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Abstract: Soil erosion has been recognized as one of therrfajats to our environment
and water quality worldwide, especially in Chinao Titigate nonpoint source water
guality problems caused by soil erosion, best mamegt practices (BMPs) and/or
conservation programs have been adopted. Watenstueldls, such as the Annualized
Agricultural Non-Point Source Pollutant Loading redbd(AnnAGNPS), have been
developed to aid in the evaluation of watershegamse to watershed management
practices. The model has been applied worldwidepaden to be a very effective tool in
identifying the critical areas which had seriousséwn, and in aiding in decision-making
processes for adopting BMPs and/or conservatioigrams so that cost/benefit can be
maximized and non-point source pollution controh ¢e achieved in the most efficient
way. The main goal of this study was to assesshiaeacteristics of soil erosion, sediment
and sediment delivery of a watershed so that e¥eatonservation measures can be
implemented. To achieve the overall objective a$ tstudy, all necessary data for the
4,184 knt Daning River watershed in the Three-Gorge regibtthe Yangtze River of
China were assembled. The model was calibratedgusiiserved monthly runoff from
1998 to 1999 (Nash-Suitcliffe coefficient of effioiy of 0.94 and?? of 0.94) and validated
using the observed monthly runoff from 2003 to 2Q0&sh-Sutcliffe coefficient of
efficiency of 0.93 and?® of 0.93). Additionally, the model was validatedngs annual
average sediment of 2000—-2002 (relative error 0840and 2003—2004 (relative error of
0.18) at Wuxi station. Post validation simulatidrowed that approximately 48% of the
watershed was under the soil loss tolerance raldagéhe Ministry of Water Resources of
China (500 t-kif-y ™). However, 8% of the watershed had soil erosiorexdeeding
5,000 t-krﬁz-y_l. Sloping areas and low coverage areas are the soante of soil loss in
the watershed.
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1. Introduction

Soil erosion has increased throughout the 20thucgni], and has become an extremely serious
environmental problem worldwide. It has been recogph as a threat to the productivity of the farms
and the quality of surface waters in the Three-@a@ngea of the Yangtze River of China. The region is
subjected to flooding, soil erosion and sedimeotatiazards leading to environmental, social and
economic problems. However, there is only limitexbearch available to describe the erosion,
sedimentation, and water quality dynamics on a mshexl scale in this region. Thus, the accurate
guantification of soil erosion and sediment in thatersheds of the region is urgently needed and
essential for efficiently planning land use, enhagcagricultural production and productivity,
reducing reservoir sedimentation and improvingastravater quality.

Watershed models are considered as a cost-effemtisetime-efficient method for assessment of
pollutant loads and simulation of watershed proegssnd management practices in an effort to
address non-point source pollution [2]. Severakwnsited-scale hydrological and water quality models,
such as AnnAGNPS (Annualized AGricultural Non-PoB8durce) [3] and SWAT (Soil and Water
Assessment Tool) [4], have been developed ovepdisedecades to evaluate the hydrologic and water
guality responses of a watershed to alternative ag@ment practices. AnnAGNPS, a parameter
distributed and semi-physically based model, isgihesl to simulate water, sediment and chemical
movement from agricultural watersheds on a contisudaily time step [5]. AnnAGNPS was
developed as an expansion of the capabilities efsthgle event AGNPS with improved technology
and significantly advanced features. The singlene&NPS model has received extensive evaluation
and validation in the United States [6-8], Can&]jalfaly [10], and Germany [11].

AnNnAGNPS has been successfully used for hydrolsggiment and nutrient loading predictions
and evaluation of cost-effective alternative polmenarios over a wide range of environments in the
United States [12—-17], Czechoslovakia [18], Neft8l] [ Australia [2], Malaysia [20], and India [21].

The objectives of this study were to: (1) calibrated validate the capability of AnnAGNPS to
predict runoff on the watershed using field obsdrdata; and (2) evaluate the characteristics d¢f soi
erosion, sediment and sediment delivery on the i@pRiver watershed after AnnAGNPS is validated.
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2. Results and Discussion

Calibration and validation results for runoff areown in Table 1. AnnAGNPS simulated and field
observed monthly runoff from precipitation eventsieth were available for model evaluation at the
Wuxi gauging station are displayed in Figures 1 @n€haracteristics of soil erosion and sediment
yield within Daning River watershed for the curreondition simulation are given in Tables 2—4 and
Figures 3 and 4. Results for sediment deliveryrate given in Figure 5.

