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Abstract: Lakes and wetlands provide valuable water resources. Wetland evapotranspiration
(ET) is a key hydrologic component; however, the effects of lake fluctuation on wetland
ET remain unclear. The Poyang Lake is the largest freshwater lake in China and
experiences a dramatic fluctuation in water level and inundated area. This study used
remote sensing data to estimate the wetland ET for Poyang Lake and to illustrate the
distribution of wetland ET and its response to lake fluctuations. Our results showed that
wetland ET was related to lake fluctuation both spatially and temporally. Within the same
year, the difference between annual water evaporation (Ey,eer) and wetland ET (ETyetiand)
was primarily attributed to lake fluctuation through its effects on inundated area and
exposure days. A 1% increase in inundated area would result in a 7.87 = 1.13 mm a '
reduction in annual Ey,eer-to-ETywetang differences, and a 10-day elongation of exposure
could lead to an 11.1 + 1.6 mm a ! increase in annual Ewater-t0-ETwenana differences, on
average. Inter-annually, the Eyae-to-ETyenana differences were attributed to the combined
effects of atmospheric and environmental variables and lake fluctuation. The lake
fluctuation contributed 73% to the inter-annual ET difference, followed by relative
humidity (19%), net radiation (5%), and wind speed (4%). Overall, lake fluctuation
effectively regulates wetland ET, and its effect should receive careful consideration in
hydrological and water resources studies under the current changing climate.
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1. Introduction

Wetlands are defined as the transitional lands between terrestrial and aquatic systems where the
water level is usually at or near the surface or the land is covered by shallow water [1]. Lakes and
wetlands provide valuable water resources that are important for drinking, fishing, and wetland
ecosystems [2]. Water level fluctuation is a key component of hydrology, especially in shallow lakes
and wetlands [3,4]. The extent, frequency, and duration of water level fluctuations play an important
role in regulating physical processes in lakes [5] and provide alternating habitats suitable for aquatic
and terrestrial plants [6].

Evapotranspiration (ET) is a key hydrologic process that is critical to understanding hydrological
responses to climate change [7—11]. Globally, terrestrial ET returns approximately 60% of annual
precipitation (P) to the atmosphere [12]. ET is an integral component of the water cycle that affects
vegetation distribution, climate, and water resources across multiple spatial-temporal scales [7,13,14].
Numerous attempts have been made to estimate ET from vegetation stands and open water in
wetlands [15-18]. Existing studies focus on the variation in ET and its role in wetland water
budgets [19]. ET may vary with variations in water level through its effects on water level fluctuations
(vertical) and inundated area (horizontal) [15]. With water level fluctuations, the total inundated area
and, ultimately, the distribution of vegetation shift [15,20]. For shallow lakes, frequent alternations
between dry and wet surfaces have an impact on water and heat fluxes. Such alternations may change
evapotranspiration, surface soil moisture, the diurnal course of surface boundary layer, and subsequently
the water balance in the wetland. However, a comprehensive assessment of ET remains a challenge
over lakes or wetlands due to the limited on-site access to inundated areas, the complexity of wetland
cover and ecosystem composition [21]. Remote sensing provides an effective means to estimate
regional ET [22-25], but few studies have investigated the spatial distribution of wetland ET [26]. It
remains unclear to what extent the wetland ET varies with lake fluctuation and other environmental
influences, which is of great importance to effective management of water resources and a comprehensive
understanding of wetland hydrology under a changing climate.

There are approximately 304 million lakes in the world [27]. Only 122 lakes are larger than 1000 km?,
among which 11 lakes are located in China [28,29]. Poyang Lake is the largest freshwater lake in
China, with a maximum water area of 3680 km’ [30]. This lake experiences dramatic seasonal
fluctuations of more than 10 m in water level and thousands of km? in inundated area. The lake serves
as an ideal subject for studying the association between wetland ET variation and lake fluctuations. In
this study, we applied remote sensing techniques to estimate wetland ET and to illustrate the
distribution of wetland ET and its response to lake fluctuations.

2. Study Area and Data Source
2.1. Study Area

Poyang Lake is located in the northern Poyang Lake basin in the middle Yangtze River basin
(24.5°-30.0° N, 113.5°-118.5° E) (Figure 1). The lake exchanges water with the Yangtze River and
receives water flows from five rivers: Xiushui, Ganjiang, Fuhe, Xinjiang and Raohe. The Poyang Lake
region has a total area of 2.5 x 10" km”.



