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Many hydrologic and water quality computer models have been developed and applied to assess
hydrologic and water quality impacts of land use changes. These models are typically calibrated and
validated prior to their application. The Long-Term Hydrologic Impact Assessment (L-THIA) model was
applied to the Little Eagle Creek (LEC) watershed and compared with the ﬁltered direct runoff using
BFLOW and the Eckhardt digital ﬁlter (with a default BFImax value of 0.80 and ﬁlter parameter value of
0.98), both available in the Web GIS-based Hydrograph Analysis Tool, called WHAT. The R2 value and
the Nash–Sutcliffe coefﬁcient values were 0.68 and 0.64 with BFLOW, and 0.66 and 0.63 with the
Eckhardt digital ﬁlter. Although these results indicate that the L-THIA model estimates direct runoff
reasonably well, the ﬁltered direct runoff values using BFLOW and Eckhardt digital ﬁlter with the
default BFImax and ﬁlter parameter values do not reﬂect hydrological and hydrogeological situations in
the LEC watershed. Thus, a BFImax GA-Analyzer module (BFImax Genetic Algorithm-Analyzer module)
was developed and integrated into the WHAT system for determination of the optimum BFImax
parameter and ﬁlter parameter of the Eckhardt digital ﬁlter. With the automated recession curve
analysis method and BFImax GA-Analyzer module of the WHAT system, the optimum BFImax value of
0.491 and ﬁlter parameter value of 0.987 were determined for the LEC watershed. The comparison of
L-THIA estimates with ﬁltered direct runoff using an optimized BFImax and ﬁlter parameter resulted in
an R2 value of 0.66 and the Nash–Sutcliffe coefﬁcient value of 0.63. However, L-THIA estimates
calibrated with the optimized BFImax and ﬁlter parameter increased by 33% and estimated NPS pollutant
loadings increased by more than 20%. This indicates L-THIA model direct runoff estimates can be
incorrect by 33% and NPS pollutant loading estimation by more than 20%, if the accuracy of the baseﬂow
separation method is not validated for the study watershed prior to model comparison. This study
shows the importance of baseﬂow separation in hydrologic and water quality modeling using the LTHIA model.
Published by Elsevier Ltd.
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1. Introduction
Signiﬁcant areas have been converted into impervious areas
with human induced development activities in recent years. This
n
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’’urban sprawl’’ has been a dominant phenomenon in urbanized
regions worldwide according to the U.S. EPA (2001) due to social
and economic beneﬁts from development. However, the negative
impacts of ’’urban sprawl’’ on hydrology and water quality have
been recognized only recently. Thus, many computer simulation
models have been developed and utilized to assess the impacts of
urban sprawl to assist in environment-friendly land use planning.
The Long-Term Hydrologic Assessment Tool (L-THIA) (Harbor,
1994; Bhaduri et al., 2001; Lim et al., 2001, 2006), Soil and Water
Assessment Tool (SWAT) (Arnold et al., 1995), and Hydrological
Simulation Program—Fortran (HSPF) (Bicknell et al., 1997) models
have been frequently used for this purpose. The accuracies of these
models should be validated prior to their application in land use
planning. The water quality components of these models rely on their
