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Abstract: Lake has an essential role in Earth's hydrologic cycle. The Poyang Lake, China's largest
freshwater lake. Most previous research only used a brief time span of data for examination, or the
analysis itself was not sufficiently thorough. In this study, using remote sensing imagery, hydrolog-
ical data, meteorological data, and land use surveys, we investigated changes in the Poyang Lake
water area from 1977-2021. In addition, we examined the relationship between the lake water area
and potential impact factors and analyzed the influence of river-lake interactions on the lake water
area. The results revealed a significant decrease in the Poyang Lake water area decreased signifi-
cantly during the study period. Further, in the wet season, runoff, sediment, and precipitation sig-
nificantly correlate with water area; in the dry season, sediment significantly correlates with a water
area. Additionally, the Three Gorges Dam water impoundment situated in the upper reaches of the
Yangtze River weakened and eliminated the block and reverse flow of the Yangtze River into the
Poyang Lake, causing the water area to decrease toward the end of the wet season in 2005 and in
the dry season in 2003. Changes in the lakebed elevation caused by sedimentation and anthropo-
genic activities have also accelerated the shrinkage of the water area. Overall, the results of this
study indicate that variations in river-lake interactions are the primary cause of the significant
changes observed in the Poyang Lake water area in the last five decades.

Keywords: The Poyang Lake, remote sensing image, climate change, anthropogenic influence,

river-lake interaction

1. Introduction

Lakes are natural reservoirs of water formed by the collection of stagnant water in
surface depressions. The broad expanse of water and slow currents that are characteristic
of lakes play an essential role in Earth's hydrologic cycle [1]. In addition, lakes provide
water to surrounding areas and influence river flow regulation and groundwater levels.
The ecosystems formed by lakes also provide an essential living habitat for a range of
organisms. Therefore, it is essential to maintain a stable state of lakes to ensure ecological
balance [2—4]. In recent years, Global warming and frequent human activity has substan-
tially impacted major lakes, and their surrounding environments worldwide. Several
scholars have analyzed the characteristics of global lake changes and have confirmed that
changes to the lake area affect the overlying atmosphere and lake—air interactions, impact-
ing the regional climate [5-7]. As a result of these impacts and the important role that
lakes play in ecosystems and regional climate change stability, there is an urgent need to
understand lake changes, which are occurring on a rapid scale.

Lake Poyang, the largest freshwater fluvial lake in China, is located in China's most
important economic development region-The Middle-lower Yangtze Plain (Fig.1) As the
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In the work, not only one remote sensing "image" was used, but hundreds of them (images - plural). In addition, only remote sensing data from the "Landsat" series satellites were used. For this reason, I believe that this word (Landsat) should also be included in the set.
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Poyang Lake is the largest freshwater body of water in China.
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largest lake connected to the Yangtze River, Poyang Lake is an alternately inflow-outflow
lake with complex hydrological relationships and unique rhythmic changes. In the flood
season, Poyang Lake is a lake scenery when the Poyang Basin and Yangtze River flow
combine creating the lake. In the dry season, Poyang Lake is a river landscape, Poyang
Basin runoff flows through the lake berth into Yangtze River [8]. Hydrological monitoring
revealed that the interval between the wet and dry season has decreased, seasonal
drought events have intensified, and floods have occurred more frequently in the last 22
years. Dramatic changes in the lake's hydrological cycle have had negative environmental
effects. Several scholars have recommended the construction of a dam at the estuary of
the Poyang Lake to artificially regulate the interaction between the Yangtze River and
Poyang Lake and decrease the severity of disaster events. However, there is a lot of debate
about this idea. Opponents contend that climate change and human activity have signifi-
cant impact on the Poyang Lake basin and that erecting dams would further worsen the
effects of the broken hydrological connection [9-11] Therefore, having a comprehensive
grasp of the changes and causes of the Poyang Lake is necessary. Monitoring lake water
areas helps us more intuitively understand the true condition of lakes, especially big lake
systems. Previous of Poyang Lake research largely used discontinuity and a limited data
period to analyze, or the analysis component was not thorough enough.