Water 2014, 6 2484

Figure 1. Geographic location of the Poyang Lake wetland delineated with its maximum
and minimum water surface areas.
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The water level and inundated area of Poyang Lake exhibit remarkable seasonal variation. During
the high-water season, from April to September, the inundated area may exceed 3000 km®. The
maximum water surface area reaches 3860 km’ at a water level of 22.59 m, corresponding to the
maximum inundated area in Figure 1. In the low-water season, from October to March, the inundated
area may shrink to less than 1000 km?® forming a narrow meandering channel. The minimum water
surface area is 730 km? at an average water level of 7.68 m, corresponding to the minimum inundated
area in Figure 1. Under the Ramsar wetland conservation treaty, wetlands are areas of marsh, fen,
peatland or water, whether natural or artificial, permanent or temporary, with water that is static or
flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not
exceed six meters. Within this definition, the wetland classification system identifies 40 different wetland
types in three categories: marine and coastal zone wetlands, inland wetlands and human-made wetlands.
The Poyang Lake belongs to a wetland type of seasonal or intermittent freshwater lake in inland
wetland classification. The Poyang Lake wetland is defined as the maximum inundated area [31,32].
The lake experiences a subtropical monsoon climate, with an annual mean temperature of
17.8 + 0.52 °C, and an annual precipitation of 1620 + 310 mm for the period 1960-2009. Precipitation
is concentrated from April to June, accounting for 45%—50% of annual precipitation. The dominant
land covers include forest, agricultural fields, grasslands, bare lands, and water surfaces.
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2.2. Remote Sensing Data

MODIS (Moderate Resolution Imaging Spectroradiometer) products covering the study area were
acquired from the Land Processes Distributed Active Archive Center (LP DAAC) [33]. The selected
products included the MODIS geolocation (MODO03), the atmospheric profile (MODO7), the surface
reflectance (MODO09), the land surface temperature/emissivity (MODI1 L2) and the albedo
(MOD43B3) (Table 1). All products were generated from the Product Generation Executive (PGE) code
Version 5. MODO3 includes the solar zenith and the azimuth angles and satellite zenith and azimuth
angles. MODO7 supplies air temperature and dew point temperature. MODO9GA provides surface
reflectance in seven reflective bands and includes the values corrected after radiometric and atmospheric
effects. MOD11 L2 contributes the 1 km land surface temperature and surface emissivity in bands 31
and 32. MOD43B3 provides clear-sky observations at a 1 km spatial resolution for albedo [34]. To
satisfy the spatial resolution of ET distribution and maximize the remote sensing information, all
parameters from these products were resized to 250 m using the nearest-neighbor algorithm.

Table 1. List of the Moderate Resolution Imaging Spectroradiometer (MODIS) products
used in this study.

MODIS products Spatial resolution Parameters contained
MODO03 1 km Solar zenith and azimuth angles, satellite zenith and azimuth angles
MODO09GA 500 m Surface reflectance after atmospheric correction
MOD09GQ 250 m Reflectance of RED and near-infrared band
MODO07 5 km Air temperature and dew point temperature
MODI11 L2 1 km Surface emissivity and temperature
MOD43B3 1 km Black- and white sky albedos

Because visible, near-infrared and thermal infrared bands are easily affected by weather and cloud
cover, the ET estimation was limited to available remote sensing data [35]. Based on cloud detection,
the images with greater than 85% clear sky area were selected to estimate regional ET. A total of 349
images of the Poyang Lake basin satisfied the above conditions for 2000-2009. The gaps in the images
due to cloud cover were gap-filled using the nearest-neighbor method.

2.3. Field Measurement Data

Actual ET was measured using a Lysimeter at Nanchang station (28.5° N, 115.9° E), which is in an
area covered by grassland. The measurement period spanned from September 2007 to August 2008.
The precision of the ET measurements is 0.01 mm day ' [36]. The ET measurements were used to
validate the ET retrieved using remote sensing at the site scale.

Meteorological data, including daily air temperature, relative humidity, solar radiation, and
precipitation at the Boyang (29.0° N, 116.7° E) and Nanchang stations were available from the China
Meteorological Data Sharing Service System [37] for 1960-2009. Water level data at Xingzi station
were obtained from the Hydrological Bureau of the Yangtze River Water Resources Commission for
1960-2009.
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3. Methods
3.1. ET Estimation

The land surface temperature (T;)/vegetation index (VI) triangle method was used to retrieve ET
from remote sensing data. The method was proposed by Jiang and Islam [38,39] and later improved [40].
This index is based on the Priestley-Taylor (P-T) equation [41]. The P-T parameter is estimated from a
triangular distribution in the T¢/VI feature space [42,43]. Due to the combination of its simplicity and
physical basis, the method has been widely applied in numerous studies [44—49].

