 263.33 270.96
Water body VC + 50% 401.82 371.48 381.58

0.1635 0.1560 0.1636
Water body VC-50% 203.8 194.78 193.45
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Fig. 7: LUCC in the East Dongting Lake Area from 2009 to 2019.

expansion being attributable to the transformation of arable
land (10.08 km?). This transformation exhibited a linear
expansion pattern along transportation routes. The area of
water bodies demonstrated a substantial decrease, with a
reduction of 13.97 km? (representing a decline of 3.12%),
whilst 36.23 km? (8.09%) underwent conversion to cultivated
land, indicative of the reactivation of agricultural development
initiatives. It is noteworthy that the woodland system
underwent a substantial reverse transformation, with 13.60
km? (99.62%) converting to cultivated land, predominantly in
ecologically fragile areas.A comparison of the transformation
intensity among various land types revealed that the
transformation intensity of arable land to construction land
(10.08 km?) was 294.74 times that of the 2000-2009 period,
indicating a significant acceleration of the urbanisation
process.

3.2 Analysis of the Value of Ecosystem Services in the
Dongting Lake Area

3.2.1 Overall features of the changes in the value of
ecosystem services of varying types of land

Judging from Table 4, the value of ecosystem services in the
East Dongting Lake Area decreased by RMB 1.53 billion over
the past two decades, whereas the values of ecosystem
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services in the years of 2000, 2009 and 2019 amount to RMB
30.218 billion, RMB 28.313 and RMB 28.751 billion,
revealing the overall trend of decrease first before increasing
in the subsequent stage. Judging from the value of ecosystem
services of varying types of land use, the value of the water
ecosystem services ranks as the highest, followed by
woodland, arable land and meadowland. The value of water
ecosystem services have shown a trend of decreasing first
before increasing, which is in line with the overall value of
ecosystem services in the East Dongting Lake Area. The
results of the one-way analysis of variance (ANOVA)
indicated that there were extremely significant differences (p
< 0.001) in the impact of different land use types on the
ecological service value. Furthermore, a multiple comparison
analysis employing Tukey's HSD revealed that the disparities
in ecological service value among woodland, meadowland,
arable land, and water body categories were predominantly
highly significant (p < 0.001). While the variation in value
between woodland and arable land did not attain a highly
significant level, a substantial difference was observed (p <
0.05).

Based on our analysis, the value of regional ecosystem
services in the East Dongting Lake Area has revealed a V-type
growth, whereas the stage of diminishing value of ecosystem
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services is directly related to the sharp reduction of the water
area that features high coefficient of the value of ecosystem
services. Since 2001, the urbanization in the East Dongting
Lake Area has been rapidly advanced, and a vast area of water
body has been transformed into construction land, resulting in
a sharp decline in the value of ecosystem services by 2.132
billion yuan. In 2000, the value of ecosystem services of water
body amounted to RMB 19.802 billion, accounting for 65.40%
of the overall value of ecosystem services in the East Dongting
Lake Area. From 2000 to 2009, the water area of the East

Diversity change curve of 14 communities in East Dongting Lake area
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Fig. 8: Curve of Changes to the Species Diversity in the East
Dongting Lake Area.

Dongting Lake experienced sharp decreases, whereas the
area of meadowland and construction land multiplied. In
addition, the value of ecosystem services of meadowland
increased by a large amount with the expansion of the area of
meadowland. Furthermore, the changes taken place in the land
use also increased to a significant extent. In particular, the
dynamic degree of changes of land use for the construction
land amounted to 5.60%, the highest level from 2000 to 2009.
The area of arable land and woodland experienced slow
declines. From 2000 to 2009, the value of ecosystem services
of water bodies in the area decreased to RMB 17.670 billion,
whereas its proportion in the total value of ecosystem services
also declined to 62.41%. In the East Dongting Lake Area that
provides ecosystem service value mainly through water body,
the overall value of its ecosystem services decreased by 1.968
billion yuan. Fortunately, during the decade from 2009 to 2019,
thanks to the support from the government, the water area of
the East Dongting Lake gradually increased from RMB 17.670
billion in 2009 to RMB 18.813 billion in 2019. However,
compared with the value of water ecosystem services in 2000,
the value of 2019 was still a decline of 4.99%. The reason is
that subsequent to 2007, the return of migrant workers driven
by the financial crisis led to inflow of sufficient labor in the
East Dongting Lake Area. As a result, from 2009 to 2019, the
construction land increased significantly, whereas the
dynamic degree of the change of land use amounted to 13.07%,
the maximum value over the past two decades. During this
period, the area of arable land experienced declines, whereas
the value of ecosystem services decreased by RMB 745
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million, with the changing rate of value amounting to 18.36%.
Due to the implementation of protective policies and
management measures, the water area of the East Dongting
Lake has been gradually recovered, whereas the total value of
ecosystem services in the East Dongting Lake has been
gradually increased.

