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Abstract: The Soil and Water Assessment Tool (SWAT) model was used to assess the impacts of different land use scenarios
on hydrological processes in the Fuhe watershed in Poyang Lake Basin, East China. A total of 12 model parameters were
calibrated with observed monthly runoff data for 1982-1988 and validated for 1991-1998 for baseline conditions. The
baseline test results of R* and Nash-Sutcliffe model efficiency (NSE) values ranged between 0.88 and 0.94 across the
calibration and validation periods, indicating that SWAT accurately replicated the Fuhe watershed streamflow. Several
different land use scenarios were then simulated with the model, focusing on the impacts of land use change on the hydrology
of the watershed. The results of hypothetical scenario simulations revealed that surface runoff declined while groundwater
recharge and evapotranspiration (ET) increased, as forest land, agriculture land and/or grassland areas increased, as well as
when paddy field and urban areas decreased. These results further showed that forest land has a higher capacity to conserve
the water as compared to pasture land. The results of the real scenario simulations revealed that urbanization is the strongest
contributor to changes in surface runoff, water yield, and ET. Urbanization can be considered as a potential major
environmental stressor controlling hydrological components.
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1 Introduction

Land use/land cover change (LULC) within a region
can impact both hydrologic landscape functions and the

habitat quality, and thus the biodiversity of a landscape.
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Additionally, LULC can affect the water quality of a
stream system and receiving water bodies due to
decreases or increases in soil erosion or other pollutants
within a watershed system. According to some studies,

vegetation cover is the key factor affecting surface runoff
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and soil erosion in mountainous regions™?.  The
presence of vegetation intercepts rainfall, increases
infiltration, reduces surface runoff, and thus significantly

B4 1 et al.”) found that water

prevents sheet erosion
quality was significantly correlated with vegetation cover
in the Han River basin in central China, and that
in-stream environmental indicators were generally
improved for subwatersheds with higher vegetation
cover.

The Soil and Water Assessment Tool (SWAT)
ecohydrological model™® has been tested for a wide range
of watershed scales and environmental conditions

worldwide!”!!

I'and has been used extensively to evaluate
the impacts of LULC changes on watershed hydrology
and water quality. Example results of such studies
conducted in the United States, Europe and Asia,
including large decreases in runoff for hypothetical total
conversions of a semi-arid watershed in Arizona to forest,
grassland, or other types of vegetation!'”, increased
runoff in response to four scenarios of increasing
urbanization relative to baseline conditions dominated by

] increased runoff due to

forest for a watershed in Texas!"
hypothetical increases in grassland for two different
forested watersheds in Germany using a modified version
of SWAT called SWAT-G[M], and sediment increases
equal to 200% or more when 50% of the pasture or
grassland area was converted to cropland in a watershed
in the southern Philippines“s],

Similar LULC change impact assessments have also

been conducted for several SWAT-based studies in China.

Chen"'® found that runoff depth decreased when land use
cover was converted from unvegetated to vegetated
conditions. Qiu et al.l'”) reported that evapotranspiration
and runoff decreased, and that overall utilization of water
and environmental conditions improved, in response to
increased forest land implemented with the “Conversion
of Cropland to Forest and Grassland Program” (CCFGP,
a nationwide ecological recovery program, to minimize
wide-scale soil erosion and vegetation degradation as
well as to improve water budgeting, in 1999 China) in the
Jinghe River watershed in the Loess Plateau region.
Runoff was also predicted to decrease in LULC change

scenarios performed by Luo et al.l"™ for the Xiangjiang

River watershed in south central China, in which they

simultaneously simulated increases in forest and

grassland areas versus decreases in the amounts of

agricultural and urban land. Cai et al."”!

reported runoff
and sediment loss results, respectively, for the Upper
Huaihe River basin in northeast China, and found that
runoff and sediment losses were the least for woodland
areas as compared to rice paddy and farmland production
areas.

The influence of LULC change is a critical issue for
the source region of water draining to Poyang Lake in
northeast China, which is the largest fresh water lake in
China.

discharge to Poyang Lake and thus has a very important

Fuhe River is the second largest source of

impact on the water level, environmental conditions, and
animal and plant habitat of the lake. At the same time,
the middle and lower Fuhe River is a populous and
developed region in Jiangxi Province, and is also the
main grain production base of China. Changes in
land-cover and vegetation in the region have affected
surface and groundwater hydrology and streamflow at the
catchment scale and have also altered the hydrological
cycle and flood vulnerability of the Fuhe River system.
Therefore, there is a need to investigate the impacts of
LULC change on the hydrology and water quality of
Fuhe River as well as on Poyang Lake, using
comprehensive water quality models such as SWAT.
Thus, the specific objectives of this study are: (1) to
calibrate and validate SWAT based on measured
streamflow data collected for Fuhe River, (2) to evaluate
the impact of several Land use/land cover change
scenarios on the hydrology and sediment movement for
the Fuhe River system including potential changes in
forested, agricultural and urban areas, and (3) to evaluate
the impact of the implementation of the “Conversion of
Cropland to Forest and Grassland Program” on regional

water budget.
2 Materials and methods

2.1 Study area description

The Fuhe River basin is located in the east of Jiangxi
Province, China (Figure 1).
14 778 km?, and situated between latitudes 31°34'-32°10'N

It has a drainage area of
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and between longitudes118°39'-119°19'E.  The length of

the main stream is 348 km and the mean annual runoff is
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Figure 1 Map of Fuhe River watershed showing relative locations of meteorological, hydrologic stations and stream network

This area is dominated by a subtropical humid
monsoon climate. The mean annual temperature is
about 16.9°C to 18.2°C, the mean annual humidity is
around 80% and the mean annual number of rainy days is
approximately 170 d. The mean annual precipitation
ranges from 1 200 mm to 2 000 mm of which 50% to
60% of the annual rainfall is received from April to July.
Because of the impact of high solar radiation and the
circulation of monsoon weather patterns, the streamflow
in Fuhe River varies significantly by season. The region
is frequently threatened by floods during the monsoon
period each year. However, less precipitation occurs in
late autumn and winter.

The main soil type in the Fuhe River basin is the
krasnozem, comprising 65.9% of the whole Fuhe River
basin area.
(1) loose and friable tilth, (2) high permeability of both
air and water, (3) reasonably plant-available water
content, and (4) low soil strength when moist. Because
of its high permeability, the river discharge supplied by
groundwater recharge and surface runoff is limited.

