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Abstract 
 
Non-point source pollution (NPS) of water resources has become a major problem in recent years due to 
more human interactions and disturbances to natural landscapes. The problem can have more impacts in 
sub-humid subtropical regions where high intensity monsoon rains have greater effects on hydrologic proc-
esses and thus the assessment of those effects is necessitated for strategic water resources and environmental 
management. Since spatial and temporal changes of NPS pollutants are difficult to assess on a watershed 
scale, the assessment can be done effectively using a suitable water quantity-quality model coupled with GIS 
and remote sensing that incorporates spatial variations. The objective of this study was to assess the N and P 
loads from a small mixed type watershed comprising different land use land covers with the aid of Soil and 
Water Assessment Tool (SWAT)-a hydrologic-water quality model. The model was calibrated for runoff and 
sediment transport and then simulation of associated N and P loads as NPS pollution was done and compared 
with measured values at the outlet of the watershed which is part of the DVC Command, Hazaribagh, India. 
The calibrated SWAT model was used to estimate the water soluble NO3-N, NH4-N, P, organic N and or-
ganic P loads being transported as pollutants by runoff and percolated water. The estimates of these pollut-
ants provided information on the extent of NPS pollution of water downstream. The results of the study re-
veal that the NPS pollutant load in runoff varies with seasonal rainfall patterns and ranges from 2.57 to 4.52 
kg/ha in case of NO3-N which accounts for a maximum load of 7661.40 kg of NO3-N in surface runoff from 
the watershed under study. The total loss of N from the watershed accounts for as high as 8.84 kg/ha, 
whereas the P load is 0.02 kg/ha. These losses can be as high as 14984.14 kg of total N and 50.85 kg of total 
P when estimated as NPS pollutants from the watershed. The study is therefore important to get an estimate 
of the extent of these pollutants and develop measures for mitigating the losses as nutrient as well as pollu-
tion of water resources. 
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1. Introduction 

In humid and sub-humid subtropical regions in develop-
ing countries, such as India, intensive runoff and con-
comitant transport of sediment along with agro-chemi-
cals (fertilizers, insecticides and pesticides) are rapidly 
degrading land resources and polluting water resources. 
The rate of pollutant runoff from the watershed changes 
in response to land use (LU)/land cover (LC) and the 
characteristics of rainfall [1-5]. Hence, knowledge of 
pollutant runoff mechanism as non-point sources (NPS) 
is needed to understand the nature and extent of pollution  

from watersheds, especially under rainy conditions. Since 
the hydrologic response of a watershed varies spatially 
and temporally, an intensive study of the watershed is 
necessary for developing the management scenario and 
also for transforming the results from one watershed to 
another having similar characteristics. 

In agricultural as well as mixed type watersheds, the 
NPS pollution is largely generated by agricultural activi-
ties [6-9]. The United States Environmental Protection 
Agency (USEPA) reported that the routine agricultural 
activities were responsible for more than 60 percent of 
the surface water contamination [10]. In large water 
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bodies, such as the Chesapeake Bay, the major NPS pol-
lutants are sediment, nitrogen (N) and phosphorus (P) 
[11]. Fertilizers, animal wastes and crop residues are 
major sources of N and P. Nitrate concentrations in sur-
face and ground waters continue to be a matter of serious 
concern throughout the world [12-14]. In India high 
consumption of nitrogenous fertilizers and the resulting 
30-50% losses of nitrogen [15] has also been reported to 
contaminate surface and ground water bodies [16-18]. 

The wide spread nature of NPS pollutants losses in 
response to hydrological processes and land use patterns 
makes their measurements difficult. In contrast with 
point source pollution, large volumes of data are required 
for the assessment and management of NPS pollution. As a 
result, NPS pollution is often assessed by modeling that 
combines a hydrologic model with Geographic Information 
System (GIS) and Remote Sensing (RS) techniques [19-22]. 
The advantage of RS and GIS techniques is that they obvi-
ate the need for cumbersome and time-consuming extrac-
tion of watershed parameters. RS provides information on 
land use/land cover, topography and GIS helps manipulate, 
retrieve and display large volumes of spatial data [23] 
along with efficient compilation and evaluation of the al-
ready existing data. 

