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Abstract
Land managers of the Fort Gordon military installation in Augusta, GA were in need of a tool which
would predict the effects to water quality produced by changes in land use as well as predict
impacts of existing land use condition to the quality of water on and leaving the installation.  Over
the past ten years many studies have evolved which provided differing levels of integration between
water quality models and geographic information systems software.  The Hydrologic Unit Water
Quality Tool is a software package developed by NRCS employees in Ft. Collins, Colorado, which
provides an intermediate integration between AGNPS and GRASS.  The overall purpose of this
study was to evaluate the use of this software as an aide in modeling water quality for Fort Gordon.

Keywords: water quality modeling, AGNPS (Agricultural Non-Point Source), GRASS (Geographic
Resources Analysis Support System), GIS, land management, water resources, watershed
management, HU/WQ (Hydrologic Unit Water Quality Tool), Natural Resource Conservation Service
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Introduction
"In the pure and physical sciences each generation inherits the consequences made by its

predecessors..."(anonymous). Certainly today's actions will impact water quality for future
generations.  According to Liao and Tim (1994), a 1988 report to congress revealed that 50-70
percent of the surface water surveyed for the report was affected by non-point source pollution from
soil erosion, sediment, and chemical application.

 If we are to prevent further deterioration of, and improve, the quality of the environment
relative to soil and water, we must keep our soils in place and reduce the sediment levels that we
are contributing to our fresh waters.  In order to do this, we must establish a method for locating
land usage areas that produce the most sediment and result in the highest levels of water pollution.

A first step in this direction was taken when models were developed that would predict
anticipated pollution.  However, these models were difficult to use with large amounts of input data
describing land areas that were not homogeneous (Tim and Jolly, 1994; Engel et al., 1993;
Srinivasan and Engel, 1994).
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The next step in improving the prediction of critical areas of non-point sources was the
integration of geographic information systems (GIS) with the water quality model.  The GIS added
the ability to store, manipulate, retrieve, and display spatial and non-spatial data (Tim et al., 1992;
Savabi et al. 1995; Engel et al., 1993; Mitchell et al., 1993).  In some cases existing data can be
used in the GIS database.  In many site-specific cases, remote sensing techniques must be
employed to develop the database.  Once the spatial and attribute data are in the GIS, data
necessary for the computation of input parameters can be determined at the polygon or cell level.
These data are then fed into the model for calculations of input parameters (if necessary) and output
data are then generated.  The output data can then be viewed in tabular, graphical or map formats.
This process, as shown in Figure 1, is a very general case.  Depending on the model, GIS software,
and the desired level of integration the process will vary.

The main focus of water quality models integrated with GIS is to determine the "critical"
areas of a watershed so that changes can be made in land use or management practices to
alleviate a pollution problem as was done in Tim et al. (1992).   Many studies have already been
done using GIS and model integrated systems.  Arc/Info and AGNPS were linked by Morse et al.
(1994) to evaluate the use of best management practices in reducing pollution from non-point
sources.  Tim et al. (1992) discussed a complete integration between Virginia Geographic
Information System (VirGIS) and simplified pollutant yield models to examine pollutant loading in an
agricultural watershed.  Srinivasan and Engel (1994) utilized GRASS and AGNPS while Tim and
Jolly (1994) utilized Arc/Info and AGNPS to evaluate non-point sources of pollution in an agricultural
watershed.

The primary goal of the current study is to evaluate one such integration, (HU/WQ).  This
study will show that this software can serve as an aide in modeling water quality by predicting
sediment yield for undeveloped areas.  The HU/WQ software provides a “ready-made” intermediate
integration between the  AGNPS and GRASS geographic information system software.  The
HU/WQ Software was developed by Technical Center employees of the NRCS in Fort Collins,
Colorado. In completing the primary goal, the following must be accomplished:
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1)   Conduct a sensitivity analysis relative to GRASS and AGNPS cell sizes:
a) Change the resolution of the original spatial data in GRASS.  AGNPS cell size is constant.
b) Change the AGNPS cell size used during the modeling portion of the process.  GRASS cell

size is constant.
2) Determine if differences in peak flow and sediment yield can be detected by running small sub-

basins and using the additive approach versus running the entire watershed.
3) Determine a methodology for achieving spatial land use change recognizable by the HU/WQ

software.
4) Run the software under differing land use scenarios and evaluate the output.