2.2 Input data
Key SWAT input data layers include a Digital

Elevation Model (DEM), land use map, soil map and

Krasnozems in good physical condition have:

weather data (Table 1). There are four weather stations
(Nancheng, Zhangshu, Guixi and Guangchang) that are
located in or near the watershed (Figure 1). There are
also eight streamflow monitoring stations (Shaziling,
Shuangtian, Taopi, Makou, Liaojiawan, Loujiacun, Maxu,
and Lijiadu) located within the watershed (Figure 1)
which were obtained from the Jiangxi provincial water
conservancy department (Table 1). Monthly discharge
data were acquired from 1982 to 1998 for the Lijiadu
station near the watershed outlet and 2010 for the other
seven stations to test SWAT during the baseline

calibration and/or validation phases.

Table 1 Key spatial model input data, and monitoring data
used to test SWAT, for Fuhe River watershed

Data Resolution Source

Digital Elevation Model The Global Land One kilometer Base

(DEM) map 30m Elevation database!®”!
Weather Four stations The China Meteorological Data
(Figure 1) Sharing Service System website*'!

Harmonized World Soil Database
(HWSD), assembled by the Food and
. Agriculture  Organization of the
Soil map 100m United  Nations (FAO) and
International Institute for Applied

Systems Analysis (TASA)?*
Land use ma 30m Landsat TM/ETM, three time periods

P (1990, 2000, and 2009)%*!

Water discharge data Eight stations The website of Jiangxi provincial

(Figure 1) water conservancy department!*)
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Fifty years of daily meteorological data (1960-2010)
were analyzed and processed into mean monthly
to create data that was

meteorological statistics

representative of the study area for the SWAT weather

generator[ZS].

Daily minimum and maximum air
temperature, wind speed, solar radiation and relative
humidity obtained for the four climate stations shown in
These

reference

Figure 1 were used for the SWAT simulations.
data were also wused to simulate
evapotranspiration in the model by Priestley-Taylor
method™.

An  unsupervised

classification method with

maximum likelihood clustering and DEM data were

employed for image classification as a hybrid method to
generate land use maps”®. Land use categories
included paddy fields, agricultural land, forest, pasture,
urban, water, wetland and bare land. All crops, except
paddy fields, were all classified as agricultural land.
Rice paddies (Figure 2) were separated out and simulated
specifically as “rice”, per the rice crop parameters
provided with the SWAT model, because the Fuhe River
Detailed

land use maps are shown in Figure 2 for 1990, 2000 and

basin is a major rice production area in China.

2009 which form the basis for the baseline and two

historical land use scenarios described below.

Legend

IRice paddies I Urban

| Agricultural land 70 Water &
I Forest N Wetland
[0 Pasture land Il Bare land

Figure 2 Land use maps of Fuhe River basin for 1990 (left), 2000 (middle) and 2009 (right)

2.3 Description of SWAT model

The hydrologic cycle of a watershed simulated by
SWAT can be separated into two major divisions. The
first division is the land phase of the hydrologic cycle,
which controls the quantity of water and sediment and the
nutrient load input into receiving waters. The second
division is the water routing phase, which simulates
movement through the channel network. The model
considers both natural sources (e.g. mineralization of
organic matter and N fixation) and anthropogenic
contributions (fertilizers, manures, and point sources) as
nutrient inputs. The model delineates watersheds into
sub-basins interconnected by a stream network. Each
divided further

response units (HRUs) based on unique soil/land class

subwatershed is into hydrological
characteristics without any specified location in the

subwatershed.  Flow, sediment, and nutrient loading

from each HRU in a subwatershed are summed, and the
resulting loads are then routed through channels, ponds,
and reservoirs to the watershed outlet'””,

The hydrologic cycle simulated by SWAT is based on

the following water budget equation:

SW,=SWy+ 3 (R =0y —E,— 0, = 0Q,) (1)
where, SW, is the final soil water content (mm H,0); SW,
is the initial soil water content on day i (mm H,0); ¢ is the
time (days); Ry, is the amount of precipitation on day i
(mm H,0); Oy, is the amount of surface runoff on day i
(mm H,0); E, is the amount of Evapotranspiration (ET)
on day i (mm H,0); Q,,is the lateral flow loss from soil
to streams on day i (mm H,0); and Q,,, is the amount of
groundwater recharge on day i (mm H,0). Precipitation,
surface runoff, ET and groundwater recharge constitute

the main part of this hydrologic cycle and were key inputs
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or outputs that were analyzed in this study.
2.4 Model evaluation method

The performance of the model was evaluated by the
coefficient of determination (R®), the Nash-Sutcliffe

index*!

efficiency (Exgs)
(PBIAS)*).

coefficient and can range from 0 to 1.

and the percent bias
The R® is the square of correlation
An R* value of 1
indicates a perfect alignment between simulated and
observed values while an R* value of 0 indicates no
alignment between simulated and observed values. The
weakness of using the R* statistic is that model
predictions can be consistently wrong and still result in a
R® value close to 1, due to systematic over- or
under-prediction, pointing to the need to use additional
evaluation statistics such as the Eyxg in order to more
accurately determine the accuracy of model results”®.

The R*is calculated as:

[i (O~ OO — Qmm)}
R? =L

T n
2 2
Z (Qobsi - vasave) Z (Qsimi - Qsimave)
i=1 i=1

@

where, n is the number of events; Oy, and Qs the
simulated and observed runoff at event i; Qguae and
Oopsave the average simulated and observed runoff over
the validation period.

Values for Ens can range from -co to 1. In most
typical applications, Eng values should exceed 0.5 in
order for model results to be judged satisfactory for
hydrologic and pollutant loss evaluations performed on a

monthly time step basis”".

]

Further suggested Ens
between 0.5-0.65 are

acceptable; values between 0.65-0.75 are good, and

. . [30 .
criterial include: values

values that exceed 0.75 are very good. The

Nash—Sutcliffe coefficient is calculated as:

i (Qsim[ - Qobsi )2

Eys =1 3)

Zn: (QObSi - Qobxave )2

where, n is the number of time steps; Qg and Q,,; are
the simulated and observed streamflow at time step #, and
Oopsave 18 the average observed streamflow over the
simulation period.