3.2.2 Features of the value of individual ecosystem service
in the East Dongting Lake Area

The formula for calculating the value of ecosystem services is
shown in Eq. (2). The value of various types of individual
ecosystem services has been calculated (Table 5). The results
of one-way ANOVA indicated that there were extremely
significant differences (p < 0.001) in the impact of different
types of ecosystem services on ecosystem service value.
Tukey's HSD multiple comparison analysis revealed that, with
the exception of the ESV discrepancy between food
production and raw material, which did not attain a significant
level (p > 0.05), the ESV disparities among the remaining
categories of ecosystem services were all found to be highly
significant (p < 0.001). It is noteworthy that while the ESV
differences between food production and gas regulation, as
well as between food production and soil formation and
protection, did not attain an extremely significant level, they
were nevertheless statistically significant (p < 0.05). Among
all individual ecosystem services provided by the East
Dongting Lake Area, the service function of hydrological
regulation has generated the greatest value, whereas the

Uniformity index change curve of 14 communities in East Dongting Lake
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Fig. 9: Curve of Changes to the Community Uniformity in the
East Dongting Lake Area.

function of waste treatment ranks second in terms of value
creation. Both services are provided by the water body, which
has become the primary contributor to the service value
provided in the East Dongting Lake Area. From 2000 to 2009,
all the value of ecosystem services in the East Dongting Lake
Area experienced declines. This was mainly derived from the
huge reduction of value of the main component of water body,
woodland, arable land and other ecosystem services during the
decade from 2000 to 2009. In particular, the water area
decreased sharply, and even if the meadowland area increased,
the value of all individual ecosystem services still experienced
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Table 7: Species Diversity Index of the East Dongting Lake Area.

Species diversity index

Plot names
Margalef index Shannon index H'/ E Simpson index

Al1-Nianpanzhou (29°29'30"N, 112°47'40"E) Plot 1 1.55 1.99 0.87 0.84
A2-Wangjunzhou (29°27'08"N, 112°48'57"E) Plot 2 1.43 1.76 0.76 0.68
A3-Changzhou (29°25'29"N, 112°50'12"E) Plot 3 1.68 1.22 0.53 0.82
A4-Changzhou (29°20'40"N, 112°49'36"E) Plot 4 1.45 1.36 0.59 0.64
A5-Xinan (29°16'58"N, 112°48'16"E) Plot 5 1.48 1.62 0.71 0.73
A6-Weiguozha (29°11'42"'N, 112°44'32"E) Plot 6 1.41 1.92 0.83 0.83
A7-Wugangzi (29°09'16"N, 112°50'27"E) Plot 7 1.74 2.16 0.94 0.88
A8-Liugangzi (29°11'13"N, 112°54'17"E) Plot 8 1.38 1.53 0.67 0.74
A9-Laogang (29°05'16"N, 112°56'32"E) Plot 9 1.69 1.91 0.83 0.82
A10-Lujiao (29°09'09"N, 113°00'19"E) Plot 10 1.33 1.45 0.63 0.64
Al11-Niuchang (29°1126"N, 112°47'40"E) Plot 11 1.52 1.87 0.81 0.80
A12-Taipingzui (29°18'54"N, 113°03'47"E) Plot 12 1.47 1.45 0.62 0.72
A13-Yueshan (29°20'52"N, 113°03'50"E) Plot 13 1.39 1.90 0.82 0.83
Al4-Taipingzui (29°20'54"N, 113°00'04"E) Plot 14 1.45 1.43 0.62 0.67

declines. A vast area of water body and woodland have been
transformed into the construction land, and given that the
value of ecosystem services of the construction land amounts
to 0, the value of all ecosystem services has been reduced to
varying extents due to the doubling of the construction land.

