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Abstract: The Three Gorges Dam (TGD) has received increasing attention with respect to its potential
effects on downstream hydro-ecosystems. Poyang Lake is the largest freshwater lake downstream of
the TGD, and it is not immune to these impacts. Here, we combine hydrological observations,
remote sensing, a geographic information system (GIS), and landscape ecology technology to
investigate the variability and spatial pattern of the hydro-ecological alterations to Poyang Lake
induced by the operation of the TGD. It was found that the TGD caused significant hydro-ecological
alterations across the Poyang Lake wetland. Specifically, the TGD operation altered the seasonal
inundation pattern of Poyang Lake and significantly reduced the monthly inundation frequencies
(IFs), which were especially notable (~30-40%) from September to November. Spatially, the declining
IFs led to an increase in the mudflat area that is suitable for the growth of vegetation. The vegetation
area increased by 58.82 km? and 463.73 km? in the low- and high-water season, respectively, with the
most significant changes occurring in the estuary delta of the Ganjiang and Raohe rivers. The results
also indicated that the changes in the inundation pattern and floodplain vegetation have profoundly
altered the structure and composition of the wetland, which has resulted in increased landscape
diversity and a gradual increase in the complexity of the ecosystem composition under the influence
of regulation of the TGD. Such results are of great importance for policymakers, as they may
provide a reference for wetland water resource planning and landscape restoration in an operational
dam environment.
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1. Introduction

Floodplain wetlands are the most productive and valuable ecosystems on earth [1]. They play a
vital role in the biosphere and have regional ecological and environmental functions, such as flood
mitigation, food production, water purification, and wildlife habitat [2-4]. However, despite their
immeasurable value, floodplain wetlands are considerably disturbed and endangered by human
activities, which include land reclamation, dam construction, and other regulatory measures [5-7].
Dam construction, which is often cited as the most significant source of anthropogenic disturbance on
wetland around the world, is convenient for water storage, navigation, and hydropower [6,8,9]. It is
reported that nearly half of the world’s wetlands have been disturbed by large dams, which has lead
to numerous hydro-ecological and environmental problems [10,11].

Wetland-aquatic ecosystems have multiple and complex responses to dams. These responses
occur as a result of several sequential and associated processes (Figure 1). First, the operation of dams
results in immediate and obvious changes in the inundation regime [12]. Dam operation can directly
alter the wetland inundation magnitude, duration, frequency, and rate by modifying the seasonality of
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water flows [6]. Second, as the growth and regeneration of wetland vegetation is strongly dependent
on, as well as related and adapted to hydrological regimes [13,14], changes in inundation patterns
can lead to alterations in the structure, distribution, and function of floodplain vegetation [15,16].
Lastly, these changes in the inundation regime and floodplain vegetation could profoundly alter the
structure and composition of the wetland land cover, resulting in alterations of regional landscape and
environmental effects [17,18]. Therefore, understanding how the above-mentioned hydro-ecological
characteristics respond to dams is one of the key issues for the management and conservation of the
floodplain wetlands [19,20].
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Figure 1. A flow chart of a wetland’s hydro-ecological processes that respond to dam operation.

Poyang Lake, a famous international wetland, is the largest freshwater lake in China. It is
recognized as an important wetland of extraordinary biological diversity with abundant and diverse
populations of migratory birds, invertebrate species, and aquatic plants [21,22]. Poyang Lake has
complex flow regimes because of its interaction with the Yangtze River [23]. Notably, it has been
reported that Poyang Lake has been undergoing hydrological and ecological alterations in recent
decades since the operation of the Three Gorges Dam (TGD) [24-26], the world’s largest hydropower
project in the middle reach of the Yangtze River (see Figure 2). At present, numerous studies have been
performed to explore the potential linkages between the abrupt changes in the Poyang Lake wetland
and the operation of the TGD [27-30]. However, most studies have focused on the assessment of the
impact on single factors, such as flow regime [31,32], waterbirds [33], and vegetation [29]. No study
has been conducted on the dam-induced hydro-ecological impact on Poyang Lake from a systemic
and spatial-quantitative perspective. What specific hydrological, vegetation, and landscape changes
have occurred in Poyang Lake after the operation of the TGD? How will changes in the hydrological
regime alter plant distribution and landscape characteristics? Much of our knowledge on the extent,
process, and magnitude of the TGD-induced effects remains unclear, making it difficult to conduct a
comprehensive assessment of the eco-environmental changes in the Poyang Lake wetland.