Although many investigations have been undertaken 
to integrate catchment and water management policy go- 
als with surface and sub-surface losses of N and other 
agrochemicals (pesticides and insecticides) from water-
sheds under unique LU/LC conditions [24-26], studies of 
these losses from mixed type watersheds in order to for-
mulate management plans are limited. Therefore, the 
objective of this study was to simulate runoff, sediment 
transport, nitrate nitrogen (NO3-N), ammonium nitrogen 
(NH4-N), and water soluble phosphorous (P) using the 
SWAT model and then apply the calibrated model to 
estimate the losses of NO3-N, NH4-N, water soluble P, 
organic N and organic P as NPS pollutants to the down-
stream water resources. The model output may be util-
ized in the formulation of management strategies for red- 
ucing the losses as well as maintaining NPS pollu-
tion-free water resources. 

2. Study Area 

This study was carried out in a small watershed named 
Banha shown in Figure 1. The watershed, situated in the 
sub-humid subtropical region of northern India, is 1695 
hectares in area, and is part of the Damodar Valley Cor-
poration (DVC) Command, Hazaribagh, Jharkhand. 
About 50% of the watershed area is under shrubs and 
forest, 10% under barren land and the remainder under 
crop cultivation. The residential area of the watershed 
comprises about 20 hectares with individual cattle and-
poultry farms. The elevation of the watershed varies 
from 398 m to 440 m above the mean sea level. The high- 
est elevated area, about 25% of the watershed, is rocky 

 

Figure 1. Banha Watershed of DVC Command, Hazaribagh, 
Jharkhand, India, showing sampling point locations, digi-
tized stream, and the watershed outlet. 

 
and covered by forest, while the rest 75% is a sloping 
landscape with soil depth up to 100 cm and includes for-
est, cultivated and barren lands. The slope of the area 
ranges from 1 to 18% with an average slope of 1.9%. 
The average annual rainfall of the area is 1200 mm of 
which more than 80% occurs during the monsoon months 
of June to October and the rest falling in the winter 
months of December to January. The daily temperature 
ranges from a maximum of 42.5℃ (1st May, 1999) to a 
minimum of 2.5℃ (18th January, 1999). The daily mean 
relative humidity varies from a minimum of 21.72% in 
the month of April to a maximum of 90.36% in the 
month of September. The overall climate of the area is 
classified as sub-humid sub-tropical. The soils of the 
watershed vary texturally from loamy sand to loam with 
sandy loam as the common texture. Texturally the soils 
are uniform with depth. The overall soils of the water-
shed are neutral to slightly acidic with medium orga- nic 
matter and low salt content. The bulk density of the soils 
varies around 1.5 g/cc, with moderately low saturated 
hydraulic conductivity ranging from 9.7 to 16.8 cm/day. 

The land use/land cover of the area during monsoon 
season mainly comprises the rice crop, although black 
gram, maize, soybean and vegetables are also grown on 
some upland patches. The forested area consists of a 
mixed forest of mainly sal (Shorea robusta), mahua 
(Madhuca indica), kend (Diospyros melanoxylon) and 
palas (Butea frondosa) trees. In the area there is no source 
of factory effluent or point sources of pollution, except 
the rural effluent from individual houses. Chemical fer-
tilizers and farm yard manure (FYM) are generally used 
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in crop cultivation practices. Therefore, the causes of 
possible NPS pollution from the area are fertilizers, indi-
vidual housing effluent and forest residues. 

3. Swat Model Description 

The physically based continuous time Soil and Water 
Assessment Tool (SWAT), developed by USDA-ARS, 
was used to estimate the hydrological behavior and N 
and P yields from the watershed under varying soils, land 
use and management conditions. The studied processes 
of the model are described below. 

3.1. Hydrology 

In the model, hydrologic cycle is simulated based on the 
water balance equation. Surface runoff volume is esti-
mated from daily rainfall using the SCS curve number 
technique [27] given as below: 
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where Q is the daily surface runoff (mm), R is the daily 
rainfall (mm) and s is a retention parameter (mm), which 
is related to the Curve Number (CN) and given as: 
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The sediment yield from each sub-watershed is com-
puted using the Modified Universal Soil Loss Equation 
(MUSLE) as 

LSPECKqVY p ....).(8.11 56.0         (4) 

where Y is the sediment yield from the sub-basin at time t, 
V is the surface runoff volume for sub-basin in m3, qp is 
the peak flow rate for sub-basin in m3/s, K is the soil 
erodibility factor, C is the crop management factor, PE is 
the erosion control practice factor, and LS is the slope 
length and steepness factor. MUSLE uses the amount of 
runoff to simulate erosion and sediment yield. 