Percent bias (PBIAS) measures the average tendency

of the simulated data to be larger or smaller than their

observed counterparts®*~",

The optimal value of
PBIAS is 0.0, with low-magnitude values indicating
accurate model simulation. Positive values indicate
model underestimation bias, and negative values indicate

model overestimation bias***®.  PBIAS is calculated as:

ZIOO (Qob,s'i - Qxim[)
PBIAS =| = 4)

n
z Qohsi
i=1

where, PBIAS is the deviation of data being evaluated,

expressed as a percentage.
2.5 Model setup
ArcSWAT version 2009.93.3 was used in this
research®”
version 2009 (SWAT2009).
31 subwatersheds (Figure 1) and 476 HRUs, which were
created as a function of nine land use classes, 33 soil
classes and four slope classes (0 to 3%, 3% to 5%, 5% to
8% and >8%).
distribution of soil and land use, while maintaining the
of HRUs at a

Meteorological data were introduced into the model, and

which is one the major releases of SWAT

The basin was divided into

This discretization respected the original

number reasonable  number.
databases of soil and land use properties were edited to
provide the required data for our study area.

The SWAT model involves a large number of
parameters which describe the different hydrological
conditions and characteristics across the study basin.
During the calibration process, the first step was to
determine which model parameters are the most
influential in matching the simulated model results to the
This can eliminate or at least reduce
To help

accomplish this goal, the Automated Sensitivity Analysis

observed results.

some of the limitations of manual calibration.

tool provided by SWAT was used, which employs the
LH-OAT (Latin Hypercube Sampling-One at A Time)
analysis method™. Historical streamflow and
meteorological data for the period 1982 to 1988 were
used for sensitivity analysis.

Typically, testing of SWAT and similar models is
performed by splitting the available observed monitoring
data into two time periods: one for calibration, and

]

another for validation®". In our study, one year (1981)
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was chosen as a warm-up period in which SWAT was
allowed to initialize and approach reasonable starting
values for model state variables. The model was then
initially calibrated using a manual calibration method for
the 1982-1988 period at Lijiadu station. The manual
calibration process was divided into two steps: (1) surface
The

proportion of groundwater recharge versus surface runoff

runoff calibration, and (2) streamflow calibration.

was determined as a function of the observed total daily

streamflow using a baseflow filter™>.

Following the
manual calibration process, the SWAT-CUP software
package was then used to perform an additional automatic
calibration of SWATP?, Finally,

conducted for the 1991 to 1998 period. Figure 3 shows

validation was

a flow chart of the calibration and scenario setting

process.

| Separate surface runoff and
baseflow from total flow for
| measured daily flow

v
Run SWAT

=

Surface runoff
calibration

Adjust CN2

| Run swAT ;1
Total discharge | f — e ——
flow calibration | l gl ] »|  Adjust ESCO, Alpha_Bf, etc.

[ Calibration complete .! Set four hypothetical p Settwo real LUCC
| LUCC scenarios l‘ scenarios

l Results di ion | l

Figure 3 Flowchart of calibration and scenario setting process

2.6 Description of land-cover change scenarios

This study investigated six different scenarios to
access the effects of LULC on the hydrology of the Fuhe
River Basin (Table 2).

meteorological data, landscape characteristics and soil

The calibrated parameters,

data used for the baseline simulation were also used for
the six scenarios to provide a consistent basis for
comparison between the baseline and these LULC
scenarios for the simulation period of 1982 to 1998,
which was the time period used for the baseline model
testing. Table 2 shows the proportions of land use
change for each scenario including the five land use
classes that were of primary interest for this study: forest
(FRST), pasture land (PAST), urban (URBN), agriculture
land (AGRL) and rice paddies (RICE).
2 replicate the actual land use change that had occurred
by either 2000 or 2009, based on the land use maps for

Scenarios 1 and

those two different years (Figure 2).

The historical scenarios 1 and 2 capture the local
effects of the “Conversion of Cropland to Forest and
Grassland Program” (CCFGP), a nationwide ecological
recovery program adopted by China in 1999, to minimize
wide-scale soil erosion and vegetation degradation as
Over 100
000 km® of cropland and bare land was converted to
forest land in the first decade of the CCFGP; however,

well as to improve water budgeting results.

the impact of the program on the hydrology of affected

watersheds in China such as the Fuhe River watershed

has not been researched extensively!'”.

Table 2 The area and percentage of land use types that were simulated in different land use scenarios

Land use type AGRL RICE FRST PAST URBN WATR WETL BARE
Baseline Scenario Area/km? 1680 2863 8270 1361 211 201 93 99
(Historical, 1990) Percentage/% 11.4 19.4 56.0 92 1.4 1.4 0.6 0.7
Scenario 1 Area/km? 1595 2140 8441 1566 361 293 33 352
(Historical, 2000) Percentage/% 10.8 14.5 57.1 10.6 24 2.0 02 24
Scenario 2 Area/kn?? 1247 2231 8960 1342 516 173 37 272
(Historical, 2009) Percentage/% 8.4 15.1 60.6 9.1 35 1.2 0.3 1.8
Scenario 3 Area/km? 1680 0 11133 1361 211 201 93 99
(Hypothetical) Percentage/% 11.4 0 753 9.2 1.4 1.4 0.6 0.7
Scenario 4 Area/kn?? 0 2863 9950 1361 211 201 93 99
(Hypothetical) Percentage/% 0 19.4 67.3 92 1.4 1.4 0.6 0.7
Scenario 5 Area/km? 1680 0 8270 4224 211 201 93 99
(hypothetical) Percentage/% 11.4 0 56.0 28.6 1.4 1.4 0.6 0.7
Scenario 6 Area/kn?? 0 2863 8270 3041 211 201 93 99
(hypothetical) Percentage/% 0 19.4 56.0 20.6 1.4 1.4 0.6 0.7
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Remote sensing data indicated that the overall effect
of the CCFGP on the proportion of forest land in the Fuhe
River watershed was moderate, resulting in an increase in
forest of 56% to 57.1% from 1990 to 2000 and then from
57.1% to 60.6% from 2000 to 2009. Agricultural land
and rice paddies decreased from 11.4% to 10.8% and
19.4% to 14.5%, respectively, during 1990 to 2000. The
amount of agricultural land decreased further from 10.8%
to 8.4% during 2000 to 2009 but a slight increase (14.6%
to 15.1%) in rice paddies occurred during the same time
period. The total pasture land area followed an opposite
pattern compared to the rice paddies, with an initial
increase from 9.2% to 10.6% of the overall land area
during 1990 to 2000 followed by a decrease (10.6% to
9.1%) during 2000 to 2009. The remote sensing data
further suggested that the proportion of residential area
increased at approximately 0.1% annually over the total
twenty year period and that the total proportion of urban
areas gradually expanded from 1.4% to 3.5% between
1990 and 2009.