In this study, historical images of the Poyang Lake from the last 40 years were used
to extract water area data of wet and dry seasons. Combined with basin hydrology, mete-
orology, and land use data and using statistical methods, the impact of climate change
and anthropogenic activities on the hydrological relationship of the Poyang Lake were
studied. Based on this research, we propose a theoretical basis for the regulation of the
Poyang Lake.
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Figure 1. Poyang Lake Basin.
2. Study Area and Data

2.1. Study area

We considered of a portion of the Poyang Lake Basin as the study area, which occurs
in the south bank of the middle Yangtze Proper and connects with the Yangtze River
(28°22 '- 29°45' N and 115°47 '-116°45' E); the basin covers an area of 162225 km2. The
Poyang Lake Basin is characterized by five rivers, namely the Ganjiang, Fuhe, Xinjiang,
Raohe, and Xiushui Rivers; these rivers flow into the Poyang Lake. Upon inflow storage,
the lake water flows into the Yangtze River via the estuary of the lake, which in turn re-
ceives the Yangtze River runoff (Shankman, Keim, and Song 2006).

The Poyang Lake Basin is characterized by a subtropical monsoon climate, with in-
tense solar radiation. Due to the highly variable precipitation in the basin, the seasonal
variation of runoff into the lake of the five major rivers is substantial, with the precipita-
tion received during this period accounting for 75% of the annual precipitation. During
the dry season, from November—February, the area of the lake shrinks and the lakebed
remains bare.

2.2. Data collection

Remote Sensing images were obtained for the Poyang Lake Basin during the dry sea-
son, as this period is characterized by cloudless skies, from the Landsat series (MSS, TM,
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The description of the figure is definitely insufficient.
1. The figure consists of two maps, which should be separately marked (for example "a" and "b") and separately described. The titles on the maps themselves will then be redundant.
2. In what units is the terrain height scale on the Poyang Lake catchment map? Are these meters above sea level? If so, the lower end of the scale to the nearest ten-thousandth of a meter (1/10 of a millimeter) is a gross exaggeration.
2. Why is the distance scale on the Poyang Lake catchment map in miles? Is it the Chinese mile, or is it the nautical mile, or is it something else? Doesn't the journal Remote Sensing recommend the use of SI units?
3. I am very surprised by the location of "hydrometric" stations. As far as I can see, none of them is located on a river (watercourse). So what is measured at these stations? Groundwater level? How was the inflow of river water and sediment to the lake determined, if no hydrometric station was located on the watercourse flowing into the lake.
4. On what basis was the watershed of the catchment (basin) of Lake Poyang determined? Is it based solely on the relief (topographic watershed) or hydrological - including the underground watershed?
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ETM+, OLI) for the 1977-2021 period (Fig. 2) and downloaded from the United States Ge- 90
ological Survey (USGS,website-at https://earthexplorer.usgs.gov//). Only high-quality im- 91
ages with a suitable extraction effect were selected, and the extraction results passed vis- 92
ual inspection. Overall, 328 images were screened by excluding missing data from 1980, 93
1982, 1985, 1994, and 2009. In addition, historical high-resolution satellite images of the 94
Poyang Lake obtained by the USGS (December 13, 1967) were compared with earlier pe- 95
riods characterized by less anthropogenic disturbance. Visual inspection showed that the 96
extraction results were accurate. 97
We selected runoff, sediment and land use to represent the effects of human activity. 98
and precipitation and evaporation to represent the effects of the climate. Runoff and sed- 99
iment data were obtained from the actual measurements of hydrological stations in the 100
Poyang Lake Basin and Lake Estuary (Fig. 1), recorded in the Hydrology Data Yearbook 101
and published by the Ministry of Water Resources and Power, PRC (runoff data distribu- 102
tion period: 1977-2020; sediment data distribution period: 1980-2020).) Temperature and 103
precipitation data of the Poyang Lake Basin were also obtained from meteorological sta- 104
tions (Fig. 1) and downloaded from the China Meteorological Data Network for the1977— 105
2020 period (http://data.cma.cn/). Finally, land use data for the Poyang Lake Basin were 106
obtained from the China National Land Use Database and classified using a secondary 107
classification system for the following years: 1980, 1995, 2000, 2005, 2010, 2015, and 2020. 108
All measured data used in this study were verified and rated as good quality. 109
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* High-resolution satellite data
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Figure 2. Remote sensing temporal data distribution. 111
3. Methods 112
3.1. Extraction Method of Water Area 113