THE HYDROLOGIC UNIT/WATER QUALITY TOOL (HU/WQ)

 The first beta release of the HU/WQ software was in May, 1994 and the first official release
in November, 1996.  The Tool is public domain software developed to support the planning process
for water quality on a watershed basis by providing an "interactive interface to four water quality
models (AGNPS, SWRRBWQ, EPIC and GLEAMS), a geographic information system (GRASS
GIS), and relational and multidimensional databases" (USDA, 1996).  Presently, the Tool supports
only AGNPS and SWRRBWQ; and only AGNPS has been officially released.  Necessary hardware
and software requirements can be found in Tables 1 and 2 respectively.

Table 1.  Hardware requirements necessary to install and use the Hydrologic Unit/Water Quality
Tool Version 2.22

  ITEM DESCRIPTION
CPU Sun workstation (e.g., IPC, Sparc II, Sparc 10, Sparc 20)

Random Access Memory 16 MB required (128 MB recommended)
(RAM)

Disk storage space 1 GB  (HU/WQ Tool requires 65 MB on the hard disk)

Table 2.  Software requirements necessary to install and use the Hydrologic Unit/Water Quality Tool
Version 2.22

  ITEM DESCRIPTION
SunOS Version 4.1.3x
XWindows XII Release 5

XWindow Manager MOTIF Window Manager (mwm)

NRCS GRASS Version 4.1.3

INFORMIX INFORMIX Engine Version 4.3 or greater

Motif Version 1.2.3

The HUWQ Tool operates on the following concept; spatial and tabular data are collected in



Journal of Spatial Hydrology 4

one defined format for models.  The collected data are preprocessed and formatted into the
parameters required by the user-selected water quality model.  After the model is ran, its output is
restructured and can be presented in both tabular and map format for evaluation.  The first run or
simulation using the model is completed with tables that represent present conditions and is termed
the baseline.   Parameters for subsequent simulations are represented by changes in land use /
management conditions.  Output from simulations under the same "project" can be compared using
the Tool and represented with both tables and maps.  The Tool does not use a simplified version of
the AGNPS model and therefore, utilizes all of the model’s capabilities.  Necessary input spatial
and attribute information can be found in Tables 3 and 4 respectively.

Table 3.  Necessary input spatial layers for the Hydrologic Unit/Water Quality Tool

Spatial Layer Type Map Name

Digital Elevation Model raster elev.map

Watershed raster wshed.map

Streams (must cross the raster streams.map
watershed boundary)

Fields raster field.map

Soils raster soil.map

Geomorphic Region raster geomorph. map

Point Locations (only if raster point.map

there are point sources of pollution)

*Vector maps are not requirements but are highly recommended for the streams, fields and soils

layers because they are very useful as overlay tools during output interpretation.

*Resolution of all layers must be the same.

*Coverages

Table 4. Available input attribute data tables for the Hydrologic Unit/Water quality Tool.

Soils Data Table Soils Layer

Field Data Table Crop Operations Schedule Table

Non-Crop USLE Data Table Nutrient Schedule Table

Pesticide Schedule Table Irrigation Schedule Table

Watershed Data Table Subwatershed Data Table

Geomorphic Channel Properties Pond Data Table

Reservoir Data Table Sink Hole Data Table

Point Source Pollution Data Terraces Table
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           Additional Erosion Source Data Feedlot Table

DESCRIPTION OF THE STUDY AREA

The Fort Gordon military installation is known as the largest telecommunications training
facility in the free world.  It is comprised of approximately 56,000 acres and is located in portions of
four counties: Richmond, Columbia, McDuffie, and Jefferson, in Eastern Central Georgia.
Topography on the reservation is diverse with the westernmost areas being wide, flat floodplains
adjacent to Brier Creek.  Moving eastward, the topology becomes more upland and rolling.  The
elevation of some high ridges on Fort Gordon is 500 feet or more above mean sea level while
elevations of approximately 240 feet above mean sea level can be found in the stream and creek
areas leaving the base.