ET can be estimated with the following equation [39]:

—o| 2| -
ET—<I)(A+7](RW G) (1)

where ET is evapotranspiration (W m °); R, is net radiation (W m 2); G is soil heat flux (W m2); A is
the slope of saturated vapor pressure at air temperature 7,  is the psychometric constant (hPa K ),
and @ is the P-T parameter representing an effective surface resistance to evapotranspiration [38]. @ is
derived from the triangular space of Ty/VI with a simple linear interpolation between the highest and
lowest temperatures for a given value of the normalized difference vegetation index (NDVI). This
variable can be expressed as follows:

T T
D=0, —m
- Tnllax _Tnllin (2)

where @y, is the P-T coefficient of 1.26 [50]; 7! is the land surface temperature (K) in a pixel; and
Ti

min

the wet edge in the triangular space of T’ versus NDVIi . T! is the highest temperature for each

A max

NDVI interval (NDVIi ), which forms the dry edge.
The wet and dry edges of the Ty/VI feature space constitute the boundary condition for surface

is the lowest temperature of full vegetation cover for each NDVI interval (NDVIi ), which forms

fluxes. Three steps are required to estimate ®: (1) establishment of the boundaries of the triangle;
(2) interpolation of ® along the dry edge; and (3) linear interpolation between the T’ and T for

each NDVI interval (NDVIi). Implementation of the triangle method requires a robust estimation of
the edges in the triangular space. To construct the Ty/VI space, the NDVI was generated from the
MODO09GQ surface reflectance products, and T was extracted from the MOD11 L2 surface temperature
products. The wet and dry edges of the triangular space were determined with the algorithm described
by Tang et al. [45]. Finally, the @ value for each pixel was calculated using Equation (2) from the
triangular space for the study area.

R, is another important parameter for ET estimation. This variable is the sum of shortwave and
longwave net radiation. Here, we employed the algorithm proposed by Bisht ez al. [35] for estimating
R, entirely from MODIS products. The method can be expressed as follows:

R,=R'—R +R ~R =(1-o)R} +0e,T; —0e,T’ 3)

where R¢' and R, are the downward and upward shortwave radiation (W mfz) and Ry and R, are the
downward and upward longwave radiation (W m ?), respectively. Alpha is the surface albedo
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extractable from MODA43; and T, is the air temperature (K) extracted from MODO7. T and & are the
surface temperature and emissivity extractable from MODI11 L2, respectively. The value of &, can be
calculated from T, and the dew point temperature, which is extracted from MODO07.

Daily ET is more applicable than instantaneous ET in hydrological and water resources studies. In
this study, the daily ET was estimated from the daily net radiation and near-noon instantaneous evaporative
flux (EF) ratio [51-53]; this method has proven to be effective over both homogeneous and heterogeneous
land surfaces [54-57]. Daily net radiation was estimated using a sinusoidal model [35] that had
previously been applied successfully [58,59]. Due to cloud cover in satellite images, the missing ET
values in the time series were reconstructed based on the ET estimations on clear days. There is a close
linear correlation between the potential ET and the estimated ET (R? = 0.82, p < 0.01) [60]. The gaps
in ET within the year were filled based on this relationship. Then, the annual ET was obtained by
summing the daily ET throughout the year for the Poyang Lake wetland.

3.2. Inundated Area Extraction

Water fluctuation causes variations in the inundated area and the exposure period of the wetland. In
remote sensing, water surfaces are easily extracted using an index such as the normalized difference
water index (NDWI) [61-64], which can be expressed as NDWI = (G — NIR)/(G + NIR), where NIR is
the surface reflectance in the NIR band, and G is the reflectance value in the green band. A histogram
of NDWI was generated for the delineation of the water surface. The sharp contrast between the water
and land surfaces results in a bimodal histogram. A threshold value was optimally determined based on
the mid-point between the water and land maxima in the generated histogram [65]. The maps of the
inundated area are binary images. Pixels with a value of one represents land surface, and pixels with a
value of zero represent water surface. The map of exposure days was generated by overlaying maps of
the inundated area. Due to the effect of clouds in the satellite images, images for every day could not
be obtained. Thus, approximately 50—60 images per year on clear days were selected for the extraction
of the inundated area from 2000 to 2009. Considering minor changes in inundated area distribution
between two consecutive images in a year, the exposure day for a specific pixel was estimated by the
weighted sum of land and inundated area using Equation (4):

Day:; a,D, (4)

where 7 is the number of images selected in one year (e.g., 50—60 images); D; is the value of this pixel
on the ith day; a; is the difference between the DOY of the (i-1)th image and the DOY of the ith image;
and a; is the DOY of the first image. Since the DOY of a, was not the last day of the year,
a, = (DOYa, — DOYa,.;) + (365 — DOYa,). The sum of a; equals 365.

