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Abstract 
 
The Inland Bays in southern Delaware (USA) are facing eutrophication due to the nutrient loading from its 
watershed. The source of nutrients in the watershed is predominantly agriculture. The Millsboro Pond, a 
sub-watershed within the Inland Bays basin, was modeled using the Soil and Water Assessment Tool 
(SWAT) model. It was found that the contribution of ground water from outside the watershed had a signifi-
cant impact on the hydrology of the region. Once the model was calibrated and validated, five management 
scenarios were implemented, one at a time, to measure its effectiveness in reducing the nutrient loading in 
the watershed. Among the Best Management Practices (BMPs), planting winter cover crops on the agricul-
ture land was the most effective method in reducing the nutrient loads. The second most effective method 
was to provide grassland riparian zones. The BMPs alone were not able to achieve the nutrient load reduc-
tion as required by the Total Maximum Daily Loads (TMDLs). Two extra scenarios that involved in replac-
ing agriculture land with forest, first with deciduous trees and then with high yielding trees were considered. 
It is suggested that to achieve the required TMDL for the watershed, some parts of the agricultural land may 
have to be effectively converted into the managed forest with some high yielding trees such as hybrid poplar 
trees providing cellulose raw material for bio fuels. The remaining agriculture land should take up the prac-
tice of planting winter cover crops and better nutrient management. Riparian zones, either in form of forest 
or grasslands, should be the final line of defense for reducing nutrient loading in the watershed. 
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1. Introduction 
 
Fertilizers applied in agriculture often leave the site and 
enter surface and groundwater systems causing water 
pollution. Ground water pollution affects human drinking 
water supply. In surface waters (e.g. lakes, rivers and 
coastal regions); nutrient  pollution leads to eutrophic 
conditions that spawn algal blooms and hypoxic/anoxic 
(low oxygen) conditions, which finally culminate in 
“dead zones” characterized by the large-scale destruction 
of aquatic life. There are about 146 dead zones in the 
world including ones along the coasts of China, Japan, 
and the Gulf of Thailand [1]. The Inland Bays, an estuary 
in Sussex County in south-eastern Delaware, USA, have 
also encountered similar conditions. Eutrophication has 

been reported in the waters of the Inland Bays as recently 
as 1998, 1999 and 2000 [2]. 

The Inland Bay is one of the four drainage basins in 
the state of Delaware, draining into the Atlantic Ocean. It 
is approximately 51 km in size and drains roughly 810 
km2 of watershed. This drainage basin consists of the 
following watersheds: Lewes-Rehoboth Canal, Rehoboth 
Bay, Indian River, Iron Branch, Indian River Bay, Bun-
tings Branch, Assawoman, and Little Assawoman Bay 
[2]. Historically, the Inland Bay has played a critical role 
in the region’s economy. They are spawning grounds for 
migratory birds, finfish and shellfish [3]. The quality of 
the Inland Bay has been degraded over the years due to 
anthropogenic activities. The waters of the Inland Bay 
are rich in nutrients i.e. nitrates and phosphates. The nu- 
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trient pollution from urban, wastewater treatment efflu-
ents and storm water sources have been identified and 
controlled but agriculture remains a big source. Agricul-
ture is the largest land use category in the Inland Bay 
watershed, accounting for one-third of the land [4]. The 
pollution from agriculture is due to application of nitro-
gen and phosphorus rich fertilizers compounded by over 
application of nutrients in the past. Also, the state of 
Delaware is the eighth largest producer of poultry [5] 
whereas Sussex County is the largest producer of poultry 
for any county in the country. The manure from chicken 
used as a fertilizer for crops. The problem with the 
chicken manure is that it has a very high nitrogen to 
phosphorus (as P2O5) ratio. One ton of broiler manure 
contains 31 kilograms of nitrogen and 31 kilograms of 
phosphorus. The excess nitrogen leaches into the 
groundwater in the form of nitrates. Some amount of 
nitrogen is also transported by surface runoff, especially 
if the farms are close to a stream or a ditch. The main 
source of phosphorus pollution in the Bay is also from 
agriculture. After the ban of phosphorus in the soap 
products in the 1990s, urban sources have been reduced 
significantly. According to the Delaware Department of 
Natural Resources and Environmental Control (DNREC) 
reports, 1256.7 kg of total nitrogen and 51.1 kg of total 
phosphorus are being added to the Bays daily. 