The multi-band pixel value comparison method was used to extract water infor- 114
mation and calculate the water area. In addition, the spectral characteristics of the water 115
images were used to set thresholds, extract lake water data, and calculate the mean area 116
of the annual wet and dry seasons [16] The result was consistent with the pixel values of 117
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What satellite image? From what sensor and from what specific source was it obtained? Is it the image from the Corona spy mission?
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The description in this paragraph is clearly insufficient. Many important details are missing to assess the quality of the results obtained.
1. How many hydrometric stations did the data come from and where were they located? In Fig. 1, their locations, with perhaps one exception, are outside the river network, so they are probably wrong. The map does not show, for example, the location of the measuring station enabling the assessment of the water inflow from the Yangtze River to Lake Poyang. What was the interval of the source water level (flow) measurements? Was source data used or processed (aggregated) to periodic values (monthly, annual)?
2. What exactly does the term "sediment" mean? Whether it concerns material transported in suspension or also transport on the bottom (bedload). Were measurements of sediment transport carried out at all hydrometric stations and on all watercourses flowing into the lake? What was the time interval of these measurements? Were source data used or aggregated to longer periods: monthly or yearly?
3. How was precipitation determined for the entire Poyang Lake Basin? Was it simply an average of the values recorded for individual precipitation stations, or was some method used to take into account spatial variation, such as the Thiessen polygon method or interpolation?
4. How was evaporation determined? Was it evaporation from the free surface of the water, or so-called field evaporation? Has any method been used to account for the spatial variation of evaporation?
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adjacent pixels. After manual visual verification, the extracted water data were deemed 118
accurate. 119

3.2. Statistical Analysis 120

The Mann-Kendall mutation test was used to detect the change-point year of data 121
and the Mann—Kendall trend method was used to identify temporal trends in the data 122
series. In addition, an exert correlation analysis was used to investigate the relationship 123
between water area and impact factor, including the net outflow of the lake, sediment 124
discharge, rainfall, and temperature [17,18]. Finally, the cross-tabulation matrix and 125
change in terms of the percent of the landscape was used to assess the total change of land 126
categories [19]. The results of the image comparisons revealed the characteristics and in- 127

fluencing mechanisms of water area change in the Poyang Lake Basin. 128
4. Results 129
4.1. Trends and Change Point of Lake Water Area 130

From 1977-2002, the water area from in the wet season displayed a significant down- 131
ward trend (MK trend test Z = —1.67, passing the 95% test), with an annual decrease rate 132
of —9.14 km?2 (Fig. 3). The largest lake area recorded for this period was 4662.05 km2 in 133
1998, and the smallest was 2139.37 km2 in 2006. The MK mutation test showed that the 134
change-point year was 2005, post which, the declining rate of the water area increased. 135

In the dry season of the 1977-2021 period, the lake water area showed a notable 136
downward trend (MK test Z = -3.09, passing the 99% test), with a decrease rate of — 137
17.52km2/a. The largest area recorded was 3202.91 km2 in 1997 and the smallest area was 138
775.41 km2 in 2019. In addition, the MK mutation test showed that the change-point year 139

dry season (km?)

was 2003, post which, the declining rate of the water area increased (Fig. 3). 140
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Figure3. Characteristics of water area variation in the Poyang Lake during 1977-2021. 142

4.2. Analysis of Lake Water Area Impact Factor 143
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The Poyang Lake is a classical river-connected drain lake. Figure 4 indicates the com- 144
plex hydrological relationships that exist in this lake. The hydrological factors considered 145
in this study were runoff, precipitation, evaporation, lakebed, and water utilization. 146
Groundwater was not considered, as the complexity of the exchange relationship of this 147
resource is beyond the scope of this research. In the analysis, inflow and net outflow were 148
used to express the influence of runoff, with net outflow indicating the total runoff of the = 149
rivers into the lake minus the runoff from the lake estuary. Selected sediments were ana- 150
lyzed to investigate variations in the lakebed, and land use was studied to investigate the 151

water utilization. 152
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Figure4. Hydrological relationship diagram of the Poyang Lake. 154

