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Abstract. This paper investigates the effect of land use and digital elevation
models spatial resolution and scale on the simulation of stream flow in two
coastal watersheds located in the Mississippi Gulf Coast (USA). Four elevation
datasets were used: USGS DEM, NED, NASA’s SRTM and IFSAR (300, 30,
30, and 5 meter resolution, respectively). Three land use datasets were included
in this study: USGS GIRAS, NLCD, and NASA MODIS MOD12Q1 (400, 30,
and 1000 m resolution, correspondingly). The Hydrological Program Fortran
(HSPF) was used for estimating stream flow in the two watersheds. Results
showed that swapping datasets in a factorial design experiment produce
equivalent statistical fit of measured and simulated stream flow data. The
results also showed that HSPF-estimated stream flows are not sensitive to scale
and spatial resolution of the datasets included in the study.

Keywords: Watershed hydrology, hydrological simulation, HSPF, MODIS,
DEM, land use.

1 Introduction

Hydrologic modeling at the watershed scale involves managing large volumes of
meteorological, topographical, land use, and water quality data. The management of
these large data volumes usually requires linking Geographical Information Systems
(GIS) and hydrological models. GIS programs are used for extracting and
summarizing weather and physiographic information from digital datasets, and to set-
up initial hydrological model’s applications that are further refined in later steps of the
hydrological modeling process. With the advent of Internet, the ever-growing
availability of computational resources, and the demand of users, private or public-
domain databases can be accessed directly (from within the GIS programs) and
different datasets can be easily downloaded for geo-processing. In particular,
topographical and land-use/land-cover datasets are downloaded for the purposes of
watershed delineation, land use characterization, geographical positioning of hydro-
chemical point sources, etc.

The spatial variability of the physical characteristics of the terrain influences the
flow regime in watersheds. It has been investigated from the theoretical and the
numerical point of view [1]. Several other researches have explored the sensitivity of
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hydrological estimations to topographical or land use datasets. Few, however, have
assessed the sensitivity of hydrological estimations to combined swapping of
topographical and land use datasets. This paper explores the effects of using several
different combinations of topographical and land use datasets in hydrological
estimations of stream flow. The Hydrological Simulation Program Fortran (HSPF,
[2]) is used for modeling the hydrological processes. The Better Assessment Science
Integrating Point & Nonpoint Sources (BASINS) GIS system [3] is used to perform
most of the geospatial operations although GEOLEM [4], ArcGis and ArcInfo were
also used to complement geospatial processing that was not available in BASINS.
This research is part of several studies being undertaken in the Northern Gulf of
Mekxico region [5][6].

2 Methods

2.1 Study Area

Two main river catchments in Saint Louis Bay watershed at the Mississippi Gulf
Coast were the focus of this study (Figure 1).

The Jourdan River catchment drains approximately 88220 ha and it is the largest
contributor of flow to the St. Louis Bay, with an average stream flow of 24.5 m’/s. The

Fig. 1. Wolf River and Jourdan River catchments. Both catchments are located in Saint Louis
Bay watershed, Mississippi Gulf Coast, USA.
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Wolf River flows into St. Louis Bay from the east (Figure 1). The Wolf River
catchment drains slightly more than 98350 ha with an average stream flow of 20.1 m?/s.

2.1 Topographical Datasets

The topographical digital datasets (also known as Digital Elevation Models, DEM) used
in this research were: USGS DEM, NED, and NASA’s SRTM and IFSAR. USGS
produces five types of elevation data: 7.5-minute, 7.5-minute-Alaska, 15-minute-
Alaska, 30-minute, and 1-degree DEMs. In this research, 1-Degree DEMs
corresponding to the 3 arc-second (or 1:250,000-scale) USGS topographic map series
were used. The National Elevation Data (NED) database provides a seamless mosaic
elevation data having as primary initial data source the 7.5-minute elevation data for the
conterminous United States [7]. NED has a consistent projection (geographic),
resolution (1 arc second, approximately 30 m), and metric elevation units [8]. The
NASA Shuttle Radar Topography Mission (SRTM), in collaboration between the
National Aeronautics and Space Administration (NASA) and the National Imagery and
Mapping Agency (NIMA), collected interferometric radar data, which has been used by
the Jet Propulsion Laboratory (JPL) to generate a near-global topography data product
for latitudes smaller than 60 degrees. Intermap’s Interferometric Synthetic Aperture
Radar (IfSAR) Digital Elevation Models [9] are topographical data for 7.5-minute by
7.5-minute units (corresponding to the USGS 1:24,000 scale topographic quadrangle
map series) comprising elevations at 5 meter postings. DEMs are intensively used in
water resources modeling. Watershed delineation and digital stream (rivers) definition
depend heavily on those DEMs. Figure 2 shows all topographical datasets after being
geo-processed for the study area. The theoretical link between the digital elevation
model and the parameters of the Hydrological Simulation Program Fortran (HSPF) is
well described in [10].

