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Abstract

Driven by both globe climate change and human activities, many
lakes in the world have faced increasingly deteriorated problems in terms
of water quantity and water quality, posing threat to their ecological
functions and hampering regional economic growth. As the largest
freshwater lakes in China, Poyang Lake plays a critical role in
modulating local dry/wet conditions, shipping and tansprtation, and the
eco-system of the lake’s drainage basin. However, due to its complex
hydrological properties, the Poyang Lake region has been the most
frequently flooded and drought area in China, and the severity of these
extreme conditions appeared to have increased in recent years. On the
other hand, water quality of Poyang Lake has been reported to have
declined recently, causing numerous problems and posing a significant
threat to both animals and humans. Despite these known problems, due
to technical difficulties, to date long-term, quantitative records of
Poyang Lake’s water quantity (e.g. , lake size) and water quality are
still lacking, let alone the knowledge on what drove the long-term
changes. In this study, several techniques were developed to combine
long-term remote sensing, meteorological, and hydrological observations
to: quantify the spatial and temporal changes of Poyang Lake’s volume
and water quality; and document and understand how these changes are
affected by natural and human forces. The study led to not only new
methods and algorithms on remote sensing of lake’s environment but also
several significant findings, most of which have been published in peer-

reviewed literature by myself and my coauthors. The main contents of this



Abstract

dissertation are separated into several chapters; (Dlong-term changes in
Poyang Lake’s inundation area (size) ; (2 long-term changes in Poyang
Lake’s suspended sediment concentrations ( water quality ); @
estimation of Poyang Lake’s bottom topography; @) long-term changes of
Poyang Lake’s water volume; and finally (5) impact of the Three Gorges
Dam (TGD) on the downstream environments.

First, using Moderate Resolution Imaging Spectroradiometer
(MODIS) medium-resolution (250-m) data collected between 2000 and
2010 and an objective water/land delineation method, 1 documented and
studied the short- and long-term characteristics of Poyang Lake’s
inundation. Significant seasonality and inter-annual variability were found
in the monthly and annual mean inundation areas. The inundation area
ranged between 714. 1 km’ in October 2009 and 3 162.9 km” in August
2010, and the inundation area during any particular year could change
by a factor of 2. 3-3. 2. During the 11-year period, the maximum possible
inundation area was 14 times the minimum possible inundation area,
indicating extreme variability. Both the annual mean and minimum
inundation areas showed statistically significant declining trends from
2000 to 2010 ( =30. 2 km*/a and —=23. 9 km*/a, P<0.05). The changes
of the inundation area were primarily driven by local precipitation during
non-summer months, while during summer months of July to September
when the outflow into the Yangize River was impeded the effect of
precipitation became less significant. These results provide long-term
baseline data to monitor future changes in Poyang Lake’s inundation area
in a timely fashion, for example quantifying the extreme drought
conditions during spring 2011.

Then, a robust remote sensing algorithm to estimate concentrations
of total suspended sediments (TSS) in Poyang Lake was developed using
MODIS data from 2000 to 2010 and in situ data collected from two cruise
surveys. The algorithm was based on atmospherically corrected surface

reflectance at 645 nm, with the 1 240 nm data serving as a reference for
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aerosols and a nearest-neighboring method to avoid the land adjacency
effect. The algorithm showed an uncertainty of 30% ~ 40% for TSS
ranging between 3 —200 mg - L™'. Long-term TSS distribution maps
derived from the MODIS data and the customized TSS algorithm showed
significant variations in both space and time, with low TSS (< 10 mg -
') in wet seasons and much higher TSS (> 15-20 mg - L") in dry
seasons for the south lake, and generally higher TSS in the north
lake. The TSS difference between the north and the south increased
significantly after 2002, with mean TSS often reaching > 40 mg - L™ in
the north. While the TSS seasonality was attributed to the seasonal
changes of the lake’s dominant current, the inter-annual variations were
primarily driven by sand dredging activities, regulated by management
policies. These case results provide baseline water quality information for
future restoration efforts and a general approach to assess water quality
changes in other similar water bodies in response to both climate
variability and human activities.

In order to estimate Poyang Lake’s volume, the first step was to
derive its hottom topography. Using MODIS 250-m resolution data, 1
developed a novel approach to derive the bottom topography of Poyang
Lake for every year between 2000 and 2009. The approach differs from
other traditional methods ( sonar, Lidar, optical inversion, and Radar)
but takes advantage of the fast-changing nature of the lake’s inundation
area. On every image, the water/land boundary is effectively a
topographic isobath after correction for the water level gradient. Thus,
the about 10/year carefully selected MODIS images provided incremental
topographic isobaths, from which bottom topography was derived every
year. Such-derived topographic maps were validated using limited
historical data and other consistency checks. Most of the lake bottom
showed an elevation of 12 m to 17 m ( referenced against the elevation
reference of the Woosung Horizontal Zero ) . Significant inter-annual

variability of the bottom topography from 2000 to 2009 was found for

3



Abstract

some of the lake’s bottom, with more areas associated with bottom
elevation increases than decreases. The changes and inter-annual
variability in the bottom topography were attributed to the combined
effect of human activities (e. g. , sand dredging and levee construction)
and weather events. One example was the increased bottom elevation
from 2002 to 2003, which was apparently due to the excessive
precipitation in 2002 and the impoundment of the Three-Gorges Dam
in 2003.

The above-derived Poyang Lake bottom topography was combined
with the lake’s water-land boundary, also derived from MODIS
measurements, to estimate the lake’s volume at any MODIS measurement
time. This information was used together with hydrologic and
meteorological data to develop a box model to estimate the water
exchange between Poyang Lake and Changjiang ( Yangize ) River from
2000 to 2009. Significant intra- and inter-annual variability of the water
budget was found, with an annual mean outflow of Poyang Lake of 120. 2
+31. 2 billion m* during 2000-2009 and a declining trend of 5. 7 billion
m’/a (P=0.09). The impoundment of the TGD on the Changjiang River
in June 2003 led to a rapid lake-river outflow of 760. 6 million m* - d™',
resulting in a loss of 7 864. 5 million m” of water from the lake in a short
period.

Ever since its planning in the 1990s, the TGD caused endless
debates in China on its potential impacts on the environments and
humans. Yet to date synoptic assessment of environmental changes and
their potential linkage with the TGD is still lacking. The above analyses
already showed the impact of the TGD on the Poyang Lake’s water budget
during the TGD impoundment year of 2003, and the impact of the TGD
on the downstream water environment is further analyzed here by
combing remote sensing, meteorological, and hydrological observations.
A 10-year MODIS time-series from 2000 to 2009 revealed significantly
decreasing trends (3.3% /year) in the inundation areas of Poyang Lake

4