4.2.1. Changes in the Lake Flow 155

Figure 5 indicates the increasing trend characterizing the annual inflow of the Poyang 156
Lake from 1977-2020. However, the MK trend test indicated that the increasing trend was 157
insignificant (Z =1.10). In addition, the MK mutation test showed that the change point 158
was in 1992 and 2003. The Pearson Analysis was used to test the relationship between the 159
lake area and inflow, and indicated wet and dry season coefficients of 0.38 and 0.08, re- 160
spectively. The correlation coefficient in the wet season passed the 99% level test. 161

Figure 6 also indicates a net increasing trend for the annual net outflow of the Poyang 162
Lake from 1977-2020. The MK trend test confirmed that the increasing trend was lower 163
than the inflow runoff (coefficient = 0.54). In addition, the MK mutation test revealed that 164
the change point was insignificant, and the results of the Pearson Analysis revealed cor- 165
relation coefficients between lake area and runoff of 0.09 and 0.48 in the dry and wet sea- 166
sons, respectively. This indicates a correlation between the lake area and net outflow of > 167
99%. Results demonstrated that flood season lake areas have an associative relationship 168
with the lake flow. 169
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4.2.2. Changes in the Poyang Lake sediment 174
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From 1980-2020, the total sediment received from the five major rivers into the Po- 175
yang Lake showed a significant downward trend (Fig. 7), with a decrease rate of -33.5 176
km?2/a (MK trend test Z = -1.67, > 95%); however, the change point was not significant. A 177
Pearson Analysis was used to determine the correlation between the annual sediment and 178
area in the wet and dry seasons. The results revealed coefficients of 0.29 and 0.26 in the 179
wet and dry season, respectively, with both coefficients at the 95% confidence level. These 180

results demonstrate a close association between the lake area and lake sediment. 181
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Figure?7. Characteristics of sediment in the Poyang Lake estuary during 1980-2020. 183
4.2.3. Changes in the Evaporation and Precipitation in the Poyang Lake 184

From 1977-2020, the evaporation rate during the dry season showed an insignificant 185
increasing trend (Z = 0.56), whereas evaporation during the wet season showed a signifi- 186
cant downward trend (Z = -2.14), with a decrease rate of 4.62*10-lmm/a and change point 187
in 1992. In addition, the Pearson Analysis test indicated no correlation between evapora- 188
tion and lake area. The correlation coefficients were 0.11 and 0.06 in the dry and wet sea- 189
sons, respectively (Fig. 8). 190

From 1977-2020, the wet season precipitation was characterized by an insignificant 191
downward trend (Z = -0.41), whereas dry season precipitation significantly increased (Z 192
=2.48) (Fig. 9). The correlation coefficient of flood season precipitation and area was 0.31 193
at a 99% confidence level. In the dry season, the correlation coefficient was insignificant. 194


user
Podświetlony
These are the wrong units of measure! This should be, according to the axis description in Figure 7, 104 tonnes/year.

user
Podświetlony

user
Podświetlony
statistically significant (?)

user
Podświetlony
Sum of the annual sediment inflow

user
Podświetlony
I don't quite understand it. What does the "estuary" of Poyang Lake mean?

user
Podświetlony

user
Podświetlony

user
Podświetlony
In my opinion, after 1992, the sum of evaporation in the "wet" season did not show any significant trend.


