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Impact of BMPs on water quality: a case study in Big Sunflower River watershed,
Mississippi
Avay Risal a, Prem B. Parajulia and Ying Ouyangb

aDepartment of Agricultural and Biological Engineering, Mississippi State University, Mississippi State, MS, USA; bCenter for Bottomland
Hardwoods Research, USDA Forest Service, Mississippi State, MS, USA

ABSTRACT
Impact of Best Management Practices (BMPs) can be evaluated using hydrologic and water quality
models. Although numerous models with diverse function, capability and degree of complexity
are available, suitable model for each watershed should be determined. The Soil and Water
Assessment Tool (SWAT) and Hydrologic Simulation Program-Fortran (HSPF) models were applied
to the Big Sunflower River Watershed (BSRW) and their performances in simulating hydrology and
water quality were evaluated. Both the models simulated streamflow, sediment, and nutrient
concentrations with model efficiency greater than 50%. The SWAT model simulated streamflow
and sediment concentration more accurately than HSPF whereas, for total nitrogen (TN) and total
phosphorous (TP) concentrations, the HSPF model simulated equally good as SWAT. Models
evaluated effect of two BMPs: vegetative filter strip (VFS) and tailwater recovery pond (TRP) in
reduction of streamflow, sediment, TN, and TP concentrations. Average reduction of streamflow
due to the implementation of both BMPs in SWAT and HSPF were less than 1% but average
reduction of sediment concentration by VFS in SWAT was 26% and in HSPF was 38%. Average
reduction of sediment concentration by TRP in SWAT and HSPF were 21% and 30% respectively.
VFS reduced TN concentration by 51% in SWAT and by 25% in HSPF, while average reduction of
TN concentration by TRP in SWAT and HSPF were 7% and 2% respectively. Similarly, average
reduction of TP concentration by VFS in SWAT and HSPF were 56% and 31% respectively and that
by TRP in SWAT and HSPF were 2% and 1% respectively. Differences in simulation results based
on application of two models were mainly attributed by the modelling mechanism and equations
used. The results from this study will provide a broader idea to other modellers and end-users in
selecting appropriate model according to their need and type of watershed.
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1. Introduction

Watershed management is very crucial for the protection
and conservation of soil and water resources. Before adopt-
ing watershed management strategies, one needs to identify,
quantify, and assess streamflow, sediment load and nutrient
transport processes (Risal & Parajuli, 2019). Best Manage-
ment Practices (BMPs), the structures or the activities that
helps to maintain water quality to environmentally accepta-
ble level, must be evaluated using different hydrologic and
water quality models before implementation in a watershed.
These models are the most widely used tools for the quantifi-
cation and assessment of streamflow, soil erosion, sedimen-
tation, nutrient transport, and impact of different BMPs in
an watershed (Neitsch et al., 2005; Borah et al., 2019; Dakh-
lalla & Parajuli, 2019). Different hydrologic and water quality
models, with numerous abilities and degree of complexity,
are being used to assess currently implemented management
practices and develop new management strategies (Parajuli
et al., 2009; Risal et al., 2016, 2018). Before applying any
model to a particular watershed, it is necessary to understand
its capability to represent the real world scenario. The simu-
lation results obtained from different hydrologic and water
quality models, having varying mechanisms and structural
complexities, may be similar or may vary significantly. In
modelling studies, apart from the simulation outputs
obtained from the model runs, model parameters and
equations used by the models must also be analysed before

completely relying in one model. Multiple models may be
compared such that their applicability, reliability and limit-
ation can be accessed. Thus, the performance of more than
one model needs to be assessed and compared in order to
determine a suitable model for the watershed studies (Abdel-
wahab et al., 2018; Clark & Tilman, 2017; Parajuli et al.,
2009). The intention of this study is to to investigate and
evaluate two widely used watershed scale models: SWAT
and HSPF, in simulation of hydrology, water quality, and
impact of management practices.

Among different models, SWAT is one of the extensively
used model with numerous applications all around the world
for the simulation of streamflow, sediment, water quality,
and impact of BMPs (Behera & Panda, 2006; Dakhlalla
et al., 2016; Maharjan et al., 2013; Ni & Parajuli, 2018;
Risal & Parajuli, 2019; Saleh et al., 2000; Santhi et al.,
2001). Similarly, HSPF is another widely applied model for
assessment of water quantity and quality in variety of water-
sheds (Ackerman et al., 2005; Diaz-Ramirez et al., 2011; Im
et al., 2003; Mishra, Kar, et al., 2007; Ouyang et al., 2013;
Ribarova et al., 2008).