Scenarios 3 through 6 represent hypothetical
scenarios that reflect larger land use changes, relative to
the historical scenarios 1 and 2, which provide further
insight on the effects of different land use changes on the
Fuhe River watershed water budget. Specifically, areas of
agriculture land (Scenarios 4 and 6) or paddy fields
(scenarios 3 or 5) were changed to forest land or pasture
land to compare the influence of different land uses on
the water budget (Table 2). To account for potential
effects of a “more extreme CCFGP approach” on the
Fuhe River catchment water budget, the baseline rice
paddy area (2 863 kmz) and the baseline agricultural area
(1 680 km? were completely converted to forest in
scenarios 3 and 4, respectively. This resulted in an
increase of forested area from 56.0% to 75.3% and 56.0%
to 67.3% for scenarios 3 and 4, respectively. For
scenario 5, the baseline paddy fields were eliminated and
the pasture area was correspondingly increased from
9.2% to 28.6% (Table 2).

agricultural land was totally converted to pasture land for

Likewise, the baseline

scenario 6, resulting in an increase of pasture area from

9.2% to 20.6%.

3 Results and discussion

3.1 Parameters calibration results

Table 3 shows the rank of parameters. The initial
curve number for moisture condition II (CN2) was the
most influential parameter for surface runoff, which is
consistent with a summary reported in a previous review
which found that CN2 was the most used calibration
parameter for surface runoff (36 out of 64 studies)[34].
The CN2 is a function of soil permeability, land use, and
the antecedent soil water conditions. This parameter is
important for estimating surface runoff®™.  Similar
results were reported in a previous SWAT study, in which
the sensitivity analysis results demonstrated that the most
influential parameters governing surface runoff and
groundwater recharge are CN2 and GWQMNE.  In
addition, the previous review noted above™ found that
GWQMN was an important calibration parameter in 12
out of the 64 SWAT studies that were reviewed.
Table 3 The rank of parameters determined from sensitivity

analysis

Parameters (Definition) Rank Calibrated results

CN2 (Initial SCS runoff curve number for multiply original values

1

moisture condition IT) by 1.09
ESCO (Soil evaporation compensation 2 0.02
factor)
GWQMN (Threshold depth of water for 3 748.17
return flow)
SOL_AWC (Available water capacity of the 4 multiply original values
soil layer) by 1.21
ALPHA_BF (Groundwater recharge alpha 5 016

factor)

3.2 SWAT performance

The observed and simulated streamflow for 1982 to
1988 (calibration) and 1991 to 1998 (validation) are
shown for the Lijiadu gauging station (Figures 1) on a
monthly basis
Although the model

overestimated streamflow during several time periods,

in Figures 4 and 5, respectively.

obviously underestimated or

overall it performed well for the entire simulation period.
During the calibration period, the Eyg and R were both
computed to be 0.89 for the aggregated monthly time step
(Figure 4). The corresponding Exs and R* values were
determined to be 0.89 and 0.94 during the validation
period (Figure 5). The PBIAS was computed to be
0.22% (Figure 4) during the calibration period and -9.5%
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(Figure 5) during the validation period. These results

showed that the estimated streamflow was very accurate

during the calibration period but slightly overestimated

the measured streamflow during the validation period.
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Figure 4 Time series of the observed and simulated monthly streamflow for Lijiadu hydrologic station from 1982 to 1988
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Figure 5 Time series of observed and simulated monthly streamflow for Lijiadu hydrologic station from 1991 to 1998

(Validation period)

The additional

observed and simulated monthly streamflows for 2010 at

spatial cross-validation between

the other seven monitoring gages is presented in Figure 6.
Except for the Taopi station, the Exs and R? values are all
above 0.85.

described above at the Lijiadu gauging station near the

These results, coupled with the results

watershed outlet, suggest that the overall results of the
calibrated model were very strong per the previously

described criteria®” and additional extrapolation of those
]

suggested criteria for the R® statistic'®. The results
further indicate that SWAT can be used to analyze the
relationship between LULC and the Fuhe River
watershed water budget.

3.3 Response of water budget to real LULC scenarios

The effects of the implementation of the CCFGP are

shown in Figure 4 via plots of aggregated annual surface
runoff, groundwater recharge and ET over 1982 to 1998,
and long-term average monthly values of the same three
water balance components in Table 4, for the baseline and
two historical scenarios. The plots of the water balance
components in Figure 4 reveal that very slight impacts
were predicted between the 1990 baseline and the 2000
historical land use (scenario 1), and that somewhat larger
impacts occurred between 2000 and 2009 (scenario 1
versus scenario 2). Based on the monthly averages
listed in Table 4, the scenario 1 surface runoff increased
3.5%, ET decreased 0.7%, and groundwater recharge
decreased 2.5 relative to the baseline. Larger impacts
were predicted for the CCFGP changes that occurred

during the second decade, as evidenced by an increase in
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the surface runoff of 5.8%, a decrease in the groundwater
recharge of 8.5%, and an ET decrease of 0.9% between

scenario 2 and scenario 1. These results are consistent

with the existing research®” that also showed that
moderate land use changes resulted in minor changes in

the water budget.

120 900 90 r
800 | i L
-, 100+ Maxu % 700 Loujiacun _ 8% Makou
Bt £ I = 70 |
E sof Exs 0.92 E 600} Ens 0.89 E o0l Ens 0.98
E & R 097 2 500} R 099 E sl R 09
g PBIAS 9.41% = 400 PBIAS 2355% = 40| PBIAS 1.57%
@ 40 § 300 g 30
3 45 & 200 E 2
100 10
et - " 1 ” %y b d &
y 4 8 p 4 & 4z z, &,
. o % . (8 23 1 24 (S (7 W, A (7 e, o,
o Ny B B Y % o Ry By e Ry Ry, D Py By e Py Ry
9
1800 300 ¢ 200 -
_ 1600 + o i 180 + o
"o 1400 | Liaojiawan % 250 F Taopi 160} Shaziling
E 1200 Ew 090 E 200t Ewe 054 = 140} Evs 095
£ 1000 R 099 E R 0.88 Z 120¢ R 0.98
= 2 150 2 100
£ 800 PBIAS 20.97% E PBIAS 26.35% = PBIAS -16.11%
2 g £ 80
$ 600 5 100 ¥ o
@ 400 @ 50 »n 40
200 20
o ’ 4 o 1
2 v & 4 4 & P 4 &,
., £ “% < (7 i, 5 “% < 0 D, 5 £ < (7
S 7 2 b o X K 4 VG /s 73 o Py R ” 2y, 7 7 o P, B 7
60 -
=, S0 Shuangtian
& a0l Exe 088
‘"g' R 0.95
= 0 PBIAS 4.76%
g 20 —a— Observed flow —=— Simulated flow
“ 10