As required by the law, the state had to develop a 
“Total Maximum Daily Load” (TMDL) for the basin so 
as to make the water fit for aquatic life. TMDL is the 
maximum amount of pollutant that can be added to the 
waterways without impacting the quality of water sig-
nificantly [6]. In December 1998, the TMDLs were es-
tablished for the Indian River, Indian River Bay and 
Rehoboth Bay watershed. In January 2005, a TMDL was 
established for Little Assawoman Bay. It required the 
complete elimination of point sources of nutrient pollu-
tion. For the upper Indian River, the TMDLs required 
85% reduction in total nitrogen (TN) and a 65% reduc-
tion in total phosphorus (TP) for non point source pollu-
tion. For other regions, to meet the water quality re-
quirement, it required a 40% reduction of TN and TP. 

The goal of this research is to model a representative 
sub-watershed of the Inland Bays and test some of the 
commonly used BMPs for their effectiveness in meeting 
the TMDLs as required by EPA. Due to its flexible 
framework, Soil and Water Assessment Tool (SWAT), a 
watershed model, can be used successfully to test the 
impact of BMPs and land use changes on the hydrology 
and nutrient load in the watershed. The paper ends with a 
discussion and conclusion. 
 
2. Methods 
 
2.1. Study Area 
 
The Millsboro pond is a sub watershed of the Inland 

Bays basin with an area of 8708 ha (Figure 1). It is a 
rural watershed with agriculture as the main activity. 
Deciduous forest covers 30% of the watershed whereas 
pasture land covers 12% and the rest of the land is used 
for agricultural purpose. Two types of soil are dominant 
in this watershed: Evesboro (79%) and Pocomoke(21%). 
The closest rain gauging station for this watershed is the 
Georgetown Rain gauge (Figure 1). 
 
2.2. Model Description 
 
The Soil and Water Assessment Tool (SWAT) is a wa-
tershed-based model developed by the US Department of 
Agriculture- Agriculture Research Service (USDA-ARS). 
It is a continuous-time, processed based model and oper-
ates on daily time-steps to produce results in daily, 
monthly and annual time-steps.  

SWAT allows simulation of larger and more complex 
watersheds [7]. It is developed to predict the impact of 
land management practices on the quality and quantity of 
water in the watershed over a long period of time [7,8]. 
Being a physical based model, it uses information as 
prevailing on the land, rather than relying on some sort 
of theoretical framework. To analyze a watershed, the 
model divides it into hydrologic response units (HRU) 
based on similar land use and soil properties. Major 
components of the model are hydrology, weather, ero-
sion, soil temperature, crop growth, nutrients, pesticides, 
and agriculture management [10]. The water balance is 
the driving force behind all SWAT simulations. Hydrol-
ogy simulation is based upon two divisions: the land 
phase of the hydrological cycle (which includes water 
circulation, nutrient biogeochemical processes, and pesti- 

 

 

Figure 1. Location of Millsboro pond watershed (copied 
from [9]). 
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cides deposition in the main channel); and the water or 
routing phase of the hydrological cycle (which includes 
water movement, nutrient processes and transport of pes-
ticides from the channel network to the watershed outlet) 
[11]. Soil water processes include infiltration, runoff, 
evaporation, plant uptake, lateral flow, and percolation to 
lower layers, the details of which can be found in SWAT 
theoretical document [11].  