3.2. Nutrients 

SWAT uses the modified EPIC model to compute nutri-
ent yield and cycling from the sub-watersheds [28] as 
discussed below. 

3.2.1. Nitrate 
The amount of NO3-N contained in runoff, lateral flow 
and percolation are estimated as the product of the vol-
ume of water and concentration. The amount of NO3-N 
in runoff is estimated for each sub-watershed by consid-
ering the top 10 mm soil layer only and is given as 
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re  is the amount NO3-N lost from the first 
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T is layer, Q the total water lost from the first layer in mm, 
and 

3NOC  is the concentration of NO3-N in the first 

layer. Leaching and lateral subsurface flows in lower 
layers are estimated with the same approach used in the 
upper layer, except that surface runoff is not considered. 

The loss of organic nitrogen along with the sediment
nsport is estimated using a modified loading function 

[29,30] that is applicable to individual runoff events. The 
loading function estimates the daily organic N runoff 
loss based on the concentration of organic N in the top 
soil layer, the sediment yield, and enrichment ratio as 
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where YON is the organic N runoff loss 

           (7) 

where Ca is the sediment 

3.2.2. Phosphorous 
d with sediment and the soluble P 

at the outlet 
(kg/ha), CON is the concentration of organic N in the top 
soil layer (g/t), Y is the sediment yield (t/ha), and ER is 
the enrichment ratio [31] and given as 

2X           1 aCXER

concentration (g/m3), and X1 
and X2 are parameters set by the upper and lower limits. 
When the enrichment ratio approaches 1.0, the sediment 
concentration would be extremely high and vice versa. 

P is mostly associate
runoff in SWAT is expressed as 

d
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k
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where YSP is the soluble P (kg/ha) lost in runoff volume 

ing 
fu

Q (mm), CLPP is the concentration of soluble P in the soil 
layer (g/t), and kd is the P concentration in the sediment 
divided by that of the water (m3/t). CLPP is constant for 
the whole simulation and initially input to the model. 

The sediment-associated P is simulated with a load
nction as 

))()((01.0 ERCYYP p              (9) 

where YP is the sediment-associated P loss in 

 computations on 
ea

4. Data Collection and Model Parameter  

Daily time series of measured data on rainfall, tempera-

runoff 
(kg/ha), Cp is the concentration of P in the topsoil layer 
(g/t), and ER is the enrichment ratio. 

The model performs simultaneous
ch sub-watershed and routes water, sediment, and nu-

trients through reaches and finally sums as loadings from 
the watershed. 

Estimation 

ture (maximum and minimum) precipitation, runoff and 
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, texture, existing land 
us

el was calibrated using daily stream 
flo

sediment transport from 1991 to 2001 were collected, pr- 
ocessed and used to run the model for this study. The 
NO3-N, NH4-N and water soluble P concentrations as 
NPS pollution data were monitored and measured at the 
watershed outlet during monsoon months of 2000 and 
2001. Stream water samples were collected at the water-
shed outlet on selected dates during June to September in 
both the years and the runoff-associated NO3-N, NH4-N 
and soluble P concentrations were measured at the Agri-
cultural and Food Engineering Department, Indian Insti-
tute of Technology, Kharagpur, India, with the aid of Ion 
analyzers and standard methods. 

Data on topography, soil type

 