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corresponding hydrologic components. Thus, researchers and modelers typically ﬁrst calibrate and validate the hydrologic component of
models. In most cases, these models simulate direct runoff and
baseﬂow components separately; thus it would be desirable to
calibrate and validate the direct runoff and baseﬂow modules
separately.
For accurate model calibration and validation, the direct runoff
and baseﬂow components from stream ﬂow have to be ﬁrst
separated. There are numerous methods, called ’’hydrograph analysis’’
or ‘‘baseﬂow separation’’, available to separate baseﬂow from
measured stream ﬂow hydrographs. The traditional hydrograph
analysis methods are not very efﬁcient because these subjective
techniques do not provide consistent results. Thus, the U.S. Geological
Survey (USGS) has developed and distributed an automated hydrograph analysis program called HYSEP (Sloto and Crouse, 1996). Digital
ﬁltering methods have also been used in baseﬂow separation because
they are easy to use and provide consistent results (Lyne and Hollick,
1979; Chapman, 1987; Nathan and McMahon, 1990; Arnold et al.,
1995; Arnold and Allen, 1999; Eckhardt, 2005). The BFLOW (Lyne and
Hollick, 1979; Arnold and Allen, 1999) and the Eckhardt (Eckhardt,
2005) digital ﬁlters are widely used for hydrograph analysis. Although
a new parameter was introduced in the Eckhardt digital ﬁlter to
reﬂect local hydrogeological situations (BFImax) and representative
values were proposed for various aquifers, the use of a BFImax value
speciﬁc to local conditions is strongly recommended instead of using
the proposed representative BFImax values.
Lim et al. (2005) developed the Web GIS-based Hydrograph
Analysis Tool (WHAT) (https://engineering.purdue.edu/what) to
provide fully automated functions for baseﬂow separation. Lim
et al. (2005) compared the ﬁltered baseﬂow for 50 gaging stations
in Indiana, USA using the Eckhardt ﬁlter with a default BFImax value
of 0.80 and the BFLOW ﬁlter. The Nash–Sutcliffe coefﬁcient values
were 0.91 for 50 Indiana gaging stations. However, the use of the
default BFImax value of 0.80 for 50 Indiana gaging stations is not
recommended because the ﬁltered baseﬂow data were compared
with the results from the BFLOW digital ﬁlter which did not reﬂect
the physical characteristics in the aquifer and watershed.
Lim et al. (2006) validated the L-THIA model accuracy by
comparing L-THIA daily direct runoff with daily direct runoff values
estimated using BFLOW and observed ﬂow. The Nash–Sutcliffe
coefﬁcient values were 0.60 for both calibration and validation
periods. Although the studies by Lim et al. (2005, 2006) provided
higher statistics for comparisons, none of studies by Lim et al. (2005,
2006) was compared with the direct runoff values separated using
digital ﬁlters reﬂecting the local hydrogeological conditions. There is
a need for an automated module to separate baseﬂow accurately
from stream ﬂow in calibration and validation of hydrologic and
water quality models, such as L-THIA and SWAT.
The objectives of this study are to: (1) develop an automated
module in the WHAT system for determination of optimum
Eckhardt BFImax value and ﬁlter parameter values using Genetic
Algorithm (GA) techniques by comparing the ﬁltered baseﬂow with
baseﬂow from recession curve analysis; (2) assess the hydrologic
and water quality impacts of using optimized BFImax values, rather
than a default BFImax value of 0.80 provided by Eckhardt (2005).