SWAT can also simulate the land management prac-
tices and can incorporate very detailed management in-
formation. Management practices are broadly divided 
into agriculture management, water management and 
urban areas. Some of the management practices in agri-
culture management include plant growth cycle, timing 
of fertilizer, type of tillage, pesticide application, and 
removal of plant bio-mass. The crop model is a simplifi-
cation of the Erosion Productivity Impact Calculator 
(EPIC) crop model. Water management includes irriga-
tion, tile drainage, impounded/depressed areas, water 
transfer, consumptive water use, and loading from point 
sources. For the urban areas, the model estimates the 
quantity and quality of the runoff based upon the imper-
vious cover that are either directly connected to the 
drainage system and not. 
 
2.3. Model Inputs 
 
The terrain elevation data was archived from the United 
States Geological Survey (USGS) in digital raster form 
as Digital Elevation Model (DEM). The DEM used in 
this research was 1-degree DEMs (3- by 3-arc second 
data spacing), which provides coverage in 1- by 1-degree 
blocks. The surface water data in the form of reaches 
data was also downloaded from the National Hydrogra-
phy Dataset (NHD) developed by USGS based on 
1:100,000 scale data. The NHD supersedes USGS Digi-
tal Line Graph (DLG) hydrography data and the EPA 
Reach File Version 3 (RF3). 

The soil profile was created from the data downloaded 
from STATSGO developed by the US National Coop-
erative Soil Survey. The weather data, which includes 
precipitation, maximum and minimum temperature, solar 
radiation, and wind speed, was obtained for the George-
town station from the Climatology website of the Office 
of Delaware State. The weather monitoring station is 
located at latitude of 38°39′ and longitude of 75°27′ at 
elevation of 50′. 

The ground water level data was obtained from the 
Delaware Geological Society, (http://www.dgs.udel.edu/). 
The hydrological data was downloaded from the USGS 
National Water Information System for the station 
01484525 at Millsboro Pond outlet At Millsboro. The 
nutrient data (i.e. nitrogen and phosphorus) for the 
Millsboro pond outlet was retrieved from the Delaware 
Inland Bays Water-Quality Database (DIBWQDB) 

maintained by the Delaware Geological Survey (DGS) 
[12].  

The land use land cover (LULC) was collected from 
the National Land Cover Database (NLCD) 2001 which 
is a cooperative effort by the Multi-Resolution Land 
Characteristics (MRLC) Consortium. The MRLC Con-
sortium is a partnership of federal agencies, consisting of 
the USGS, the National Oceanic and Atmospheric Ad-
ministration (NOAA), the U.S. EPA, the U.S. Depart-
ment of Agriculture (USDA) Forest Service (USFS), the 
National Park Service (NPS), the U.S. Fish and Wildlife 
Service (FWS), the Bureau of Land Management (BLM) 
and the USDA Natural Resources Conservation Service 
(NRCS). 
 
2.4. Model Evaluation 
 
The model evaluation for hydrology and nutrients was 
based on two statistical methods – Nash-Sutcliffe coeffi-
cient of efficiency (E) [13] and Bias [14]. The Nash- 
Sutcliffe coefficient of efficiency (NSE) is defined as: 
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where Ot and Zt are observed and simulated values at 
time t respectively and Om is the mean of observed value. 
The range of NSE varies from unity to a negative num-
ber. Unity means that the model is a perfect fit where as 
0 means that the model is no better than the simple aver-
age of observed values. A negative value implies that the 
model is worse than the observed average. 

The second goodness-to-fit criterion for the model 
used was bias. Bias measures the deviation of the simu-
lated value from the observed value, i.e., it measures the 
tendency of the simulated values to be larger or smaller 
than the observed value. Mathematically it was calcu-
lated as: 

1

1

n

t t
t

n

t
t

Z O
Bias

O










              (2) 

 
2.5. Model Setup 
 
SWAT2000 version used in this study is incorporated in 
the Version 3.1 of the better assessment science inte-
grating point and nonpoint sources (BASINS). BASINS 
has its own custom database and GIS interface that al-
lows it to import GIS based physical data from other 
organizations, making it easier to collect the input data 
for the SWAT model. It also has many models (one of 
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them being SWAT), which can use the data and the pro-
ject created to model the watershed. 