e, land cover, water resources, drainage patterns of the 
watershed obtained from field measurement, topographic 
maps and remotely sensed imagery were stored in the 
ArcInfo GIS tool and used to generate inputs for the hy-
drologic and water quality model-SWAT. Physical and 
chemical properties of surface and sub-surface soil layers 
(up to 100 cm depth) were measured at 12 locations, well 
distributed over the watershed (Figure 1). The watershed 
was delineated using the Survey of India topographic 
sheets and after establishing a digitized contour coverage, 
a 30m×30m DEM was generated for estimating slope, 
drainage pattern, and aspect of the watershed. The wa-
tershed was sub-divided into 5 nested sub-watersheds ba- 
sed on drainage channels and land use/land cover (Fig-
ure 2). The Satellite imagery (IRS-1D, 15th December, 
2000) was classified to get the information on the extent 
of watershed land use/land cover. The land use/land cov- 
er of the watershed was classified in 9 categories: low 
land paddy (rice), upland crops, shallow water body, de- 
ep water body, growing forest (new plantation), degraded 
forest, dense forest, fallow land and eroded land, as sho- 
wn in Figure 3. The sub-watershed wise summary 
showing its mixed nature is presented in Table 1. After 
the classification of imagery, the sub- watershed wise 
statistics were generated and used for estimating model 
input parameters.  

The SWAT mod

Figure 2. Sub-watershed map of Banha watershed. 
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w and sediment yield measured at the watershed out-

let for months of June to September, 2000, as the pri-
mary concern was to estimate the NPS pollutant loads 
during the monsoon season. The calibrated model was 

Figure 3. Land use/land cover map of Banha Watershed for 
the year 2000. 

 

Table 1. Sub-watershed wise statistics of land use land cover of Banha watershed. 

Area under different LU/LC (ha) 
LU/LC 

SWS1 SWS2 SWS5 
Total 

% 
Area 

SWS3 SWS4 

Forest 877.89 224.95 251.13 126.90 255.41 19.50 51.79 
Paddy-cultivation 

Residential Area 
3 4 3 5 1  1

76.74 111.32 139.36 194.05 12.37 533.84 31.49 
Water bodies 6.24 16.85 32.71 48.46 3.97 108.23 6.39 
Fallow land 10.12 21.56 13.78 18.86 3.11 67.44 3.98 
Eroded land 18.11 24.92 17.89 39.10 2.11 102.13 6.03 

1.15 1.33 1.05 1.83 0.14 5.50 0.32 
Total area (ha) 37.31 27.11 31.68 57.72 41.20 695.02 00.00 
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tested to nc ns o , NH

5. Performance Evaluation of Model   

The values of daily runoff and associated NPS pollutant 

ificant differences between the me- 
an

 simulate the co entratio f NO3-N 4-N, 
and water soluble P in stream flow, and the model results 
were compared with measured values. The properly cali-
brated model was then used to estimate the loads of NPS 
pollutants and runoff from the watershed. 

Simulations 

concentrations simulated by SWAT were compared with 
observed values by plotting hydrographs and scaterogra- 
ms. Particular attention was given to the magnitude of 
event and its closeness to the measured value. For quan-
titative assessment, Student’s t-test, Coefficient of deter- 
mination (R2), Nash-Sutcliffe Simulation Efficiency 
(ENS), Root Mean Square Error, (RMSE) and Percentage 
Deviation (Dv) test between measured and simulated val- 
ues were calculated. 

Comparison of sign
 values of observed and model simulated values was 

done using Student’s t-test as 
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where SAvg and OAvg are the averages of simulated and 

R ) describes the 
pr

observed values, and SS and OS are the standard devia-
tions of simulated and observed values, respectively. If 
the calculated value of student’s t-test (tc) was less than 
that of the t-tabulated value with N-1 degree of freedom 
and 5% level of significance (i.e.,  = 0.05 for two tailed 
‘t’-test), then the difference between the means was not 
significant at the 5% significant level. 

The coefficient of determination ( 2

oportion of the total variance in the observed data that 
can be explained by the model. It ranges from 0.0 to 1.0, 
with higher values indicating better agreement, and is 
given as 
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where O  is the ith observed value, OAvg is the mean of the 

efficiency (ENS) or modelling efficiency 
[3

i

observed values, Si is the ith simulated value, SAvg is the 
mean of model simulated values, and N is the total num-
ber of events. 

Simulation 
2] expresses the fraction of the measured streamflow 

variance that was reproduced by the model. ENS is ex-
pressed as 
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The ENS value varies from 0 to 1, with 1 indicating a 
perfect fit. 