Comaprison of SWAT and HSPF, in simulating strea-
mflow and sediment yield for the Polecat Creek watershed
in Virginia, indicated that the performance of both the
models were satisfactory, though HSPF performed moder-
ately better than SWAT for higher time-step simulation
(Im et al., 2007). Similarly, Application of SWAT and
HSPF, in Delaware Creek and Salt Creek Watersheds in
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southwest Oklahoma, indicated that SWAT simulated
monthly streamflow better than HSPF (Van Liew et al.,
2003). Moreover, application of HSPF and the Soil Moist-
ure Routing (SMR) models with different streamflow
mechanisms for the simulation of streamflow at Ironde-
quoit Creek basin in New York, showed that HSPF simu-
lated winter streamflow slightly better than SMR, whereas
SMR simulated summer flows better than HSPF (Johnson
et al., 2003). Likewise, a study performing a comparison
between SWAT and Annualized Agricultural Non-Point
Source (AnnAGNPS), during calibration for hydrology,
sediment, and total phosphorus at Red Rock Creek water-
shed and validation at Goose Creek watershed located in
south-central Kansas, showed that SWAT was the most
appropriate model for that watershed (Parajuli et al.,
2009). Furthermore, SWAT and HSPF applied to the Illi-
nois River Basin implied that HSPF performed better in
terms of model fit, whereas SWAT had the advantage
when calibration data are lacking or scarce (Xie & Lian,
2013). The SWAT and HSPF models, calibrated and ver-
ified for Upper North Bosque River watershed in Texas,
indicated that SWAT was better predictor of nutrient load-
ing than HSPF (Saleh & Du, 2004).

Although numerous studies has been conducted on the
comparison of different models in the past, they were basi-
cally focused on calibration and validation of streamflow,
sediment, and water quality (Im et al., 2007; Mishra
et al., 2008). There are limited studies to date that evalu-
ates models based on the nutrient reduction potential of
different BMPs. Since different models may have different
mechanism and may use different equations for same
BMPs, we need to assess multiple models for the evalu-
ation of BMPs impact of water quality in a watershed.
Therefore, the objectives of this study are to: (a) compare
calibration and validation statistics of SWAT and HSPF for
streamflow, sediment, and nutrient concentrations; and (b)
evaluate the impact of BMPs on water quality using SWAT
and HSPF models.

2. Material and methods

2.1. Watershed Description

The Big Sunflower River Watershed (BSRW) is one of the
major sub-watershed of the Yazoo River Basin (YRB). It
lies between the latitude of 32° 30´N to 34° 25´N and longi-
tude of 91°10´E to 90°13´E, and is located at the lower part of
Mississippi River alluvial plain (Mississippi Delta) on the
northwestern part of Mississippi (Figure 1). It has a drainage
area of 10,500 km2 and falls within ten different counties in
Mississippi, namely Bolivar, Coahoma, Humphreys, Issa-
quena, Leflore, Sharkey, Sunflower, Tallahatchie, Washing-
ton, and Yazoo.

BSRW is an agricultural area having very high pro-
ductivity in the Mississippi Delta because of very fertile soil
and longer growing seasons (Gao et al., 2019). The major
types of soil in the watershed are Alligator, Dowling, Dun-
dee, Forestdale, and Sharkey. This watershed has a subtropi-
cal climate with an average annual temperature of 18 °C and
annual precipitation of 1,371 mm (Gao et al., 2019; Ouyang,
2012). The majority (70%) of land within the watershed is
covered by farmland and the dominant crops are soybean
(43%), corn (14%), rice (8%), and cotton (5%).

2.2 . SWAT model description

Soil and Water Assessment Tool (SWAT), physically based
continuous time simulation model, is capable of simulating
surface streamflow, sediment, nutrients, and impact of differ-
ent BMPs for each Hydrologic Response Unit (HRU), sub-
basin, and reach segment within a watershed (Neitsch
et al., 2002). It is one of the extensively used model having
numerous applications in various watersheds (Dakhlalla
et al., 2016; Gassman et al., 2007; Gitau et al., 2008; Merriman
et al., 2018; Ni & Parajuli, 2018; Risal et al., 2020). The SWAT
model can be applied in prediction of long-term impacts of
agricultural and management practice in the basin and
thus can be helpful for assessment of the performance of
different BMPs and alternative management policies. The
schematic diagram showing input and output of SWAT
model is given in Figure 2.

2.3. HSPF model description

The HSPF is one of the core watershed models of the United
States Environmental Protection Agency (USEPA), Better
Assessment Science Integrating Point and Nonpoint Sources
(BASINS), and Army Corps Watershed Modelling System
(WMS). It is a continuous simulation, distributed parameter
watershed scale model capable of simulating surface and sub-
surface streamflow, sediment loading, nutrient transport,
and benthic process from various land surfaces, soil and
within streams under different climatic conditions (Kim
et al., 2007; Mishra, Kar, et al., 2007).

The HSPF model is fully integrated into BASINS through
the WinHSPF interface, a windows interface to HSPF (Duda
et al., 2012). The data preparation and modelling steps of the
HSPFmodel using BASIN and external sources are explained
in Figure 3.