4. Results and Discussion
4.1. Validation of ET Retrievals

The ET retrievals were validated with available observation data from the Nanchang site. Figure 2
displays the comparisons between daily measured and estimated ET and illustrates the close agreement
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between these values, with a regression slope of 0.97, a correlation coefficient (R*) of 0.49, and a root
mean square error (RMSE) of 0.57 mm d™' between the estimates and the measurements. The average
of the ET measurements was 746.1 mm during the observation period from September 2007 to
August 2008. The ET estimate was 706.5 mm, and its relative error was 5.4%, on average. The error of
the estimated ET was lower than the reported value (15%-30%) from satellite retrievals [66]. These
results demonstrated that the triangle method performed well over the study area.

Figure 2. Comparison of evapotranspiration (ET) retrievals with field measurements.
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4.2. Lake Fluctuation in the Poyang Lake Wetland

In the Poyang Lake wetland, the multi-year average annual precipitation is 1575 mm, and the
average water level is 13.30 m for 1960-2009. Based on annual precipitation and annual mean water
level, 2002 was defined as a wet year, 2005 was a normal year, and 2006 was a dry year. The annual
precipitation was 1792 mm in 2002, 14% higher than the multi-year average, and the annual mean
water level was 14.01 m, 5% higher than average. The precipitation and water level were 1575.0 mm
and 13.27 m, respectively, in 2005, close to average levels. In 2006, the precipitation was 11% lower
and the water level was 13% lower than average.

Lake fluctuation changes the inundated area and the number of exposure days of the wetland. In the
normal year of 2005, the inundated area occupied 38.7% of the wetland, and the number of exposure
days was 183.5, on average. In the wet year of 2002, the inundated area was 41.3% and the number of
exposure days was 169.1. In the dry year of 2006, the inundated area was 31.9% and the number of
exposure days was 233.2. At a seasonal scale, the inundated area had a single peak distribution
(Figure 3), increasing beginning in January and reaching its maximum, approximately 50%—-60%, in
July. The inundated area maintained a high value from July to September, then decreased rapidly and
reached its minimum of 20% in December. Clearly, the inundated area was higher in 2002 than in
other years; in most months, the inundated area in 2005 was similar to the average, and the inundated
area in 2006 was 15%—-30% lower than the average from August to November.
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Figure 3. Seasonal variation in the inundated area of the Poyang Lake wetland in 2002,
2005, and 2006.
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Figure 4 shows the spatial distribution of exposure days in the Poyang wetland. The areas with zero
exposure days were primarily distributed in the central, eastern, and southern portions of the lake.
In 2002, the areas with fewer than 100 exposure days were in the central and eastern portions of the
lake and in the river channel connecting to the Yangtze River, and the areas with less than 250 exposure
days were located along the western lakeshore. In 2005, there were more areas with fewer than 100
exposure days than in 2002. In 2006, the entire wetland experienced more exposure days, as shown in
Figure 4c, with areas with less exposure in blue and those with more exposure in red. Therefore, the
lake varied significantly both temporally and spatially.

Figure 4. Spatial distribution of exposure days in the Poyang Lake wetland in 2002, 2005, and 2006.
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4.3. Spatial and Temporal Variation of ET in the Poyang Lake Wetland

The annual ET was 991.2 mm on average from the Poyang Lake wetland from 2000 to 2009. The
annual ET was 914.3 mm in 2002, 989.2 mm in 2005, and 865.3 mm in 2006. Figure 5 shows the
seasonal variation in ET for the three years. The monthly ET ranged from 43.0 mm to 139.4 mm, with
a mean of 82.6 mm. A single peak with a maximum value appeared in July, consistent with high air
temperatures and net radiation. ET was lower in June than in May because of the abundant
precipitation in May. In addition, ET was significantly different between the years. Compared with the
normal year of 2005, monthly ET was generally lower in 2002 and 2006. In 2002, the monthly ET was
lower than average from May to August. In 2006, the monthly ET was generally lower than average
for most months, with a maximum difference of 22.0 mm in July. Overall, the ET in both wet and dry
years was relatively lower than average in the Poyang Lake wetland.