RMSE is estimated as: 
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i
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The percentage deviation (DV) is a measure of the dif-
ferences in observed and simulated v
ticular period of analysis and is given as 

N

alues for the par-

100
'
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where V is the measured runoff volume and V’ is the 
model simulated runoff volume. T
D , better the model result. For a perfect model, D  

ediction or overprediction limits 
w

he smaller the value of 
v v

would be equal to zero. 
The prediction performance and acceptable limits were 

determined based on the criteria suggested by Bingner 
et al. [33]. The underpr

ere determined for model simulation within or equal to 
  20% of measured and considered as acceptable levels 
of simulation accuracy. The underprediction or overpre-
diction in terms of the percent deviation,   10% as low 

ight), (sl   10 to 20% as moderate,   20 to 30% as 
severe and greater than   30% as very severe, were 
considered. 

6. Results and Discussion 

6.1. Hydrologic Calibration 

Calibration of the SWAT model was done using meas-
 of June to September 

of 2000. The time series of measured and model simu-
ured data for the monsoon months

lated daily stream flow and sediment yield from the wa-
tershed were compared, as shown in Figures 4 and 5. It 
is apparent from Figure 4(a) that simulated runoff fol-
lowed, in general, a trend similar to that of measured 
runoff. The magnitude and temporal variation of simu-
lated runoff showed a good response to rainfall distribu-
tion and a close match with measured values, except that 
a few peaks marginally deviated from measured daily 
runoff peaks. The differences between measured and 
simulated runoff values can be ascribed to topographic 
and morphological heterogeneity of the watershed af-
fecting the watershed runoff response. Comparison 
showed that most of the compared points were evenly 
distributed around the 1:1 line, except for a few events of 
higher and lower magnitudes. 
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ent yields were a little 
hi

 

simComparison of the time series of measured and simu-
lated daily sediment yield is shown in Figure 5. The 
model simulated daily sedim

gher than measured values for high rainfall events but 
for medium rainfall events the simulated values deviated 
less from the measured sediment yield. This can be at-
tributed to the model rather than rainfall characteristics. 
The differences can also be ascribed to the nature of 
rains and soil conditions over the watershed. Comparison 
between simulated and measured daily sediment yields, 
as shown in Figure 5(b), depicts that simulated sediment 
yield is well distributed about the 1:1 line with slight 
over prediction during high magnitude events. 

Statistical tests (Table 2) performed on measured and 

 

ulated daily flow and sediment yield showed that the 
measured and simulated mean flow and sediment yield 
were not significantly different at the 95% confidence 
level during the hydrologic calibration of the model as 
the calculated student’s t-test values were lower than 
their critical limits. The values of R2 (0.83 and 0.80) and 
ENS (0.70 and 0.73), respectively, for daily flow and 
sediment yield also indicated better agreement between 
measured and simulated values. The respective values of 
RMSE (0.68 m3/s and 7.42 g/L) and Dv (3.58 and –6.65) 
for daily flow and sediment yield showed that the model 
slightly under-predicted daily flow and over-predicted 
daily sediment yield but well within acceptable limits of 
accuracy during the simulation period. 
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(a)                                                             (b) 

Figure 4. (a) Measured and SW ration of the mode

 

AT simulated daily flow; (b) scatergram plot used for hydrologic calib l. 
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(a)                                                         (b) 

Figure 5. (a) Measured and SWAT simulate  calibration of the 
model.  

d daily sediment yield; (b) scatergram plot used for hydrologic
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 that the model calibrated parameters for 
h

e 
NPS tion due to the losses of nutrient from 

late the same during monsoon months of June to October 

 m vents, except 
fo

d S

 
From the graphical as well as statistical comparisons it 

an be inferred
the watershed during June to September, 2000, and simu-

c
t e studied watershed represented quite realistically the 
nature and behavior of the watershed. The marginal dif-
ferences can be the results from the inaccuracies in-
volved in the model presentation of the subtle differences 
in channel, soil and sub-surface water properties [34]. 
Hence, the SWAT model can be used for the simulation 
of the studied watershed. 

6.2. Simulation Validation of Model for NPS  
Pollution 

The WAT model was used to simulate thcalibrated S
water pollu

of 2001. Measured concentrations of NO3-N, NH4-N and 
soluble P in the surface runoff at the watershed outlet in 
2000 and 2001 were used for the validation of model 
simulations. Measured and simulated NO3-N, NH4-N and 
soluble P concentrations at the watershed outlet for the 
monsoon seasons of 2000 and 2001 are presented, re-
spectively, in Figure 6 for NO3-N, Figure 7 for NH4-N, 
and Figure 8 for soluble P. 