Table 1. Statistics concerning the AnnAGNPS simulationsmadnthly runoff at Wuxi
hydrological station during calibration and validatperiod.

Phase Values Mean (mm) SB(mm) RE® R*® &k NSEY RMSE(%) ©
Calibration Observed 81.97 109.33

Simulated 82.05 120.96 0.01 094 1.04 0.94 28
Validation Observed61.72 69.62

Simulated58.08 65.84 -0.06 093 094 0.93 29

2 Standard deviatio?; Relative error® Coefficient of determinatiori: Nash-Sutcliffe coefficient of efficiency;
¢ Root mean square error.

2.1. Model Evaluation

As shown in Table 1, the total runoff predicted AynAGNPS compared well with the observed
data RE = 0.01) during the calibration period (1998-1999).

Figure 1. Comparison of observed and predicted monthly fuabfWuxi hydrological
station during calibration year 1998—-1999.
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In addition, monthly runoff predicted by AnnAGNP&a@ compared well with the observed data
(NSE = 0.94), and the regression of the monthly predictinoff with the observed runoff on the line
of equal values was satisfactory, with Risquare value of 0.94¢ (< 0.05) and a slope of 1.04. The
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mean and standard deviation of simulated runoffewstose to the corresponding observed runoff as
shown in Table 1. Thus, the model can predict mygmtimoff well after calibration (Figure 1).

Comparisons of predicted and observed total rudofing the validation period (2003—-2005)
produced &RE of —0.06; and comparisons of predicted and obsementhly runoff during validation
period produced AISE of 0.93 and an R-square value of 0.p3<(0.05), which again demonstrates a
satisfactory fit with field data (Figure 2).

Figure 2. Comparison of observed and predicted monthly fuaibbthe Wuxi hydrological
station during validation year 2003—-2005.
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Studies performed by Licciardelt al. [22] in a Mediterranean watershed producé¢sa of 0.76
andRE of —0.4 for runoff comparison without calibraticafter calibration, th&JSE was 0.84 andRE
was zero, and thRSE was 0.83 andRE was 0.32 during validation period. MSE of 0.89 andRE of
—0.16 for runoff were reported by Zeneh al. [23] on the Ganspoel watershed (Belgium) without
calibration. A NSE of 0.82 was achieved by Baginakal. [24] on the Currency Creek experimental
catchment of the Sydney Region (Australia) aftdibcation. Based on a thorough review of model
evaluation methods done by Moriasial. [25], model simulation can be judged as satisigctf NSE
is greater than 0.50 and very good\igE is greater than 0.75 for runoff. Thus, the overatidel
performance was good. Generally, the monthly rur@fents were slightly underpredicted by
AnnAGNPS, although a few monthly runoffs were opegdicted (Figure 2). As pointed out by
Yuan et al. [12], and also demonstrated by Bagingdtaal. [24], Licciardello et al. [22] and
Yuan et al. [14], AnnAGNPS tended to under-predict runoff doethe assumption of a triangular
hydrograph and some approximations of model parensiet

Annual average sediment yields monitored at the Mgtation during 2000—2002 and 2003-2004
were 1.44 x 10t-y* and 1.09 x 10t-y%, respectively [26]. Therefore, average sedimemtsport per
square kilometer was calculated as 722 T2kt for the period of 2000-2002 and 546 t-kiyi* for
the period of 2003—2004, with the contribution acéa2000 knf above the Wuxi station. Annual
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average sediment yields predicted by AnnAGNPS Wed8 x 16 t-y* for the period of 2000-2002
and 1.29 x 19t-y™* for the period of 2003-2004 with the sedimentgpant rate of 477 t-kiy * and
645 t-km>y ‘respectively, which are approximately 34% lowerntithe observed value during
2000-2002 and 18% higher than the observed valiaegiR003-2004.

The use of RUSLE technology and the parametersciadsd with determining soil loss in
AnnAGNPS are meant to be used as long term estm¥iganet al. [12] showed that AnnAGNPS
adequately predicted average annual sediment lodldowy calibration. Studies performed by
Licciardello et al. [22] had aNSE of 0.51 andRE of 0.53 for sediment yield at event scale without
calibration. ARE of 0.59 was achieved by Shres#tal. [19] on a watershed in the Siwalik Hills of
Nepal. Although no detailed observed sediment datige available for comparisons of the sediment
simulation in this study, thdRE of —0.34 and 0.18 without calibration indicatessatisfactory
performance of AnnAGNPS application in simulatiedisnent.