Therefore, the present study aims to provide a comprehensive assessment of the hydro-ecological
impacts on Poyang Lake following the operation of the TGD by using remote sensing and GIS analysis
techniques. This goal will be addressed through the following primary objectives: (1) to systemically
assess the extent and magnitude of the influence that the TGD construction has imposed on the local
inundation pattern, vegetation distribution, and landscape characteristics; (2) to reveal the relationships
between hydrological and eco-environmental changes in Poyang Lake during the post-TGD period;
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and (3) to provide insights into an ecosystem impact assessment for the TGD that may be useful
elsewhere in the world. Our findings should be valuable for hydrology-related administrations to
provide policies and restoration strategies aimed at maintaining the ecological services of the Poyang
Lake wetland.
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Figure 2. Geographical location of the Poyang Lake wetland and the Three Gorges Dam (TGD) in China.

2. Study Area and Data Used

2.1. Study Area

Poyang Lake (28°22'-29°45'N, 115°47'-116°45'E), located in the middle reach of the Yangtze
River, is the largest freshwater lake in China. It is well known and was specified in the first batch
of the Ramsar Convention list in 1992 [21]. As shown in Figure 2, Poyang Lake receives water that
flows primarily from five rivers—XiuHe, GanJiang, FuHe, XinJiang and RaoHe—and discharges
into the Yangtze River. The five tributaries divide at their mouth and form estuary delta zones in
the southwestern region of the lake. In addition to the five main tributaries that drain into the lake,
Poyang Lake also receives seasonal, reverse-flow from the Yangtze River, which greatly contributes
to the complexity of the water level variation [34]. During high-water seasons (April-September),
the five tributaries are substantially more swollen due to heavy rainfall. Water levels in the lake
reach a peak with the blocking effect of the Yangtze River, and the lake area can exceed 3000 km? [35].
During low-water seasons (October—-March), the lake recedes into shallow depressions and channels.
At this time, the lake can lose as much as 90% of its water, and the size of the lake declines to less than
1000 km? [36,37].

The TGD, one of the largest dams in the world, is located in the upper-middle mainstream of the
Yangtze River, approximately 1050 km upstream of Poyang Lake (Figure 2). It is an annual storage
reservoir that is mainly used for flood control, power generation, and shipping. The construction of
the TGD was launched in 1993, and the dam began storing water to 139 m in 2003 [38,39]. It has a
total storage capacity of 39.3 billion m3, approximately 4.5% of the Yangtze River’s annual discharge.
The dispatch modes for the TGD are as follows: (1) pre-discharge dispatch, water release in late
May—early June to empty the flood control capacity; (2) flood-control dispatch, flow regulation
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in July-August; (3) water-storage dispatch, water impounding in mid-September—October for
electricity generation and water supply in winter; and (4) water-supplement dispatch, water release in
December-April [40]. This normal operation of the TGD may result in significant changes in the flow
regime of Poyang Lake.

2.2. Data Acquisition and Pre-Processing

Moderate resolution imaging spectroradiometer (MODIS) satellite data (MODO02_QKM and
MODO02_HKM) from February 2000 to December 2014 (a total of 718 cloud-free images near
the satellite scan center) were acquired from the NASA Goddard Space Flight Center (GSFC)
(http:/ /ladsweb.nascom.nasa.gov), and used to delineate the lake’s inundation extent. There was at
least one scene for each month. The MOD02_QKM and MOD02_HKM datasets contain Level-1B
calibrated and geo-located radiances for the visible and near infrared (NIR) bands. MOD02_HKM was
extracted for the DN (digital number) values in the green band (0.54-0.57 um) at a 500 m resolution,
and MODO02_QKM was extracted for the DN values in the NIR band (0.84-0.88 um) at a 250 m
resolution. The MODIS green band was resampled to a 250 m resolution to match the resolution of the
MODIS NIR band. Additionally, long-term Landsat instrument (i.e., MSS, TM, ETM+ and OLI) images
of Poyang Lake during both the pre- and post-TGD period were used in this study to investigate the
wetland vegetation and landscape changes under different hydrological conditions. Landsat series
data were acquired from the Global Land Cover Facility (GLCF) (http://glcf.umd.edu/data/landsat/)
and have a fine spatial resolution of 30 m. All of the acquired remote sensing images can be seen in
Table 1. They were registered to the Universal Transverse Mercator (UTM) with a World Geodetic
System (WGS-84) datum, and had an RMS error of less than 0.5 pixels.

