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ABSTRACT 
 

The goal of this research was to further understand the temporal and 

spatial variability of hydrological processes and freshwater yield in a 

humid subtropical drainage area in Alabama by using available climate, 

soil, land use, topographic, and streamflow data in conjunction with the 

Hydrological Simulation Program – FORTRAN (HSPF). The study area, 

Weeks Bay watershed, is located in the Baldwin County, Alabama and 

covers around 198 mi
2
 of land surface. The watershed is primarily 

agricultural (47%), followed by forest land (18%), wetlands (14%) and 

developed areas (10%). 
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Two main branches reach the Weeks Bay, Fish and Magnolia Rivers. 

The Weeks Bay watershed is located in the humid subtropical climate 

region, which dominates the states adjacent to the Gulf of Mexico. This 

provides for typically warm summers and relatively mild winters with 

occasional cold waves. The winter storms, summer thunderstorms, and 

tropical systems help to yield an annual precipitation accumulation of 

approximately 69 inches. This annual rainfall total makes this region 

second in annual rainfall in the continental United States, with the Pacific 

Northwest being the only region with more annual rainfall. Only 36% of 

the watershed area is gauged by the US Geological Survey (USGS). The 

watershed model was divided into 42 sub-catchments. The model was 

setup using NOAA hourly rainfall data from 2002 to 2008. Simulated 

daily streamflow was evaluated against USGS 02378500 Fish River and 

02378300 Magnolia River. Manual (following HSPF flow calibration 

tutorial) and parameter estimator techniques were used to optimize 

selected HSPF parameters. Goodness-of-fit coefficients, error equations, 

and graphical evaluation were used to assess the model results. In this 

study, most sensitive hydrologic parameters were those controlling 

baseflow recession (AGWRC) and infiltration (INFILT). More than 88% 

of annual water losses in Fish River and Magnolia River sub-catchments 

are due actual evapotranspiration and runoff. Simulated ground water 

recharge from rainfall represents only between 4 in/y and 7 in/y. 

Simulated daily streamflow values against USGS Fish and Magnolia 

station time series showed coefficient of determination and Nash-

Sutcliffe coefficient greater than 0.71. The hydrology performance of the 

Fish River model was better than that for the Magnolia River one. 

Magnolia River and Fish River sub-catchment models performed better 

for the wet season (2003-2005) than the dry season (2006-2008). For the 

2003-2008 periods, the simulated average daily freshwater inflow into the 

Weeks Bay was 441 cfs. 

 

 

INTRODUCTION 
 

The US Environmental Protection Agency - EPA (2009a) defined a model 

as “simplification of reality that is constructed to gain insights into select 

attributes of a particular physical, biological, economic, or social system.” 

Hydrologic modeling is a representation of the processes of the water cycle 

and its controlling factors. There are a variety of philosophical and technical 

approaches for simulating hydrology. These approaches can range from 

models based on field or laboratory data to those developed by using water 

physics. Singh and Woolhiser (2002) and Todini (2007), who gave a historical 

review of hydrological watershed modeling, believe that the Rational Method 
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developed in 1850 was the first hydrological modeling approach. Hydrology 

models are applied for many reasons (Wagener et al., 2004; Singh and 

Woolhiser, 2002), for example, such as for water resources assessment (e.g., 

reservoir system operations), to quantify the impacts of watershed 

management strategies (e.g., development of Total Maximum Daily Loads - 

TMDLs), as load models linked to instream/estuary models, to understand 

dynamic interactions between climate and land surface hydrology, to provide 

boundary conditions for atmospheric circulation models, or for real time flood 

forecasting. 

The USEPA released in 1996 the Better Assessment Science Integrating 

Point and Nonpoint Sources - BASINS (USEPA, 2001) which links the 

Hydrological Simulation Program – FORTRAN (HSPF) (Bicknell et al., 2001) 

and others watershed and water quality models with a Geographical 

Information System software, MapWindow (USEPA, 2009b). Also BASINS 

incorporates an extensive US data base (i.e., land use, climatological and water 

quality data) graphical and statistical analysis, and reporting tools. Several 

watershed hydrology models have been developed since 1960’s (Singh and 

Woolhiser, 2002). Watershed models such as the HSPF and the Soil and Water 

Assessment Tool (SWAT) (Neitsch et al., 2005) are popular continuous 

models. The HSPF model is one of the most comprehensive, flexible and 

modular programs of watershed hydrology and water quality available 

(Donigian et al., 1995). HSPF has been applied in different zones around the 

world since the 1980’s (Donigian et al., 1995; Singh and Woolhiser, 2002, 

Diaz-Ramirez et al., 2008; Diaz-Ramirez, Perez-Alegria, and McAnally, 

2008). For instance, a major application of the HSPF is in the Chesapeake Bay 

(128,000 km
2
). 