2.2 Land Use Datasets

Three land use datasets were included in this study (Figure 2): USGS GIRAS, USGS
NLCD, and NASA MODIS MODI12QI1. All the datasets were downloaded from
public land use databases in the US that provide several different types of land-use/
land- cover digital maps.

The USGS GIRAS is a set of maps of land use and land cover for the conterminous
U.S. delineated with a minimum mapping unit of 4 hectares and a maximum of 16
hectares (equivalent to 400 m spatial resolution), generated using the Geographic
Information Retrieval and Analysis System (GIRAS) software. Today, they are
widely known as the USGS GIRAS land use datasets.

Derived from the early to mid-1990s Landsat Thematic Mapper satellite data, the
National Land Cover Data (NLCD) is a 21-class land cover classification scheme
applied consistently over the United States. The spatial resolution of the data is 30
meters and mapped in the Albers Conic Equal Area projection, NAD 83.

The NASA MODIS MOD12Q1 Land Cover Product (MODIS/Terra Land Cover,
1000 m spatial resolution) [11] is provided by NASA through several internet portals.
The land use map is classified in 21 land use categories, following the International
Geosphere-Biosphere Program land cover classification. The map covers most of the
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Fig. 2. Datasets used in the study. Topographical: USGS DEM, NED, NASA’s SRTM and
IFSAR (300, 30, 30, and 5 meter resolution, respectively). Land use: USGS GIRAS, NLCD,
and NASA MODIS MOD12Q1 (400, 30, and 1000 m resolution, correspondingly).

globe and is updated every year. All the land use datasets included in this research
were geo-processed for achieving the same number of land use categories
(agricultural, barren, forest, urban, water, and wetland land use classes), so that the
summarization of land use information was consistent for input into HSPF, and
subsequent comparison of HSPF output.

2.3 Hydrological Model

Hydrological modeling of the Jourdan and Wolf watersheds is performed using the
Hydrological Simulation Program Fortran (HSPF). HSPF is a computer model designed
for simulation of non-point source watershed hydrology and water quality. Time-series of
meteorological/water-quality data, land use and topographical data are used to estimate
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stream flow hydrographs and polluto-graphs. The model simulates interception, soil
moisture, surface runoff, interflow, base flow, snowpack depth and water content,
snowmelt, evapo-transpiration, and ground-water recharge. Simulation results are
provided as time-series of runoff, sediment load, and nutrient and pesticide concentrations,
along with time-series of water quantity and quality, at any point in a watershed.
Additional software (WDMUtil and GenScn) is used for data pre-processing and post-
processing, and for statistical and graphical analysis of input and output data.

2.4 Geo-processing and Hydrological Modeling

Figure 3 summarizes the geo-processing steps and hydrological modeling approach.

BASINS
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WinHSPF/GenScn
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HSPF applications
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Fig. 3. Flowchart of the geo-processing steps for generating the hydrological model’s data
input. BASINS, GEOLEM, ArcGIS, and Arc Info were used. These GIS systems extracted land
use and topographical information for input into HSPF.

BASINS was used for downloading basic data and delineating the catchments
included in this study. The creation of the initial HSPF models was done using the
WinHSPF interface included in BASINS. The generated HSPF models (one for
Jourdan River catchment and another for Wolf’s, Figure 4) were calibrated for stream
flow using the NED and NLCD datasets combination, and the USGS stream flow
gauge stations at Catahoula (02481570), Lyman (02481500), and Landon (02481510)
(shown in Figure 4). The User Control Input (UCI) files resulting from the calibration
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(one per each catchment) were used to modify the HSPF’s starter.uci file (this file is
used by the HSPF program to generate a HSPF model). In this research, two
starter.uci files were created (for each of the watersheds under study). These files
allowed preserving the hydrological parameters (resulting from the hydrological
calibration process) constant.

The delineated catchments were used as geographical containers for further geo-
processing. GEOLEM and ArcGIS were used to parameterize land use and
topographical information from the datasets described in sections 2.1 and 2.2. The
parameterization was summarized in several *.wsd watershed files (12 per catchment)
for different combinations of land use and topographical data. These watershed files
and the starter.uci files were used for generating 12 HSPF models per catchment, each
of them having the same hydrological parameter values as the corresponding
calibrated models. Land use and topographical parameters, however, were different in
each of those models, depending on the land use and topographical datasets combined
for generating the corresponding WSD file.
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Fig. 4. HSPF models for Jourdan and Wolf watersheds. USGS stream flow gauge stations at
Catahoula, Lyman, and Landon were used for hydrological calibration of the models.