2.4. Data

Topographic, land-use and land-cover, and soil data
required by SWAT and HSPF were obtained through various
national agencies and generated using the BASINS 4.5. For
SWAT, DEM was downloaded from the United States Geo-
logical Survey (USGS, 2020), landuse and land cover data
layer from United States Department of Agriculture
(USDA), National Agricultural Statistics Service (NASS,
2020), and soil data from from USDA NRCS (NRCS,
2020). Similarly, for HSPF, DEM and Geographic Infor-
mation Retrieval and Analysis System (GIRAS) Land use
data layer were downloaded using BASINS 4.5.

Daily precipitation, maximum and minimum tempera-
ture, relative humidity, wind speed and solar radiation as
required by SWAT was derived from the National Oceanic
and Atmospheric Administration (NOAA) (NOAA, 2020).
Likewise, hourly time-series of precipitation, temperature,
potential evapotranspiration, solar radiation, wind speed,
cloud cover and dewpoint temperature as required by
HSPF were obtained from the Delta Agricultural Weather
Center, Mississippi State University Extension Service and
formatted as a watershed data management (WDM) file
using WDM utility program in BASINS. Necessary data on
agricultural management practices such as plantation, har-
vest, irrigation, tillage, manure application, pesticide appli-
cation on different crops like corn, soybean, cotton, and
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rice were supplied by the Yazoo Mississippi Delta (YMD)
Joint Water Management District (YMD, 2011).

Observed daily stream-flow data from 2005 to 2016 was
obtained from the USGS (USGS, 2020) for three gauging
stations: Marigold, Sunflower, and Leland. The data were
used for the Calibration (2005 to 2010) and validation

(2011 to 2016) of both SWAT and HSPF models. Similarly,
the observed data for sediment, TN, and TP concentration
from the USGS gaging stations was obtained every 15 days
from 2013 to 2016. Calibration of SWAT and HSPF for sedi-
ment, TN, and TP concentrations was conducted from 2013
to 2014 and validation was conducted from 2015 to 2016.

Figure 1. Location map of the watershed along with the sub-basins, rivers, cities, and USGS gaging stations.
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2.5. BMPs scenarios

2.5.1. Vegetative filter strip (VFS)
Vegetative filter strip (VFS), a vegetated area between the
water body and the edge of the cultivated land, is capable
of reducing sediment, TN, and TP at the outlet of the water-
shed by slowing streamflow, settling sediments and absorb-
ing nutrients. The VFS was simulated using both SWAT
and HSPF to compare the reduction potential of the nutri-
ents. The SWAT model simulates VFS effects using a very
simplified equation based on width of the strip given by
(Neitsch et al., 2005).

trapeff = 0.367 · (FILTERW)0.2967 (1)

where trapeff is the sediment trapping efficiency and FIL-
TERW is the width of the vegetative filter strip in metres.

The HSPF model uses a unique module called BMPRAC
(Best Management Practice Evaluation) and uses rec-
ommended removal fractions for different pollutants based

on documented studies conducted in diverse conditions
(Xie et al., 2015).

The VFS BMP was applied to the edge of agricultural
fields using both SWAT and HSPF in order to compare
their reduction potential for TN, and TP concentrations.
For SWAT simulation of VFS, The width of the filter
strip was taken as 10 metres as the sediment trapping
efficiency of 91.3% was achieved for this length based on
181 events from 16 studies all around the world (Luo,
2019). Similarly, the VFS management operation par-
ameters such as fraction of total streamflow from the
entire field entering most concentrated 10% of VFS
(VFSCON), field area to VFS area ratio (VFSRATIO),
and fraction of flow through the most concentrated 10%
of channelized VFS (VFSCH) were set to the rec-
ommended value of 0.5, 50 and 0 (Waidler et al., 2011).
For HSPF simulation of VFS, the default recommended
removal fraction for different constituents were used
(USEPA, 2003).

Figure 2 Schematic diagram showing the required input, management operation and output of the SWAT model.

Figure 3 A schematic diagram showing application of BASIN and external sources in HSPF.
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2.5.2 . Tailwater recovery pond (TRP)
Tailwater recovery pond (TRP), an artificial impound-
ment constructed within the watershed, is capable of
reducing sediment, TN, and TP through the settlement
of sediment and associated nutrient runoff. Effect of
the TRP in the reduction of TN, and TP from the
watershed was simulated using both SWAT and HSPF
models.

The SWAT model has different modules for simulation of
landscape depressions like a pothole, pond, and wetland
(Mekonnen et al., 2016; Neitsch et al., 2002). The equations
and processes used in SWAT for modelling pond and wet-
lands are similar (Arnold et al., 2012). The conceptual
pond module of SWAT was used to simulate TRP in our
watershed. For the pond and wetland modeule, the SWAT
mass balance equation (Neitsch et al., 2005) was re-written
as (Rahman et al., 2016):

Si = Si−1 + (P+ Qsur + Qlat) pon,in

− (E+ Qch&pon + Qpon&aq) pon,out (2)

where S is the pond water storage, P is the precipitation, E is
the evapotranspiration,Qsur is the surface runoff, andQlat is a
lateral subsurface runoff, Qch&pon is the discharge of water
from the pond and to the river, Qpon&aq is the discharge of
water from the pond to the aquifer.