The goal of this research was to demonstrate the application of a 

hydrologic model to predict fresh water inflows to a coastal watershed – 

Weeks Bay, Alabama. It is part of a larger effort to provide improved tools for 

predicting coastal water quality. This study was based on the application of the 

BASINS/HSPF program to simulate hydrologic processes in the drainage 

areas of the Bay. The study area is located in the Gulf of Mexico region where 

land slope is quite flat along with high frequency of tropical storms and 

hurricane events. Two US Geological Survey (USGS) continuous streamflow 

stations are placed in the Weeks Bay watershed covering 36% of the area. 

With this low percentage of gaged area, there is a necessity to provide better 

knowledge of surface freshwater quantity and timeing reaching the Bay. 
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REVIEW OF THE HSPF MODEL 
 

This section presents a brief summary of the capabilities of HSPF for 

modeling hydrology and erosion processes. A detailed description of HSPF 

can be found in HSPF Version 12, User’s manual (Bicknell et al., 2001). The 

HSPF software is a conceptual, continuous, lumped parameter watershed 

model supported by US Environmental Protection Agency (USEPA) that has 

been extensively used around the world since 1980. The model simulates 

hydrologic and water quality processes in pervious or impervious areas. Water 

quality constituents simulated by HSPF include: dissolved oxygen, bio-

chemical oxygen demand (BOD), temperature, pesticides, conservatives, fecal 

coliforms, sediment detachment and transport, sediment routing, nitrate, 

organic nitrogen, orthophosphate, organic phosphorus, phytoplankton, and 

zooplankton. The newest HSPF version is running under the Better 

Assessment Science Integrating Point and Nonpoint Sources (BASINS) 

software (USEPA, 2001). BASINS platform offers pre and post processing for 

the HSPF model. 

Hydrological simulation in HSPF consists of five storage classes 

(interception, upper zone, lower zone, baseflow, and deep percolation), each 

allowing different types of inflow and outflow. Inflows and outflows are 

simulated in HSPF as water-balance accounting. Each pervious land segment 

considers the following processes: interception, evapotranspiration, surface 

detention, surface runoff, infiltration, shallow subsurface flow (interflow), 

base flow, and deep percolation (Donigian et al., 1995). Surface detention and 

surface runoff are the only components simulated in impervious areas. 

HSPF has been applied in different zones around the world since the 

1980’s (Donigian et al., 1995; Singh and Woolhiser, 2002). HSPF watershed 

applications in the southeastern US can be found in Diaz-Ramirez et al. 2008; 

Duan et al., 2008; McAnally et al., 2006; and Martin et al., 2003. These 

applications focused on the alluvial Mississippi delta, Mississippi coastal area, 

and upland watersheds located in the north central area of Alabama. 

Lehrter (2006) applied the HSPF model in the Weeks Bay watershed 

using input gauge rainfall time series from 2000 to 2001. He calibrated daily 

streamflow simulations using data from the USGS Fish River station 

(02378500). Calibrated parameter values were validated at the USGS 

Magnolia River (02378300). He found correlation coefficient values of 0.7 and 

0.6 for calibrated and validated sub-watersheds, respectively. Lehrter pointed  
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out that in many storm events the magnitude of peak discharge was not well 

simulated; however, baseflow and time of peak were well tracked by the 

model. 

 

 

STUDY AREA 
 

The Weeks Bay watershed is located in Baldwin County, Alabama and 

covers around 198 mi
2
 of land surface (Figure 1). Figure 1 depicts the drainage 

areas above US Geological Survey (USGS) 02378500 Fish River and 

02378300 Magnolia River. Only 36% of the Weeks Bay watershed area is 

gauged by the USGS. Table 1 shows the land use distribution in the study area. 

The National Land Cover data developed in 2001 (USEPA, 2008) shows that 

the watershed is primarily agricultural (47%) followed by forest land (18%), 

wetlands (14%) and developed areas (10%). The area surrounding Weeks Bay 

has experienced rampant urban development especially within the last ten 

years. Baldwin County in general, is one of the three fastest growing counties 

within the state of Alabama. 

Two major rivers flow into Weeks Bay: Fish River from the north and 

Magnolia River from the southeast. The bay and the adjacent coastal wetlands 

were established as a National Estuary and Research Reserve in 1986 and it 

has been protected for over twenty years. 