3 Results

After calibrating and validating the HSPF applications to Jourdan and Wolf
watersheds using the finest resolution datasets (NED and NLCD combined), HSPF
was used to simulate stream flow hydrographs for each of the 12 combinations shown
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in Tables 1 and 2. Those simulated stream flow hydrographs were compared to
measured stream flow and the following best-fit coefficients were assessed:
coefficient of determination (r*); Nash-Sutcliff model fit efficiency (NS). The Nash-
Sutcliffe coefficient (NS) [12] represents the fraction of the variance in the measured
data explained by the model. The NS ranges between minus infinity to one. A NS
value of one represents perfect fit. Nash-Sutcliffe coefficient has been used by many
researches and is considered one of the best statistical for evaluation of continuous-
hydrograph simulation programs [13][14]. The NS is given by the following equation:

Z(Oj _51)2
NS=1-21 M
Z(O.i _O.i)2

Jj=1

In Formula (1), O; is the observed stream flow at time step j; O is the average
observed stream flow during the evaluation period; and S; is the simulated stream flow
at time step j.

The results summarized in Tables 1 and 2, and depicted in Figure 5, show that scale
and spatial resolution of topographical and land use datasets do not affect the quality of
statistical fit between simulated and measured stream flow data. In fact, the NS and r*
values for Jourdan River (0.72 and 0.76, respectively) in the base-case scenario (i.e., using
NED topography and NLCD land use) are the lowest statistical fit coefficient values.
However, the narrow range of NS and 12 values for all the experiments performed for the
Jourdan River watershed (0.72 < NS < 0.75; 0.76 < r* < 0.80) would not allow pointing
the best combination of land use and topographical datasets.

Table 1. Results of statistical fit between simulated and measured stream flow for Jourdan
River watershed

Model fit efficiency (Nash-Sutcliff, NS)

MODIS (1000 m) | GIRAS (400 m) | NLCD (30 m)

USGS DEM (300m) 0.75 0.74 0.75
NED (30m) 0.73 0.72 0.72
SRTM (30m) 0.73 0.72 0.72
IFSAR (5m) 0.74 0.73 0.73

Coefficient of determination R>

MODIS (1000 m) | GIRAS (400 m) | NLCD (30 m)

USGS DEM (300m) 0.8 0.8 0.79
NED (30m) 0.77 0.78 0.76
SRTM (30m) 0.77 0.77 0.76

IFSAR (5m) 0.78 0.78 0.77
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Table 2. Results of statistical fit between simulated and measured stream flow for Wolf River

Model fit efficiency (Nash-Sutcliff, NS)

MODIS (1000 m) | GIRAS (400 m) NLCD (30 m)
USGS DEM (300m) 0.82 0.76 0.81
NED (30m) 0.81 0.81 0.8
SRTM (30m) 0.81 0.81 0.8
IFSAR (5m) 0.82 0.82 0.81
Coefficient of determination R>

MODIS (1000 m) | GIRAS (400 m) NLCD (30 m)
USGS DEM (300m) 0.83 0.83 0.82
NED (30m) 0.82 0.82 0.82
SRTM (30m) 0.82 0.82 0.82
IFSAR (5m) 0.83 0.83 0.82
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Fig. 5. Graphical comparison of statistical fit results for Jourdan and Wolf watersheds. Nash-

Sutcliff (NS) and 1? coefficients are show in the vertical axis.
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In the case of measured and simulated stream flow time-series comparison for
Wolf River watershed, the range of values for NS and r* is equivalent to that of
Jourdan River watershed: 0.76 < NS <0.82;0.82 < ?<0.83.

In particular, the combination of moderate resolution topographical datasets (such as
SRTM, 30 m) and coarse resolution land use datasets (such as MODIS, 1000 m) produce
good statistical fit between simulated and measured stream flow hydrographs. Model fit
coefficients (r* and NS) for the MODIS-SRTM combination range between 0.73 and 0.81.
Interestingly, the coarsest resolution datasets (MODIS and DEM) do not provide the worst
statistical fit between measured and simulated stream flow.

4 Conclusions

The results from this research show that scale and spatial resolution of digital land use
and topography datasets do not affect the statistical fit of measured and simulated
stream flow time-series, when using the Hydrological Program Fortran (HSPF) as the
hydrological model recipient of land use and topographical data. In fact, this research
shows that when the input to HSPF comes from the coarsest spatial resolution datasets
(MODIS land use and USGS DEM topography), HSPF simulated stream flow show
equivalent statistical fit to measured stream flow as when finer spatial resolution
datasets are combined. This suggest that stream flow simulation is not sensitive to
scale or spatial resolution of land use and/or topographical datasets.

Since HSPF is a lumped-parameter hydrological model, the summarization of
physiographic information (before it is input to the model) is a required step. This pre-
processing of raw land use and topographical data (re-classification, averaging of data
per sub-basin, etc.) may be a factor that explains the insensitivity of simulated stream
flow to land use and topographical datasets swapping, when using HSPF. Future
studies should explore the effects that this swapping may have when using distributed
hydrological models.

All the hydrological models generated in this research were developed using
mainly precipitation and evapo-transpiration time-series data, primarily because
HSPF only requires those time-series for simulation of stream flow. For future water
quality modeling of the Jourdan and Wolf watersheds, other weather time-series data
(such as temperature, etc.) will be included.

A thorough study on the relationship of soil moisture and overestimation/
underestimation of stream flow will also be included in future researches.
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