A pond of varying dimension was placed in each sub-
watershed according to the actual percentage of open
water in each sub-watershed. Sub-watershed 16 had the
highest percentage (10%) and sub-watershed 9 had the
lowest percentage (1.2%) of open water. The pond par-
ameters such as fraction of sub-basin draining into pond
(PND-FR), surface area of pond when filled to principle
spillway (PND_PSA), volume of water needed to fill
pond to the principle spillway (PND_PVOL), initial
volume of water in pond (PND_VOL), and number of
days to reach target storage (NDTARG) were adjusted
for each sub-watershed according to percentage of open
water in each subbasin.

The HSPF model considers user-defined removal frac-
tions for different pollutants based on previous studies
for the simulation BMPs’ effect in the watershed (Xie
et al., 2015). The recommended removal fraction for differ-
ent constituents within the HSPF model with application
of constructed wetland was used to simulate effect of
TRP in the reduction of nutrients from the watershed.
(USEPA, 2003).

2.6. Model evaluation

Performance of SWAT and HSPF models during the cali-
bration and validation of streamflow, sediment, TN, and
TP was evaluated using NSE and R2. The NSE, also known
as efficiency index is one of the reliable and widely used

statistics for assessing the goodness of fit of hydrologic
models, which is given by (Nash & Sutcliffe, 1970).

NSE = 1−
∑N

i=1 (Oi − Si)
2

∑N
i=1 (Oi − �O)2

(3)

whereOi is the observed value, Si is the simulated value, �O is
the average of observed values, and N is the total number of
observations. The value of NSE ranges from −∞ to 1. NSE
value near 1 refers to a good fit of the model. Generally,
NSE greater than 0.75 is considered perfect, between 0.36
and 0.75 is considered satisfactory, and below 0.36 is con-
sidered unsatisfactory in hydrological modelling (Krause
et al., 2005; Nash & Sutcliffe, 1970).

Coefficient of determination denoted as R2 is another
widely used statistics that estimate dispersal of the observed
and predicted data. In other words, it is a measure to show a
linear relationship between observed and simulated data. R2

is given by (Draper & Smith, 1966)

R2 =
∑N

i=1 (Oi − �O) · (Si − �S)�����������������∑N
i=1 (Oi − �O)2

√
·

����������������∑N
i=1 (Si − �S)2

√
⎛
⎜⎝

⎞
⎟⎠

2

(4)

where Oi is the observed value, �O is the average of
observed values, Si is the simulated value and �S is the average
of simulated values and N is the total number of obser-
vations. The value of R2 ranges from 0 to 1 and R2 value of
0 means no correlation at all between observed and simu-
lated data whereas R2 value of 1 refers that the dispersion
of the simulated data is equal to that of the observed data
(Krause et al., 2005).

2.7. Model calibration and validation

2.7.1 . Streamflow
Both SWAT and HSPF models were calibrated for strea-
mflow at the outlet of sub-watersheds 5, 10 and 17 of
BSRW, using monthly streamflow data from USGS gages:
Marigold (gage: 07288280), Sunflower, (gage: 07288500),
and Leland (gage: 07288500) respectively, from January
2005 to December 2010. For the calibration of SWAT for
streamflow, Sequential Uncertainty Fitting (SUFI-2) algor-
ithm inside SWAT Calibration and Uncertainty Procedures
(SWAT-CUP) package was applied (Abbaspour, 2007). 14
parameters were used during SWAT calibration of strea-
mflow, among which the parameters streamflow curve num-
ber (CN2), saturated hydraulic conductivity of soil (SOL_K),
snowfall temperature (SFTMP), soil evaporation compen-
sation factor (ESCO) were the sensitive (Risal & Parajuli,
2019). The calibration of HSPF was performed manually
varying parameters as shown in Table 1. Validation of
SWAT and HSPF were performed using monthly streamflow
from January 2011 to December 2016.

Table 1. HSPF Parameters used for the calibration of streamflow in Big Sunflower River Watershed.

Parameter Description Lower Range Upper Range Fitted value

LZSN Lower zone nominal soil moisture storage (inch) 2 15 3.5
INFILT Index to infiltration capacity (inch/hour) 0.01 1 0.1
NSUR Manning’s n (roughness) for overland flow 0.05 0.5 0.02
AGWRC Base groundwater recession 0.92 0.99 0.6
DEEPFR Fraction of groundwater inflow to deep recharge 0 5 0
BASETP Fraction of remaining evapotranspiration from base flow 0 0.2 0.2
UZSN Upper zone nominal soil moisture storage 0.05 2 2
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2.7.2. Sediment
The SWAT and HSPF models were calibrated for sediment
concentration at the outlet of sub-watersheds 5, 10 and 17
of the BSRW, using sediment concentration data collected
every 15 days from Marigold, Sunflower, and Leland USGS
gauges. SWAT was calibrated for sediment concentration
using 9 parameters, in which the parameter: USLE soil erod-
ibility factor (USLE_K) was sensitive and was adjusted accord-
ing to silt percentage in soil (Risal & Parajuli, 2019). HSPF was
calibrated for the sediment concentration manually varying 7
parameters as shown in Table 2. Calibration of both the
SWAT and HSPF models were conducted from 2013 to
2014 and validation was conducted from 2015 to 2016.