From 2009 to 2019, the value of merely two ecosystem
services decreased, including food production and gas
regulation. Apart from these two sorts of services, the value of
individual ecosystem services increased, including raw
materials production, climate regulation, hydrological
regulation, waste treatment, soil formation and protection,
biodiversity conservation and provision of aesthetic landscape,
with the value of hydrological regulation increasing by the
largest margin, amounting to RMB 410 million. The function
of gas regulation has remained basically unchanged
throughout two decades. With the diminishing area of arable
land, especially from 2000 to 2009, the value of individual
service of food production in the study area declined
significantly. This has also led to the highest rate of value
change among all individual services, amounting to -12.92%.

3.3 Sensitivity Analysis

In accordance with the calculation of the coefficient of
sensitivity Eq. (4), the coefficients of the value of ecosystem
services of varying geotypes have been increased and
decreased by 50%, respectively, in order to obtain the CS
value for the years 2000, 2009 and 2019 (Table 6). Our
research findings indicate that the CS value of the types of land
use in the area during different years is less than 1. In other
words, the value of ecosystem services is inelastic to the
coefficient of the value of ecosystem services for varying
types of land use. In addition, the results of calculating the
value of ecosystem services feature high credibility. Through
longitudinal comparison, we have found that the meadowland
features the lowest sensitivity of the value of ecosystem
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services, with the lowest CS value amounting to 0.0040.
Moreover, the water body features the highest sensitivity of
the value of ecosystem services. When the value of ecosystem
services increases by 1%, the total value of ecosystem service
would increase by 0.1636%. The sensitivity of woodland and
water body has experienced drastic declines first before
increasing slowly, which is in line with the downward trend of
the overall value of ecosystem services in the East Dongting
Lake Area. The sensitivity of woodland amounted to 0.0478
in 2000 and decreased by 0.0226 to 0.0252 in 2009. However,
the figure slowly increased to 0.0275 in 2019. In terms of the
water body, its sensitivity amounted to 0.1635 in 2000 and
decreased by 0.0075 to 0.1560 in 2009, while increasing to
0.1636 in 2019, basically the same level as in 2000. The
diminishing sensitivity of woodland and water body from
2000 to 2009 has revealed that their impact on the overall
value of ecosystem services in the East Dongting Lake Area
was reduced, whereas the sensitivity of meadowland and
arable land experienced increases in the same period. The
results indicate that meadowland and arable land have
imposed an increasingly significant impact on the overall
value of ecosystem services in the East Dongting Lake Area.
From 2009 to 2019, due to the implementation of policies such
as returning arable land to forest and lake, the area of
woodland and water body increased, whereas their impact on
the overall value of ecosystem services in the East Dongting
Lake Area also became immense correspondingly. In addition,
the CS of all types of land use is less than 1, indicating that the
coefficient of the value of ecosystem services is credible for
estimating the overall value of ecosystem services in the East
Dongting Lake Area.

3.4 a Diversity analysis

According to Margalef index, Shannon index and Simpson
index, the calculation Eq. (5), (6), (7) and (8) respectively, and
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Fig. 10: The proportion of IV of plant communities in East Dongting Lake under various land use types.

we obtain Table 7, Fig. 8 and Fig. 9. Fig. 8 and 9 illustrate
species diversity curves and changes in community uniformity
across the 14 plant communities in the East Dongting Lake
area, respectively. The Margalef index, measuring species
richness, reveals higher values near Plots 7, 3, 9, and 1,
indicating greater species richness in these areas compared to
the wider region. Plot 7 exhibited the highest Margalef index
(1.73), while Plots 6, 8, 10, and 13 showed lower values
(ranked from lowest: Plot 10 < Plot 8 < Plot 13 < Plot 6),
signifying areas of species paucity.

The Shannon and Simpson indices, which measure species
diversity, yielded similar top rankings: Plot 7 > Plot 1 > Plot
6 > Plot 9 (Shannon) and Plot 7 > Plot 6 > Plot 1 > Plot 9
(Simpson). This consistency confirms high species diversity
near these four plots. Conversely, the lowest indices were Plot
3 < Plot 4 < Plot 14 < Plot 12 < Plot 10 (Shannon) and Plot 4
<Plot 10 < Plot 2 < Plot 14 (Simpson), indicating particularly
low species diversity near Plots 4, 10, and 14.

Synthesizing these results, Plots 1, 6, 7, and 9 demonstrate
high biodiversity, Plots 2, 5, 8, and 11 exhibit moderate
community balance, and Plots 3, 4, 10, 12, 13, and 14 show
low biodiversity. Plot 10 consistently ranked lowest overall
(Margalef and Shannon: 14th; Simpson: 13th), while Plot 7
consistently ranked highest in Shannon and Simpson indices,
confirming its exceptional species richness and diversity.