 

Table 1. 2001 Land use distribution using BASINS/HSPF delineation 

 

Land Use Weeks Bay Fish River Magnolia River 

 mi
2
 % mi

2
 % mi

2
 % 

Water 3.1 1.5 N/A N/A N/A N/A 

Developed 20.3 10.1 5.3 9.7 2.6 14.2 

Barren Land 1.1 0.6 0.3 0.6 0.1 0.5 

Forest 36.1 17.9 16.2 29.9 1.3 7.3 

Shrub Land 6.2 3.1 3.5 6.5 0.1 0.8 

Grass Land/Herbaceous 10.7 5.3 4.1 7.6 0.6 3.2 

Pasture Hay 42.9 21.3 6.6 12.3 4.2 23.7 

Cultivated Crops 51.8 25.8 10.3 19.1 7.3 40.9 

Wetlands 29.0 14.4 7.7 14.3 1.7 9.5 

Total 201.2 100 54.1 100 17.8 100 

N/A not applicable. 
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Figure 1. Location of study area and USGS gaged catchments. 

Two ecoregions cross the study area, southeastern plains and southern 

coastal plain. Land surface elevation in the Weeks Bay watershed ranges from 

sea level to about 210 ft above sea level. Land surface slopes in the area range 

from 0 to 4%. Five soil associations (% of area) are presented in the Weeks 

Bay watershed: Marlboro-Faceville-Greenville (71%), Bowie-Tifton-Sunsweet 

(9%), Lakeland-Plummer (14%), Norfolk-Klej-Goldsboro (4%), and 

Lakewood-St. Lucie-Leon (2%). In general, soils in the area are well drained 

or excessively drained with hydrologic soil groups B/A (USDA-NRCS, 2009). 

The aquifer system beneath the Weeks Bay watershed is divided into two 

geological units (Dowling et al., 2004): a) Aquifer zone A2, the Miocene 

/Pliocene aquifer system with a thickness of about 300 ft and a ground water 

residence time around 40 years; b) Aquifer zone A3, the lower unit is roughly 

800 ft thick and has a water residence time of more than 50 years. 
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The recharge in the highly permeable sediments of the A2 aquifer was 

calculated by Dowling et al. (2004) between 9.5 and 22 in/year. 

 

 

METHODOLOGY 
 

Model Setup 
 

BASINS/HSPF was used to simulate hydrologic processes within the 

Weeks Bay watershed. The BASINS platform offers GIS tools to display and 

calculate physiographic data (topographic, land use, soils, watershed 

boundaries, land slope). Spatial and climatic data, including topography, land 

use, soil properties, reach characteristics, and detailed hourly meteorological 

data were established using the BASINS/HSPF MapWindow interface. Table 

2 shows physiographic and climate data used in this study. The topographic 

data used in the model setup was the United States Geological Survey (USGS) 

Digital Elevation Model (DEM). The DEM was used to delineate watershed 

and sub-watershed boundaries and generate the associated stream network 

(digitized streams). 

 

Table 2. GIS map layers and input data for the Weeks Bay  

watershed model 

 
Data Description Source 

Soil Map STATSGO 
BASINS and 

http://soils.usda.gov/survey/geography/statsgo/ 

Land Use 2001 NLCD 
BASINS and 

http://seamless.usgs.gov/website/seamless/viewer.php 

DEM 

Digital 

Elevation 

Model (30m 

resolution) 

BASINS and 

http://seamless.usgs.gov/website/seamless/viewer.php 

Rainfall Stations 
Robertsdale and 

Fairhope 
http://www.ncdc.noaa.gov/oa/climate/stationlocator.html 

Potential 

Evapotranspiration 

Robertsdale and 

Fairhope 
BASINS 

Stream 

characteristic 

(FTABLE) 

National 

Hydrography 

Dataset 

BASINS and 

http://seamless.usgs.gov/website/seamless/viewer.php 
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All geoprocessing operations were performed using the toolkits provided 

by BASINS. During this process, landuse areas and topographical parameters 

(overland plane slopes, streams’ slope and length, etc.) are summarized for 

export to HSPF’s User Control Input file. HSPF also requires a tabular 

characterization of streams’ geometry (FTABLE) with relationships among 

area, volume, and flow in a river cross section. These relationships are 

calculated by BASINS using the DEM and Manning’s equation for steady 

uniform flow. The climatological database was processed independently using 

the WDMUtil software (also part of the BASINS suite) and then incorporated 

into the watershed data management file (.wdm) specific for Weeks Bay 

watershed model.The climate dataset was setup from 01/01/2002 to 12/31/ 

2008. Daily rainfall data were obtained from the National Weather Service 

(NWS) for the Fairhope and Robertsdale gauging stations (Figure 2). 

 

 

Figure 2. Climate stations and sub-watersed delineation used in this study. 

Moble Regional Airport Station

Fiarhope 2NE Station

Robertsdale Station

Legend
Weeks Bay Watershed 0 4.5 9 miles

N



   

 

Figure 3. Channel network conceptualized by HSPF. 
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Hourly precipitation recorded at the Mobile Regional Airport station was 

used to disaggregate the above cited stations. Spatial rainfall representation 

was assigned to each sub-catchment by the station proximity tool in BASINS. 