The predominant soil series for the Fort, as mapped by the USDA Natural Resources
Conservation Service, are Lakeland, Troup and Ailey.  The Lakeland series consists of excessively
drained soils that formed in sandy marine sediments on uplands.  Permeability is rapid.  Sand
thickness is generally 81 inches or more.  The Troup series are deep well-drained soils that have a
moderately permeable subsoil.  Troup soils formed in thick, sandy and loamy, marine sediments.
Sand thickness is 40 to 80 inches.  The Ailey series are well-drained soils that are moderately
permeable in the upper part of the subsoil.  These soils formed in thick beds of sandy and loamy
marine sediment as well.  Soils mapped for the reservation under these series are listed as having
only a slight erosion hazard.

Eight thousand acres of the reservation is in urban type usage: paved roads, military
housing and office buildings.  Portions of the remaining 48,000 will serve as the primary focus of this
study. The most prevalent land use in these areas is managed long-leaf, loblolly and slash pine.
Planted pine stands are managed using control burns as well as thinning and clear-cut techniques.
There are areas that have been allowed to return to a more natural brushy state to encourage
endangered plant species located within them. A major land use taken into consideration in this
study is roads.  The Fort maintains a network of three classes of roads; fire, secondary and
primary.   Fire roads are an average of 10 feet (3 m) in width, are generally not ditched and are not
stringently maintained.  Secondary roads are an average of 12 to 15 feet (5m) in width, and are
somewhat stringently maintained.  Some secondary roads are ditched while others are not.
Primary roads are asphalt roads of approximately 30 feet (9 m) in width and, as a general rule are
ditched.

Study Area A served two purposes.  The first was to evaluate the HU/WQ software’s ability
to handle land use change.  The second was to determine if changes in either GRASS or AGNPS
cell size greatly impacted model output of sediment yield or peak flow.  The first was accomplished
by reducing the total acreage of secondary roads by 20, 40 and 60 percent.  The second, by
running the original land use scenario but changing the GRASS cell size to 5, 10, 15, 20, and 25
meters.  The AGNPS cell size was varied between 4, 8, 16, 24, 32 and 40 acres.  Figure 2 provides
a visual representation of the field boundaries of the study area at 5 meter resolution.  Table 5 lists
the land use of the study area A.
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Table 5 Land Use of Study Area A

Land Use Hydrologic Condition Acres % Cover
Grass Good 13.92 1.00

Poor      1.85 0.13
Woods Good 932.46 66.82
Brush/Weeds Good 11.90 0.85
Woods and Grass 378.79 27.14
Secondary roads 37.53 2.69
Primary roads    18.41 1.32
12% Impervious 0.70 0.05

Area A Study Area Total 1395.57 100

Figure 2.  Map representation of Study Area A (5m cell resolution)

Study Area B serves the same purposes as study Area A; evaluate the software’s ability to
handle land use change and evaluate the impact of varying GRASS and AGNPS cell resolution.
Forest management was the land use evaluated.  The area was evaluated as is; with all woods in
good condition clear-cut and with all woods in good condition thinned.  The computer generated
streams were then buffered by a width of 30, 60 and 90 meters.  Again the woods in good condition
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were clear-cut while maintaining different buffer widths.  Under the as is land use condition, the
GRASS cell sizes were varied between 5, 10, 15, 20 and 25 meters.  The AGNPS cell sizes were
varied between 4, 8, 16, 24, 32 and 40 acres. Figure 3 provides a visual representation of the field
boundaries of the study area at 15-meter resolution.  Table 6 lists the land use of the study area B.