2.7.3. Total nitrogen (TN)
Calibration of SWAT and HSPF for TN were also performed
at the outlets of sub-watersheds 5, 10 and 17 of the BSRW
using TN concentration data from 2013 to 2014 collected
every 15 days. SWAT was calibrated for TN using 6 par-
ameters, in which the parameters: concentration of nitrogen
in rainfall (RCN), and the nitrogen percolation coefficient
(NPERCO) were more sensitive than others (Risal et al.,
2020). HSPF was calibrated for TN manually varying 6 par-
ameters as shown in Table 3. Both SWAT and HSPF models
were validated for TN from 2015 to 2016.

2.7.4. Total phosphorous (TP)
Calibration of SWAT and HSPF for TP were performed at the
outlets of sub-watersheds 5, 10 and 17 of BSRW using TP con-
centration data collected every 15 days from 2013 to 2014.
SWAT was calibrated for TP using 6 parameters, among
which, the parameters: phosphorus percolation coefficient
(PPERCO), phosphorus soil partitioning coefficient
(PHOSKD) and rate constant for decay of organic phosphorus
to dissolved phosphorus (BC4) were the most sensitive (Risal
et al., 2020). HSPF was calibrated for TP manually varying 5
parameters as shown in Table 4. Both SWAT and HSPF
models were validated for TP from 2015 to 2016.

3. Results and Discussion

3.1. Comparison of calibration and validation statistics

3.1.1. Streamflow
Both SWAT and HSPF showed reasonable performance
during their calibration and validation for streamflow. NSE

and R2 for SWAT during calibration of streamflow ranged
from 0.71 to 0.76 and 0.74 to 0.81 respectively and that for
HSPF ranged from 0.38 to 0.59 and 0.44 to 0.66 respectively.
Similarly, during validation of SWAT for streamflow, NSE
ranged from 0.48 to 0.70 and R2 ranged from 0.74 to 0.84
and during validation of HSPF for streamflow, NSE ranged
from 0.39 to 0.55 and R2 ranged from 0.47 to 0.65. The sum-
mary of statistics for calibration and validation of SWAT and
HSPF for streamflow at three USGS gauge stations are pre-
sented in Figure 4. From the comparison of observed and
simulated monthly streamflow by SWAT and HSPF, it was
observed that that there were minimal differences between
simulated streamflow by these two models. The simulated
value from both the models showed good agreement with
observed value for both calibration and validation period
for monthly streamflow. However, based on the calibration
and validation statistics, the simulation of monthly strea-
mflow by SWAT was slightly accurate than that by HSPF.

The modelling results for the simulation of streamflow
from various SWAT and HSPF studies conducted by pre-
vious literature were not found uniform. The application
of SWAT and HSPF to the Delaware Creek and Salt Creek
Watersheds within Little Washita River Experimental
Watershed in southwest Oklahoma suggested that that
SWAT with NSE of 0.89 did a better job in estimating
monthly streamflow that HSPF with NSE of 0.68 (Van
Liew et al., 2003). Comparison of SWAT and HSPF during
calibration and validation of monthly streamflow at several
sites within Upper North Bosque River watershed, Texas
indicated that the trends of measured and predicted monthly
flow for HSPF were closer with NSE of 0.91 and 0.86 than
that for SWAT with NSE of 0.50 and 0.78 respectively
(Saleh & Du, 2004). Similarly, HSPF was found to have better
statistics during calibration and validation of monthly strea-
mflow with the mean error (ME) ranging from −4.05 mm to
1.88 mm, root mean square error (RMSE) ranging from
11.05 mm to 14.88 mm, and r-value ranging from 0.87 to
0.89 whereas for SWAT, ME ranged from −0.66 to 0.11,
RMSE ranged from 14.89 to 19.96, and r-value ranged
from 0.81 to 0.84 (Im et al., 2007).

3.1.2. Sediment
NSE and R2 values for SWAT during sediment calibration
ranged from 0.41 to 0.81 and 0.33 to 0.50, respectively and
that for HSPF ranged from 0.32 to 0.43 and 0.39 to 0.53,

Table 2. HSPF Parameters used for the calibration of sediment yield in Big Sunflower River Watershed.

Parameter Description Minimum value Maximum value Fitted value

SMPF Supporting management practice factor 0 1 1
KGER Coefficient in the soil matrix scour equation, simulates gulley erosion 0 10 0.1
JGER Exponent in the soil matrix scour equation 1 5 0.8
AFFIX Fraction by which detached sediment storage decreases each day as a result of soil properties 0.01 0.5 0.008-0.01
COVER Fraction of land surface which is shielded from erosion by rainfall 0.0 0.98 0.03
KSER Coefficient in the detached sediment wash off equation 1 10 0.1-0.6
JSER Exponent in the detached sediment wash off equation 1 3 2

Table 3. HSPF Parameters used for the calibration of Total Nitrogen load in Big Sunflower River Watershed.