2.2. Watershed Soil Erosion and Sediment Yield Smulation of Current Conditions

Based on terrain, soil, land use, and crop managemérmation and eight-year climatic data
from eleven stations in the watershed, results ipiedl by AnnAGNPS were used in evaluating
characteristics of soil erosion, sediment and sedtirdelivery of the watershed.

Soil erosion from individual cells was highly sy variable (Figure 3). The soil loss toleranoe i
earth-rock mountainous areas of southwest Chirs0@ t-km? per year by the Ministry of Water
Resources of China.

Figure 3. Spatial distribution map of average annual saisem by AnnAGNPS in the
Daning River watershed.
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Only 48% of the area of the total watershed, tatel of 1,996.8 ki is less than the tolerance
value. The annual average soil erosion for theemtatershed is 1,551.7 t-kfy * (Table 2), which is
much larger than the tolerance value. A small par{B%) of the watershed had soil erosion in excess
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of 5,000 t-krﬁz-y_1 as shown in Table 2. Therefore, additional sallse&em control measures must be
implemented to control soil erosion.

Table 2.Grades of soil erosion intensity predicted by AGMPS for the watershed.

Grades Soil erosion rate Area Percent of area  Average soil erosion rate
(tkm™y™) (km?) (%0) (tkm~y™)
Tiny <500 1996.8 47.76
Slight 500-2,500 1348.6 32.26
Middle 2,500-5,000 497.0 11.89 15517
Intense 5,000-8,000 238.5 5.70 T
Extreme 8,000-15,000 99.2 2.37
Violent >15,000 0.8 0.02

The soil erosion amount varied greatly with diffgreand use types (Table 3). The forestland, shrub
forestland and higher coverage grassland had lamsi@r amounts. The sloping land and lower
coverage grassland covered 22% and 5% of the watedrshed area, respectively, but their erosion
amount accounted for 56% and 11% of the watersbid. fTable 3 indicates that sloping land and
lower coverage grassland are the main source boflass. Thus, the key of soil loss control is to
control erosion from those lands and utilize thiasels more rationally.

Table 3.Soil erosion of different land use types predidigdAnnAGNPS.

Percent of area  Soil erosion Percent of soil  Soil erosion rate
Land use types

(%) (x10° t-y™h erosion (%) (tkm™2y™?
Paddy field 0.36 0.13 0.02 86.7
Dry field 22.33 364.12 55.59 3900.1
Forestland 14.71 19.73 3.07 320.7
Shrub Forestland 45.28 111.15 17.32 587.1
Sparse forestland 1.56 9.33 1.52 1,430.9
Higher coverage grassland 1.26 1.92 0.38 364.4
Medium coverage Grassland 9.13 69.99 11.23 1,833.5
Lower coverage Grassland 5.34 72.43 10.90 3,242.3
Stream 0.02 0 0 0
Residential areas 0.01 0 0 0
Total 100.00 648.80 100.00 1,551.7

Soil erosion is the first step in the sedimentapoocesses which consist of erosion, transportation
and deposition of sediments. A fraction of the ewdoil passes through the channel system and
contributes to sediment yield, while much of sa#ipdsits in landscape and water channels before
reaching the outlet. Defining a sediment budget lualp to better understand the sources, pathways
and sinks (deposits) of sediment within a waterséyestem. The sediment budget of the watershed
(Figure 4) shows that the average annual erosionuammof the Daning River watershed was
6.49 million tons, 21% deposited in the cells, 494red in the stream channels, and the rest was the
output of the watershed. To reduce sediment lofiseatvatershed outlet, it is important to have more
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soil deposited in the cells. Thus, more conserugpiactices such as buffers should be adopteckat th
landscape scale to reduce sediment loss.

Figure 4. Annual sediment budget for Daning River waterspeztlicted by AnnAGNPS.
Arrow thickness is proportional to the amount alisgent input or output.

N

Soil erosion amount
6.49 % 10°t-y™!

Sediment deposition amowqt in
reaches 3.18 x 10°t;

Sediment deposition amount

in cells 1.37 x 10°ty ™"
Sediment load at the watershed

outlet 1.95 < 10°t-y !

Table 4 shows annual average runoff and sedimestacteristics from the main stem and six
important tributaries in the watershed, which walso discretized by AGNPS 2001 data preparation
tools using a CSA value of 8,000 ha and an MSClueaif 2,000 m. The contribution areas above
Wuxi and Dachang stations are 2,000 and 3,05%) tespectively.