Meanwhile, an analysis and study were conducted on the
distribution characteristics of the IV of three dominant plants
(Miscanthus sacchariflorus, Water pepper and Carex) in five
land use types (woodland, meadowland, arable land, water
body and construction land) in the East Dongting Lake area

12| Eng. Sci., 2025, 36, 1688

(Fig. 10). The data demonstrate that the index of variation (IV)
of each species remained relatively stable across different land
use types. Specifically, the IV of Miscanthus sacchariflorus
ranged from 36.9% to 37.6%, that of Water pepper from
30.4% to 31%, and that of Carex from 31.7% to 32.3%. It is
noteworthy that the IV of Miscanthus sacchariflorus in the
forest ecosystem (37.6%) was found to be significantly higher
than that observed in other land use types (p < 0.05).
Concurrently, the variation coefficients of the IV of each
species in water bodies and construction land were found to be
the smallest (CV < 1.5%), thus indicating that the plant
community structure in these two land use types was more
stable.

Comparing these diversity indices with the geographic
distribution in Fig. 3 shows that plots with high biodiversity
(Plots 1, 6, 7, 9) cluster in Huarong County and Yuanjiang City,
where land use is predominantly arable land and woodland-
types conducive to biodiversity maintenance. In contrast, plots
with low diversity (Plots 3, 4, 10, 12, 13, 14) are concentrated
in the northeast (Junshan District, Yueyanglou District,
Yueyang County), where adjacent land is primarily developed
for construction. This northeast region experienced the most
significant land use changes within the East Dongting Lake
area between 2000 and 2019. The substantial expansion of
construction land here is the primary driver of the below-
average species diversity indices near these sampling points.
Regionally, species diversity decreases in the order:
southwest > southeast > northwest > northeast. Moreover, a
comparative analysis of the significant values of plant
communities and species diversity indices in Dongting Lake
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revealed that arable land and forest land, as the primary land
use types for sustaining regional biodiversity, exhibited a
substantial positive correlation (p < 0.05) in the distribution of
plant community important values and the optimal level of
species diversity. It is imperative to acknowledge the
repercussions of habitat fragmentation, precipitated by the
proliferation of construction land, on the biodiversity of
adjacent areas. The augmentation of the coefficient of
variation (CV > 2.5%) in plant community important values in
such regions signifies the cascading consequences of land use
transformation on biodiversity. The types of land use in
varying regions could impose a direct impact on the
biodiversity of neighboring areas, whereas the transformation
of the types of land originally favorable for biodiversity to the
types of land harmful to biodiversity will directly lead to the
diminishing biodiversity, revealing that biodiversity in the
East Dongting Lake Area is subject to significant impact from
the changes of land use.

4. Discussion

The value of ecosystem services in in the East Dongting Lake
Area experienced declines first before increasing throughout
the two decades from 2000 to 2019. According to the early
administrative planning, the Dongting Lake Area was divided
into Changde, Yiyang and Yueyang. Consequently, it was
hard to make unified planning for further implementation.
Furthermore, developers of the East Dongting Lake Area have
ignored the law of the ecosystem and the area was plagued by
the issue of blind growth. Coupled with the negative influence
imposed by the imperfection of laws and regulations, the area
encountered varying mistakes during its development,
management and utilization.

The decline in the ecosystem service value (ESV) of
Dongting Lake is primarily attributable to changes in land
use/cover (LUCC), pollution, climate change, and habitat loss.
LUCC is demonstrably dominant: from 1995 to 2020, there
was a significant decrease in natural wetlands, whilst
construction land expanded by 20%. This has had a
detrimental effect on water conservation and carbon storage.
Reclamation has been demonstrated to result in a 50%
reduction in lake area, consequently causing billion-yuan ESV
losses.’” As posited by Li et al.bV and Mao et al.,? elevated
levels of pollution, such as those attributable to agricultural
runoff and shipping, serve to impede the capacity of water
quality regulation and purification processes. This is due to an
increase in total nitrogen loads, water turbidity, and heavy
metal accumulation. It is evident that climate change and
hydrological disturbances have the capacity to alter
precipitation patterns and trigger extreme events, thereby
weakening water conservation. The decline in biodiversity and
the fragmentation of habitats have been shown to have a
significant impact on the alpha diversity of macrobenthos,
with a 40% decrease observed between 1988 and 2017.1%%
Additionally, the presence of non-native species has been
identified as a factor contributing to a 50% reduction in aquatic
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vegetation coverage.*