Figure 5. Seasonal variation in ET in the Poyang Lake wetland in 2002, 2005, and 2006.
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Figure 6 shows the spatial distribution of the annual ET in the Poyang Lake wetland. Generally,
high ET values occurred over water surfaces (Figure 4). Nearly 1/3 of the wetland had a higher ET
in 2005 than in the other years. ET differed in magnitude and spatial distribution for the three years: it
was significantly lower in 2006 than in 2002 and 2005, and high ET values appeared mainly in the
central and eastern wetlands and in the river channel connected to the Yangtze River. In 2006, ET was
lower than 950.0 mm in most of the wetlands due to long exposure days. For those areas with greater
than 300 exposure days, ET was less than 700 mm in 2006. These results suggest that the annual ET
might be negatively correlated with total exposure days in the wetland.
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Figure 6. Spatial distribution of annual ET for wet (2002), normal (2005), and dry years (2006).
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4.4. Combined Influences of Variables on ET in the Poyang Lake Wetland

The Poyang Lake wetland consists of water and land surfaces, and the controlling factors of the ET
process may vary for the different surfaces. The annual ET for one pixel in the wetland was the sum of
the land ET for exposure days and water evaporation for unexposed days, as in Equation (5). This
method was used to calculate the annual ET for one pixel, and the values for each pixel comprised the

map of ET in the wetland (Figure 6).

day 365—day

_ i i
ETwetland _Z E];and + Z Ewater
i=1

i=1

=ET" Xday+(E>" —E"% Xday) ©)

land water water

=(ET™ —E™ )Yxday+E"™"

land water water

where £7ua is the terrestrial evapotranspiration rate on the ith day (mm d ') for land and £w«is the
water evaporation rate on the ith day (mm d ") for water. £7wi is the average daily ET rate (mm d ') at
the annual scale for land; Fweis the average daily evaporation rate (mm d ') at the annual scale for
water; and £ is the sum of evaporation (mm a ') throughout the year for water.

According to Equation (5), when a pixel experienced zero exposure days and was covered by water
throughout the year, the wetland ET (ETyetand) 1S €qual to the annual evaporation (Eyater) in this pixel.
The annual evaporation (Eyaer) in the Poyang Lake wetland was 1119.0 mm for 2002, 1134.6 mm
for 2005, and 980.5 mm for 2006. These values represent potential evaporation, which is primarily
controlled by atmospheric and environmental factors such as air temperature, wind speed, and air
humidity [67-69]. When a pixel experienced 365 exposure days and was covered by land surface
throughout the year, the wetland ET (ETyetana) is equal to the annual land ET (ETjng) in this pixel
when it is covered by land throughout the year. The annual ET (ETjang) was 716.8 mm for 2002,

683.8 mm for 2005, and 574.0 mm for 2006. ET.,q was generally lower than Eyuer due to the
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combined effects of lake fluctuation and atmospheric and environmental controls. Compared to the
Ewater, the wetland ET (ETyweqand) Was 18.3% less in 2002, 12.8% less in 2005 and 11.7% less in 2006
due to land surface exposure.

Figure 7 shows the relationship between ET and exposure days for 2002, 2005, and 2006,
generated from Figures 4 and 6. Obviously, the annual ET decreased for those areas with increased
exposure days. The negative trend between the exposure days and the annual ET averaged over the
areas with the same exposure days can be described by ET = —0.82Day + 1087 (R* = 0.67) for 2002,
ET = —1.11Day + 1125 (R* = 0.84) for 2005, and ET = —0.87Day + 999 (R* = 0.78) for 2006. This
negative relationship implied that increasing exposure by one day would result in a reduction
of 0.8—-1.1 mm ET for the study area. Meteorologically, atmospheric and environmental controls on ET
are essentially identical over the study area for the same year, and the annual Eyge-to-ETywetiand
difference was primarily attributed to surface water availability altered by lake fluctuation and,

therefore, exposure days.