Among the six tributaries, Dongxi River, Xixi Rivedouxi River, Boyang River, Bayanzhi River
and Pingding River which altogether are about 73%he entire watershed, Xixi River and Boyang
River are the largest and smallest subwatershegectvely (Table 4).

The entire watershed can be classified into uppbo\e the Wuxing station), middle (between
Wauxi and Dachang station) and lower (from Dachaagan to the entire watershed outlet) watershed.
Average annual sediment yield is 1.25 % &¢* at the Wuxing station of the upper watershed digipi
adds up to 1.81 x £@-y* at the Dachang station at the middle watershedyeds it increases slowly
in the lower watershed, with only 1.95 x°10y* at the watershed outlet. This indicates that i t
1.95 x 16 t-y* sediment yield, 64% comes from the upper, 29% ftbenmiddle and 7% from the
downstream watershed, respectively. Among the rdixtaries, the Dongxi River, with the average
annual sediment yield of 5.23 x°If) about 27% of the total sediment yield, hadlgrgest sediment
contribution to the entire watershed. Dongxi Rivaatershed, with a large amount of deep sloping
lands and lower coverage grassland, will need ncoreservation measures implemented to reduce
sediment loss. In addition, strategies of conmmgllbank erosion should also be sought to reduce
sediment loss from this mechanism. Boyang Rivehwite largest runoff, 565.2 mm'yin six
tributaries, yielded 3.16 x 1@ons sediment per year, which was about 16% oktitze watershed.
Bayangzhi River watershed had the least soil enosfo766.6 t-kiif-y*, followed by Pingding River
watershed (1,054.9 t-kfy %). The reason that these two subwatersheds hadddverosion is that
most of the watershed area was covered by forestlad shrub forestland.
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Table 4. Annual average runoff and sediment characteri$tam® main stem and six important tributaries pcezti by AnnAGNPS in the
Daning River watershed.

Name® Area  Runoff volume PR® Runoff depth Sedimentyield PSY®  STRY Soil erosion SER® PSE'
(km?)  (x1Fm*yh) (%) (mm-y™) (x10" t-y™) %) (tkm2y™) (x10'ty™) (tkmPy?h) (%)
Dongxi River 542.0 2.7 14.52 501.8 52.3 26.88 965.8 114.3 2108.0 17.61
Xixi River 750.9 3.9 20.97 524.1 48.8 25.08 650.1 1.9 1223.9 14.17
Houxi River 514.8 2.8 15.05 540.7 24.0 12.33 465.8 63.7 1237.7 9.82
Boyang River 284.3 1.6 8.60 565.2 31.6 16.24 1211, 77.2 2715.0 11.90
BayanzhiRiver  463.0 1.4 7.53 299.9 19.0 9.76 410.3 355 766.6 5.47
Pingding River  485.1 1.8 9.68 378.1 19.5 10.02 g802. 51.2 1,054.9 7.89
Wouxi station 2,000.0 10.3 55.38 5134 124.6 64.03 23.B6 283.5 1,417.4 43.69
Dachang station 3,050.0 15.3 82.26 500.1 181.2 93.11 594.1 516.0 69117 79.53

Watershed outlet4,181.0 18.6 100.00 444.9 194.6 100.00 465.3 648.8 1,551.7 100.00

% Name of subwatersheds and hydrological contrdlosts; ® Percent of the total runoff; Percent of the total soil yield’; Sediment transport rate;
® Sediment erosion ratePercent of the total soil erosion.
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2.3. Evaluation of Sediment Delivery Ratio of the Watershed

Sediment yield is a critical factor in identifyimpn-point source pollution as well as in design and
construction of dams and reservoirs. However, sedinyield is usually not available as a direct
measurement but estimated by using a sedimentedglratio (SDR) [27]. An accurate prediction of
SDR is important in controlling sediments for susthle natural resources development and
environmental protection.

Figure 5 shows the spatial distribution of SDRIw watershed. Estimated SDRs range from 0.376
to 0.531 in six tributaries, which is consistenthwthe ranges from 0.15 to 0.61 for main watersheds
the Three-Gorge area of the Yangtze River [28]. SIDfhe whole watershed is approximately 0.30.
The maximum SDR is 0.531 in the Xixi River waterghand the minimum SDR is 0.376 in the Houxi
River watershed. The reason for the variation oRS®that each subwatershed varies greatly not only
in the drainage area, but also in slope, reliefdlerratio, runoff-rainfall factors, land use/landver
and sediment patrticle size. This SDR informatioruseful for future conservation planning of the
watershed for effective soil erosion control andisent loss.