Remote Sens. 2022, 14, x FOR PEER REVIEW

9 of 17

—&— Dry Season

—e— Floood Season

—— Trend Line of dry season
—— Trend Line of flood season

y=-4.62x+10423.76 R*=0.08

y=1.41x-2377.81 R?*=0.04

1800
1600
)
S
=~ 1200
.8
=
£ 1000 -
o,
<
>
D 800
600 -
400
1980

— 7T - T T T T T T T
1985 1990 1995 2000 2005 2010 2015 2020

Year

Figure8. Characteristics of evaporation in the Poyang Lake estuary during 1977-2020. 196
= Flood Season
3500 Dry Season
— Trend Line of flood season
3000 — Trend Line of dry season
=-0.57x+516.38 R*=-0.02
2500 .
= 20004 ) BT .. |
9 I i 1
5
‘2. 1500
'S
=
ol
1000
500 LX 3
y=12.44x-23979.92 R>=0.15
O I I I I I
1980 1990 2000 2010 2020
Year
_7
Figure9. Characteristics of precipitation in the Poyang Lake estuary during 1977-2020. 198


user
Podświetlony
What is the "floood" season? Is it the same as "flood" and "wet"?

user
Podświetlony
Sum of the seasonal evaporation

user
Podświetlony

user
Podświetlony
Total of the seasonal precipitation


Remote Sens. 2022, 14, x FOR PEER REVIEW 10 of 17

4.2.4. Land Use Changes in the Poyang Lake 199

The Transfer matrix was used to calculate the transfer amount of different land fea- 200
tures from 1980-2020, and showed clear changes in the different regions. Primarily, we 201
determined that changes in land features in the Poyang Lake mainly occurred after 2000, 202
while the amount of land surface conversion in the early stage was not noticeable. After 203
2000, the most significant land use changes included an increase in the area of croplands 204
and water, a decrease in the area of forest and grasslands, and a 1.53% expansion in the 205
settlement area (Table 1). 206

Figure 10 shows a comparison of the images, indicating that the urban area expanded 207
significantly after 2000. In addition, the Transfer Matrix Analysis verified an apparent 208
conversion relationship between Settlement and Cropland, and a substantial conversion 209
relationship between the “water” and “other” land use categories was also observed (Ta- 210
ble 2). Moreover, compared with the 1980s image, the “other” land use category in the 211
Ganjiang River Estuary was replaced by “cropland,” and “settlement” was replaced with 212
“cropland” in the year 2020. The significant increase in the “settlement” and “cropland” 213

categories indicates an increase in water utilization in the basin. 214
Table 1. Land use change information of 1980-2020 (%) . 215
Total Absolute value
Gain Loss Swap
change of net change
Cropland 0.40 0.49 0.89 0.81 0.08
Forest 0.43 0.51 0.94 1.02 -0.08
1980-2000 Grassland 0.29 0.24 0.53 0.58 -0.04
Other 0.13 0.10 0.23 0.26 -0.03
Settlement 0.14 0.00 0.14 0.00 0.14
Water 0.27 0.32 0.60 0.65 -0.05
Cropland 12.04 12.77 24.81 24.09 0.73
Forest 11.82 52.94 64.76 65.58 -0.81
20002020 Grassland 3.00 347 6.47 6.49 -0.02
Other 0.14 0.54 0.67 0.42 0.25
Settlement 2.78 0.76 3.55 2.02 1.53
Water 2.08 3.06 5.14 4.89 0.25
Table 2. Land Transfer Matrix of 1980-2020 (%) . 216
Relative Difference 2020
(Increase) Cropland Forest  Grassland Other Settlement Water
Cropland 0.00 0.07 0.04 -0.43 1.26 0.08
Forest -0.10 0.00 0.01 -0.94 -0.55 -0.31
1980 Grassland 0.26 0.38 0.00 -0.60 -0.25 -0.45
Other -0.44 -0.93 -0.60 0.00 -0.52 10.79
Settlement 2.36 -0.48 -0.13 0.38 0.00 -0.04
Water 0.44 -0.58 -0.35 17.87 0.25 0.00
Relative difference 2020
(reduced ) Cropland Forest  Grassland Other Settlement Water

1980 Cropland 0.00 -0.15 0.18 -0.50 2.24 0.28
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Forest 0.06 0.00 0.39 -0.94 -0.22 -0.57
Grassland 0.10 -0.02 0.00 -0.69 -0.05 -0.16
Other -0.53 -0.95 -0.61 0.00 -0.41 17.93
Settlement 1.54 -0.68 -0.24 -0.06 0.00 0.50
Water 0.87 -0.56 -0.02 21.12 1.39 0.00
217
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Figurel0. Characteristics of land use in the Poyang Lake estuary during 1980-2020. 219
5. Discussion 220