Besides these multi-temporal remote sensing data, daily runoff data (during 1978-2014) from five
gauging stations (Wanjiabu, Waizhou, Lijiadu, Meigang, and Shizhenjie) in the five main tributaries
(Figure 2) were obtained from the Hydrological Bureau of the Yangtze River Water Resources
Commission of China. These data were summed to represent the total runoff of Poyang Lake,
which will aid in selecting the typical hydrological year in the pre-TGD (1980-2003) and post-TGD
(2004-2014) periods.

Table 1. Terra moderate resolution imaging spectroradiometer (MODIS) and Landsat instruments
images used in this study.

Satellite Imagery Spatial Resolution (m) Spectral Resolution (um) Band Temporal Coverage
e YRR T
Landsat ~ TM/ETM+/OLI 30 Gl\rﬁeRr:“O%i%%gO i 1980-2015
3. Methods

(1) Determination of a representative year for pre- and post-dam periods:

Based on analysis of gauging station data, the representative hydrological year is defined as a year
that presented values closest to average for the historical series analyzed [41]. In this study, we selected
the representative hydrological year by computing the annual runoff data from pre- and post-TGD
periods, which corresponded more clearly to the average annual runoff during each period. We first
divided the gauging station data series into pre- and post-dam periods based on the time of dam
completion. Then, by comparing the total annual runoff with the average annual runoff during the pre-
and post-dam periods, we determined a representative year for the pre- and post-dam periods. A year is
considered as a representative year if the total annual amount of runoff has a good approximation to the
average annual runoff of the corresponding periods. Using this approach, the long-term hydrological
condition characteristics and dynamic system’s behavior can be evaluated [40]. This approach has
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been used in previous hydrological and meteorological studies [40,42,43], and has been proven for its
reliability and validity for selecting the representative year [44,45].

(2) Water surface delineation and variation:

Water surface is one of the most discernible targets in remote sensing due to its special spectral
characteristics [46]. In this study, the normalized difference water index (NDWI) [47] method was used
to extract the water surface. The NDWI, which is defined as the difference between the reflectance
observed in the green band and the near infrared (NIR) band divided by the sum of the two reflectance
values, can differentiate water surfaces from most terrestrial features [48]. The MODIS DN values were
first transformed into NDWI values. Then, an optimal threshold value was determined to separate the
water surface from its background based on the histogram distribution of NDWI [49].

To depict the spatial patterns of water inundation in the pre- and post-dam periods,
inundation frequency (IF) methodology was used. IF describes the probability of water submergence,
which was calculated as the number of times a grid cell is inundated divided by the total number of
times a grid cell is imaged in each grid cell. The method is detailed in Wu et al. (2014) [50]. Briefly,

the IF is defined as follows: N
1 m
P(m) = —Y Wy x 100% 1)
N (=
where P(m) is the monthly inundation frequency, m is the month of the year, N, is the number of days
inundated in month m, and wy, ; denotes whether a pixel is inundated.

(3) Derivation of landscape information:

The classification system and class definitions of Han et al. [51] were used in this study. The land-cover
categories of the study area were divided into four major types, including vegetation, mudflat, sand,
and water. A supervised classification method, maximum likelihood classification [52], was used to
classify the Landsat series images. To ensure high classification accuracy, the detailed land cover maps
were validated based on a combination of ground surveys and high-resolution imagery. The overall
accuracy for each classified image was estimated to be no less than 85%.