In addition, the East Dongting Lake Area is mainly
composed of the water body, arable land and woodland. Over
the past two decades, the water area of East Dongting Lake
has fluctuated by a significant margin. Since the beginning of
the 21% century, the lake area experienced drastic declines in
the first decade, and slow recovery during the second decade
thanks to the implementation of protective policies.” The
ecosystem service value of East Dongting Lake is principally
influenced by water bodies and forests. It is evident that water
bodies regulate 60% of the suitability of waterfowl habitats
through hydrological processes and the provision of biological
habitats. The maintenance of minimum water levels is
imperative for the survival of benthic organisms and the
support of water purification processes.*® Forests contribute
to enhanced ecosystem service value through carbon
sequestration, climate regulation, soil and water conservation,
and support for biodiversity. As demonstrated in the extant
literature, an increase of 0.1 in the connectivity of the forest-
wetland ecotone is associated with a 12.4% increase in species
richness.’”*! Under such circumstances, the sharp increase or
decrease in the water area would lead to the increase or
decrease in the overall value of ecosystem services. The rapid
growth of the economy in the East Dongting Lake Area
contributed to the rapid increase of construction land, which
accounted for the largest proportion of land use during its
respective periods.

The transformation of the types of land use such as water
body and arable land into construction land is the primary
cause for the declines of the overall value of ecosystem
services. Given that the coefficient of the value of ecosystem
services amounts to 0, the construction land is unable to
contribute to the value of ecosystem services, and the growth
of its area means that the value of the replaced ecosystem
services experienced declines as well as the net loss of
ecosystem services in the East Dongting Lake Area.

It is worth mentioning that the area of the arable land has
been repeatedly reduced over the past decades, whereas the
arable land mainly provides the functions of food production,
waste treatment and soil formation and conservation. The
sharp reduction of arable land could direct lead to the
substantial reduction of the service value of food production,
and its rate of changes of value amounted to as high as -
12.92%, marking the maximum rate of changes for all sorts of
service value. The value of the ecosystem services of area land
was directly reduced by RMB 745 million. The surge in the
area of comprehensive construction land has shown that the
authorities ought to implement the policies of returning arable
land to lake and woodland, they shall also avoid replacing the
arable land by the construction land. In addition, we shall not
only well protect the agricultural land by means of the macro
land use planning, but more importantly, we shall pay
attention to the upgrading of agricultural farming technology
and product structure to keep pace with the Times.
Furthermore, we shall integrate and rebuild low-yield fields
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and barren fields into high-quality and high-yield fields. By
adopting the aforementioned measures, we are expected to
further restore the wide variety of services provided by arable
land in the ecosystem, so as to improve the overall value of the
ecosystem services in the East Dongting Lake Area.

In terms of the varying sections of the East Dongting Lake
Area, the ranking of the the species diversity index in different
regions are specified as follows: southwest > southeast >
northwest > northeast. In the meantime, the change of the
types of land use will also impose an indirect impact on the
reduction of the species diversity index, whereas the
measurement of this index in the construction land is generally
lower than the species diversity index of woodland, water
body, arable land, among other areas. This trend shares both
similarities and differences with Poyang Lake, another lake
situated in the middle and lower reaches of the Yangtze River.
From 1990 to 2022, Poyang Lake underwent a persistent
decrease in its water area during the dry season, accompanied
by vegetation community succession and expansion. The
primary factors contributing to this phenomenon were as
follows: rising temperatures, reduced precipitation during the
dry season, and the impact of water storage in the Three
Gorges Dam. In contrast to the direct impact of land use on
East Dongting Lake, the alterations observed in Poyang Lake
are predominantly shaped by the interplay of hydrological and
climatic factors. However, both are subject to the
superimposed pressure of human activities, such as
agricultural encroachment.®

On a global scale, the Mekong Delta (a tropical monsoon
wetland) presents a different pattern. The biodiversity of East
Dongting Lake and Poyang Lake is directly affected by the
water level regulation of dams, whereas the degradation of the
Mekong Delta is more attributed to habitat fragmentation
caused by intensive aquaculture and rice cultivation.P?! It is
noteworthy that all three regions have exhibited a trend of
vegetation simplification, as evidenced by the dominance of
Carex cinerea in Poyang Lake and the proliferation of exotic
Polygonum species in East Dongting Lake. This phenomenon
reflects the universal law of ecosystem homogenization under
intense land use. However, due to its high tropical biodiversity
baseline and climate sensitivity, the Mekong Delta
experiences a significantly higher rate of species turnover
compared to the temperate lakes of the Yangtze River.