The Poyang Lake is a classical river-connected drain lake characterized by complex 221
hydrological relationships. Due to its connection with the Yangtze River, changes in the 222
Yangtze River runoff impacts the water exchange in the lake estuary, leading to different 223
influence mechanisms of lake area change in the Poyang Lake [20]. 224

5.1. Influence Mechanism of Lake Water Area Change in Flood Season 225

The prophase analysis revealed a significant correlation between lake area and flow 226
in the wet season. Numerous studies have also confirmed that during the wet season, the 227
Poyang Lake water area is affected by runoff from the five major rivers in the Poyang 228
basin as well as the Yangtze River. This runoff is exchanged and interplayed at the lake 229
estuary [21,22]. The interaction between the Yangtze River and Poyang Lake can be di- 230

vided into three stages: 231
1. The Poyang Lake basin's dominant inflow period from December-March, whereby 232
runoff into the Poyang Lake basin increases and the lake water level rises. 233

2. The river—lake interaction period from April-August, when the mainstream of the 234
Yangtze River begins to rise during and the water level in the Poyang Lake is also high. 235
The high water level of the Yangtze River causes a blocking effect on the outflows from 236
the Poyang basin. Runoff from the Poyang Basin cannot flow out, resulting in flood stag- 237
nation in the lake and water area expansion. 238

3. The Yangtze River runoff dominant period from September—-November, wherein, 239
influenced by the upstream Yangtze River, runoff from the Yangtze River increases and 240
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the water level rises. The runoff from the Yangtze River flows into the Poyang Lake 241
through the estuary. 242

The Poyang Lake maintains a high-water area, even at the end of the flood seasonin 243
the years 1983, 2020, and 2021 (Fig. 11a). Combined with hydrological records, it was de- 244
termined that the mainstream of the Yangtze River experienced flood events in Septem- 245
ber. In 2020, record floods occurred in the Yangtze River Basin, and this resulted in record- 246
breaking water levels in the Poyang Lake. Figure 11b shows that the average water area 247
in September in 2011 and 2019 was ~ 1255.40 km2; however, the hydrological records show 248
that the lowest net outflow was recorded in 2018. Of note, serious drought events occurred = 249
simultaneously in the Poyang Lake Basin and Yangtze River Basin. Drought events in the 250
Poyang Lake Basin result in a decrease in the flow of the five major rivers. Moreover, 251
droughts lead to a lowered water level in the Yangtze River, eliminating the block or re- 252
verse flow from the Yangtze River into the Poyang Lake, thus reducing the water area. It 253
should be noted that during the wet season, changes in the water area are closely related 254

to changes in the river—lake interaction. 255
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Figure 11. Comparison of lake water area at the end of flood season: (a) Description of lake water 258
area at the end of the flood season; (b) Comparison of lake water area extraction results at the end 259
of flood season. 260

5.2. Influence Mechanism of Lake Water Area Change in Dry Season 261

In the dry season, temperature and sediment significance correlated with the lake 262
area. Comparing annual images of the region in the dry season indicates that changes in 263
the water area are concentrated in the Ganjiang River Estuary and Poyang Lake Estuary 264
(Fig. 12). In 1991, 2004, 2006, 2010, 2013, 2017, 2019, and 2021, the water area at the estuary 265
of the Ganjiang River decreased. In 1991, 2006, 2004, 2006, 2010, 2013, 2019, and 2021, the 266


user
Podświetlony

user
Podświetlony
I believe that the way of visualizing changes in the extent of the lake on one map is not very good. I think a better solution would be to put 7 contour maps for individual dates and the eighth with overlapping them. Color fill gives false impression of ranges due to overlapping. For example, the extent of the lake on 9/14/2011 (red) appears to be very large, while the bar graph shows it to be the smallest. Besides, a bit strange, not chronological, is the order of dates in the color legend of map "b".