Figure 6 shows that the NPS NO3-N loading is gener-
ally closely predicted by the odel for all e

 
Table 2. Statistical test results of the measured an

r initial events in 2000. However, statistical compari-
sons between measured and simulated NO3-N (Table 3) 
indicate a close agreement at the 95% level of confidence 

WAT simulated daily runoff and sediment yield. 

Statistical parameters Stream flow Sediment yield 

t-calculated 
t-critical (two ta

f determination (R2) 
lation efficiency (ENS) 

0.09 -0.15 
il) 

Coefficient o
Nash-Sutcliffe simu

Root mean square error, RMSE 
Deviation, Dv (%) 

1.97 
0.83 
0.70 
0.68 
3.58 

1.97 
0.80 
0.73 
7.42 
-6.65 
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(a)                                           (b) 

Figure 6. Measured and SWAT simulated NPS-NO -N concentration at the watershed outlet in 2000 (a) and in 2001 (b). 

 
3 4

3

Table 3. Statistical test results of measured and SWAT simulated NO -N, NH -N and P concentration in runoff of 2000 and 2001. 

NO3-N NH4-N Soluble P Statistical 
parameters 2000 2001 2000 2001 2000 2001 

t-calculated 
t-c l) 

R2 

ENS 
RMSE 
Dv (%) 

0.29 

0.99 
0.95 
1.08 
18.14 

0.15 

0.99 
0.99 
1.13 
7.97 

0.20 

0.99 
0.98 
1.15 
14.79 

0.20 

0.90 
0.88 
1.13 
11.08 

0.35

0.98 
0.89 
1.13 
24.45 

.61 

0.90 
0.83 
1.10 

33.48 

ritical (two tai 2.05 2.06 2.05 2.06 
 0

2.06 2.08 
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as t-calculated (0.2 5) was less than t-critical 
(2.05 and 2.06) nd 200 n acce e 
agreement between m red and sim d NO s 
also indicated by the values of coeffici f dete -
tion (0.99 and 0.99) sh-Sutcliff ulation effi-
ciencies (0.95 and 0 both year e root n 

ulated NH4-N were 
no

and 0 d th sh-Sutcliffe simulation effi-
es (0.98 and 0.88) indicated an acceptable perform-

l. The an square error values for 
d 20 ere est 1.13 µg/L, re-

vely. alues rcent d ion of 14.79 for 
d 1 or 20 cate  the model per-

e statistical tests performed on the 
m

9 and 0.1
for both 2000 a 1. A ptabl

easu ulate 3-N i
ents o rmina

and Na e sim
.99) in s. Th  mea

square errors for 2000 and 2001 were estimated as 1.08 
and 1.13 mg/l, respectively. The percent deviation of 
18.14 and 7.97 for 2000 and 2001, respectively, indi-
cated that the model under-predicted NO3-N, particularly 
in 2000. Although the model under-predicted the NO3-N 
concentration, considering the statistical agreement the 
model predictions were acceptable. 

Comparison of measured and simulated concentrations 
of NH4-N for 2000 and 2001, shown, respectively, in 
Figure 7(a) and (b), revealed that the simulated values 
of NH4-N were in close agreement with measured values. 
The results of statistical tests indicated that the differ-
ences of means of measured and sim

t significant at the 95 % confidence level, since 
t-calculated (0.20 and 0.20) was less than t-critical (2.05 
and 2.06). The values of coefficients of determination 

formance was good, although the NH4-N concentration 
was under-predicted. However, overall comparison of 
statistical tests revealed that the model predictions of 
NH4-N, though lower than measured, but still within the 
acceptable level, may be used for the analysis of water-
shed behavior. 

Comparison between the measured and simulated val-
ues of soluble P for the selected observation dates of 
2000 and 2001 shown in Figure 8(a) and (b), respective- 
ely, revealed that the simulated values of soluble P were 
marginally under predicted by the model at least for the 
observation dates. Th

 
 

(0.99 .90) an e Na
cienci
ance of the mode root me
2000 an 01 w imated as 1.15 and 
specti The v of pe eviat
2000 an 1.08 f 01 indi d that

easured and simulated soluble P showed that the differ- 
rences were not significant at the 95 % confidence level, 
since t-calculated (0.35 for 2000 and 0.61 for 2001) val-
ues were less than the t-critical (2.06 for 2000 and 
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Figure 7. Measured and SWAT simulated NPS-NH4-N concentration at the watershed outlet in 2000 (a) and in 2001 (b). 