Maize and soybeans are the major crops grown in 
this watershed. Two types of tilling methods are used, 
i.e., chisel-till and no-till. Some farmers practice crop 
rotation with winter wheat grown in between two crops 
of soybeans. In addition, some of the agriculture land is 
irrigated. The agriculture practices that were used are 
summarized in Table 1. The management practices 
used for agriculture in the watershed is summarized in 
Table 2. 

Based upon SWAT manual’s recommendations, a 
threshold of 10% and 15% was used for land use soil 
respectively. The entire watershed was divided into 37 
sub watersheds and 115 HRUs. 

Two factors that limited the period for the calibration 
and validation of the model. Firstly, the land-use/land- 
cover data was from 2001. Thus, it would be more ap-
propriate to work with periods around 2001. Secondly, 
the observed nutrient information was limited (from 
1998 to 2002), thus restricting the period of calibration 
and validation. The calibration of hydrology was done 
from January 1997 to December 2000 and the valida-
tion was done from January 2001 to December 2002. 
There was no observed sedimentation data for the 
Millsboro Pond. The nutrient calibration was done from 
October 1998 to September 2000 and the validation 
done for period from October 2000 to October 2001. A 
two-year “warm up” period from 1995-1997 was al-
lowed. 
 
2.6. Model Calibration 
 
2.6.1. Hydrology 
The initial attempts to calibrate the hydrology for the 
Millsboro watershed were not successful. The stream 
 
Table 1. Distribution of crop, tillage and irrigation in the 
watershed. 

Crop Tillage Irrigated 
Percentage 
of agricul-
ture land 

Corn Chisel No 15.57 

Corn No till No 12.63 

Corn Chisel Yes 11.56 

Corn No till Yes 0.43 

Soybean Chisel No 3.17 

Soybean No till No 39.19 

Soy-Wheat-Soy Chisel No 9.58 

Soy-Wheat-Soy No till No 7.86 

flow was separated into base flow and surface runoff by 
using the base flow filter program [15]. The program 
makes three passes for separating stream flow. In this, 
the value from the first pass was used. The model con-
stantly under-predicted the stream flow. Although the 
calibrated base flow trends matched very well with the 
observed trends, most of the under-predicting was due to 
the base flow. 

Chu and Shirmohammadi [16] demonstrated the role 
of the subsurface water from outside the watershed. Thus, 
we decided to carry out a water budget for the watershed 
to get the contribution of water to the base flow from 
outside the watershed. As discussed by Chu and Shir-
mohammadi [16], the water budgeting was carried out on 
an annual basis. The precipitation was used from the data 
downloaded from the Climatologist website of the Office 
of Delaware State for the Georgetown station. The base 
flow and surface runoff data used was from the output 
file (output.std) of SWAT. The used evapotranspiration 
was also estimated by SWAT. The change in soil mois-
ture was considered to be zero for long-term. As dis-
cussed in Chu and Shirmohammadi [16], the change in 
groundwater storage was calculated based on gravity 
yield of the watershed. The change in groundwater stage 
was measured by averaging the wellhead measurements 
from the data collected by the Delaware Geological Sur-
vey. An average of eight wells was used to calculate the 
change in groundwater head for the watershed. The value 
of gravity yield for the region varies from 0.1 to 0.25, so 
a value of 0.25 was used. The results of the water bal-
ance for the watershed are shown in Table 3. The water 
balance was done for each year of the calibration. In all 
but one year, the influence of ground water from outside 
the watershed on the base flow was prominent. On the 
average, the ground water from outside the watershed 
contributed to about 50% of the base flow. 

The annual contribution of base flow from out side the 
watershed was divided into monthly values based on the 
measured base flow for each month as shown in the fol-
lowing formula: 
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where  is the corrected monthly base flow,  is the 

monthly measured base flow, and  is the annual 

base flow contribution from the outside of the watershed. 
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Thus, the monthly weighed contribution from outside 
the watershed was used to correct the base flow. 