2. Literature review
2.1. Long-Term Hydrologic Impact Assessment (L-THIA) ArcView GIS
The L-THIA model was developed to estimate direct runoff using
the CN method (Harbor, 1994). It utilizes daily rainfall depth, land
use, and hydrologic soil group data. An ArcView GIS interface was
developed and enhanced over the last several years to provide a
user-friendly interface to the L-THIA model (Bhaduri et al., 2001;
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Lim et al., 2001), and a Web-based L-THIA was developed and is
accessible from http://www.ecn.purdue.edu/runoff/. The L-THIA
model estimates NPS pollutant loadings by multiplying the
estimated daily direct runoff by pollutant loading coefﬁcients, called
Event Mean Concentration (EMC) values, associated with land use
(Lim et al., 2001) (Fig. 1).
The L-THIA model has been used in many research efforts for
land use impact assessment (Pandey et al., 2000; Bhaduri et al.,
2001; Kim et al., 2002). A daily version of the L-THIA model is also
available, and Lim et al. (2005) applied the daily version of L-THIA
for the comparison of yearly direct runoff values. The comparison
gave reasonable results with a Nash–Sutcliffe coefﬁcient of 0.67.
Lim et al. (2006) developed an automatic calibration tool to
calibrate the daily version of the L-THIA model, and its comparison
was reasonable with a Nash–Sutcliffe coefﬁcient value of 0.60.
2.2. Hydrograph analysis
The hydrograph describes ﬂow versus time, and the shape of a
hydrograph varies depending on physical and meteorological
conditions in the watershed (Bendient and Huber, 2002). As
described in the ’’Introduction’’ section, there are many methods
available to separate baseﬂow from stream ﬂow hydrographs. To
overcome limitations in traditional baseﬂow separation methods,
many automated programs, such as the USGS HYSEP (Sloto and
Crouse, 1996) and the BFLOW (Arnold and Allen, 1999), were
developed to provide consistent baseﬂow separation results. The
USGS HYSEP (Sloto and Crouse, 1996) provides three baseﬂow
separation methods: ﬁxed interval, sliding interval, and local
minimum method. However, HYSEP is not a user-friendly program
and requires a great deal of user intervention to prepare input data
and run the program. Arnold and Allen (1999) compared ﬁltered
baseﬂow data using the BFLOW digital ﬁltering technique (Lyne and
Hollick, 1979; Arnold and Allen, 1999) with measured data; the R2
value for this comparison was 0.83. However, the BFLOW digital
ﬁltering method does not consider aquifer characteristics in separating baseﬂow from stream ﬂow because the digital ﬁltering method
by Lyne and Hollick (1979) was originally used in signal analysis and
processing to separate high frequency signals from low frequency
signals. Thus, Eckhardt (2005) proposed a general form of the digital
ﬁltering method with representative BFImax (maximum value of
long-term ratio of baseﬂow to total stream ﬂow) parameter values
for various hydrogeological situations to minimize the subjective
inﬂuence of using BFImax on baseﬂow separation (Eckhardt, 2005).
Eckhardt (2005) estimated representative BFImax values for different
hydrological and hydrogeological situations. Eckhardt (2005) proposed the use of BFImax values of 0.80 for perennial streams with
porous aquifers, 0.50 for ephemeral streams with porous aquifers,
and 0.25 for perennial streams with hard rock aquifers. However, use
of a BFImax value speciﬁc to local conditions is recommended.
2.3. Web-based Hydrograph Analysis Tool (WHAT)
The Web GIS-based Hydrograph Analysis Tool (WHAT) (https://
engineerg.purdue.edu/ what) was developed (Lim et al., 2005) to
provide a Web GIS interface for the 48 continental states in the USA
for baseﬂow separation using a local minimum method, the BFLOW
digital ﬁlter method, and the Eckhardt ﬁlter method. The Web
Geographic Information System (GIS) version of the WHAT system
accesses and uses U.S. Geological Survey (USGS) daily stream ﬂow
data from the USGS web server. To evaluate WHAT performance, the
ﬁltered results using the Eckhardt digital ﬁlter with default BFImax
value of 0.80 were compared with the results from the BFLOW ﬁlter
method that was previously validated (Lim et al., 2005). The Nash–
Sutcliffe coefﬁcient values were 0.91, and the R2 values were over 0.98
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Fig. 1. Overview of L-THIA GIS system (adapted from Lim et al., 2001).