Table 4 Simulated average monthly water components for
scenarios 1 and 2 at Lijiadu hydrologic station for 1982 to 1998

Figure 6 Validation results for other 7 hydrologic stations (Figure 1) based on comparisons between observed

and simulated streamflows in 2010

about 1% per decade. Thus, the increase in surface

runoff shown in Figure 7 for scenario 1 can be mainly

Surface runoff ~ Groundwater recharge  Evapotranspiration

Scenario I Jm Jmm attributed to the expansion of urban area between 1990
Baseline 49.0 235 772 and 2000. These results further underscore that much of
Scenario 1 50.7 229 76.6 the water budget improvements that occurred due to the
Scenario 2 53.6 21.0 759

afforestation efforts during the first decade were likely

China adopted the “Conversion of Cropland to Forest
(CCFGP)
wide-scale soil erosion and vegetation degradation.
Table 2

progress over a period of two decades as a result of this

and Grassland Program” to minimize

shows that afforestation projects were in
program, which resulted in a conversion of about 1% of
the paddy field area into forest by the year 2000.
However, almost 4% of the paddy field area was
transformed into bare and urban land during that same

time period and the urban area expanded by a rate of

offset by the increased of urban land. Similar impacts
are implied by the stronger responses predicted for
The

continuing afforestation projects again likely resulted in

scenario 2 (2009 land use) as shown in Figure 7.

some improvement of overall the water budget status in
the Fuhe River watershed, including some reduction of
surface runoff. However, the fast-paced residential and
commercial developments appear to have had an overall
greater influence on the water budget as compared to
CCFGP efforts.
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Figure 7 Comparison of (a) surface runoff, (b) groundwater recharge, and (c) evapotranspiration results between the baseline

and scenarios 1 and 2

34
hypothetical LULC scenarios

The responsiveness of the water budget to

Graphical comparisons of the annual water budget
components over the 1982 to 1998 simulation period for
the baseline and the four hypothetical scenarios
(scenarios 3 to 6; Table 2) are shown in Figure 8 and the
long-term average monthly water component values for
the baseline and four hypothetical scenarios are listed in
Table 5.

relative to the baseline levels (Figure 8).

The predicted impacts were generally linear
Surface runoff
decreased 26.5%, 5.5% and 6.1%, groundwater recharge
increased 41%, 9.5% and 11%, and ET increased 42%,
0.6% and 1.8% across scenarios 3 to 5, based on the
long-term average monthly values shown in Table 5.

Surface runoff increased 10.5%, groundwater recharge

decreased 8.5%, and ET decreased 3.8% in scenario 6.
The total conversion of rice paddy area to forest (scenario
3) resulted in by far the largest impacts of any of the
hydrological scenarios and reveals the potential overall
impact on the Fuhe watershed water budget in response to
an “extreme CCFGP scenario.”

The scenario 4 and 5 results (Figure 8 and Table 5)
were greater than hydrological impacts predicted for the
first decade of historical change (scenario 1; Figure 7 and
Table 4) but were similar to the impacts predicted for the
second decade of historical change (scenario 2; Figure 7
and Table 4).

of scenarios 3 and 6 (Figure 8 and Table 5) were greater

However, the overall hydrologic impacts

than hydrological impacts estimated for scenario 2.
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Table 5 Simulated average monthly water components under

Figure 8 Comparison of key hydrologic component results between the baseline scenario and scenarios 3-6 for (a) surface runoff,

(b) groundwater recharge, and (c) evapotranspiration

hypothetical scenarios at the Lijiadu hydrologic station

be explained by the increase of forested areas, which

results in an increased evaporation effect from leaves.

Scenarios Surface Groundwater  Evapotranspiration Only from the result in scenario 4, more forest also
runoff/mm Recharge/mm /mm

Baseline 290 s —_— results in less surface runoff, more groundwater recharge,

Scenario 3 36.0 331 31.9 and less ET than agricultural land. It means that forest

Scenario 4 463 257 77.6 has a greater capacity to conserve water than does pasture

Scenario 5 45.0 26.1 78.6 and agricultural land.

Scenario 6 54.1 21.5 74.2

The trend in the result of scenario 5 shows that more

Comparing the scenario 3 and scenario 5 results, it

paddy fields results in more surface runoff, less

can be inferred that forest lands and pasture lands amplify
soil infiltration as compared with paddy fields, resulting
in more groundwater recharge. In addition, pasture
lands have lower transpiration and interception rates as

compared with forested areas. The increase of ET can

groundwater recharge, and less ET than pasture lands.
However, it is useful to note that rice paddies were
always irrigated by large quantities of water in the
baseline and the scenarios, thus the soil was saturated

with water most of time. Thus, less rainfall infiltrated
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into the soil and groundwater, resulting in much of the
rainfall being transformed into runoff. Considering the
main water budget components changes in the scenario 6
results, we infer that agricultural land show a better
capacity to conserve water than pasture land.

The effects of the CCFGP over a 10-year period on
the water budget of the Jinghe River watershed in China
were investigated in a previous studym]. After the
implementation of the CCFGP, forest and grassland
increased while bare land and cropland decreased,
resulting in  decreased  surface  runoff and
evapotranspiration but increased streamflow of about
15% to 20% for the upstream and middle stream
subwatersheds, respectively. As a result, the overall
Jinghe River watershed water budget and ecological
environment improved under the CCFGP policy'”.
Table 6 shows that after the implementation of the
CCFGP, streamflow decreased slightly in the Fuhe River
watershed. However, the results of the two historical
scenarios (scenarios 1 and 2; Table 4 and Figure 7)
showed that the overall trends of surface runoff increased
under the CCFGP policy in the Fuhe River watershed,
indicating that the ecological environment had become
more degraded. Combined with the discussion
pertaining to hypothetical scenarios 3-6 (Table 5 and
Figure 8), it can be inferred that other factors, such as the
expansion of urban area, offset the potential positive

effects of the CCFGP in the Fuhe River watershed.

Table 6 Simulated average annual streamflow under different

scenarios at the Lijiadu hydrologic station

Scenarios Baseline Scenario 1 Scenario 2

Streamflow/m’s™! 426.2 4229 422.0

These conclusions from hypothetical scenarios are
consistent with some previous research from different
regions around the world. The Poyang Lake watershed
was chosen as the study area in another study, in which
the authors evaluated different Land-cover change

scenarios™".

They concluded that ET was greater for
They

inferred that the deep roots of forest plants draw moisture

forest land as compared to agricultural land.

from soil faster than water being transpired by short

rooted agricultural plants or bare soil. In addition, forest

plants have larger leaf areas for transpiration. Another
previous study reported similar results and inferred that
forest covers the soil throughout the year with litter, and
thus a high percentage of rainfall is held back by canopy

storage[14].