Parameter Description Minimum value Maximum value Fitted value

KTAM20 Nitrification rates of ammonia 0.006 0.9 0.75
KTN02220 Nitrification rates of ammonia and nitrite 0.001 0.1 0.1
TCNIT Temperature correction coefficient for nitrification 1.03 10.7 1.04
KNO320 Nitrate Denitrification rate and 20° C 0.001 0.6 0.08
TCDEN Temperature correction coefficient for denitrification 1.02 1.04 1.07
DENOXT Dissolved oxygen concentration threshold for denitrification 1.5 10 25
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respectively. Similarly, during validation of SWAT for sedi-
ment concentration, NSE values ranged from 0.54 to 0.78
and R2 ranged from 0.34 to 0.63 and during validation of
HSPF for sediment concentration, NSE ranged from 0.34
to 0.48 and R2 ranged from 0.35 to 0.50. The summary of

statistics for calibration and validation of SWAT and HSPF
for sediment concentration at three USGS gauge stations
are given in Figure 5. From the comparison of observed
and simulated data by SWAT and HSPF, it was observed
that there were minimal differences between simulated

Table 4. HSPF Parameters used for the calibration of Total Phosphorous load in Big Sunflower River Watershed.

Parameter Description
Minimum
value

Maximum
value

Fitted
value

KIMP Phosphate immobilization factor 0 - 5
KDSP Phosphate desorption factor 0 - 0.9
KADP Phosphate adsorption factor 0 - 1.5
POTFW The wash off potency factor for a QUALSD. A potency factor is the ratio of constituent yield to

sediment (wash off or scour) outflow
0.005 1 0.001

WSQOP The rate of surface runoff that will remove 90 percent of stored QUALOF per hour 0.01 - 0.03

Figure 4. Observed and simulated monthly streamflow during the calibration and validation of SWAT at Sunflower, Marigold and Leland stations.
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sediment concentration by these two models. The simulated
value from both the models showed good agreement with
observed value during calibration and validation period.
However, for the sediment concentration above 300 mg/L,
HSPF overpredicted some higher values for all three gage
stations. According to the calibration and validation stat-
istics, SWAT simulated sediment concentration was more
efficient than HSPF simulated sediment concentration.

Calibration and validation of sediment yield for different
modelling studies conducted at different watersheds has var-
ied greatly. SWAT model was found to be effective model
than HSPF for simulation of sediment yield for a study con-
ducted at small watershed located in a subtropical region of
India, where NSE for SWAT ranged from 0.82 to 0.98 during

calibration and 0.58 to 0.89 during validation (Mishra,
Froebrich, et al., 2007); while for similar HSPF study, NSE
during calibration was 0.71 and during validation, NSE ran-
ged from 0.68 to 0.90 (Mishra, Kar, et al., 2007). While other
study conducted at watershed located in central Texas indi-
cated that HSPF is a better model to simulate sediment yield
than SWAT based on their modelling results, where NSE
ranged from 0.72 to 0.88 for HSPF, and 0.83 to 0.59 for
SWAT during the calibration and validation period respect-
ively (Saleh & Du, 2004).

3.1.3. Total nitrogen (TN)
NSE and R2 for SWAT during calibration of TN ranged
from 0.30 to 0.54 and 0.32 to 0.85 respectively; and that

Figure 5. Observed and simulated sediment concentration during the calibration and validation of SWAT at Sunflower, Marigold and Leland stations.
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for HSPF ranged from 0.32 to 0.85 and 0.66 to 0.85
respectively. Similarly, during validation of SWAT for
TN, NSE ranged from 0.45 to 0.53 and R2 ranged from
0.67 to 0.84; and during validation of HSPF for TN, NSE
ranged from 0.26 to 0.55, and R2 ranged from 0.28 to
0.85. The summary of statistics for calibration and vali-
dation of SWAT and HSPF for TN at three USGS gauge
stations are presented in Figure 6. From the comparison
of observed and simulated TN by SWAT and HSPF,
both the models were in agreement with the observed
TN data with satisfactory statistics. However, calibration
and validation statistics suggest that HSPF simulated TN
more efficiently than SWAT.

Comparison of SWAT and HSPF during calibration and
validation for a watershed having high dairy production in
Texas indicated that SWAT better predicted total nitrogen
loading with higher accuracy (ME ranging from −1.1 to
40.4) than HSPF (ME ranging from −2 to −86.9) (Saleh &
Du, 2004).