In other words, each sub-catchment used rainfall time series from either 

Robertsdale station or Fairhope station. WDMutil computed hourly potential 

evapotranspiration by using the Hamon method (Hamon, 1963) and 

temperature data from the NOAA downtown Mobile station. The Hamon 

method is a temperature based equation recommended by Lu et al. (2005) for 

the southeastern United States. 

BASINS’ automatic delineation tool sub-divided the Weeks Bay 

watershed into 42 sub-watersheds (Figure 2). Consequently, the channel 

network was divided into 42 reaches. After delineation, the initial (not 

calibrated) HSPF model for Weeks Bay was generated from within BASINS 

(Figure 3). 

 

 

Hydrology Calibration 
 

Simulated daily streamflow was evaluated against USGS 02378500 Fish 

River (figure 1) and 02378300 Magnolia River (figure 1). Hydrologic 

calibration was performed from January 1, 2003 to December 31, 2005. 

Calibration was accomplished using an hourly time step; results of HSPF 

streamflow simulation are presented at a daily time step for comparison with 

USGS station records. Manual (HSPF flow calibration tutorial) and parameter 

estimator techniques were used to optimize selected HSPF parameters. 

Goodness-of-fit coefficients, error equations, and graphical evaluation were 

used to assess the model results. 

In this research, the HSPF parameters adjusted during the automatic 

calibration were: lower zone nominal soil moisture storage (LZSN), 

infiltration capacity (INFILT), variable groundwater recession (KVARY), 

base groundwater recession (AGWRC), fraction of remaining evapotranspi-

ration from baseflow (BASETP), fraction of remaining evapotranspiration 

from active groundwater (AGWETP), interception storage capacity (CEPSC), 

upper zone nominal soil moisture storage (UZSN), Manning's for overland 

flow (NSUR), interflow inflow parameter (INTFW), and interflow recession 

parameter (IRC). Parameters adjusted manually were: fraction of groundwater 

inflow to deep recharge (DEEPFR) and lower zone evapotranspiration 

parameter (LZETP). 
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Parameter calibration was performed using the Model-Independent 

Parameter Estimation (PEST) program (WNC, 2004); however, further manual 

calibration was performed for water balance parameters (actual evapotranspi-

ration and deep percolation) and variable groundwater recession parameter, 

KVARY. 

The objective function minimized by PEST included the summed 

weighted squared differences between: 1) observed and simulated daily 

streamflows (OF1), 2) observed and simulated monthly volumes (OF2), and 3) 

exceedence times for various flow thresholds computed on the basis of 

observed and simulated flows (OF3). PEST developers recommend weights 

values be inversely proportional to measurement standard deviations (WNC, 

2004). 

 

 

Hydrology Validation 
 

To increase the confidence in model simulation findings, a hydrology 

validation study was performed using an independent set of field observations 

not used in the calibration period. During the validation period, the HSPF 

parameters were not manipulated. The land use dataset and watershed 

delineation were the same as those used during the model calibration period. 

Hydrology validation was performed from January 1, 2006 to December 31, 

2008. 

 

 

Evaluation Criteria 
 

The Generation and Analysis of Model Simulation Scenarios for 

Watersheds (GenScn) software (Kittle et al., 2001) was used for evaluation of 

the HSPF outputs. Visual evaluation was performed using scatterplots and 

duration curves of observed and simulated streamflow data. 

The following numerical criteria were used to evaluate observed data 

versus simulated data by HSPF: the coefficient of determination (R
2
), the 

Nash-Sutcliffe coefficient (NS), the relative error (RE), and the root mean 

square error (RMSE). 

The coefficient of determination (R
2
), which is the square of Pearson's 

product-moment correlation coefficient, represents the fraction of variability in 

y that can be explained by the variability in x. It ranges from zero to one, with 

higher values indicating better agreement, and is given by: 
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where Oj is the observed streamflow at time step j, O  is the average observed 

streamflow during the evaluation period, Sj is the simulated streamflow at time 

step j, and S  is the average simulated streamflow at time step j. 

The Nash-Sutcliffe coefficient (NS) (Nash and Sutcliffe, 1970) represents 

the fraction of the variance in the measured data explained by the model. The 

NS ranges from minus infinity to one. An NS value of one represents a perfect 

fit. The NS coefficient is considered one of the best statistical criteria for the 

evaluation of continuous-hydrograph simulation programs (Moriasi et al, 

2007; Engelmann et al., 2002; Legates and McCabe, 1999). The NS is given 

by the following equation: 
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The relative error (RE) for long-term continuous simulation is given by 

the following equation: 
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A positive value in equation 3 implies that (on average) the model 

underpredicted flow, whereas a negative value implies overprediction of flow. 

Equations 1, 2, and 3 are dimensionless measures of model performance. 