They found that even during the dry period
in autumn, the extended root system of trees is still
capable of water uptake from lower soil zones, and
therefore ET still proceeds at higher rates than in
agricultural fields.

In another study, two different hypothetical scenarios
were analyzed in which the agricultural areas were
changed to coniferous forest or the coniferous forests

B9 The authors

were changed to agricultural areas
found that the ET increased and the surface runoff
decreased due to the larger spatial amount of forested
areas. They stated that the higher water consumption of
coniferous forest in comparison to agricultural crops and
the larger storage capacity of the soils beneath forests,
resulted in less direct runoff after soil saturation is
exceeded. Thus it can be concluded based on their
findings as well as the results founds in this study, that
more agricultural land and more pasture land leads to
more runoff than forest land, and inversely, ET increases

and surface runoff decreases as forest area increases.
4 Conclusions

This study shows that the effect of land use change
resulting from various land use tendencies plays an
important role in the changing basin hydrology of the
Fuhe River basin of Poyang Lake. This paper used
extreme land use scenario method based on a modeling
approach, which is an important way to research how
LULC impacts hydrological processes. It represents the
possible range of hydrological fluctuation effects well,
and also confirms the sensitivity of the model. Our
research confirms that the SWAT model can be used to
assess the impact of different land use scenarios on water
budget characteristics in the Fuhe River basin with
satisfactory accuracy.

In the historical scenariol, paddy fields were roughly
converted to 1% forest land and 1% urban land. From
subsection 3.4, paddy fields were found to generally

produce the most runoff and forest land generally
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produced the least runoff, resulting in a slight increase in
surface runoff of 3.5% in historical scenario 1. The
decrease in paddy fields and increase in other land use
types did not greatly improve the water budget. The
increase of surface runoff indicates that the status in this
watershed had degraded. It can be inferred that urban
land had a negative impact on the regional water budget.
In the historical scenario 2, the forest land increased 3.5%,
meanwhile pasture land and agriculture land in total
decreased 3.8%.

but in this scenario, the average surface runoff increased

The urban land increased by only 1%,

by 5.8%, thus the water budget became more degraded
than in the historical scenario 1. It can be speculated
that the impact of the increase of urban land is nonlinear.
Small increases in urban land are a strong environmental
stressor.

Results from four hypothetical LULC scenarios
showed that under the same precipitation, basin slope and
soil texture conditions, paddy fields generally produced
the most runoff, least groundwater recharge and the least
ET. Forest land generally produced the least runoff,
most groundwater recharge and the largest ET. The
runoff, groundwater recharge and ET generated from
agricultural land and pasture generally fell between those
generated, respectively, from forest land and paddy fields.

Combined with the discussion above, we can
speculate that the CCFGP policy has not greatly
improved the water budget and hydrologic environment
in Fuhe River, but offset the adverse effects of the
increase in urban land use patterns. The approach used
in this study simply determined contributions of changes
for LULCs to hydrological components, providing
quantitative information for stakeholders and decision
makers to make better choices for land and water
resource planning and management. The outputs also
provide important references for the effects of CCFGP in
Fuhe River.

enough to improve regional water budget, controlling the

The implementation of CCFGP was not

population size to a reasonable level and decreasing the
area of urban land should be considered in this policy.
In the future work, we will continue to research the
influence of urban growth and climate on water budget in

this watershed, and reappraise the implementation of the

CCFGP policy in Fuhe River.

One key weakness in the simulation approach used in
this study was the simplistic way in which rice was
simulated, which does not reflect the actual water balance
dynamics that occur in actual rice production systems.
The SWAT2009 user manual recommends that users
simulate rice paddies using the HRU pothole function
available in SWAT.

shown that neither this recommended pothole approach or

However, recent research has

the approach used in this study (with runoff based on
curve numbers) accurately capture rice paddy system

[40]

dynamics Thus there is a need for further revisions

in SWAT to more accurately simulate rice paddy

. . . . [41-43
dynamics as discussed in other recent studies*'*.

Acknowledgements

This work was funded by the National Natural
Science Foundation of China (41331174, 41101415,
41301366),

Geospatial Technology, Collaborative Innovation Center

Collaborative  Innovation Center of
for Major Ecological Security Issues of Jiangxi Province
and Monitoring Implementation (JXS-EW-08), Special
Fund by Surveying & Mapping and Geoinformation
Research in the Public Interest (201512026), 863
Program (2012AA12A304, 2012AA12A306), Natural
Science Foundation of Hubei
(2015CFB331) and Special funds

Laboratory for equipment. Thanks to Jiangxi Provincial

Province of China

of State Key

Institute of Water Science for providing partial data for

this paper.

[References]
[1] Jia T M, Du S T, Zhou L.

eco-reestablishing strategy for Qinba mountain region.

Historical changes and

Journal of Northwest Sci-Tech University of Agriculture and
Forestry (Social Science), 2002; 02: 12—-16. (in Chinese, with
English Abstract). Doi: 10.3969/].issn.1009-9107.2002.02.
003.

[2] Zhang B, Yang Y S, Zepp H.

restorationon soil and water erosion and nutrient losses of a

Effect of vegetation

severely eroded clayey plinthudult in southeastern China.
Catena, 2004; 57: 77-90. Doi: 10.1016/j.catena.2003.07.001.
[31 Woo M K. Vegetation effects on soil and water losses
onweathered granitic hill slopes, south China.
Geography, 1990; 11: 1-16. Doi: 10.1080/02723646.

Physical


http://dx.chinadoi.cn/10.3969%2fj.issn.1009-9107.2002.02.003
http://dx.chinadoi.cn/10.3969%2fj.issn.1009-9107.2002.02.003
http://dx.doi.org/10.1016/j.catena.2003.07.001

108

June, 2015 Int J Agric & Biol Eng

Open Access at http://www.ijabe.org

Vol. 8 No.3

[11]

[14]

[15]

1990.10642390.

Woo M K, Fang G, Dicenzo P D. The role of vegetation in
Catena, 1997; 29: 145-159.
Doi: 10.1016/S0341-8162(96)00052-5.

Li S, Gu S, Liu W, Han H, Zhang Q. Water quality in
relation to land use and land cover in the upper Han River
Basin, China. Journal of Hazardous Materials, 2008; 75:
216-222. Doi: 10.1016/j.jhazmat.2008.09.123.