Fig. 2. Location of Little Eagle Creek (LEC) watershed (a) and its land use for 1991 (b) (adapted from Lim et al., 2006).

for 50 Indiana gaging stations. However, the use of the default BFImax
value of 0.80 for 50 Indiana gaging stations is not recommended
because the ﬁltered baseﬂow data were compared with the results
from the BFLOW digital ﬁlter which did not reﬂect physical
characteristics in the aquifer and watershed. Although the WHAT
system cannot consider reservoir release and snowmelt that can
affect stream hydrographs, the fully automated WHAT system can
play an important role for sustainable ground water and surface
water exploitation.

comparison of L-THIA estimated direct runoff with the ﬁltered
direct runoff using the BFLOW digital ﬁlter. The LEC watershed is
70.5 km2 in size (Fig. 2(a)). Fig. 2(b) shows the 1991 land uses for
the LEC watershed. Urbanized land area in the LEC watershed was
approximately 68% of the total land area in 1991 (Lim et al., 2005).
The LEC land use data with the 1991 daily rainfall data were used in
this study to simulate the effects on direct runoff estimation of
using an improved BFImax value for the LEC watershed rather than
using the default BFImax value of 0.80 provided in the WHAT system.

3. Methodology

3.2. Baseﬂow separation using BFLOW and Eckhardt ﬁlters in the
WHAT system

3.1. Study area
In this study, the Little Eagle Creek (LEC) watershed near
Indianapolis, Indiana was chosen for daily direct runoff comparison
because it was used in the Lim et al. (2006) study for the

In the study by Lim et al. (2006), the L-THIA model was
calibrated using BFLOW (Arnold and Allen, 1999) ﬁltered direct
runoff results. In the study described herein, the BFLOW ﬁlter and
the Eckhardt ﬁlter (with a default BFImax value of 0.80) were used
to separate baseﬂow from the 1991 stream ﬂow. The ﬁltered

ARTICLE IN PRESS
K.J. Lim et al. / Computers & Geosciences 36 (2010) 936–944

direct runoff from BFLOW and the Eckhardt (with a default BFImax
value of 0.80) ﬁlters were compared to examine the agreement of
L-THIA estimated direct runoff values with those from the BFLOW
and the Eckhardt ﬁlter (with a default BFImax value of 0.80).
3.3. Comparison of L-THIA estimated direct runoff using ﬁltered
direct runoff
In this study, the L-THIA model was calibrated using the
BFLOW and the Eckhardt ﬁltered direct runoff values. The L-THIA
estimated direct runoff was compared with the BFLOW
ﬁltered direct runoff values as well as Eckhardt ﬁltered direct
runoff values to examine the validity of using the default BFImax
value of 0.80 in the Eckhardt digital ﬁlter. The BFLOW and
Eckhardt ﬁlter parameters are not site speciﬁc and thus may not
reﬂect the local hydrogeological conditions in the LEC watershed,
Indiana, USA.

3.4. Development of genetic algorithm-based optimization for
determination of optimum BFImax and ﬁlter parameter values
One of the objectives of this study was to develop an automated
module in the WHAT system using a Genetic Algorithm (Holland,
1975) technique to determine the optimum BFImax value and ﬁlter
parameter value to be used in the Eckhardt digital ﬁltering method.
The recession curve analysis method can be used to separate
baseﬂow from long-term stream ﬂow. However, this is time
consuming and typically results in inconsistent results because it
is not easy to identify the deﬂection point in the storm recession
curves. Thus, a Genetic Algorithm-based optimization module to
ﬁnd the optimum BFImax and ﬁlter parameter values (BFImax Genetic
Algorithm-Analyzer, BFImax GA-Analyzer) was developed in this
study. The BFImax GA-Analyzer determines the optimum BFImax
value and ﬁlter parameter for the Eckhardt ﬁlter by comparing
ﬁltered baseﬂow with baseﬂow from recession curve analysis until it
ﬁnds the maximum Nash–Sutcliffe coefﬁcient value.

939

Genetic Algorithms (GA) were pioneered and developed by
Holland (1975) at the University of Michigan in the 1960 and the
1970s (Holland, 1975). The GA is useful in ﬁnding the optimal
solution to solve variable optimization problems through collective learning processes within a population of individual candidate solutions, and has been used for many researches (Chemin
and Honda, 2006; Chung et al., 2009; Kollat and Reed, 2006;
Matta, 2009). The GA is based on the principles of ‘survival of the
ﬁttest’, sets up a population of individuals to the problem, and
attempts to create the individual for the ‘best ﬁtness’. There are
three operators in the GA—selection, crossover, and mutation.
With the selection operator, the population changes from poorer
solutions to better solutions to remain. With the crossover
operator, the genetic material of several pairs of solutions and
some of their values are traded. It provides better ﬁtness
individuals a higher probability of being selected. Mutation alters
a small percentage of individuals (one or more of their values) in
the population (Holland, 1975; Georgieva and Jordanov, 2009; Wu
et al., 2006).
The Eckhardt ﬁlter separates the baseﬂow from stream ﬂow
with the equation as shown below:
bt ¼