Landscape metrics are one of the most popular methods for the quantification of landscape
patterns [53]. Numerous landscape metrics have been developed to quantify landscape structures.
However, many of these are correlated and exhibit statistical interactions with each other [54].
In this study, in order to quantify landscape pattern and analyze landscape dynamics, six landscape
metrics indicating landscape fragmentation, shape, and diversity information at the landscape level
were calculated using FRAGSTATS 4.2 based on 30 m resolution land cover maps. The number of
patches (NP) and mean patch area (AREA_MN) were used to quantify the fragmentation information.
Edge density (ED) and the Mean Fractal Dimension Index (FRAC_MN) were used to measure the
shape and size information. The Contagion (CONTAG) and Shannon’s diversity index (SHDI) were
used to quantify the compositional and structural components of the diversity information. For more
detailed mathematical expressions and the ecological meanings of these metrics, please refer to the
FRAGSTATS software manual [53].

4. Results

4.1. Representative Pre- and Post-TGD Year

For the present study, the timing of the TGD impoundment (in 2003) was used as a changing
point to divide the pre-impact (1980-2003) and post-impact (2004-2014) periods. As shown in Table 2,
during the pre-TGD period, the annual runoff in 1989 was 1260.40 x 10® m?, with a good approximation
to the average annual runoff of 1260.85 x 108 m3. In 2013, 1135.37 x 10® m? of total annual runoff was
received, and the difference was minimal compared with the average annual runoff of the post-TGD
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period. Therefore, 1989 was considered as a representative year for the pre-TGD period, whereas 2013
was characterized as a representative year for the post-TGD period.

Table 2. The comparisons of total annual runoff with average annual runoff for the pre-Three Gorges
Dam (TGD) and post-TGD periods.

Inflow Discharge from  Difference Inflow Discharge Difference
Pre-TGD Five Rivers (1%8 m?3) (108 m3) Post-TGD from Five Rivers (1%8 m?3) (10® m3)
1978 816.53 —444.32 2004 732.73 —402.75
1979 785.73 —475.12 2005 1178.53 43.05
1980 1254.52 —6.33 2006 1306.91 171.43
1981 1240.04 —20.81 2007 814.64 —320.84
1982 1250.02 —10.83 2008 1015.69 —119.79
1983 1630 369.15 2009 833.30 —302.18
1984 1168.8 —92.05 2010 1766.45 630.97
1985 1012.95 —247.9 2011 730.15 —405.33
1986 804.57 —456.28 2012 1742.91 607.43
1987 995.10 —265.75 2013 1135.37 —0.11
1988 1220.22 —40.63 2014 1248.50 113.02
1989 1260.40 —0.45 — — —
1990 1108.63 —152.22 — — —
1991 1012.6 —248.25 — — —
1992 1551.34 290.49 — — —
1993 1341.91 81.06 — — —
1994 1494.41 233.56 — — —
1995 1646.75 385.9 — — —
1996 1071.94 —188.91 — — —
1997 1532.99 272.14 — — —
1998 2076.13 815.28 — — —
1999 1464.89 204.04 — — —
2000 1122.62 —138.23 — — —
2001 1210.68 —50.17 — — —
2002 1615.39 354.54 — — —
2003 1087.97 —172.88 — — —
average 1260.85 0 average 1135.48 0