Additionally, calculating the error in terms of the units of the variable is useful 

for model evaluation (Moriasi et al., 2007; Legates and McCabe, 1999). The 
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root mean square error (RMSE) for long-term continuous simulation is given 

by the following equation: 

 

 

n
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n
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jj





1

2

RMSE

  (4) 

 

The lower the RMSE the better the model performance. 

 

 

Estimation of Hydrographs from Ungaged Watersheds 
 

Based on the calibration and validation processes carried out in drainage 

areas above USGS 02378500 Fish River (figure 1) and 02378300 Magnolia 

River (figure 1), HSPF parameters were extrapolated to ungaged stream areas. 

Two ecoregions level III are set in the Weeks Bay watershed, southeastern 

plains and southern coastal plain (Figure 4). The calibrated Fish and Magnolia 

River sub-catchments lay on the southeastern plains and southern coastal plain 

ecoregions, respectively. To keep the HSPF parameter physical behavior 

thorough the entire study area, calibrated model parameters from each sub-

catchment were extrapolated to adjacent ecoregions. Spatial rainfall 

representation was assiged to each sub-catchment by the station proximity tool 

in BASINS. In other words, each sub-catchment used rainfall time series from 

either Robertsdale station or Fairhope station. Figure 5 shows sub-catchment 

around the Weeks Bay. Streamflow time series 31 and 36 (green numbers) 

sum up the total flow coming from Fish River. Magnolia River flow data come 

from time series 42. After estimating how much fresh water is coming to the 

Bay, the hydraulic retention time could be calculated. The retention time 

answers the question, how long does it take for an estuary to get flushed? 

Three major physical transport mechanisms influences the retention time in an 

estuary like Weeks Bay: tide, river discharge, and the density induced 

circulation. This study quantifies the individual contribution to flushing from 

the watershed drainage area streamflow. The Weeks Bay is connected to the 

Mobile Bay and the tide effect from Mobile Bay was not evaluated. 
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Figure 4. Ecoregions in the Weeks Bay watershed. 

Martin and McCutcheon (1999) defined the retention time as: 

 

Q

V
w 

 (5) 
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where w is the retention time, V is mean water volume of the bay and Q is the 

mean flow from the watershed. The area and mean water depth of the Weeks 

Bay are 3 mi
2
 and 4.8 ft, respectively (NERRS, 2009). Using these data, the 

average water volume of the Bay should be 400,000,000 ft
3
. As mention 

earlier in this section, the fresh water flows coming into the Bay were 

calculated using the HSPF model. 

 

 

RESULTS 
 

Sensitivity Analysis 
 

Table 3 shows results of the relative PEST sensitivity analysis performed 

to 10 HSPF parameters in this study. Three objective functions were used in 

this study for the period 2002 to 2005: daily flows (OF1), monthly volumes 

(OF2), and exceedance times (OF3). In the Fish River sub-catchment model, 

the streamflow parameters most sensitive were: AGWRC, INFILT, DEEPFR, 

and CEPSC. The streamflow parameter that was most sensitive was the 

AGWRC which affects base flow recession. The AGWRC parameter showed 

an inverse relationship with stream flow values (i.e., the higher the AGWRC 

value, the lower the simulated streamflow). The AGWRC parameter depends 

on watershed physiographic characteristics (e.g., climate, soils, geology, 

topography), (USEPA, 2000). 

 

 

Figure 5. Sub-Catchments around the Weeks Bay. 
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Table 3. Relative parameter sensitivity values calculated by PEST 

 

Parameter Definition 

OF1 OF2 OF3 

Fish 

River 

Magnolia 

River 

Fish 

River 

Magnolia 

River 

Fish 

River 

Magnolia 

River 

LZSN (in) 

Lower zone 

nominal soil 

moisture storage 

4.23E-06 7.79E-06 2.82E-01 1.75E-01 3.40E+00 2.69E+00 

INFILT 

(in/hr) 

Index to infiltration 

capacity 
1.71E-05 3.61E-05 6.33E-01 5.09E-01 2.24E+01 2.55E+01 

AGWRC 

(1/day) 

Base groundwater 

recession 
2.85E-05 3.13E-05 2.01E+00 1.06E+00 2.62E+01 2.05E+01 

DEEPFR 

Fraction of 

groundwater inflow 

to deep recharge 

9.15E-06 5.43E-06 6.84E-01 1.98E-01 2.66E+01 9.95E+00 

BASETP 

Fraction of 

remaining 

evapotranspiration 

from baseflow 

3.79E-07 3.95E-06 2.07E-02 9.92E-02 7.80E-01 4.91E+00 

AGWETP 

Fraction of 

remaining 

evapotranspiration 

from active 

groundwater 

1.81E-07 2.41E-06 1.02E-02 6.32E-02 4.65E-01 3.22E+00 

CEPSC (in) 
Interception storage 

capacity 
5.61E-06 7.01E-06 2.41E-01 1.26E-01 1.11E+01 7.25E+00 

UZSN (in) 