Arnold J G, Fohrer N.  SWAT2000: Current capabilities and

research opportunities

the retardation of rill erosion.

in applied watershed modeling.
Hydrological 2005; 19(3): 563-572. Doi:
10.1002/hyp.5611.

Gassman P W, Reyes M R, Green C H, Arnold J G. The

Soil and Water Assessment Tool: Historical development,

Processes,

Transactions of
10.13031/2013.

applications, and future research directions.
ASABE, 2007; 50(4): 1211-1250. Doi:

23634.
Douglas-Mankin, K R, Srinivasan R, Arnold J G. Soil and
Water Assessment Tool (SWAT) model: Current

developments and applications. Transactions of the ASABE,
2010; 53(5): 1423-143. Doi: 10.13031/2013.34915.

Tuppad P, Douglas-Mankin K R, Lee T, Srinivasan R,
Amold J G. Soil and Water Assessment Tool (SWAT)
hydrologic/water quality model: Extended capability and
wider adoption. Transactions of ASABE, 2011; 54(5):
1677-1684. Doi: 10.13031/2013.34915.

Gassman P W, Sadeghi A M, Srinivasan R.  Applications of
the SWAT model special section: Overview and insights.
Journal of Environmental Quality, 2014; 43(1): 1-8. Doi:
10.2134/jeq2013.11.0466.

Arnold J G, Moriasi D N, Gassman P W, Abbaspour K C,
White M J, Srinivasan R, et al. SWAT: Model use,
calibration, and validation. Transactions of the ASABE,
2012; 55(4): 1491-1508. Doi: 10.13031/2013.42256.
Hernandez M, Miller S N, Goodrich D C, Goff B F, Kepner
W G, Edmonds C M, et al.

land cover and rainfall spatial variability in semi-arid

Modeling runoff response to
watersheds.  Environmental Monitoring and Assessment,
2000; 64: 285-298. Doi: 10.1023/A:1006445811859.

Yang G X, Bowling L C, Cherkauer K A, Pijanowski B C.
The impact of urban development on hydrologic regime from
catchment to basin scales.
2011; 103: 237-247. Doi: 10.1016/j.1andurbplan.2011.08.
003.

Weber A, Fohrer N, Moller D. Long-term land use changes

Landscape and Urban Planning,

in a mesoscale watershed due to socio-economic

factors-effects on structures and functions.
Ecological Modelling, 2001; 140: 125-140. Doi: 10.1016/
S0304-3800(01)00261-7.

Alibuyong N R, Ella V B, Reyes M R, Srinivasan R,

landscape

[16]

(18]

[22]

[24]

Heatwole C, Dillaha T. Predicting the effects of land use
change on runoff and sediment yield in Manupali River
subwatersheds using the SWAT model.
Agricultural Engineering Journal, 2009; 18(1-2): 15-25.
Chen J F. Water budget of the SWAT model and its
application in the Suomo Basin.
Naturalium Universitatis Pekinensis, 2004; 40(2): 265-270.
Doi: 10.3321/].issn:0479-8023.2004.02.013.

Qiu GY, Yin J, Tian F, Geng S.  Effects of the “Conversion

of Cropland to Forest and Grassland Program” on the water

International

Acta Scientiarum

budget of the Jinghe River catchment in China. Journal of
Environmental Quality, 2011; 40(6): 1745. Doi: 10.2134/
j€q2010.0263.

Luo Q, Li Y, Wang K, Wu J. Application of the SWAT
model to the Xiangjiang river watershed in subtropical
central China. Water Science and Technology, 2013; 67(9):
2110-2116. Doi: 10.2166/wst.2013.100.

Cai T, Li Q, Yu M, Lu G, Cheng L, Wei X.

into the impacts of land-use change on sediment yield

Investigation

characteristics in the upper Huaihe River basin, China.
Physics and Chemistry of the Earth, Parts A/B/C, 2012;
53-54: 1-9. Doi: 10.1016/j.pce.2011.08.023.

U.S. Geological Survey. U.S. Department of the interior.
Sunrise Valley Drive Reston, Virginia, 2013. Available at:
http://earthexplorer.usgs.gov/. Accessed on [2013-09-15].
China Meteorological Data Sharing Service System. China
Meteorological Administration. Beijing, 2014. Available at:
http://cdc.cma.gov.cn/home.do.  Accessed on [2013-9-10].
FAO/IIASA/ISRIC/ISSCAS/JRC, Harmonized World Soil
Database (version 1.2). FAO, Rome, Italy and IIASA,
Laxenburg, Austria. 2012. Available at: http://webarchive.
iiasa.ac.at/Research/LUC/External-World-soil-database/HTM
L/. Accessed on [2013-09-15].

Chen X L, Bao SM, Li H, Cai X B, Guo P, Wu Z Y, et al.
LUCC impact on sediment loads in subtropical rainy areas.
Photogrammetric Engineering & Remote Sensing, 2007;
73(3): 319-327. WOS: 000244464600012.

Jiangxi provincial water conservancy department. The
Ministry of Water Resources of the People’s Republic of
China. Nanchang, Jiangxi. 2014. Available at: http://www.
jxsl.gov.cn/. Accessed on [2014-05-04].

Arnold J G, Kiniry J R, Srinivasan R, Williams J R, Haney E
B, Neitsch S L. Soil

Input/Output File Documentation:

and Water Assessment Tool
Version 2009. U.S.
Department of Agriculture — Agricultural Research Service,
Grassland, Soil and Water Research Laboratory, Temple, TX
and Black land Research and Extension Center, Texas
AgriLife Research, Temple, TX. Texas Water Resources
Institute Technical Report No. 365, Texas A&M University
TX. 2011. Available at:

System, College Station,


http://dx.doi.org/10.1016/S0341-8162(96)00052-5
doi:%2010.13031/2013.42256
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bHernandez%2C+Mariano%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bMiller%2C+Scott+N.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bGoodrich%2C+David+C.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bGoff%2C+Bruce+F.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bKepner%2C+William+G.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bKepner%2C+William+G.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage.com/search/results/expert.url?CID=expertSearchCitationFormat&searchWord1=%7bEdmonds%2C+Curtis+M.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=Y2wP7a2VoXuNIshKHVS&field=AU&value=Yang,%20GX
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Y2wP7a2VoXuNIshKHVS&author_name=Bowling,%20LC&dais_id=16305678&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Y2wP7a2VoXuNIshKHVS&author_name=Cherkauer,%20KA&dais_id=16448146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=Y2wP7a2VoXuNIshKHVS&field=AU&value=Pijanowski,%20BC
http://dx.doi.org/10.1016/j.landurbplan.2011.08.003
http://dx.doi.org/10.1016/j.landurbplan.2011.08.003
http://dx.chinadoi.cn/10.3321%2fj.issn%3a0479-8023.2004.02.013
http://cdc.cma.gov.cn/home.do

June, 2015

Tao C, et al.