3.1.4. Total phosphorous (TP)
NSE and R2 for SWAT during calibration of TP ranged from
0.27 to 0.45 and 0.67 to 0.93 respectively, and that for HSPF
ranged from 0.37 to 0.67 and 0.38 to 0.78 respectively. Simi-
larly, during validation of SWAT for TN, NSE ranged from
0.38 to 0.42 and R2 ranged from 0.43 to 0.69; and during

Figure 6. Observed and simulated TN concentration during the calibration and validation of SWAT at Sunflower, Marigold and Leland stations.
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validation of HSPF for TN, NSE ranged from 0.19 to 0.52 and
R2 ranged from 0.31 to 0.60. The summary of statistics for
calibration and validation of SWAT and HSPF for TP at
three USGS gauge stations are given in Figure 7. From the
comparison of observed and simulated TP concentration
by SWAT and HSPF, it was observed that both the models
were in agreement with observed TP concentration values
with satisfactory statistics. However, HSPF simulated TP
more accurately than SWAT based on calibration and vali-
dation statistics.

Calibration and validation statistics for SWAT and HSPF
for Upper North Bosque River watershed in Texas showed
that SWAT is a better predictor of total phosphorous with

mean eror ranging from −1.6 to 17.3 than HSPF with
mean error ranging from −2 to −86.9 (Saleh & Du, 2004).

3.2. Effectiveness of BMP

3.2.1. Vegetative filter strip (VFS)
The percentage reduction in the concentration of sediment,
TN, and TP after application of VFS to the agricultural
lands within BSRW was not similar for two models as
HSPF showed lower reduction rate than SWAT for VFS in
BSRW. Reduction of surface streamflow due to VFS for
both SWAT and HSPF were less than 1%. Reduction in sedi-
ment due to VFS using SWAT ranged from 22% to 30%, and

Figure 7. Observed and Simulated TP during its calibration and validation at Sunflower, Marigold and Leland stations.
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using HSPF ranged from 38% to 39%. Similarly the concen-
tration of TN reduced after application of VFS to the agricul-
tural fields using SWAT and HSPF ranged from 33% to 70%,
and 23 to 26% respectively. Likewise, the reduction in con-
centration of TP after the application of VFS using SWAT
and HSPF ranged from 54% to 58%, and 30% to 33% respect-
ively. The percentage reduction of Sediment, TN and TP at
three sub-watersheds after implication of VFS using SWAT
and HSPF are presented in Figure 8.

SWAT uses simplistic equation based on only the
width of VFS, assuming the flow and sediment are com-
ing only from an agricultural field (Neitsch et al., 2005;
Park et al., 2011) and HSPF uses user-defined removal
fractions for different pollutants based on previous
studies. The VFS simulation module of both the models
has some limitations – such as the spatial location of
VFS is not considered and its efficiency is based only
on the VFS width in SWAT (Park et al., 2011) and the
user-defined fraction used in HSPF may not represent
effective application of BMPs leading to very basic results
(Xie et al., 2015).

The implication of VFS of varying widths in HSPF
for the Upper Little Miami River basin in Ohio, USA
had indicated that these VFS were able to reduce the
TN by 2.9% to 6.1%, and TP by 3.2 to 7.8% (Liu &
Tong, 2011). Modification in SWAT model was per-
formed to enhance the physical representation of VFS
by improvement in the representation of ecohydrological
processes and land management practices and its verifi-
cation conducted at central Iowa showed 54% reduction
in TN, and 83% reduction in TP after application of
VFS (Cibin et al., 2018). Nutrient reduction potential
due to the application of VFS in HSPF was always
seen lower than in SWAT. SWAT is found to be a bet-
ter alternative to other models like HSPF, AnnAGNPS,
and VFSMOD for the simulation of VFS impact (Xie
et al., 2015).

3.2.2 . Tailwater recovery pond (TRP)
The sediment, TN, and TP concentrations reduction by
applying TRP using SWAT and HSPF models were not

found similar as SWAT showed a lower reduction rate for
sediment and nutrients than HSPF. Reduction of surface
streamflow by application of TRP in both the models were
less than 1%. Reduction in sediment by TRP using SWAT
and HSPF ranged from 17% to 25%, and 18% to 43% respect-
ively. Implication of TRP using SWAT reduced the concen-
trations of TN and TP by 6% to 7%, and 1% to 2%
respectively. Likewise Application of TRP using HSPF
reduced concentrations of TN and TP by 0.3% to 0.9%,
and 0.9% to 1% respectively. The percentage reduction in
Sediment, TN, and TP at three sub-watersheds after
implementation of TRP using SWAT and HSPF are pre-
sented in Figure 9.

The difference in reduction potential for two models is
probably because of their limitation in simulating the effect
of TRP. Pond module used in SWAT considers a single
equivalent pond for each sub-basin as an aggregation of all
the TRPs within that sub-basin such that all the water is
stored in the single virtual pond (Mekonnen et al., 2016).
Similarly, HSPF considers user-defined removal fractions
for different pollutants based on previous studies but does
not considers other physical characteristics of the pond
(Xie et al., 2015).