4.2. TGD-Triggered Inundation Pattern Variation

A comparison of estimated monthly mean IF maps during the pre- and post-TGD periods is
illustrated in Figure 3, where the left column and right columns denote the IFs of the pre- and post-TGD
periods, respectively. As shown in Figure 3, in both periods, there was a strong seasonality in the IFs
from January to December because of seasonal variations in the precipitation and water exchange with
the Yangtze River. Likewise, TGD regulation obviously changed the spatial and temporal patterns
of the inundation extent and frequency. Before the operation of the TGD, the monthly mean IF
increased slowly from north to south during January—August, and decreased rapidly from south to
north during September—December. However, after the TGD was placed into operation, the flow of
the Yangtze River was altered, which changed the inundation duration of the bottomland of Poyang
Lake. Compared with the pre-TGD monthly IFs, in general, the IFs in each month were reduced after
the TGD regulation, which is especially notable from September to November. This coincides with the
period when the TGD impounds water for electricity generation in winter (Figure 3). Therefore, these
observed reductions in IFs should be due to the lower discharge caused by the water storage of the
TGD reservoir. In addition, all of the bed load transported from the upper reaches would have been
trapped after the operation of the TGD. The cleaner outflow would then cause long-distance scour
below the dam. The river cross-sectional areas increased due to scour, and this in turn also lowered the
IFs in relation to the discharges. Specifically, the TGD regulation decreased the IFs by between 30-40%
in the northern lake body zone from September to November. These reduced IFs account for a large



Remote Sens. 2017, 9, 1069 7 of 13

proportion of the water volume of Poyang Lake, and cause the low exposure rates of the bottomland
to occur earlier and last longer.

Pre-TGD Post-TGD Pre-TGD Post-TGD

Inundation Frequency (%)

N
0 30 60 ha
A sk NN BN [ || O N e
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Figure 3. Poyang Lake’s monthly mean inundation frequency (IF) during the pre- and post-TGD
periods derived from remote sensing (left column: pre-TGD; right column: post-TGD).

4.3. Assessment of TGD Effects on Land-Cover Change and Vegetation Distribution

Based on the availability of the acquired remote sensing data, Landsat series images from
13/02/1989 (low-water season), 15/07/1989 (high-water season), 24/12/2013 (low-water season),
and 01/07/2013 (high-water season) were selected to represent the pre- and post-TGD periods,
respectively. Based on knowledge of cover types, we constructed training data sets. The study area
was classified into four land cover types, i.e., sand, mudflat, water, and vegetation, using supervised
classification. To assess the classification accuracy, ground survey data and high resolution historical
images from Google Earth™ (http:/ /earth.google.com/) were used as the ground truth data [51].
The classification accuracy for each scene was evaluated using a stratified random sampling design,
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which selected a minimum of 400 pixels for each category for checking. The classification results
shown in Table 3 indicate high overall accuracies for each date, with Kappa indices ranging from
0.863 to 0.911. Then, by evaluating land cover distribution maps in the two representative years,
the spatio-temporal variation of land-cover patterns in the Poyang Lake wetland were analyzed,
and are shown in Figure 4. The results show that natural vegetation and the water body are the
dominant land cover categories in Poyang Lake. Likewise, different land cover types show different
patterns of change with respect to the area between the two study periods and among the subdivided
sections and zones. A remarkable reduction in the water area of Poyang Lake is mainly observed
from the pre- to the post-TGD period. The water area decreased from 1455.81 km? to 1135.89 km? in
the low-water season, and from 3450.57 km? to 2752.91 km? in the high-water season. In addition,
the declining water area resulted in an intensive increase in the marshland area, which is suitable
for the growth of vegetation. Generally, the regeneration of wetland vegetation can be hindered if
the inundation frequency remains too high [37]. The higher inundation frequency could lead to the
extermination of wetland vegetation through the reduction of light or atmospheric gas availability.
However, the increased marshland area with moderate inundation frequency is likely to greatly
facilitate the fitness of adult plants, which is beneficial for seed regeneration. Likewise, according
to Figure 3, from the pre- to the post-TGD period, there is a larger decrease in inundation frequency
during the high-water season than during the low-water season. For this reason, the vegetation area
increased by 58.82 km? in the low-water season and 463.73 km? in the high-water season, with the
most significant changes occurring in the estuary delta of the Ganjiang and Raohe Rivers.

Table 3. Accuracy assessment of the land-cover classification results.