FIGURE 3. MAP REPRESENTATION OF STUDY AREA B. (15M CELL RESOLUTION).

TABLE 6. LAND USE OF STUDY AREA B.

LAND USE HYDROLOGIC CONDITION ACRES % COVER

Grass Good      2.89 0.30
Fair    34.88 3.60
Poor 11.00 1.12

Brush/Weeds Good 14.11 1.45
Fair 76.14 7.85
Poor 41.60 4.28

Woods Good 734.39 75.72
Woods and Grass 9.55 0.98
Fire roads 6.00 0.61
Secondary roads 20.33 2.09
Primary roads 10.39 1.07
12% Impervious 5.83 0.60
30% Impervious 2.78 0.28

Area B Study Area Total Acreage 969.89 100
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DEVELOPMENT OF THE MODEL DATABASE

Spatial Data
In order to ensure the quality of the data, it is vital to understand key concepts and

principals surrounding remote sensing techniques.  The origin of a data set and hopefully the
processes used to develop it should always be known and understood.  Available metadata should
clearly define the projection, coordinate system and datum used.

There are many overall sources of data for a given project.  Data sets are becoming
available through city and county municipalities.  The United States Geological Survey (USGS) is
one of the largest suppliers of Digital Elevation Models and 7.5 and 3.75 minute orthophotos.  Soils
data is being prepared on the National level by NRCS both in house and through private contractors
to compliment the existing paper soil surveys.  Road networks and hydrology are available through
GIS clearinghouses, generally free of charge or for a minimal fee.  Data sets used for this study
were obtained from the sources as shown in Table 7.  All data layers were registered to the
Universal Transverse Mercator coordinate system using NAD27 (North American Datum of 1927).

Table 7. Data sets and their origin.

Data Set Origin

Digital Elevation Model USGS - Existed in the NRCS GRASS database 

Soils US Army Construction Engineering Research Lab 

Roads Sabine and Waters, Inc., 1993; obtained through Fort Gordon

Watershed Derived from the DEM using the r.watershed command
in GRASS

Digital Orthophotos USGS - Existed in the NRCS GRASS database 

Fort Boundary Obtained through Fort Gordon

Streams Information Technology Outreach;  The University of
Georgia

Fields Developed as part of the project

 The land use / land cover (fields.map) was a vital data set that was not available and had to
be created.  The HU/WQ software has its own list of available land use classes ranging from
industrial to desert.  To insure compatibility, it is necessary to develop the land use coverage
around these classes.  Table 8 lists the HU/WQ software land use classes used for the
development of the land use coverage for the Fort.  Some land use classes are accompanied with a
hydrologic condition, Table 9 lists these.
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Table 8.  Acceptable land use classes for the Hydrologic Unit Water Quality Tool

Name Land Use Description

BRUSH1 Brush Brush, weed, grass mix

BUSI Business Commercial - 85% impervious

GRADED Newly Graded Area Newly graded (pervious only)

GRASS2 Grassland (pasture,range) Pasture, grassland or range

HOUSE12 Houses (2ac) Housing - 12% impervious

HOUSE25 Houses (1/2ac) Housing - 25% impervious

HOUSE30 Houses (1/3ac) Housing - 30 % impervious

HOUSE38 Houses (1/4ac) Housing - 38% impervious

HOUSE60 Houses (1/8ac) Housing - 60% impervious

ROADD Dirt Roads Street - Dirt

ROADO Roads (open ditch) Street - Paved w/ditch

WOODG Woods & Grass Woods - grass combination

WOODS3 Woods Woods

1,2,3 Footnotes are for hydrologic conditions that correspond with the land use and are given in Table
9.