Upper zone 

nominal soil 

moisture storage 

5.17E-06 3.31E-06 2.29E-01 7.67E-02 2.91E+00 9.46E-01 

INTFW 
Interflow inflow 

parameter 
0.00E+00 4.52E-06 0.00E+00 1.47E-02 0.00E+00 5.77E-01 

IRC (1/day) 
Interflow recession 

parameter 
5.98E-06 1.06E-05 6.11E-02 7.56E-02 2.32E+00 4.28E+00 

KVARY 

(1/in) 

Variable 

groundwater 

recession 

--- --- --- --- --- --- 

LZETP 

Lower zone 

evapotranspiration 

parameter 

--- --- --- --- --- --- 

--- not evaluated. 

 

The AGWRC is the ratio of current groundwater discharge to groundwater 

discharge 24 hours earlier (Bicknell, et al., 2001). Possible minimum and 

maximum values of AGWRC are 0.85 and 0.999, respectively (USEPA, 

2000). In the same order of magnitude, the second most sensitive parameter 

was the INFILT, which controls the division of precipitation to surface and 

subsurface storages. INFILT is function of soil characteristics. In general, soils 
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in the area are well drained or excessively drained with hydrologic soil groups 

B/A (USDA-NRCS, 2009). This means that INFILT values between 0.1 in/hr 

and 1.0 in/hr are expected. DEEPFR simulates recharge to deep aquifers and 

should be based on groundwater studies in situ. Dowling et al (2004) and 

O’Neil and Chandler (2003) studied the aquifers of the Baldwin County, 

Alabama, where the Weeks Bay watershed is located. They showed aquifer 

recharge values between 4.5 in/y and 22 in/y. The parameter interception 

storage (CEPSC) was among the most sensitive in the Fish River model. 

Interception is rainfall which collects on the plant canopy. Interception is 

affected by rainfall frequency and intensity, species of vegetation, growth 

stage of vegetation, season of year, and wind velocity (Haan et al., 1982). Chin 

(2006) showed interception percentages of rainfall amount in selected studies 

ranging from 4 to 48. In the Magnolia River sub-catchment model, the 

streamflow parameters most sensitive were: AGWRC, INFILT, and IRC. IRC 

affects the recession curve of the hydrograph (between the peak storm flow 

and baseflow). 

 

 

Hydrology Calibration and Validation 
 

The parameter values that were obtained in this study are in the range of 

recommended values by HSPF developers (USEPA, 2000). Table 4 depicts 

calibrated parameter values reached in this study and in the literature. 

 

Table 4. Comparison of the calibrated parameter values reached in this 

study and the literature 

 
Parameter Fish River Magnolia River Lehrter (2006) 

LZSN (in) 2.000 2.133 0.820 

INFILT (in/hr) 0.750 0.350 0.580 

AGWRC (1/day) 0.993 0.996 0.997 

DEEPFR 0.250 0.156 --- 

BASETP 0.001 0.001 --- 

AGWETP 0.001 0.002 --- 

CEPSC (in) 0.010 0.010 --- 

UZSN (in) 0.498 0.678 0.120 

INTFW 2.50 0.900 --- 

IRC (1/day) 0.50 0.419 0.300 

KVARY (1/in) 0.000 0.100 --- 

LZETP 0.85 0.750 --- 

--- no information available. 
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Lehrter (2006) found INFILT and AGWRC parameter values close to this 

study values. The LZSN value found by Lehrter (2006) is lower than 

recommended by HSPF developers (the minimum possible recommended is 

2.0 in).  

Mean annual water balance components are shown in Table 5. More than 

88% of annual water losses in Fish River and Magnolia River sub-catchments 

are due to actual evapotranspiration and runoff. The Magnolia River sub-

catchment used rainfall data from the Robertsdale station. Rainfall time series 

from Fairhope and Robertsdale were use in the Fish River sub-catchment. The 

Magnolia River model showed less deep groundwater recharge than Fish River 

model because DEEPFR value was higher in Fish River sub-catchment than 

Magnolia River sub-catchment (Table 4 above). Annual water balance 

components simulated in this study are close to those calculated by Lu et al. 

(2003), Dowling et al (2004), and O’Neil and Chandler (2003). No 

information about storage was found in the literature review. 

Table 6 shows simulated and observed streamflow data at USGS Fish 

River station. The calibration period (2003 to 2005) showed higher flows than 

the validation period (2006 to 2008). The observed mean streamflow ratio 

between calibration and validation period was 1.7. This means that the 

calibration period showed 70% more flow than the validation period. The 

mean relative error of daily flows was -8.6% and -2.2% for the calibration and 

validation periods, respectively. Donigian (2002) considers this range of errors 

a very good value for continuous daily simulation results. Negative relative 

errors indicate that the model overpredicts streamflow. Statistical results for 

best-fit calibration of daily and monthly flows were better for the calibration 

period than validation process. The coefficient of determination (R
2
) indicates 

that the model explained 79% of the total variability in the observed data at 

daily levels for the entire simulation period (2003 to 2008). 