Figure 5. Spatial distribution of sediment delivery ratiddR) predicted by AnNnAGNPS
in the Daning River watershed.

uxi

ek IS S b N

Legend Boyang R‘)Q_‘ N

0.409

Streams

= Watershed boundary
—— Subwatershed boundary

@ Hydrological control stations
Scale

0510 20 ©
Kilometers ‘Watershed outlet 0.300

3. Methods and Procedures
3.1. AnnAGNPS Model Description

The Annualized Agricultural Nonpoint Source Poltuti (AnnAGNPS) model is an advanced
technological watershed evaluation tool that hasnbdeveloped through a partnership between
the U.S. Department of Agriculture (USDA)—Agricuitu Research Service (ARS) and the
USDA—Natural Resources Conservation Service (NR@Shid in the evaluation of watershed
responses to agricultural management practiceslB329]. AnnAGNPS is a continuous-simulation,
daily time-step, pollutant loading model designed simulate long-term chemical and sediment
movement from agricultural watersheds; and it ideki significantly more advanced features than
AGNPS [6]. The spatial variability of soils, landey and topography within a watershed is accounted
for by dividing the watershed into many user-spedifhomogeneous, drainage-area-determined cells.
Runoff, sediment, and chemicals are routed fronin €&l through a channel network to the outlet of
the watershed. The model has the capability totiiyetihe sources of pollutants at their origin anod
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track them as they move through the watershedrsysibe surface runoff from a field is determined
using the Soil Conservation Service Curve Numb@S£N) technique [30] within AnnAGNPS. The
peak flow is calculated by the extended TR-55 tapien[31]. The lateral subsurface flow and tile
drainage are also accounted for in the model. Rumothannels is calculated using Manning’'s
equation. Soil erosion from each field is predictdsy Revised Universal Soil Loss
Equation (RUSLE) [32]. The sediment yield leaviragle field is based upon the Hydro—Geomorphic
Universal Soil Loss Equation (HUSLE) [33]. The sednt reach routing is based on a modified
Einstein deposition equation [34] using the Bagnsldpended sediment formula for the transport
capacity by particle size class. The model candsal to study the effects of alternative cropping an
tillage systems including the effects of fertilizpesticide, and irrigation application rates adl ae
point source yields and feedlot management [12].

Required input parameters for application of thedeldnclude climate data, watershed physical
information, and management information. Daily dbm information, which includes daily
precipitation, maximum and minimum temperaturesy g®int temperature, cloud cover, and wind
speed, is needed to account for temporal variatidhe weather. Climate data for simulation can be
historically measured, synthetically generated gisthe climate generator program [35], or a
combination of the two. GIS data layers of a wdtedsare extremely helpful in characterizing the
watershed physical information.

Using the GIS digital data layers of digital elewatmodel, soils, and land-use, a majority of the
data input requirements of AnnAGNPS were develdpedsing a customized ArcView GIS interface.
Inputs developed from the ArcView GIS interfacelude physical information of the watershed and
subwatershed (AnnAGNPS cell), such as boundary sarel, land slope and slope direction, and
channel reach (AnnAGNPS reach) descriptions. TheVigw GIS interface also assigned a soil and
land-use type to each cell by using the generatbavatershed and the soil and land-use GIS data
layers. Additional steps to provide the model wilile necessary inputs included developing the soil
layer attributes to supplement the soil spatiaktayestablishing the different crop operation and
management data, and providing channel hydraularadheristics. Those inputs can be organized
using the AnnAGNPS Input Editor, a graphical usgerface designed to aid users in selecting
appropriate input parameters. Management informatioludes various field management operations
such as planting, cultivation, fertilization, pegles and harvesting, much of which can be obtained
from RUSLE [31] databases or from actual activitraplemented.

Output information produced by the model includesoff, sediment, nutrient and pesticide loads at
a temporal scale ranging from daily to yearly ahdrey desired location such as specific cellsastre
reaches, feedlots, gullies, or point sources. Tlmelahalso has the capability to provide source
accounting information in terms of the fractionaopollutant load passing through any reach location
that originated from an upstream watershed poltusanirce area. Further details on the theoretical
background of AnnAGNPS can be found in the lite@{3,5,30,36].