Date Image Source Overall Accuracy Kappa
1989/2/13 Landst-5 TM 86.78% 0.863
1989/7/15 Landst-5 TM 88.82% 0.887

2013/12/24 Landst-8 OLI 92.01% 0.904
2013/7/1 Landst-8 OLI 93.34% 0.911

108.56 41.90 80.76

1989/02/13 1989/07/15

pre-TGD
[ ]sand
B water
I mudflat
2013/07/01 .
2013/12/24 = vegetation
post-TGD

505.63 14.10

159.58

4

low-water season high-water season

Figure 4. Land cover/land use maps during different periods produced by image classification.
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Poyang Lake is an important natural wetland for the flow of energy and materials and the
maintenance of biodiversity. The floodplain area is extremely sensitive to hydrologic regime changes.
It was found that the operation of the TGD is the dominant human driver that has impacted the regional
vegetation distribution pattern. As a result, the duration of beach submergence, water inundation,
and sediment deposition changes associated with regulation of the TGD might be the most important
eco-hydrological factors altering the floodplain vegetation structure and distribution in Poyang Lake.
Likewise, the impact of the TGD on floodplain vegetation was inundation from the decreased water IFs
after TGD operation. The partially inundated area was replaced by marshland, and, accompanying this
process, the floodplain plants grew and expanded. In addition, over a long-term scale, decreasing water
IFs in Poyang Lake after TGD operation may affect plant regeneration and vegetation succession.
This will lead to changes, including perhaps even a loss of biodiversity, and the possible degradation
of wetland services.

4.4. Landscape Changes from the Pre- to Post-TGD Period

Based on land-cover classification results, we converted the classification data to raster format
and imported them into the FRAGSTATS software program to calculate the landscape metrics.
Table 4 shows the changes in the landscape metrics from the pre- to the post-TGD period. During the
pre-TGD period, the landscape was composed of 27,659 and 14,942 patches in the low- and high-water
season, respectively. However, during the post-TGD period, there was a significant increase in NPs
(to 32,144 and 18,741, respectively), a decrease in the AREA_MN (from 12.8319 to 10.968 and from
27.7181 to 22.09, respectively), and there were higher ED and FRAC_MN values. These results indicate
that the increase in landscape fragmentation and the regional landscape tends to become more complex
and heterogeneous. On the other hand, the CONTAG value decreased from 46.5759 to 42.1618 in the
low-water season, and decreased from 75.8117 to 62.2445 in the high-water season, indicating that the
connectivity among the dominant patches declined, and the patches were distributed more unevenly
after the TGD construction. In addition, after the TGD construction, SHDI increased from 1.0705 to
1.3043, and from 0.5472 to 0.875, during the low- and high-water seasons, respectively.

Table 4. Landscape metric evolution for the entire landscape (landscape level) from the pre- to the

post-TGD period.
Mean Patch Edge Mean Fractal Contagion Shannon’s
. Number of . . . . .
Metrics Patches (NP) Area Density Dimension Index Diversity
(AREA_MN) (ED) (FRAC_MN) (CONTAG) Index (SHDI)
e-TGD low-water 27,659 12.8319 47.1901 1.0126 46.5759 1.0705
P high-water 14,942 27.7181 17.6297 1.0331 75.8117 0.5472
o0st-TGD low-water 32,144 10.968 50.7056 1.0524 42.1618 1.3043
P high-water 18,741 22.09 23.869 1.0666 62.2445 0.875

The landscape pattern is linked to biodiversity and other ecological processes of wetlands
(Ouyang et al., 2010). Human-induced land use change could cause intense impacts on regional
landscape composition and structure, which also have significant impacts on local environmental
quality and species diversity. The landscape metric results demonstrate that the landscape diversity
increased, and the composition of the ecosystem gradually became more complex and fragmented
under the influence of the TGD regulation. These changes will alter regional connectivity, and in
turn, will modify hydrologic regime sediment movement, resulting in other effects on the habitat and
aquatic organisms. As a result, in Poyang Lake, the landscape changes influenced by the TGD may
threaten biodiversity, habitats, and the survival of migratory birds. Consequently, this result points to
a strong need for working strategies to balance the TGD impacts on ecological services in Poyang Lake.
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5. Discussion