 

Table 5. Mean annual water balance, 2002 to 2008 

 

Component 
Fish River Values 

(in/year) 

Magnolia River 

Values (in/year) 

Rainfall 68.42 70.62 

Runoff 26.85 32.44 

Deep Groundwater 7.13 3.85 

Actual Evapotranspiration 33.51 32.77 

Storage 0.93 1.57 
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Table 6. Observed and simulated streamflow data at USGS Fish River 

 

Period 
Simulated 

Mean (cfs) 

Observed 

Mean (cfs) 
R

2
 

RMSE 

(cfs) 
NS 

Daily calibration 

(2003-2005) 
153.8 141.6 0.82 136.36 0.75 

Daily validation 

(2006-2008) 
81.74 80.01 0.40 66.72 0.35 

Daily total 

(2003-2008) 
117.77 110.8 0.79 107.35 0.72 

Average daily 

values by month 

(2003-2006) 

117.91 110.95 0.83 42.21 0.63 

 

 

Figure 6. Daily observed and simulated streamflow time series. 

Results showed in this research are better than those reached by Lehrter 

(2006). He used streamflow time series from 2000 to 2001 and found a R
2
 

value of 0.49. 

Figure 6 depicts daily simulated and observed streamflow time series at 

USGS Fish River station. The season from 2003 to 2005 showed higher flows 

than the 2006-2008 periods. Many observed flow peaks were tracked by the 

model. However, some simulated peaks did not match observed ones, mainly 

because of uncertainty associated with the rainfall database and the effect of 

lumped parameter calculations. 
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Simulated baseflow was well tracked from mid 2004 to mid 2005. 

Observed baseflow was lower than simulated in 2003 and 2008. The model 

underpredicted baseflow consistently in 2006. Figure 7 shows that annual 

rainfall values from 2006 to 2007 were below average precipitation values by 

between 14 in and 26 in. The Palmer Hydrological Drought Index calculated 

by NOAA showed severe drought for 2006 and 2007 years around the Weeks 

Bay watershed (NOAA, 2009). 

Simulated and observed flow duration curves are shown in figure 8. Both 

curves match relatively closely at high flows. Flows lower than 60 cfs were 

underestimated by HSPF. Flows between 70 cfs and 180 cfs were 

overestimated by the model. The median flow (50% of the time) was 90 cfs 

and the mean flow was 110.8 cfs (see Table 6 above). Figure 8 also shows that 

baseflow is significant in the Fish River sub-catchment because flow values 

much of the time (10% to 100% of the time) have a low slope. This low slope 

reflects the importance of the AGWRC parameter. In other words, 90% of the 

time the flow changed less than 140 cfs; in contrast, high flows turned up from 

140 cfs to 7,000 cfs in just 10% of the evaluated time. In Figure 9, the HSPF 

model simulation output is plotted against the observed streamflow for the 

entire simulation period. HSPF output shows that almost all daily flows are 

below 2,000 cfs excluding four values above this threshold. The model 

showed a slight tendency to overestimate peak flows. 

 

 

Figure 7. Annual total rainfall values from NOAA stations. 
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Figure 8. Daily flow duration curves at USGS Fish River station, 01/01/2003 to 12/31/ 

2008. 

 

Figure 9. Daily streamflow scatter plot, 01/01/2003 to 12/31/2008. 

Table 7 shows simulated and observed streamflow data at the USGS 

Magnolia River station. This station showed the same flow character as the 

Fish River station because the stations are just 10.6 mi apart. The observed 

mean streamflow ratio between calibration and validation periods was 2.5. 

This means that the calibration period showed 150% more flow than the 

validation period. A bigger discrepancy was exhibited by the Fish River data. 
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The mean relative error of daily flows was 12.8% and -12.2% for the 

calibration and validation periods, respectively. Donigian (2002) considers this 

range of errors a good value for continuous daily simulation results. Positive 

relative errors indicate that the model underpredicts streamflow. As found in 

the Fish River model, statistical results for best-fit calibration of daily and 

monthly flows were better for the calibration period than the validation 

process. The coefficient of determination (R
2
) indicates that the model 

explained 71% of the total variability in the observed data at daily levels for 

the entire simulation period (2003 to 2008). Results showed in this research 

are better than those reached by Lehrter (2006), who evaluated streamflow 

time series from 2000 to 2001 and found a R
2
 value of 36%. 