The results of the hydrology calibration after adjust-
ment of base flow from outside the watershed are shown 
in Figure 2 and model evaluation results are shown in 
Table 4. NSE score for base flow increased from 0.44 to 

.59. This helped in better calibration of stream flow for  0   
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Table 2. Agriculture management practices in the watershed. 

Fertilizer Harvest 
Crop Planted Irrigation 

N P K  

Maize (Dry) 1 May - 

28 Kg·ha-1  
1 May 

112 Kg·ha-1  
10 June 

22.4 Kg·ha-1 1 May 22.4 Kg·ha-1 1 May 
15 Septem-

ber-15 October

Maize (Irrigated) 1 May 

5.08 cm  
1 June 

5.08 cm  
15 August 

28 Kg·ha-1 1 May 
28 Kg·ha-1 1 June 
56 Kg·ha-1 15 June
56 Kg·ha-1 1 July 
56 Kg·ha-1 15 July

22.4 Kg·ha-1 1 May 22.4 Kg·ha-1 1 May 
15 Septem-

ber-15 October

Soya bean 1 June - 0 22.4 Kg·ha-1 1 June 22.4 Kg·ha-1 1 June 
15 October-15 

November 
Soya 

bean/Wheat/Soya 
bean 

      

Soya bean 1 June - 0 22.4 Kg·ha-1 1 June 22.4 Kg·ha-1 1 June 
15 October-15 

November 

Wheat 
1 No-

vember 
- 

28 Kg·ha-1  
1 November 
28 Kg·ha-1  
1 March 

22.4 Kg·ha-1 1 
November 

56 Kg·ha-1 1    
November 

 

Soya bean 20 June - 0 22.4 Kg·ha-1 20 June 56 Kg·ha-1 20 June 1 November 

 
Table 3. Annual water budget for the Millsboro pond watershed. 

Year 
Precipitation 

(Pre) 

Surface  
Runoff 

(SR) 

Base Flow
(B) 

Evapotranspiration 
(ET) 

Change in 
groundwater 

storage 
(Sg) 

Base flow from 
outside  

watershed 
(GI) 

GI as % of B

1997 978.86 251.9 254.11 531.81 116.00 174.96 68.85 

1998 1080.2 389.35 386.13 471.07 198.58 364.93 94.51 

1999 1094.6 460.39 245.95 462.8 -77.37 -2.83 -1.15 

2000 1067 412.43 263.58 499.16 -45.43 62.74 23.80 

All values are in mm 

 
the watershed. Throughout the period of calibration NSE 
was low, although if one to two storm events are ignored 
and the efficiency increases. After removing 2 outliers, 
the NSE for the surface runoff goes up to 0.55. Thus, 
except for some storm event runoffs, the model per-
formance was acceptable for simulating the hydrology of 
the watershed. 

From these results, it is evident that although water-
shed delineation divides land based on surface runoff, it 
is not necessary that the watershed boundary should co-
incide with the sub-surface boundaries that govern the 
flow of groundwater. Thus, for small to medium water-
sheds, such as the Millsboro Pond watershed, base flow 
from the adjacent watersheds could have a significant 

influence. Also, the SWAT model did not simulate the 
big storm events very well. 
 
2.6.2. Nutrients 
For the calibration of nutrients in the Millsboro Pond, we 
used data from 35 locations for a period of two years. 
Water samples for nutrient concentrations and flow dis-
charge were measured at the same time and nutrient 
loads were computed by multiplying the nutrient con-
centration with the freshwater discharge. The monthly 
flow rate thus calculated was used as the observed value 
for the calibration of the nutrients. The observed values 
for TN were adjusted for the outside flow as discussed 
by Chu et al. [17]. The results of nutrient calibration are  
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Figure 2. Calibration results for hydrology after adjust-
ment for the base flow from outside the watershed. 
 
Table 4. Model evaluation results for the calibration for 
hydrology (January 1997-December 2000) and total nitro-
gen (TN)/total phosphorus (TP) (October 1998-September 
2000) after adjustment for the base flow from outside the 
watershed. 