3.2. Watershed Description

The study area is the Daning River watershed @480 11011 E, 31°04' to 344" N), which is
located in the center of the Three-Gorge reseraa of the Yangtze River, China (Figure 6). The
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entire watershed has a contributing drainage afe@bout 4,181 kmand drains into the Yangtze
River. The terrain is undulating, ranging from 95tan2,793 m above sea-level, and the slope varies
from O to 138%, which is derived from 1:50,000 DEWhe region has a subtropical humid-warm
climate, with annual average temperatures of ardin8 °C. Annual rainfall ranges from 1,000 mm in
the valleys to 1,700 mm in the high mountain a@fahe watershed with large variation from year to
year. Over 87% of the rainfall occurs between Apntl October, which markedly affects runoff and
soil erosion. The main crops grown in the DaningeRivatershed are rice, wheat, maize and rape. The
soils in the study area vary from sandy loams @mlp sands with most of the soil types in the
watershed classified as clay loam. The dominart isothe watershed is yellow soil and yellow
limestone soil, which represents almost 50% ofwtla¢ershed. Major soil types in the watershed and
their basic physical and chemical properties atediin Table 5.

Figure 6. Location of the study watershed.
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Table 5. Predominant soils of the Daning River watershetithrir basic characteristics (Chinese Soil Taxandbtassification).

Field Wiltin Saturated water

Soll Agea HG @ C(!ay Soilt Soand onck ?M oK (t_llh a'h'ﬂa: ' capacity ° pointg conductivity

(%) (%) 0) (%) (%) (%) MJ-mm) (cmiwater- cnPsoil) (mm-h™)
Yellow soil 34.6 D 26.5 37.7 35.8 13.7 5.9 29 330 0.291 0.152 4.9
Skeletal yellow soil 10.0 B 14.0 41.2 447 16.3 7915 0.040 0.242 0.104 16.5
Yellow-brown soll 18.6 D 30.1 34.1 35.9 26.3 58 63. 0.030 0.305 0.169 3.6
Skeletal yellow-brown soil 6.3 D 29.9 37.6 324 7n3. 6.1 25 0.034 0.310 0.168 3.9
Brown soil 7.3 B 21.6 41.5 36.8 214 55 7.6 0.033 0.273 0.131 7.7
Yellow limestone soil 14.9 D 28.5 34.6 36.9 428 55 27 0.032 0.297 0.162 4.0
Primary calcareous purple soil 4.2 B 22.6 39.9 375 2.2 6.7 3.5 0.032 0.275 0.135 6.9
Mountain meadow soll 1.0 B 20.1 38.1 41.8 11.8 5.410.0 0.031 0.260 0.126 8.4
Other 3.1

2 Soil Hydrological group® Organic matter® Soil erodibility factor® Derived from Saxtoet al.(1986) based on clay and sand ratios.
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Detailed records of agricultural operations inchgltillage, planting, harvesting, and fertilization
have been maintained since 1998. The operation geamant of four main crops related to this study
is listed in Table 6.

Table 6. Major crops grown, management schedules and maregeperations identified
in the watershed.

Management schedules Event date (day/month) Management operations Crop

Rice-Rape 10/05 Tillage/Fertilizer Rice
11/05 Irrigation
18/05 Fertilizer
3/06 Fertilizer
5/07 Fertilizer
10/9 Harvesting
11/10 Tillage/Fertilizer Rape
15/10 Fertilizer
15/10 Seeding
10/11 Fertilizer
26/02 Fertilizer
5/05 Harvesting
Maize-wheat 23/05 Tillage/Fertilizer Maize
26/05 Fertilizer
26/05 Seeding
6/07 Fertilizer
13/09 Harvesting
2/11 Tillage/Fertilizer Wheat
5/11 Fertilizer
5/11 Seeding
12/02 Fertilizer
10/03 Fertilizer
15/05 Harvesting

Daily runoff data at the Wuxi monitoring stationrohg 1998 and 2005 were obtained from the
Ministry of Water Resources of China. Runoff wasnitared using a velocity instrument methaoé,,
the two point method and the eleven point methde fivo point method, employed for the low water
level in the station, is that velocities are sard@étwo tenths and eight tenths of the water degittl
the results are averaged. The eleven point metrsmd] for the high water level, is the same aswvioe t
point method, but velocities are sampled at elgxants of the water depth (top, one tenths, twahign
three tenths, four tenths, five tenths, six tentigsjen tenths, eight tenths, nine tenths and byttom
Unfortunately, the data between 2000 and 2002 wessing. In addition, detailed sediment data were
also unavailable.
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3.3. Input Preparation
3.3.1. Climate Data