Figure 7. Relationship between exposure days and annual ET in the Poyang Lake wetland
in (a) 2002; (b) 2005, and (¢) 2006.
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Figure 8 shows the relationship of the annual Eyer-to-ETyetana difference with the percentage of
inundated area and with exposure days from 2000 to 2009 in the Poyang Lake wetland. This figure
illustrates that the difference was negatively correlated with the percentage of inundated area
(R* = 0.86) and positively correlated with exposure days (R* = 0.87). The difference values of
60.52 mm a ' for 2002, 86.21 mm a~' for 2005 and 141.47 mm a”"' for 2006 represent the low, middle,
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and high values, which were found in wet, normal, and dry years, respectively. Regression analysis
demonstrated that a one percent increase in inundated area would result in annual Eyater-t0-ET wetiand
difference reduction of 7.87 + 1.13 mm a ' (Figure 8a) and that a 10-day elongation of exposure could
lead to annual Eyae-t0-ETwetiang difference increase of 11.1 £ 1.6 mm a! (Figure 8b), on average.

Figure 8. Relationship of annual Eyae-to-ETywenana difference with (a) percentage of
inundated area and (b) exposure days for 2000—2009 for the Poyang Lake wetland.
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The interannual differences were attributed to the combined effects of atmospheric and environmental
variables and lake fluctuation. To distinguish the lake fluctuation effect from the other effects,
contributions from major hydrometeorological factors were identified using regression analysis. First,
the major factors, including net radiation (Rn), wind speed (WS), relative humidity (RH), and water
level (WL), were selected. Based on a Pearson correlation analysis, these factors were significantly
correlated with the Eyaer-to-ETywetang difference at the 0.05 level. Second, the dependent and independent
variables were normalized to values ranging from zero to one using the linear transfer function
method. Then, the multiple regression analysis with the Enter method was applied to the difference and
major environmental factors. The regression function is Difference = 0.88 — 0.73WL — 0.19RH —
0.05Rn + 0.04WS (R* = 0.89, S.D. = 0.15 mm a '). This function indicated that the water level
fluctuation contributed 73% of the inter-annual ET difference, followed by relative humidity (19%),
net radiation (5%), and wind speed (4%).

The variation in ET is responsible for the environmental conditions and characteristics of lake
fluctuation in wetland ecosystems [70—74]. The environmental parameters (including net radiation, air
temperature, and wind speed) significantly reflect the seasonal variation in ET in different wetland
ecosystems [74—77]. The water level has only a small effect on variation in ET in a wetland with a
constantly inundated area [15,78]. However, when the inundated area in that wetland is decreased as a
result of water level fluctuation, the land cover and exposure days of the lakeshore change. The
exposure period affects the ET process through its effect on vegetation growth in wetland
ecosystems [79,80]. The increase in exposure days provides a longer growing season and higher
biomass for vegetation [81,82]. Some studies indicated that a longer growing season substantially
enhanced the ET in grasslands [83] and deciduous forests [84,85] when the soil moisture was
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sufficient. The minimum inundated area was 22% of the wetland area in the Poyang Lake
wetland [86], and the average number of exposure days in the wetland ranged from 170 to 233 during
the period from 2000 to 2009. Although more exposure days in a pixel increased the vegetation
biomass [87], more exposure days also decreased the percentage of ETjung in annual ETyeqang because
Ewater was greater than ETj,g. Thus, more exposure days subsequently lead to an increase in the
Ewater-to-ETyetiang difference. The interannual rate of change in water level ranged from —9.8% to 9.3%,
and the rate of change in exposure days ranged from —19% to 13%; these rates were significantly
higher than the rate of change in environmental factors. As a result, water level fluctuation showed the
strongest effect on the annual Eyaer-t0-ETyeqang difference. This phenomenon was difficult to observe
in wetlands with low variability or constantly inundated areas.

5. Conclusions

Wetland evapotranspiration is complicated by lake fluctuation. The effective management of water
resources and a comprehensive understanding of wetland hydrology require the quantitative application
of satellite remote sensing. To investigate the effects of lake fluctuation on wetland ET, this study used
the triangle method to retrieve wetland ET from MODIS data for the Poyang Lake wetland, China. The
results showed that wetland ET was related to lake fluctuation both spatially and temporally. Within a
given year, the annual Eye-to-ETyerang difference was primarily attributed to surface water availability
and lake fluctuation in terms of inundated area and exposure days. A 1% increase in inundated area
would result in a 7.87 + 1.13 mm a ' reduction in ET, and a 10-day elongation of exposure could lead
to an 11.1 + 1.6 mm a ' increase in ET, on average. Furthermore, inter-annual differences were
attributed to the combined effects of atmospheric and environmental variables and lake fluctuation.
Lake fluctuation plays an important role in variation in the inter-annual ET difference. Overall, lake
fluctuation regulates wetland ET, and its effects merit careful consideration in hydrological and water
resources studies under current changing climate.
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