Table 9.  Hydrologic condition footnotes

Footnote Factor Poor Fair Good

1 Ground Cover <50% 50 to 75% >75%

2 Ground Cover <50% 50 to 75% >75%

3 Forest litter / brush none some Adequate
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Using hardcopy orthophotos produced by NRCS personnel in Fort Worth, Texas,  and clear
mylar overlays, land use areas were delimited.  Color aerial photographs (1:14,400) from July 1997
taken by Photoscience, Inc. were available as a means of checking land use. Tic marks were
identified using methods described in the technical guide of the Georgia Compilation Procedure for
soil survey digitizing.  Once the land use polygons were drawn, the mylar sheets were scanned into
the computer system using a Calcomp Scan Plus III 500.  CIS scanning software, provided with the
scanner, was used and set to produce a Type 4 TIFF image.  The scanned images were then
registered, rectified, vectorized and cleaned using Arc/Info.  The cleaned coverage was then
exported into a GRASS environment.  The available road coverages were buffered to their correct
widths, rasterized and incorporated into the land use coverage to create the field coverage needed
by the Tool.

Attribute Data
The HU/WQ software is capable of and was primarily developed to utilize complex data

regarding cropland such as cropping sequences; time, dates and type of equipment that will be in
the field and pesticide and fertilizer application.  When dealing with pasture, grazing dates can be
entered as well as pesticide and fertilizer application.  The software also allows for non-cropland use
such as woods, grass and roads.  These are the primary uses discussed in conjunction with this
study.  For more information regarding cropland uses, see the manual associated with the HU/WQ
Tool (USDA, 1996).

There are two methods of entering data into the appropriate Tables.  If the study area is
unique and data has never been entered before, it must be entered by hand.  If the study area is a
part of a larger area for which data has been entered, that data can be exported from the larger and
imported as a unique file for the smaller study area.  When entering data by hand, soils are
generally the first data entered.  For this project there was a cpio file, GAFDCL.cpio, created by the
Assistant State Soil Scientist for the NRCS in Georgia.  This file is composed of the rvcomp and
rvlayer data from the Georgia soils database.  It contains necessary data for each soil type found in
the soil survey for the counties Fort Gordon is located in.  There is a soil import module which
accompanies the Tool and allows the user to import the information from the cpio file into the
necessary attribute tables.  Land use information for each field must then be entered according to
its field identification number.  For each non-crop field, a non-crop identification number and its
corresponding USLE C and P values must also be entered.  Input of runoff curve numbers is
optional, they can be manually entered and will override any computed values.   Mannings overland
roughness coeffcients are computed by the Tool; however, Mannings roughness coefficients for
streams must be entered in the geomorphic identification table.

RESULTS AND CONCLUSIONS

A five year 24 hour storm was chosen for all runs.  The rainfall amount, 4.9 inches for the
Fort Gordon Area, was taken from Chapter 2 of the NRCS Engineering Field Manual.

Sensitivity Analysis Of Cell Size

One purpose of study areas A and B was to evaluate changes incurring as a result of
resampling of watersheds to increase GRASS cell size and decrease the total number of cells in a
coverage as well as changes incurring as a result of varying AGNPS cell resolutions.  AGNPS cell
sizes were varied between 4, 8, 16, 24, 32, and 40 acres.  The GRASS cell sizes were varied
between 5, 10, 15, 20 and 25 meters.  Resampling processes in GRASS were used to vary the
GRASS coverage resolution.  The HU/WQ Tool was used to set the AGNPS resolution.  Because
larger cell sizes result in much less time consuming data runs, it is important to attempt to
determine the impact associated with increases in cell size.  Figures 4 through 7 show graphical
representations of both Areas A and B for peak flow and sediment yield while holding either the
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GRASS or AGNPS cell size constant and varying the other.  Table 10 provides descriptive
statistical data for the varying resolutions.

Sediment Yield: Area A
Legend Represents GRASS cell size
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Figure 4.  Results for Sediment Yield in Area A when varying AGNPS and GRASS cell sizes.
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Peak Flow:  Area A
Legend Represents GRASS Cell Size
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Figure 5.  Results for Peak Flow in Area A when varying AGNPS and GRASS cell sizes.