Remote Sens. 2022, 14, x FOR PEER REVIEW 13 of 17

water area at the Poyang Lake Estuary decreased and, consequently, the lakebed was vis- 267
ible. Overall, the dry season resulted in a significant decreasing trend in the sediment of 268
the five major areas during these years. From 1980-1990, the high sediment load of these = 269
rivers caused higher sedimentation in the river estuary, and this siltation phenomenon 270
was primarily evident for the Ganjiang River Estuary. However, several studies have in- 271
dicated that the elevation of the lake estuary decreased significantly during this period 272
and this decrease was related to the factors such as continuous sand mining and current 273
scouring [23-27]. 274

The MK mutation test confirmed that the change-point year was 2003. The average 275
water area was 2300 km2 in the early dry season of the 1990s; however, after 2003, the 276
average water area decreased to 1500 km2. Further, sediment load and temperature did 277
not alter drastically during these periods. Therefore, combined with various characteris- 278
tics of the water body area in the flood season, it is evident that the water body decreases 279
in extent ahead of the wet season. Several researchers have suggested that the Three 280
Gorges Dam (TGD) water impoundment in 2003 significantly exacerbated the water level 281
and runoff decline from late September to November, weakening the Yangtze River's 282
blocking effect on outflows of the Poyang Lake through the estuary [28-30] . Changes in 283
the Yangtze River runoff impact the interrelationship between the Yangtze River and Po- 284
yang Lake, disturbing the hydrological processes in the lake. 285

Given the above discussion, an apparent linkage between the sediment of the five 286
major rivers and the change in the water area during the dry season is evident. In addition, 287
itis likely that the TGD water impoundment affected the river—lake interaction, eventually 288
leading the premature flow of water from the Poyang Lake into the Yangtze River. This 289
would have resulted in decreases in the lake area at the end of the wet season, with 290
changes in the lakebed topography also causing the water to flow more rapidly into the 291

Yangtze River. 292
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Figure 12. Comparison of lake water area during the early dry season: (a) Description of lake water 298
area at the end of the dry season; (b) Comparison of lake water area extraction results at the end of 299
dry season. 300

6. Conclusions 301

Based on a comparative analysis of the water area of the Poyang Lake in the past 42 302
years, the following conclusions can be drawn: 303
1. During the wet seasons of the study period, the lake water area showed a signifi- 304
cant decreasing trend, with an average annual size decrease of —-9.14 km2. In the dry sea- 305
son, the lake water area showed a significant downward trend, measuring a decrease rate ~ 306
of —17.52 km2/a. In addition, it was determined that the change point years of the wet 307

season and dry season water areas were 2005 and 2003, respectively. 308
2. Lake runoff, sediment, and precipitation significantly correlate with the wet season 309
water area. In the dry season, the sediment significantly correlates with the water area. 310

3. The analysis of satellite imagery confirmed a direct correlation between the change 311
in the water area and the change in the net outflow of the lake in the wet season, and the 312
net outflow is affected by the river-lake interactions. The Poyang Lake is a classical river- 313
connected drain lake. Flood or drought events in the mainstream of the Yangtze River will = 314
affect the blocking or reversing of the Yangtze River on the Poyang Lake Estuary, impact- 315
ing the net outflow of the lake and altering the water area. 316

4. In the dry season, based on the analysis of image and land use, the sediment dep- 317
osition at the elevation of the estuarine entrance lakebed was raised, especially at the Gan- 318
jlang river estuary, affecting the water body shape. However, after 2000, the TGD water 319
impoundment operation on the upper Yangtze River affected the runoff of the lower 320
reaches of the Yangtze River at the end of the wet season. This impacted the river-lake 321
interaction and decreased the area of the Poyang Lake. 322

Overall, the results indicate that the variation in the Poyang Lake water area is af- 323
fected by the runoff of the Poyang Lake Basin as well as the runoff from the Yangtze River 324
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and the sediment in the Poyang Lake basin. Although our findings contributed signifi- 325
cantly to our knowledge on the hydrological dynamics of the Poyang Basin, the effects of 326
groundwater were not considered here, which can be accounted as a limitation of this 327
study. Therefore, water resource utilization in the Poyang Lake Basin needs to consider 328
the changes in the lake basin and the runoff outside the basin in future studies. 329
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