 

 
B

0

3

6

9n
c.

 (

12

µ
g

/l
)

15

01
-Ju

n

16
-Ju

n

01
-Ju

l

16
-Ju

l

31
-Ju

l

15
-A

ug

30
-A

ug

14
-S

ep

29
-S

ep

14
-O

ct

29
-O

ct

Time (days)

S
o

lu
b

le
 P

 c
o

A

0

3

6

12

15

01
-Ju

n

16
-Ju

n

01
-Ju

l

16
-Ju

l

31
-Ju

l

15
-A

ug

30
-A

ug

14
-S

ep

29
-S

ep

14
-O

ct

29
-O

ct

Time (days)

S
o

lu
b

le
 P

 c
o

µ
g

/l
)

SWAT_Soluble P Meas. Sol. P

9n
c.

 (

 
(a)                                              (b) 

Figure 8. Measured and SWAT simulated NPS water soluble P concentration at the watershed outlet in 2000 (a) and in 2001 (b). 
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2.08 for 2001) values. The values of coefficient of de-
termination (0.98 for 2000 and 0.90 for 2001) and 
Nash-Sutcliffe simulation efficiencies (0.89 for 2000 and 
0.83 for 2001) indicated a better agreement between 
measured and simulated values for 2000. The root mean 
square errors for 2000 and 2001 were estimated as 1.13 
and 1.10 µg/L, respectively. The values of the overall 
deviation indicated that soluble P was severely un-
der-predicted (24.45%) in 2000 and (33.48%) in 2001. 
However, the overall statistical comparison showed that 
the model performance was satisfactory with respect to 
the simulation of soluble P. The simulation results of 
NPS pollutants are in conformity with the findings of 
other researchers [35-37]. 

6

sub-surface flow were relatively low. The loss of organic 
N was also quite high compared to organic P and NH4-N 
(Figures 9(e) and (f)). The quantified nutrient loads from 
the watershed varied from 2.57 to 4.52 kg/ha as NO3-N 
lost in surface runoff, 0.17 to 0.29 kg/ha as NO3-N lost in 
sub-surface runoff, 1.73 to 3.87 kg/ha as NO3-N lost with 
percolated water, 0.13 to 0.14 kg/ha as organic-N, 0.02 
kg/ha as NH4-N, 0.02 kg/ha as organic P and 0.01 kg/ha 
as soluble P from the watershed as NPS pollutants during 
monsoon months of 2000 and 2001. 

Figure 9 shows a clear variation in simulated losses of 
N and P for 2000 and 2001 which was due to the varia-
tion in rainfall intensity and distribution in both the years 
and had a high effect on transport characteristics of NPS 

ial small rainfall in 2000, the 
 

 which ranged from 
43

 

.3. Estimation of NPS Pollution Load from the surface runoff loss of NO3-N was less than that in 2001
Watershed 

Monthly surface and sub-surface losses of NO3-N, NH4- 
N, soluble P, organic N and organic P on a per hectare 
basis as NPS pollutants loads from the watershed to the 
downstream water were estimated from the validated 
SWAT model. The results obtained are shown in Figure 
9. Figures 9(a) and (b) show monthly rainfall distribu-
tion, Figures 9(c) and (d) show NO3-N and Figures 9(e)  
and (f) show P and N species loads from the watershed 
during the monsoon months of 2000 and 2001. It is ap-
parent from Figures 9(c) and (d) that an appreciable 
amount of NO3-N was lost in surface runoff with the 
percolated water. However, nutrient losses due to the 

pollutants. Because of init

(Figures 9(c) and (d)), whereas the generation of sedi-
ment was more due to dry soil condition in 2000, and the 
organic-N loss was more in the monsoon months of 2000 
than that in 2001. 

These per hectare losses were used to assess the total 
load of agro-chemicals in runoff which threaten down-
stream water resources as NPS pollution. These are pre-
sented as total loads in Table 4. It is clear from the table 
that stream water going out from the watershed con-
tained the maximum load of NO3-N

56.15 kg in 2000 to as high as 7661.40 kg in 2001. 
However, the watershed showed a low vulnerability to 
the loss of water soluble P. 