Sediment Yield: Area B
Legend Represents GRASS Cell Size
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Figure 6.  Results for Peak Flow in Area B when varying AGNPS and GRASS cell sizes.
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Peak Flow: Area B
Legend Represents GRASS Cell Size
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Figure 7.  Results for Peak Flow in Area B when varying AGNPS and GRASS cell sizes.

Table 10. Descriptive statistical data for Areas A and B for peak flow and sediment yield with
varying ANGPS and GRASS resolutions.

Statistical Factor Area A Area B

Sediment Peak Sediment Peak
Yield Flow Yield Flow

Mean 34.77 93.76 42.32 58.61
Standard Error 0.992 1.817 1.998 1.244

Median 34.22 93.98 38.16 55.8

Standard Deviation 5.155 9.4389 10.377 6.464

Range 19.56 39.85 39.91 22.1

Minimum 25.11 74.83 31.22 50.92

Maximum 44.67 114.68 71.13 73.02

Count 27 27 27 27

Largest 44.67 114.68 71.13 73.02

Smallest 25.11 74.83 31.22 50.92

Changes in peak flow and sediment yield associated with GRASS and AGNPS cell sizes
for Areas A and B were found.  With the exception of a scattered value that occurred in peak flow for
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Area B with 15 meter GRASS and 24 acres AGNPS cell sizes, all values were within approximately
25 percent of their respective mean.  Peak flow and sediment yield values for the Upper Sandy
study area only varied by approximately 5 percent while the values for the Lower Brier area varied by
15 percent.  Considering the reality of modeling and understanding that it is not an exact science it
appears that reasonable change in cell resolution for timesavings or a reduction in total cells is
valid.

Changing Land Use Scenarios

It is vital that any GIS / modeling integration allow for land use change.  One purpose of this
study was to evaluate the ability of the HU/WQ software to do this.  There are several different
scenarios that might exist:
1) Spatial data does not change, only the tabular values such as going from a woods in good

condition to a clear cut condition for an entire field.
2) Spatial data changes take place but no new fields are created and therefore, no new FDID

values in the Tables exist.  This would be the case when removing roads and allowing the old
road areas to take on the field identification value and properties of the surrounding areas.

3) Spatial data changes and a new field and subsequently FDID value is created.  This is the case
when a buffered area is created in a field slotted for thinning or clear cut.  The new buffered area
can maintain its old condition and field identification; however, the unbuffered area that is going
to be thinned or clear cut will need a new FDID value so that it can have properties different from
the buffered area.

Two of the primary land uses of the undeveloped portions of the Fort are managed pine
stands and dirt roads.  A secondary purpose of Areas A and B was to evaluate HU/WQ Tools ability
to handle land use change and management of these particular land use types.  In Area A, the
acreage of secondary roads was reduced by 20, 40 and 60 percent; peak flow and sediment yield
were evaluated.  In Area B, all woods in good condition were assumed clear cut, thinned, and clear
cut using a buffer of 30, 60 and 90 meters between harvested areas and streams.  Peak flow and
sediment yield were again evaluated.

Total acreage of the secondary roads was reduced by 20, 40 and 60 percent to determine if
a significant reduction in sediment yield would take place.  Figure 8 provides a visual representation
of which roads were removed to achieve each reduction.  Figure 9 provides a graphical
representation of the reduction that took place in peak flow and sediment yield as a result of a
reduction in roads.  Table 11 provides a tabular representation of the same data.
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Figure 8. Secondary roads of Area A (5 m resolution).

Figure 9.  Change produced by reducing the number of secondary roads in Area A.

Table 11.  Calculated sediment yield and peak flow in Area A using land use conditions; as is, and
20, 40 and 60 percent road reductions.