ð1-BFImax Þa þ bt1 ð1-aÞBFImax Q t
1-a BFImax

ð1Þ

where bt is the ﬁltered baseﬂow at the t time step; bt  1 is
the ﬁltered baseﬂow at the t  1 time step; BFImax is the maximum
value of long-term ratio of baseﬂow to total stream ﬂow; a is the
ﬁlter parameter; and Qt is the total stream ﬂow at t time step.
The BFImax GA-Analyzer module determines the optimum
BFImax value and ﬁlter parameter through a 500 generation GA
analysis. The BFImax GA-Analyzer module compares the ﬁltered
baseﬂow using the Eckhardt BFImax and ﬁlter parameter values
selected in each generation with the baseﬂow from recession
curve analysis until the optimum BFImax and ﬁlter parameter is
determined (Fig. 3). The optimum BFImax value and ﬁlter
parameter values are transferred to the WHAT main interface
for long-term hydrograph separation analyses.

Fig. 3. WHAT BFImax GA-Analyzer module developed to determine optimum BFImax value and ﬁlter parameter.
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3.5. Hydrologic and water quality impacts of using optimum BFImax
parameter

Fig. 4. Comparison of Eckhardt ﬁltered direct runoff (with a default BFImax value of
0.80 and a default ﬁlter parameter value of 0.98) and the BFLOW ﬁltered results for
Little Eagle Creek (LEC) watershed.

The optimum BFImax and ﬁlter parameter values for the
LEC watershed were obtained using the automated recession
curve analysis module and the BFImax GA-Analyzer module
developed in this study. The direct runoff with the optimized
BFImax and ﬁlter parameter values were used to calibrate
the L-THIA model, because the optimum BFImax and ﬁlter
parameter values reﬂect baseﬂow recession curve characteristics
of the LEC watershed well. The L-THIA results calibrated
with the default BFImax value of 0.80 and ﬁlter parameter value
of 0.98 were compared with those obtained with the optimized
BFImax and ﬁlter parameter values to examine potential errors
in L-THIA estimated direct runoff with use of the default BFImax
and ﬁlter parameter values in the Eckhardt digital ﬁlter.
As with most hydrologic/water quality models, the water quality
module of the L-THIA model is affected by the hydrologic

Fig. 5. Comparison of L-THIA estimated direct runoff with BFLOW ﬁltered direct runoff.

Fig. 6. Comparison of L-THIA estimated direct runoff with Eckhardt ﬁltered direct runoff with a default BFImax value of 0.80.
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component of the L-THIA system. Thus, the water quality impact
with the use of optimized BFImax and ﬁlter parameter values was
also investigated.

4. Results
4.1. Baseﬂow separation using BFLOW and Eckhardt ﬁlters using
WHAT system
The default BFImax value of 0.80 is provided by Eckhardt (2005)
for perennial streams with porous aquifers. Thus, the default
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BFImax value of 0.80 is commonly used in separating baseﬂow
from observed ﬂow by most users. The ﬁltered direct runoff
values using the BFLOW ﬁlter and the Eckhardt ﬁlter (with a
default BFImax value of 0.80 and a default ﬁlter parameter value of
0.98) were compared. The R2 value was 1.00 and the Nash–
Sutcliffe coefﬁcient was 0.99 for the comparison of the BFLOW
ﬁltered direct runoff and the Eckhardt ﬁltered direct runoff (with
a default BFImax value of 0.80) as shown in Fig. 4, indicating the
calibrated CN values for the LEC watershed using the BFLOW
ﬁltered direct runoff will also work well with the Eckhardt ﬁltered
direct runoff results (with a default BFImax value of 0.80 and ﬁlter
parameter value of 0.98).