Required data for the weather file for model aglan includes daily precipitation, maximum and
minimum temperatures, dew point temperature, skyicand wind speed. There are a total of 11 rain
gauges in the Daning River watershed. Due to lapgeial and temporal variations of the precipitatio
in the watershed, multiple weather files were u3da entire watershed was divided into 11 polygons
using the Thiessen polygon method [37]. Each poalygontains one rainfall station and any
AnnAGNPS cells within the same polygon have the esaminfall data. The weather file for each
polygon was created using recorded precipitatida fam the rain gauges in the polygon for the time
period of January 1998 to December 2005 (FiguréWer weather information for the same period
was available from Fengjie meteorological statigpraximately 40 km away from Wuxi station,
which is the nearest climate station for the wéteds

Figure 7. Spatial distribution of raingauges and associaleéessen polygons in the

Daning River watershed.

Qﬁm

Topographic parameterization software, the AGNP&Lafata preparation tool, was used for digital
landscape analysis of 25-m raster Digital Elevatdondel (DEM). The size of the cells was
determined by a user-defined critical source af@aS) of 150 ha and a minimum source channel
length (MSCL) of 100 m. As a result of processing DEM data, the study area was discretized into
3,268 drainage areas (amorphous cells) and 1,3ehes (Figure 8). The watershed and associated
sub-watershed boundaries (Figure 8a) were delideated stream network (Figure 8b) was
generated. Terrain-based geomorphic and drainagenegers containing cell area, slope, perimeter,
RUSLE LS-factor, channel segment length and slopasd, the topology of the cell network were
also calculated.

3.3.2. Topographic Data
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Figure 8. Generated subwatersheds and stream network efutg watershed.
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3.3.3. Land Use

The land use map was developed from Landsat 5 Tidliseimage of October, 2004. Five major
types of land use: farmland (paddy field and dsidj, forest (forestland, shrub forestland, sparse
forestland), grassland (higher, medium and lowerecage grassland), stream and residential areas,
were identified in the watershed. The dominant lasel was assigned to each AnnAGNPS cell.

3.3.4. Crops and Cultivation Practices

Crop management operation information reflecting ¢ffect of human activities on the watershed
is important to determine the sediment yield admlya Therefore, the operation management
information should be developed with as much detaipossible; especially for those operations that
cause soil disturbance or land cover changes. Opgration and field management data in the
watershed were prepared based on field investigatRUSLE guidelines and databases. The
predominant crops grown were maize, rice, rape \@ahdat. The major crop rotation patterns are
rice-rape in paddy fields and maize-wheat in dpldod) land (Table 6).

3.3.5. Soil Data

In the model, 12 parameters from a total of 28-Baged parameters were required for runoff and
erosion simulation. Required inputs included pbatisize fraction, bulk density, albedo, saturated
hydraulic conductivity, field capacity, and wiltingpint. The dominant soil type was determined for
each AnnAGNPS cell, and associated characterifticshat soil type were organized through the
Input Editor. Soil data mainly came from the Saiing&y Office in Sichuan Province of China [38].
However, some necessary soil information for AnnAZaNsimulation was not available. Using the
“Soil water characteristics” software [39], theldaydraulic parameters such as saturated hydraulic
conductivity, field capacity and wilting point ra were derived. The proportion of very fine sand
(VES) in the soil was estimated as the productafisand silt divided by 100 [19]. The soil erodiigil
factor was estimated using the equation develogeshiarplyet al. [40].
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3.3.6. SCS Curve Number

The SCS-CN is a key factor to obtain accurate ptesh of runoff and sediment yields. Curve
numbers were selected based on the National Engigeelandbook, Section 4 [41] with some
adjustment to incorporate local conditions. Adjustin was made during the model calibration
processes, and was done by trial and error usengrdphical comparison as well as the comparison of
statistical parameters of observed and predictedffuThe estimated SCS-CN values for different
land uses of the watershed were listed in TablEh@. CN for four cropsi.e., wheat, maize, rice and
rape was used when the crops were growing. AncCthdor fallow with residue was used when one
crop was harvested but another crop had not yet pleeted. Further, the CN for other land use types
were selected and listed in Table 7 too.

Table 7.Estimated SCS curve numbers for the Daning Rivaerghed used in the model simulations.