Assessing impacts of different land use scenarios on water budget of Fuhe River

Vol. 8 No.3 109

[28]

[30]

[32]

[34]

[35]

http://swatmodel.tamu.edu/documentation/.  Accessed on
[2013-10-15].

Liu H, Chen X L, Huang R. Evaluation method of regional
sustainable development based on land use information.
Transactions of the CSAE, 2011; 27(11): 306-312. Doi:
10.3969/j.issn.1002-6819.2011.11.058

Arnold J G, Allen P M, Morgan D S.  Hydrologic model for
design and constructed wetlands. Wetlands, 2001; 21(2):
167-178. Doi: 10.1672/0277-5212(2001)021[0167:HMFDAC]
2.0.CO;2.

Krause P, Boyle D P, Base F. Comparison of different
efficiency criteria for hydrological model assessment.
Advances in Geosciences, 2005; 5: 89-97. Doi: 10.5194/
adgeo-5-89-2005.

Nash J E, Sutcliffe ] V. River flow forecasting through
conceptual models part I-A discussion of principles. Journal
of Hydrology, 1970; 10(3): 282-290. Doi: 10.1016/0022-
1694(70)90255-6.

Moriasi D N, Arnold J G, Van Liew M W. Model
evaluation guidelines for systematic quantification of
accuracy in watershed simulations. Transactions of the
ASABE, 2007; 50(3): 885-900. Doi: 10.13031/2013.23153.
Gupta H V, Sorooshian S, Yapo P O. Status of automatic
calibration for models:

hydrologic Comparison with

multilevel expert calibration.
Engineering, 1999; 4(2): 135-143. Doi: 10.1061/(ASCE)
1084-0699(1999)4:2(135).

Soil & Water USDA

Agricultural Research Service and Texas A&M Agrilife

Journal of Hydrologic

Assessment Tool. Software.
Research, Temple, Texas. 2014. Available at: http://swat.
tamu.edu/software/arcswat/. Accessed on [2013-8-15].

Van G A, Meixner T, Grunwald S, Bishop, T, Diluzio M,
Srinivasan R. A global sensitivity analysis tool for the
parameters of multi-variable catchment models. Journal of
Hydrology, 2006; 324(1-4): 10-23. Doi: 10.1016/].
jhydrol.2005.09.008.

Arnold J G, Moriasi D N, Gassman P W, Abbaspour K C,
White M J, Srinivasan R, et al. SWAT: Model use,
Transactions of ASABE, 2012;
55(4): 1491-1508. Doi: 10.13031/2013.42256.

USDA Natural Resources Conservation Service.

calibration, and validation.

United

[36]

[37]

[38]

[39]

[40]

[41]

[42]

States Department of Agriculture. Independence Ave., SW,
Washington, DC. 2014. Available at: http://www.nrcs.usda.
gov/wps/portal/nres/detailfull//?cid=stelprdb1043063.
Accessed on [2015-01-17].

Boithias L, Sauvage S, Taghavi L, Merlina G, Probst J,
Sanchez P J M. Occurrence of metolachlor and trifluralin
losses in the Save river agricultural catchment during floods.
Journal of Hazardous Materials, 2011; 196: 210-219. Doi:
10.1016/j.jhazmat.2011.09.012.

Lahmer W, Pfiitzner B, Becker A. Assessment of land use
and climate change impacts on the mesoscale.
Chemistry of the Earth (B), 2001; 26:
Doi:10.1016/S1464-1909(01)00051-X.

Hua G, Qi H, Tong J. Annual and seasonal streamflow

Physics and
565-575.

responses to climate and land-cover changes in the Poyang
Lake basin, China. Journal of Hydrology, 2008; 355: 106 -
122. Doi: 10.1016/.jhydrol.2008.03.020.

Krause P. Quantifying the impact of land use changes on the
water balance of large catchments using the J2000 model.
Physics and Chemistry of the Earth, 2002; 27: 663—673. Doi:
10.1016/S1474-7065(02)00051-7.

Sakaguchi A, Eguchi S, Kasuya M. Examination of the
water balance of irrigated paddy fields in SWAT 2009 using
the curve number procedure and the pothole module. Soil
Science and Plant Nutrition, 2014; 60(4): 551-564. Doi:
10.1080/00380768.2014.919834.

Xie X, Cui Y. Development and test of SWAT for
modeling hydrological processes in irrigation districts with
paddy rice. Journal of Hydrology, 2011; 396(1-2): 61-71.
Doi: 10.1016/j. jhydrol.2010.10.032.

Boulange J, Watanabe H, Inao K, Iwafune T, Zhang M, Luo
Y, et al.
PCPF-1@SWAT for simulating fate and transport of rice
pesticides. Journal of Hydrology, 2014; 517: 146—-156. Doi:
10.1016/j.jhydrol.2014.05.013.

Sakaguchi A, Eguchi S, Kato T, Kasuya M, Ono K, Miyata A,

et al.

Development and validation of a basin scale model

Development and evaluation of a paddy module for
improving hydrological simulation in SWAT. Agricultural
Water Management, 2014; 137: 116-122. Doi: 0.1016/j.
agwat.2014.01.009.


http://www.sciencedirect.com/science/journal/00221694
http://www.sciencedirect.com/science/journal/00221694
http://www.sciencedirect.com/science/journal/00221694/10/3
http://dx.doi.org/10.1016/0022-1694(70)90255-6
http://dx.doi.org/10.1016/0022-1694(70)90255-6
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bvan+Griensven%2C+A.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bMeixner%2C+T.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bGrunwald%2C+S.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bBishop%2C+T.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bDiluzio%2C+M.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/results/quick.url?CID=quickSearchCitationFormat&searchWord1=%7bSrinivasan%2C+R.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.sciencedirect.com/science/journal/00221694/324/1
http://dx.doi.org/10.1016/j.jhydrol.2005.09.008
http://dx.doi.org/10.1016/j.jhydrol.2005.09.008
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bBoithias%2C+Laurie%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bSauvage%2C+Sabine%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bTaghavi%2C+Lobat%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bMerlina%2C+Georges%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bProbst%2C+Jean-Luc%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bS%26%23225%3Bnchez+P%26%23233%3Brez%2C+Jos%26%23233%3B+Miguel%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/j.jhazmat.2011.09.012