Fig. 7. Automated recession curve analysis and BFImax GA-Analyzer module to determine BFImax parameter and ﬁlter parameter of Eckhardt digital ﬁlter in WHAT web
system (https://engineering.purdue.edu/  what).
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4.2. Comparison of the L-THIA estimated direct runoff using ﬁltered
direct runoff

4.3. Development of genetic algorithm-based optimization for
determination of optimum BFImax parameter

The CN values were adjusted for best ﬁts between the L-THIA
estimated direct runoff and the BFLOW and the Eckhardt (with a
default BFImax value of 0.80 and a default ﬁlter parameter of 0.98)
ﬁltered direct runoff values. Fig. 5 shows the comparison of the
L-THIA estimates with the BFLOW ﬁltered values. The R2 value
was 0.68 and the Nash–Sutcliffe coefﬁcient was 0.64, indicating
the L-THIA model is capable of simulating direct runoff for the LEC
watershed reasonably well. Santhi et al. (2001) suggested a Nash–
Sutcliffe value of 0.5 or higher indicates a hydrologic model
performs at an acceptable level. Fig. 6 shows the comparison of
L-THIA runoff estimates with the Eckhardt ﬁltered values with a
default BFImax value of 0.80 and a default ﬁlter parameter value of
0.98. The R2 value was 0.66 and the Nash–Sutcliffe coefﬁcient was
0.63. Thus, one can infer that the L-THIA model performs well in
predicting the direct runoff for the LEC watershed since the R2 and
the Nash–Sutcliffe coefﬁcient values were higher than 0.60 in
both cases. The similar R2 and Nash–Sutcliffe coefﬁcient values
were because of similarity in ﬁltered direct runoff values using
the BFLOW ﬁlter and the Eckhardt ﬁlter with a default BFImax
value of 0.80 as shown in Fig. 4.
However, the BFLOW ﬁltering method and the Eckhardt
ﬁltering method do not accurately reﬂect hydrogeological conditions in the LEC watershed when separating the baseﬂow from the
stream ﬂow. Therefore, the accuracy in ﬁltered baseﬂow needs to
be investigated to provide reliability in L-THIA estimated direct
runoff.

To determine the optimum BFImax parameter, the recession
curve method was automated and the BFImax GA-Analyzer module
was developed and integrated into the WHAT system as shown in
Fig. 7. Users are required to provide or upload stream ﬂow data
into the WHAT system for recession curve analysis (Fig. 7(a)). The
BFImax GA-Analyzer module determines the optimum BFImax value
and ﬁlter parameter value as shown in Fig. 7(b). Then, the
optimum BFImax value is transferred to the main WHAT interface
automatically for users’ convenience. This fully automated ‘‘BFImax
GA-Analyzer’’ was integrated into the WHAT interface (Fig. 7(c)).
Fig. 8 shows the stream ﬂow data for the LEC watershed and the
ﬁltered baseﬂow data from the recession curve analysis. Baseﬂow
separated using the recession curve analysis takes 58.03% of the total
stream ﬂow. Using the automated recession curve analysis tool and
the BFImax GA-Analyzer module developed in this study (Fig. 7), the
optimum BFImax value of 0.491 and the ﬁlter parameter value of 0.98
for the LEC watershed were determined. Fig. 9 shows the ﬁltered
baseﬂow using the optimum BFImax value of 0.491 and ﬁlter
parameter value of 0.987. Baseﬂow using the optimum BFImax value
takes 58.03% of the total stream ﬂow. The minor differences in the
ﬁltered baseﬂow (Figs. 8 and 9) were because the recession curve
analysis determines the deﬂection point of the recession curve as an
ending point of direct runoff, while the Eckhardt digital ﬁlter does not
consider any physical aquifer characteristics. However, the BFImax
value of 0.491 is the optimum value for the LEC watershed compared
with the ﬁltered baseﬂow using the recession curve analysis.

Fig. 8. Baseﬂow separation using recession curve analysis.