 
SQ - Surface runoff, SSQ- Sub-surface runoff 

Figure 9. SWAT-simulated surface and sub-surface losses of NO3-N, NH4-N, Soluble P, organic N and organic P from the 
watershed in 2000 and 2001. 
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Table 4. SWAT estimated losses of N and P species as NPS pollutants from the watershed. 

Runoff loads as losses (kg) from watershed in year 
Losses of N and P species in- 

2000 2001 

Surface runoff- NO3-N 4356.15 7661.40 

Subsurface runoff- NO3-N 288.15 491.55 

Percolation- NO3-N 2932.35 6559.65 

Surface runoff- NH4-N 30.07 34.24 

Organic- N 220.35 237.30 

Organic- P 33.90 33.90 

Soluble- P 0.00 16.95 

 
7. Conclusions 

Estimation of N and P loads from a mixed type water-
shed in a sub-humid subtropical region as NPS pollutants 
to the downstream water resources show a quite good 
amount of nutrient loss from the watershed. The study 
also reveals that these l

mated from the watershed are 8.84 kg/h and 0.03 kg/ha, 
respectively, wh
trient loss from watershed and a possible threat to wate
pollution, c  NO3-N in surface 
water and about 6.5 tonnes of NO3-N in percolated wa-
ter.Sin w an effect of rainfall pattern, 
protect ement strategies should be
formulated accordingly before losses occur. To reduce
non-po  loading the best management 
practices on proved tillage, application of 
fertiliz  and water conservation can be adopted
suitabl erall results of the present study con-
clude timation of NPS pollutant load from a 

all mixed type watershed in sub-humid subtropical 
ormed successfully with the aid of 

quality model-and also ap-
plied to the NPS pollution management of water re-

[3] B. Kronvang, R. Grant, S. E. Larsen, L. M. Svendsen and 
P. Kristensen, “Non-point-source Nutrient Losses to the 
Aquatic Environment in Denmark: Impact of Agricul-
ture,” Marine Freshwater Research, Vol. 46, 1995, pp. 
146-177. 

[4] Z. Liu, D. E. Weller, D. L. Correll and T. E. Jordan, “Eff- 
ects of Land Cover and Geology on Stream Chemistry in 
Watersheds of Chesapeake Bay,” Journal of the American 

[5] I. Y. Yeo, S. I. Gordon and J. M. Guldmann, “Optimizing 
Runoff Flow and 

Nonpoint Source Pollution with an Integrated Hydro-
al of Earth Interac-

tions, Vol. 8, No. 6, 2004, pp . 

 O. Nagafuchi, T. Inoue and e, “Runoff Pattern of 
Pesticides from Paddy Fie atchment Area of 
Rikimaru Reservoirs, Japan r Science and Tech-
nology, Vol. 30, No. 7, 199 -144. 

] O. Kawara, K. Hirayma and nimatsu, “A Study on 
Pollutant Loads from the Forest y Fields,” 
Water Science and Techno l. 33, No. 4-5, 1996, 
pp. 159-165. 

] J. Kammerbauer and J. M a, “Pesticide Residue 
Assessment in Three Selected Agricultural Production 
Systems in the Choluteca River Basin of Honduras,” En-

t of NO3-N Concen-
tration in Agricultural Waters by Narrow Buffer Strips,” 
Environmental Pollution, Vol. 117, 2002, pp. 165-168. 

osses are highly dependent on the 
pattern of rainfall. During the study period 2000 and 
2001, maximum seasonal loss of nutrient N and P esti-

Water Resources Association, Vol. 36, No. 6, 2000, pp. 
1349-1365. 

ich, when viewed in terms of total nu- Patterns of Land Use to Reduce Peak 

r 
logical and Land-use Model,” Journ

omes about 7.6 tonnes of

ce losses clearly sho
ion and control manag  

 
int source pollutant

 land use, im
er and soil  
y. The ov
that the es

sm
region can be perf
SWAT-a hydrologic-water 

sources. Once the scenarios to manage these losses are 
analyzed using the SWAT model, a sustainable man-
agement practice may be formulated. 
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