Output measured 
No. of  

Samples 
Nash- 

Sutcliffe 
Bias 

Stream flow 48 0.37 -0.14 

Base Flow 48 0.59 -0.025 

Surface Runoff 48 0.28 -0.2 

TN 35 -1.38 -23.59 

TP 35 -0.67 3.42 

 
shown in Figure 3 and the model evaluation results 
shown in Table 4. 

Lack of data for the nutrients adversely influenced the 
calibration process. Using a single observation value to 
calculate average nutrient loading for the whole month is 
bound to generate large amount of error. In addition, the 
lack of sediment data also impeded a good calibration. 
The model always under estimated the TN loading and 
over estimated the TP loading for the watershed. Al-
though there appears to be “lack of data” error, there 
could be other plausible causes. The model does not ac-
count for the role played by atmospheric deposition in 
TN. Ammonia from the poultry industry and agriculture 

 

Figure 3. Calibration results for the nutrients after adjust-
ment for the base flow from outside the watershed. 
 
practice contributes significantly to the TN in the region 
—sometimes up to 33% [2]. This could, to some extent, 
explain the under estimation of TN loading by the model.  

Also, the over-estimation of TP can be explained due 
to the location of the monitoring station. The sampling 
station for the nutrients was located in the Millsboro 
pond. A pond acts as a sedimentation tank for the water 
flowing into it. Thus measuring nutrients from the pond 
does not account for the nutrients that settle to the bot-
tom of the pond in the sediment. Since the movement of 
P in the watershed is mostly due to its adsorption onto 
the sediments, the measured value of TP will always be 
underestimated. This can explain the discrepancies be-
tween the simulated values and the measured data for the 
TP loading up to some extent. 

The SWAT variables that were modified to achieve 
the calibration results for hydrology and nutrients are 
shown in Table 5. 
 
2.7. Model Validation 
 
Validation for the hydrology was done for the period 
from January 2001 to December 2002 (Table 6). Similar 
to the calibration of the model for the hydrology, the 
results were skewed due to the inaccurate simulation of 
some of the storm events by the model. Overall, the 
model reasonably predicts the hydrology of the water-
shed. In terms of the calculated bias, the model gives 
reasonable prediction for the surface runoff. The valida-
tion results for the bias were better than the calibration 
bias results. The performance of the model to predict 
nutrient levels (Table 6) was similar to that for calibra-
tion for the same reasons as discussed before. Although  
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Table 5. SWAT variables modified for the calibration of 
hydrology and the nutrients for the watershed. 

Type (file name) Original Final 

Groundwater 
(.gw) 

  

RCHRG_DP 0.05 0.001 

GW_REVAP 0.02 0.01 

REVAPMN (mm) 1 200 

Soil 
(.sol) 

  

SOL_AWC(1) (mm 
H2O/mm soil) 

 Reduce by 0.5 

SOL_K(1) (mm/hr) DE001-500 1000 

 DE002-120 200 

SOL_K(2) (mm/hr) DE001 800 

 DE002 150 

USLE_K(1) (metric ton 
m2 hr)/(m3 metric ton cm) 

0.17 0.1 

 0.2 0.13 

ANION_EXCL 0.5 0.8 

Management 
(.mgt) 

  

CN2 Variable 25 

CNOP Variable  

USLE_P 1 0.1 

Subbasin 
(.sub) 

  

CH_K (mm/hr) 0.5 0.2 

Basin 
(.bsn) 

  

NPERCO (m3/mg) 0.2 0.8 

PPERCO (m3/mg)  1.7 

PSP 0.4 0.1 

PHOSKD (m3/mg) 175 250 

HRU 
(.hru) 

  

SLSUBBSN (m) 121.951 50 

Chemical 
(.chm) 

  

SOL_ORGN(1) (ppm) 0 1500 

SOL_NO3(1) (ppm) 0 5 

SOL_SOLP(1) (ppm) 0 1 

SOL_LABP(2) (ppm) 0 1 

SOL_ORGP(1) (ppm) 0 50 

SOL_ORGP(2) (ppm) 0 50 

Table 6. Model evaluation results for the validation for hy-
drology (January, 2001-December, 2002) and total nitrogen 
(TN)/ total phosphorus (TP) (October, 2000 to September, 
2001) after adjustment for the base flow from outside the 
watershed. 