The effect of TRP was examined in BSRW using SWAT
model which showed that it helped to reduce sediment
concentration up to 20% (Ni & Parajuli, 2018). Effect of
sediment pond was examined for Orestimba Creek Water-
shed in California using SWAT and found that sediment
load was reduced by about 58% and dissolved phosphor-
ous coming out of pesticides such as chlorpyrifos and dia-
zinon was reduced by less than 10% (Zhang & Zhang,
2011). Effect of storage pond was examined for the site
located in Middle Tombigbee-Lubbub watershed, Missis-
sippi, which showed they can be effective in storm strea-
mflow control and nutrient load reduction (Karki et al.,
2018). SWAT was modified through the incorporation of
nutrient in TRPs and the nutrient removal by TRPs before
entering the main channel was evaluated (Luo &
Zhang, 2009). Though the HSPF studies using TRP as a
BMP to reduce nutrients from the watershed are not
documented.

Figure 8. Reduction in sediment, TN, and TP concentration at subbasin 5, subbasin 10 and subbasin 17 after the implication of vegetative filter strip (VFS) in the
watershed.
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4. Implication of the study results and future
research direction

This study compared two hydrological models, simulated
model outputs after model calibration and validation,
applied BMPs, and quantified BMPs impact on sediment
and nutrient concentrations within the BSRW. The results
obtained from this study has implication within the
BSRW especially for the selection of appropriate hydrolo-
gical and water quality models to simulate hydrologic and
water quality conditions. Modelling process, methods,
BMPs selection, and results of the current study may be
helpful to other similar agricultural watersheds and
model users. Future study should consider modelling
more BMP scenarios, which help to identify suite of
BMPs appropriate for the BSRW to reduce pollutant
concentrations.

5. Conclusion

The overall statistics for calibration and validation of
SWAT and HSPF suggested that both the models were
capable of simulating streamflow, sediment, TN, and TP
concentrations with reasonable model efficiency. The stat-
istics during the simulation for both the models suggested
that SWAT was an appropriate model for the simulation
of streamflow and sediment concentration with NSE and
R2 ranging from 0.41 to 0.81 and 0.33 to 0.84 respectively,
than HSPF having NSE ranging from 0.32 to 0.59 and R2

ranging from 0.35 to 0.66. On the other hand, model
efficiency of HSPF was found equally good with NSE
and R2 ranging from 0.19 to 0.85 and 0.28 to 0.85
respectively, as that of SWAT during simulation of nutri-
ent concentrations (TN and TP) having NSE and R2 ran-
ging from 0.27 to 0.64 and 0.36 to 0.93 respectively. In
general, SWAT showed better performance during simu-
lation of streamflow and sediment concentration, and
HSPF performed better during simulation of nutrient con-
centration, according to the calibration and validation
statistics. Apart from the statistics obtained during cali-
bration and validation, additional factors such as

equations used in the model, availability of input data,
parameters used, and ease of model interface development
should also be considered in selecting appropriate model
for each watershed. SWAT is a very user-friendly model
as compared to HSPF (Im et al., 2003), as it has an Arc-
GIS extension and interface called ArcSWAT (ArcSWAT,
2020), which is comparatively easier to use than HSPF.
Apart from that, most of the parameters in SWAT can
be generated from GIS data and can be easily adjusted
within ArcSWAT. On the other hand, HSPF includes a
lot of empirical parameters to represent the hydrologic
cycle, sediment loss and nutrient transport and the cali-
bration of these parameters in HSPF is very time-
consuming.

During the evaluation of both VFS and TRP BMPs,
SWAT had higher reduction rate for sediment, TN and
TP ranging from 17% to 30%, 6% to 70%, and 1% to
58% respectively; than HSPF whose reduction rate for
sediment, TN and TP ranged from 18 to 43%, 5 to
26% and 14 to 33% respectively. The difference in simu-
lation results of same BMPs applying two different models
was mainly due to the differences in equations, mechan-
isms and parameters used in the models. For example:
SWAT uses SCS streamflow curve number method to
estimate surface streamflow while HSPF used infiltration
equation for the estimation of surface streamflow (Van
Liew et al., 2003). Similarly, a simplified equation based
on width of the filter strip is used in SWAT to estimate
sediment trapping efficiency due to VFS (Neitsch et al.,
2005); while HSPF uses the unique module called
BMPRAC and pre determined removal fractions for
different pollutants to estimate the effect of BMPs (Xie
et al., 2015). In the same way, effect of TRP in SWAT
is estimated using pond module based on mass balance
equation, whereas in HSPF, it is evaluated using the
BMPRAC module based on removal fractions for different
pollutants.

The case study determined SWAT was more appropriate
model than HSPF for the BSRW based on calibration and
validation statistics and performance of BMPs in reduction
of sediment, and nutrient concentrations. The results from

Figure 9. Reduction in sediment, TN, and TP concentrations at subbasin 5, subbasin 10 and subbasin 17 after the implication of Tailwater Recovery Pond (TRP) in
the watershed.
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this case study can be beneficial to other modellers and end-
users in selecting appropriate model according to the need of
modelling questions and type of watershed.
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