Figure 10 shows simulated and observed discharges for the 2003-2008 

periods. This figure depicts that, generally, the model responds to daily 

precipitation events. The flow duration curve plotted in Figure 11 showed the 

same high relevance of baseflow that was found in the Fish River sub-

catchment. The scatter plot in Figure 12 depicted clearly that the extreme 

events were underestimated by the model. Most of the flows are clustered 

below 800 cfs. Contrasting the intercept value from the linear regression 

between Magnolia River (11.4 cfs) vs. Fish River (4.8 cfs), one can state that 

the hydrology performance of the Fish River model was better than the 

Magnolia River model. In addition, the correlation coefficient was higher for 

the Fish River sub-catchment model than the Magnolia River model. 

 

Table 7. Observed and simulated streamflow data  

at USGS Magnolia River 

 

Period 
Simulated 

Mean (cfs) 

Observed 

Mean (cfs) 
R

2
 

RMSE 

(cfs) 
NS 

Daily calibration 

(2003-2005) 
59.24 67.95 0.74 132.76 0.74 

Daily validation 

(2006-2008) 
30.00 26.73 0.20 53.25 -1.08 

Daily total 

(2003-2008) 
44.62 47.34 0.71 101.14 0.71 

Average daily values 

by month 

(2003-2006) 

44.69 47.47 0.77 34.64 0.71 
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Figure 10. Daily observed and simulated streamflow time series. 

 

Figure 11. Daily flow duration curves, 01/01/2003 to 12/31/2008. 

 

Hydrographs from Ungaged Stream Areas 
 

After model calibration and validation at USGS Fish River and Magnolia 

River stations, calibrated parameters were extrapolated to ungauged areas in 

the Weeks Bay watershed. 
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Figure 12. Daily streamflow scatter plot, 01/01/2003 to 12/31/2008. 

 

Figure 13. Streamflow simulations coming into the Bay. 

Figure 13 depicts streamflow time series from Fish River, Turkey Branch 

and Magnolia River for the combined gauged and ungauged areas. Simulated 

annual fresh water coming into the Bay ranged from 81,000 cfs to 235,000 cfs 

for the 2003-2008 periods. The simulated median annual fresh water reaching 

the Weeks Bay was 190,000 cfs. From the total surface fresh water coming 

into the Bay, Fish River watershed accounts roughly 77%, the remaining water 

flow portion comes from the Magnolia River watershed. 
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Adding up all the fresh water coming into the Bay, simulated daily 

minimum, average, and maximum streamflows were: 118 cfs, 441 cfs, and 

42,890 cfs, respectively. The minimum, average, and maximum flushing time 

in days between 2003 and 2008 was calculated as 0.1, 10.5, and 39.3, 

respectively. 

 

 

CONCLUSION 
 

The research conducted in this study provides a stream flow estimate 

coming into the Weeks Bay during the period between January1, 2003 and 

December 31, 2008. This study used 2,192 continuous daily streamflow data 

from two USGS stations in order to evaluate hydrologic processes in a coastal 

sub-tropical watershed in Alabama, US. The Hydrological Simulation Program 

- FORTRAN (HSPF) in interface with Better Assessment Science Integrating 

Point and Nonpoint Sources (BASINS) was used to study hydrologic 

processes in the drainage areas of the Weeks Bay. A parameter sensitive 

analysis was performed using the Model-Independent Parameter Estimation 

(PEST) program. 

In general, the most sensitive hydrologic parameters were those controling 

baseflow recession (AGWRC) and infiltration (INFILT). When flow duration 

curves were analyzed, it was found that baseflow was significant in the 

drainage areas evaluated because flow values much of the time (10% to 100% 

of the time) have a low slope. The calibrated Fish River and Magnolia River 

models explained more that 71% of the daily variability of streamflows. The 

models performed better during high flow seasons than dry seasons. Daily 

observed mean flows between 2002 and 2005 were 76% higher than dry 

season. In general, the model performance was good considering that the 

evaluation period covered flood and drought scenarios. These results 

demonstrate that HSPF is capable of simulating hydrology for flat sub-tropical 

coastal areas impacted by tropical storms and hurricanes. 

For the 2003-2008 periods, the simulated average daily freshwater inflow 

into the Weeks Bay was 441 cfs. The residence time for the Weeks Bay, using 

only fresh water from the watershed drainage areas could range from 0.1 days 

to 39 days for the 2003-2008 simulated periods. These results show that in 

freshwater flood conditions, the Weeks Bay residence time is in the order of 

hours. The majority of organic pollutants and sediments are transported by 

runoff events, and considering the short residence time in the study bay, it is 

expected that the pollutant removal was high during those events. In order to 
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increase the understanding of the hydraulics in the bay (tidal influence from 

the Mobile Bay) a multidimensional numerical modeling should be coupled to 

the hydrology model used in this study. 
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