Output measured 
No. of  

Samples 
Nash-Sutcli

ffe 
Bias 

Stream flow 24 0.28 -0.11 

Base Flow 24 0.46 -0.12 

Surface Runoff 24 0.27 0 

TN 15 -1.9 -0.67 

TP 15 -3.25 0.21 

 
for the validation period, the model simulated TP more 
accurately. It was a combination of lack of good data and 
environmental reasons, in addition, the lower bias values 
suggest that the model accurately simulates the trends in 
nutrient loading. 
 
2.8. Scenario Setup 
 
Although the nutrient calibration/validation results were 
not of high quality, the model was still used for scenario 
studies. This was done because the goal of the study was 
to measure the percentage change in the nutrient load 
from the baseline case. The initial results from this study 
were used as a base line. In general, the model followed 
the trends in nutrient prediction. 

Five scenarios were selected to check their effective-
ness to reduce nutrient load in the watershed. Assuming 
the current land use as a base case scenario, the land use 
or the agriculture management practices were changed to 
reflect the following scenarios. 

1) Convert all farmland to no-till 
2) Convert all farmland to chisel tillage 
3) Irrigate agricultural land to increase yield 
4) Apply cover crop to the whole agriculture land 
5) Convert some land to permanent grassland 

 
3. Results and Discussions 
 
The model was run from October 1998 to October 2001 
for nutrients and January 1997 to December 2001 for 
hydrology. The results from the various scenarios are 
shown in Figure 4. Table 7 shows the percentage de-
crease in total TN and TP with the various scenarios, 
discussed above. 

There was 0.5 to 2% reduction in TN and slight in-
crease to 9.5% reductions in TP due to change in tillage 
practices. The reason for the small change in the TN and 
TP values is that the existing tillage practice is already 
60:40 ratio for no-till versus chisel tillage. The slight 
decrease in nutrient loading due to irrigation may be  
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Figure 4. Variation in the nutrients due to simulation of 
different scenarios. 
 
Table 7. Percentage change in nutrient loading due to 
simulation of different BMPs and scenarios by SWAT. 

Nutrients averaged over 3 years 
(October 1998-October 2001) 

BMPs and Scenarios 
Total N (% 
reduction) 

Total P (% 
reduction) 

All agriculture land as no-till 0.61 -3.49 

All agriculture land as chisel 
till 

1.63 9.58 

All agriculture land as irrigated 5.47 9.44 

Providing cover crop for all 
agriculture land 

25.03 27.26 

Converting some agriculture 
land to pasture (38% of the 
agriculture land along the 
reach) 

12.15 18.56 

 
attributed to an increase in the yield of the crops, which 
would imply higher uptake of nutrients (the amount of 
fertilizer applied is the same) by the plants. This decrease 
was also not significant. Planting a winter cover crop 
helped in reducing TN load by roughly 25% and TP load 
by roughly 27%. The cover crop helped in reducing the 
erosion and runoff and in increasing uptake of nutrients 
from the soil. About 38% of the existing agriculture land 
along the major reaches was converted to grassland (or 
pastureland) and this helped in reducing TN and TP 
loading by approximately 12 and 18.5% respectively. 
Further, pasture also helps in reducing the sheet flow of 
surface runoff and helps in reducing the erosion. This 
explains that the larger reduction in TP loading as com-
pared to TN loading. 