The multiple responses of wetland ecosystems to dams are generally well known, which occur as a
result of several sequential processes, including the changes in inundation regime, wetland vegetation,
and regional landscape. Comprehensively understanding how these hydro-ecological processes
respond to dams is critical for the management and conservation of the floodplain wetlands.
The primary objective of this study is to provide an extensive assessment of the hydro-ecological
impacts on Poyang Lake wetland associated with the TGD construction. To summarize, compared with
existing studies, the contributions of this study to the literature are mainly on three aspects. On the
one hand, previous studies have only focused on the assessment of the TGD impacts that consider the
effects on flow regime [31,32], waterbirds [33], or vegetation [29]. No study has been conducted on
the TGD-induced hydro-ecological impact on Poyang Lake from a systemic and spatial-quantitative
perspective. However, the assessment of dam impacts requires a holistic analysis that considers all
possible factors. To address this gap, this study constructed a framework and made a comprehensive
assessment to show how dam operation affects each hydro-ecological process of floodplain wetlands.
To the best of our knowledge, this is the first attempt to systematically investigate the hydro-ecological
alteration (including inundation regime, vegetation distribution, and landscape characteristics) of the
Poyang Lake wetland associated with the TGD operation. On the other hand, from a methodological
point of view, this study describes how the integration of remote sensing data, along with GIS analysis
techniques, can conduct research on dam-induced hydro-ecological responses. More importantly,
unlike previous studies, this study focuses on the GIS-based spatial-quantitative analysis of the
dam’s effects by using different indices, including inundation frequency and landscape metrics,
rather than only relying on temporal comparisons [26,31,32]. We believe that the program and
approach demonstrated here may provide a reference for similar wetlands in the world to evaluate
hydro-ecological alterations, and expect to continue this type of assessment in order to help inform
policy and decisions to mitigate the potential environmental impacts once the lake’s dam is established.
Finally, the results presented here also have significant implications for other hydro-ecological research
on Poyang Lake, as well as wetland environmental management. For example, the Poyang Lake
Dam has been designed as a 2.8 km wide dam with sluice gates across the narrowest part of the
channel, which links Poyang Lake and the Yangtze River [55]. The findings of this study can provide
practical guidance in the construction of the proposed dam, and can facilitate the development of
corresponding hydro-ecological strategies. In addition, the derived inundation frequency maps, land
cover/land use products and revealed landscape dynamics also provide a fundamental and necessary
monitoring basis for the continuous investigation of migratory birds and invertebrate species in the
Poyang Lake system.

6. Conclusions

This study provides a comprehensive assessment of the hydro-ecological impacts on Poyang Lake
following the TGD operation using remote sensing and GIS analysis techniques. There are several
results that are worth pointing out. First, the operation of the TGD alters the seasonal inundation
pattern of Poyang Lake, and significantly reduces the monthly IFs. Reductions in variability of up to
30—40% have been observed in the TGD impoundment months of September to November. Second,
the declining IFs result in an intensive increase in marshland area that is suitable for the growth of
vegetation. The vegetation area increases by 58.82 km? and 463.73 km? in the low- and high-water
seasons, respectively, with the most significant changes occurring in the estuary delta of the Ganjiang
and Raohe rivers. Third, the changes in the inundation pattern and floodplain vegetation profoundly
alter the structure and composition of the wetland land cover in Poyang Lake, resulting in an increase
in landscape diversity and the composition of the ecosystem becoming gradually more complex under
the influence of the TGD regulation.

The findings here have significant implications for hydrological and ecological research and lake
environmental management, which can greatly help improve the understanding of the effects of the
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TGD on the hydro-ecological processes in Poyang Lake, and can be applied to other large wetlands
around the world. Likewise, there are two additional issues that require further attention. For one
thing, this study merely presents an overview of the changes that have occurred in the inundation
pattern, vegetation distribution, and landscape structure of Poyang Lake after the TGD operation.
Further research on the specific influencing mechanisms is required, which can be conducted through
long-term hydro-ecological surveys in the vicinity of the lake beaches. There is also a serious challenge
associated with the TGD with respect to balancing the conflicts between the protection of wetland
ecosystems and human needs. To mitigate the hydrological alteration and minimize the negative
hydro-ecological impacts, it is essential to optimize the existing operational rules or develop new
management strategies without significantly affecting the main purposes of the TGD.
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