Therefore, while constantly expanding the area of
construction land, we shall ponder over the solutions to the
challenges of safeguarding the biodiversity of adjacent areas
during the subsequent development of the East Dongting Lake
Area. Although the expanding construction land constitutes
the inevitable trend of growth for the Area, we ought to
elaborate on how to achieve the equilibrium with other types
of land use in the study area and increase the area of water
body and woodland, which feature higher coefficients of the
value of ecosystem services. Such measures will help avoid
the negative impact imposed by regional development on the
ecosystem as much as possible, thereby achieving a win-win

14| Eng. Sci., 2025, 36, 1688

situation favorable to the macroeconomic development and
the balance of biodiversity, while guaranteeing the ecosystem
services in the region in the meantime.

Judging from our analysis of the remote sensing images
and the statistical yearbooks of 2000, 2009 and 2019 we may
conclude that we are able to advance the macroeconomic
development while enhancing the value of ecosystem services
in tandem. From 2009 to 2019, the area of construction land
increased at a faster pace than in the previous decade. Due to
implementation of regulatory policies, the overall value of
ecosystem services in the East Dongting Lake Area in 2019
was higher than the total value of ecosystem services in 2009.
Therefore, it is possible to reasonably plan varying types of
land so as to achieve a win-win situation between human and
nature.

In view of the decline in species diversity observed in the
vicinity of construction areas, future research should address
three significant impediments: the absence of long-term
monitoring data, obstacles to interdisciplinary approaches, and
the disconnection between policy translation and
implementation. It is recommended that future studies
concentrate on methodology, system integration, and policy
orientation. In particular, the development of coupled models,
the conducting of multi-scale experiments, and the exploration
of sustainable governance tools should be prioritised.

5. Conclusion

Based on the status-quo of the East Dongting Lake, we have
leveraged the big data available in social media database and
coupled our analysis with the remote sensing technologies to
correct the value equivalent of ecosystem services of the
region, so as to assess its service value and estimate the
biodiversity of the East Dongting Lake Area through the a
diversity analysis. In addition, we have elaborated on the
response and drivers of the value of ecosystem services and
biodiversity to the changes of land use under varying types of
land use, and come to the main conclusions specified as
follows:

(1) From 2000 to 2019, the East Dongting Lake
experienced evident changes to its types of land use. The area
of water body and woodland in the East Dongting Lake Area
has revealed the trend of declining first before increasing,
which features the same trend as the changes of the total value
of ecosystem services in the East Dongting Lake Area. The
area of arable land has been constantly reduced over the past
two decades, whereas the area of construction land has
doubled. Our research findings of the value of ecosystem
services in the region have shown that from 2009 to 2019, the
value of ecosystem services for the water body first decreased
by RMB 2.132 billion and then increased by RMB 1.143
billion. The change of the value of ecosystem services of other
types of land use amounted to an increase of RMB 373 million
for woodland, a decrease of RMB 169 million yuan for
meadowland, and a decrease of RMB 745 million for arable
land. The coefficients of the value of ecosystem services in the
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East Dongting Lake Area are smaller than 1 as to the value of
ecosystem services, indicating that the value of ecosystem
services is inelastic in the East Dongting Lake Area.

(2) The regional ranking of the species diversity index in
the East Dongting Lake Area is specified as follows:
southwest > southeast > northwest > northeast, whereas the
lands where construction accounts for a larger share<the lands
where construction accounts for a smaller share. The species
diversity index of the construction land is generally lower than
that of woodlands, water body, arable land, among other types
of land use.

(3) The estimated results of the value of ecosystem services
and biodiversity in the East Dongting Lake Area indicate that
the changes of land use would impose a significant impact on
the value of ecosystem services and biodiversity in the area.
Supported by measures of rational development and proper
protection, the authorities are advised to balance the value of
ecosystem services of varying types of land use, increase the
proportion of lands that feature high coefficients of the value
of ecosystem services and are favorable to biodiversity
conservation, so as to achieve the collaborative development
of the overall value of ecosystem services, biodiversity and
macroeconomic operation in the East Dongting Lake Area.
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