Land Use Condition Peak Flow Sediment Yield
   (cfs)      (tons)

As Is 90.56 33.07
20% Less Roads 87.98 27.72

40% Less Roads 85.48 19

1+2+3+4 = All roads (As Is) 2+3+4 = 20 percent less roads
3+4 = 40 percent less roads 4 = 60 percent less roads
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60% Less Roads 82.93 13.62

The managed forests of Area B were considered under the following conditions; clear cut,
clear cut with 30, 60 and 90 meter stream buffers and thinned with no buffer.  Figure 10 shows the
initial land use upon which the clear cut and thinned conditions were simulated, only the C value
was changed for the existing woods field.  Figures 11, 12 and 13 provide a visual representation of
the three buffered conditions.  Table 12 displays tabular data which shows changes resulting in
peak flow and sediment yield as a result of land use change.  Figure 14 uses this same data to
provide a graphical representation.

Figure 10.  Land use of Area B in the as is condition. For evaluation, all woods were treated as clear
cut and thinned (15 m resolution).
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Figure 11.  Area B: All woods were clear cut and a 30 m buffer was maintained around all computer
generated streams (15 m resolution).

Figure 12. Area B: All woods were clear cut and a 60 m buffer was maintained around all computer
generated streams (15 m resolution).
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Figure 13.  Area B: All woods were clear cut and a 90 m buffer was maintained around all computer
generated streams (15 m resolution).

Figure 14 Graphical representation of the effects of changing land use in Area B.
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Table 12  Peak flow and sediment yield for Area B under varying land use conditions using a 15 m
GRASS cell resolution and a 16 ac. AGNPS cell resolution.  The model calculated drainage area is
963 acres.

Land Use Condition Peak Flow Sediment Yield

As Is 54.52    36.77

Clearcut 186.52 379.34

30 m Buffer 173.56 353.43

60 m Buffer 161.46 320.9

90 m Buffer 148.82 275.19
Thin 98.45 158.67

The HU/WQ software was developed for changing land use and land management
scenarios and is therefore extremely user friendly in this area.  It was found that a 60 percent
reduction in roads would lead to a predicted 59 percent reduction in sediment yield.  Similarly,
reducing the number of roads by 40 and 20 percent would lead to 42 and 16 percent reduction
respectively.  Reductions in the number of roads did not lead to these kinds of noticeable changes
in peak flow, with 60 percent less roads a reduction of only 8 percent was predicted.

Changes made in land management for the forested areas of study Area B resulted in more
noticeable changes in peak flow.  When comparing the as is condition with the clear cut condition it
was seen that a clear cut resulted in almost 10.5 times the sediment yield and approximately 3.5
times the peak flow.  A reduction in sediment yield of 27 percent was predicted for a clear cut
operation using a 90 meter stream buffer.  Reductions of 15 and 7 percent were predicted for a 60
and 30 meter steam buffer respectively.  It was concluded that the software was an effective means
of evaluating land use change.

OVERALL CONCLUSIONS

The AGNPS portion of the HU/WQ Tool provided an effective and efficient integration
between GRASS GIS and the AGNPS water quality model.  It was further concluded that the
HU/WQ software is a viable tool for the Fort’s land managers to use in evaluating potential land use
change.  Some of its largest advantages were the ability to create multiple simulations within a
given project, the ability to export and import attribute data, ease of soils data import, the ability to
easily change input data for entire fields, fairly simplistic land use change and an enormous time
savings over running the AGNPS model by hand.

At any point while inside a simulation under a given project the modeler can view original,
calculated input or calculated output data in the form of maps.  The HU/WQ software also provides
a query option.  The query option is a good way to determine multiple facts regarding attribute data
while viewing a single theme map.  When using the query option, any original, calculated input or
calculated output data can be provided for a given cell.  The cell is chosen using the point and click
method and pertinent information is provided in the on-screen query table.

Another option provided by the software is vector overlay capabilities.  The software will
allow any standard input vector coverage (field.map, streams.map, soils.map) to be displayed as an
overlay for any raster map.  Maps can be sent directly to the default postscript printer or sent to a
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postscript file.  In either case, only that information that is visible on screen will be printed.  Any
original input, calculated input or calculated output data can be viewed and printed in table format on
a cell by cell basis.
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