Fig. 9. Baseﬂow separation using Eckhardt digital ﬁlter with optimized BFImax value of 0.491 and ﬁlter parameter value of 0.987.
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Fig. 10. Comparison of L-THIA estimated direct runoff with Eckhardt ﬁltered direct runoff with an optimized BFImax value of 0.491 and ﬁlter parameter value of 0.987.

Increases in Direct Runoff and Pollutant Loading
using Optimum w/ BFImax Value of 0.491 and Filter Parameter
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Fig. 11. Increases in direct runoff and pollutant loading using an optimum BFImax value of 0.491 and ﬁlter parameter value of 0.987.

4.4. Hydrologic and water quality impacts of using optimum BFImax
parameter and ﬁlter parameter
The L-THIA model was calibrated with the direct runoff
separated using the Eckhardt ﬁlter with the optimized BFImax
value of 0.491 and the optimized ﬁlter parameter value of 0.987.
The R2 value was 0.66 and the Nash–Sutcliffe coefﬁcient value was
0.63 as shown in Fig. 10. These statistics are the same as those from
the Eckhardt ﬁlter with the default BFImax value of 0.80. However,
the L-THIA direct runoff values calibrated using the optimized
BFImax value of 0.491 is greater than those with a default BFImax
value of 0.80 by 32.5%, although the R2 and Nash–Sutcliffe
coefﬁcient between the L-THIA estimated direct runoff and the
Eckhardt ﬁltered direct runoff with different BFImax values (default
value of 0.80 and optimized value of 0.491) are the same.
This result indicates that the L-THIA estimated direct runoff
values with acceptable performance statistics (Nash–Sutcliffe
coefﬁcient value of 0.60 or higher, Santhi et al., 2001) for the
comparison with ﬁltered direct runoff values may not match the

’’true’’ direct runoff values. There could be substantial differences
in the L-THIA estimated direct runoff as shown in this study. This
mismatch will also result in errors in estimated pollutant loads
using the L-THIA model. The water quality impacts of using the
optimum BFImax value were computed for the LEC watershed as
shown in Fig. 11. The total N loadings increased by 25%, total P by
23%, and total Lead by 31% with use of an optimum BFImax value of
0.491. Thus, neglecting validation of the accuracy in baseﬂow
separation using the non-physically based digital ﬁltering
methods can result in estimated differences of more than 20% in
NPS loadings as shown in the LEC watershed.

5. Conclusions and discussion
In this study, the optimum BFImax value and ﬁlter parameter
value of the Eckhardt digital ﬁlter for the LEC watershed were
determined with the BFImax GA-Analyzer module developed in this
study. Although the comparison between the L-THIA estimates and
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the Eckhardt ﬁltered direct runoff with the default BFImax value of
0.80 and a default ﬁlter parameter value of 0.98 provided the same
accuracy (Nash–Sutcliffe coefﬁcient values of 0.63 in both cases)
compared with those with the optimized BFImax value of 0.491 and
ﬁlter parameter value of 0.987, there was a 33% increase in the
L-THIA estimated direct runoff with use of an optimized BFImax value
and ﬁlter parameter values for the LEC watershed. Estimated NPS
pollutant loadings were more than 20% greater with the optimum
BFImax value and ﬁlter parameter value for the LEC watershed. The
results obtained in this study indicate that hydrologic and water
quality models, such as L-THIA, should be validated with properly
measured hydrologic data before their application in land use and
water quality management planning as shown in this study.
The LEC watershed optimum BFImax value of 0.491 and ﬁlter
parameter value of 0.987 were determined with the automated
recession curve analysis and the BFImax GA-Analyzer module of
the WHAT system. The current WHAT version developed in this
study only considers single storm hydrographs. Thus, the
automated recession curve analysis method should be extended
for use with multiple storm hydrographs or long-term storm
hydrographs to derive information on the Master Recession Curve.
It is expected that this functionality will enhance the accuracy in
ﬁltered baseﬂow using the Eckhardt digital ﬁlter. The WHAT Web
GIS system (https://engineering.purdue.edu/  what) can be used
in the calibration and validation processes of hydrologic and
water quality models.
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