Curve number Hydrologic soil group

Land cover class A B C D
Corn straight row (Poor) 65 75 82 86
Rice straight row (Poor) 63 74 82 85

Wheat straight row (Poor) 63 74 82 85
Rape straight row (Poor) 64 75 83 85
Lower coverage Grassland 50 80 87 93
Medium coverage Grassland 40 71 81 89
Higher coverage grassland 30 62 74 85
Forestland 30 55 70 77
Shrub forestland 36 60 73 79
Sparse forestland 45 66 77 83
Urban 89 92 94 95
Fallow + Crop residue (Poor) 76 85 90 93

3.4. Model Evaluation Criterion

Runoff data from 1998-1999 were used for calibraémd data from 2003-2005 were used for
validation. The purpose of calibration is to ackiea satisfactory simulation through an iterative
procedure of parameter evaluation and refinemeng eesult of comparing simulated and observed
values of interest. The purpose of the model vabdais to determine the quality of the model
predictions for other time periods not considemedalibration. The following statistics were used t
help evaluate model performance for calibratiom thean and standard deviation of both observed
and simulated values, the relative err®E), the gradient k, intercept b, and coefficient of
determination R?) of linear regression, the Nash-Sutcliffe coeéfiti of efficiency KNSE) [42], and
root mean square errdrR\(ISE).

The RE is the ratio of the total difference betwsenulated and observed valuessus the total
observed value. It ranges from minus oneotwhile zero indicates that there is no differeneeateen
model simulation and field observation. The smaherabsolute value of a RE, the better performance
of the model is.
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The coefficient of determinatiofi®?, gives the proportion of the variance in the obsérvalues
explained by the simulated values. For a good ageeéthe gradient k should be close to one and the
intercept b should be close to zero.

The NSE is a technique often employed to evaluatalated results in hydrological modeling. It is
calculated according to Equation (1):

NE =1-3'(0,-R)* />0, -0 )’ (1)

whereQ;, P; ando are observed, predicted, and the mean of the cideraiue respectively; andis
the total number of events. The N&hges from « to 1 while one indicates that the model is perfect.
A value larger than zero indicates that the mosgehinimally acceptable. Values between zero and
one indicate that the model is a better indicatantthe mean of the observed values; and negative
values indicate that the mean of the observed satua better indicator than the model [42].

The RMSE describes the difference between the wédeand simulated values in the unit of the
variable [23,43]. The RMSE range from Odowhile zero indicates there is no difference betwee
model simulation and field observation. The RMSE ba expressed by Equation (2):

RMSE :Ji(oi - R)Z/n 3= @)

AnnAGNPS did not simulate base-flow, hence to camphe model predicted runoff to observed
runoff, baseflow was separated from the observedffusing the baseflow filter method [44].

3.5. Sediment Delivery Ratio (SDR)

SDR, a sediment transmission coefficient, is calmd as the ratio of sediment yield at the
watershed outlet (point of interest) to the grassien in the entire watershed. It can be obtaine
the following Equation:

SDR=SY/E (3)

where SDR is the sediment delivery ratio. SY isgbdiment yield, and E is the gross erosion pdr uni
area above a measuring point.

4. Conclusions

ANnAGNPS was used in predicting runoff and sedimaeld for a Three-Gorge watershed of the
Yangtze River, China. The study demonstrates thahAGNPS adequately predicts long-term
monthly runoff with RE = 0.01,NSE = 0.94 andR? = 0.94 ¢ < 0.05) in the calibration period;
RE = -0.06,NSE = 0.93 and?? = 0.93 p < 0.05) in the validation period. The compariséranual
average sediment yield monitored during 2000—-20@R229003—-2004 in the Wuxi station also achieved
satisfactory agreement witRE of —0.34 and 0.18 respectively. The predicted fuaad sediment
yield compared well with the observed data indiggthat the model has an acceptable performance in
simulation of runoff and sediment yield for the DanRiver watershed. Additional model simulation
showed that soil erosion from individual cells vidghly spatially variable. Approximately 48% of the
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watershed had 0-500 t-R?ry_l. However, 8% of the area had soil erosion in excé$,000 t-krf?-y‘l.
Sloping lands and lower coverage grassland werenthm source of soil loss in the watershed,
indicating the key area of soil loss control. Therage annual erosion of the Daning River watershed
was 6.49 million tons, and of which about 21% wepasited in the cells and 49% was stored in the
stream channels, with the rest (30%) deliverethéovtatershed outlet. This indicates that more erosi
control should be sought on the landscape to reshittss. The SDR of the entire watershed isaD@®

it varies greatly for each subwatershed. The resolitained from applying AnnAGNPS on this
Three-Gorge watershed demonstrate that the modsl dwmsiderable potential as a research
and management tool for comparative assessmeng-téom monthly and annual estimation of
runoff and sediment yields, identification of lacdse “hot spots”, and exploration of sediment
delivery characteristics.
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