To reduce the nutrient loading, a combination of 
measures would have to be implemented. The three most 

effective measures in decreasing order found in this 
study were converting agriculture land to forest cover, 
providing winter cover crops and providing grassland 
buffer along the reaches. But these measures might not 
be sufficient to meet the TMDL requirements. None of 
the above BMPs were able to meet the TMDL require-
ments. Two extreme scenarios—one replacing agricul-
ture land with deciduous forest, and another replacing 
agriculture land with high yield forest—hybrid popular 
were also studied (Table 8). When all of the agriculture 
land in the watershed converted to forest, it led to sig-
nificant reduction in nutrient loading, i.e. the TN loading 
reduced by approximately 46% and the TP loading re-
duced by approximately 54%. These numbers will go 
down a little when instead of planning deciduous trees, 
fast growing poplar trees were planted for harvesting. 
The TN and TP loading reduced by 42% and 51% re-
spectively. 

To achieve the TMDL, as required by the 1972 Clean 
Water Act there is a need for drastic changes in the land 
use practice in the watershed. The reductions due to 
converting agriculture land to forest land are in line with 
that required by the DNREC to meet the TMDL. Losing 
agriculture land will influence the region economically, 
both directly and indirectly. The direct impact of con-
verting agriculture land to forest will result in the loss of 
income to the farming community. The indirect impact 
will be loss of local food source for the poultry industry. 
Agriculture in the watershed is fully integrated with the 
economic activity of the region – the maize and soybeans 
grown in the watershed provide the feed for the chicken 
farms, which is the major industry in southern Delaware. 
Thus, for an effective solution for reducing nutrient 
loading in the watershed, along with the BMPs, the eco-
nomic model of the region also needs to be addressed. To 
convert existing agriculture land to forest without ad-
versely influencing the income generation of the region, 
maize and soybeans farming can be replaced by tree 
farming. The demand for bio fuel for the nation is grow-
ing very fast. The technology for production of bio fuel 
from wood cellulose is improving [18-20] thus making it 
more efficient (and hence more economically lucrative). 
Fast growing trees like poplar can be harvested with 
proper forest management to provide cellulose for the bio 
fuels. Bio fuel from cellulose is more energy efficient, has 
 
Table 8. Percentage change in nutrient loading due to 
simulation of two extreme scenarios by SWAT. 

Nutrients averaged over 3 years 
(Oct, 1998-Oct, 2001) 

Scenarios 
Total N (% 
reduction) 

Total P (% 
reduction) 

Converting all agriculture land 
to forest 

45.71 53.72 

Converting all agriculture land 
to poplar plantation 

41.63 50.93 
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less impact on food production, and has less environ-
mental impact than bio fuel from maize or soybeans 
[18-21]. 

Young growing trees also uptake large quantities of 
nutrients from the soil, helps in reducing the nutrient 
loads in the watershed [22]. Thus, a proper balance 
among agriculture land, tree farming and buffer grass-
land can be very effective in reducing the nutrient load-
ing. The tree buffers along the streams (except for im-
mediately next to the water body) can provide a dual 
purpose of providing its buffering services [23] and also 
providing raw material for bio fuels. The forest cover 
also helps in reducing the greenhouse effect by providing 
larger forest cover to sequester carbon dioxide from the 
atmosphere. This can provide the region with extra car-
bon credits that can be traded in a regional/global market 
in the future. Delaware is one of the participants in the 
Regional Greenhouse Gas Initiative, which is a coopera-
tive effort of ten states from northeast and Mid-Atlantic 
to cap and trade carbon emissions [24]. This too can help 
in the economy of the region [25]. 
 
4. Conclusions 
 
This research used SWAT model to evaluate five land 
use/agriculture practice scenarios in the Millsboro Pond 
watershed of the Inland Bays Basin in Southern Dela-
ware. The evaluation of the five scenarios showed that 
they alone were not able to meet the TMDLs require-
ments as set by the state. Along, with these scenarios, 
some land use change, like converting agriculture land to 
tree cover, may be required. This could impact the 
economy of the region. Hence, to achieve nutrient reduc-
tion goals, an economic model that includes land use 
changes such as managed forests may need to be consid-
ered. 
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