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Preface

Army training land disturbance ranges from tank and wheel tracks that do not even uproot
plants in grassy areas to large expanses of completely barren land with ruts, swales, and gullies so
deep that conventional agricultural equipment cannot be used for revegetation. The papers
presented at the Special Session on the Rehabilitation of U.S. Army Training Lands during the
Second Annual Conference of the Society for Ecological Restoration (SER) address the
reclamation and management problems associated with these unusual kinds of land use and
disturbances and provide innovative approaches and viable options for rehabilitation solutions.
Land rehabilitation is highly relevant to the philosophy of the SER, as is reflected in the formal
mission statement of the Society:

The mission of the Society is to promote ecological restoration as a means of
sustaining the diversity of life on Earth and reestablishing an ecologically healthy
relationship between nature and culture. Ecological restoration is the process of
reestablishing to the extent possible the structure, function, and integrity of
indigenous ecosystems and the sustaining habitats that they provide. To advance its
mission, SER (1) serves as a forum for discussion and exchange of ideas,
(2) raises awareness and promotes the expanded use of ecological restoration, and
(3) works to advance the science and art of ecological restoration. SER welcomes
the participation of anyone interested in ecological restoration.*

As organizer of the special session, I wish to extend my gratitude to the SER for
establishing the session at the Chicago conference and for providing a forum to discuss the
important topic of land disturbance and rehabilitation at military installations. I also thank Donald
O. Johnson of Argonne National Laboratory for chairing the Special Session. In addition,
I express my gratitude to the staff of the U.S. Army Construction Engineering Research
Laboratories in Champaign, Illinois, for encouraging me to set up the session and for funding the
research described by the participants. I also thank the many individuals who worked on the SER
Planning and Local Arrangements Committee to make the conference a success.

In addition, thanks are extended to the following members of Argonne National
Laboratory's Information and Publishing Division for their excellent editorial and publication-
support services: Kevin Brown, for technical editing and for coordinating the production of the
proceedings; Ellen Hathaway, for editing several of the contributions; Laurel Gilbert, for preparing
the final figures; and Leslie Crasser, for document processing.

Ray R. Hinchman

* For more information, contact the Society for Ecological Restoration, 1207 Scminole Highway, Madison,
Wisconsin 53711.
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1 Introduction: The Integrated Training Area
Management Program — An Overview

by

W.D. Severinghaus, R.M. Lacey, and E.W. Novak

The Integrated Training Area Management (ITAM) program is the U.S. Army's program
for inventorying, monitoring, scheduling, and maintaining its multiple-use training and testing
lands. Through the program, land managers and trainers at military installations can maintain and
enhance the Army's training and testing mission while conserving natural resources and supporting
forestry, fish and wildlife, agriculture, recreation, and threatened and endangered species.

The goal of the ITAM program is to support the training mission with viable ecosystems.
To achieve this goal, ITAM integrates a toolbox of technologies, including the following:

• Land Condition-Trend Analysis (LCTA), which provides standardized
inventorying, monitoring, and analytical capabilities for establishing the general
condition and trends of installation natural resources;

• Geographical Information Systems (GIS), including the Geographical
Resources Analysis Support System (GRASS), that are used as decision-
support systems to analyze and display land-management data;

• Land Rehabilitation and Maintenance (LRAM) technologies to reduce soil
erosion while enhancing the training mission and supporting national
conservation and protection goals;

• Environmental Awareness (EA) programs to heighten military and civilian
personnel awareness to environmental issues; and

• Other technologies that can be used to integrate the military's unique training
and testing missions with land management activities (e.g., Integration of
Training Requirements).

Inherent within the ITAM program are the current environmental issues of threatened and
endangered species, biodiversity, and wetlands preservation.



The scope of the ITAM program is broad — it is being implemented on U.S. Army
installations throughout the United States and Germany, and the program has been designed to
function within die variable ecosystems and training/testing regimes that occur throughout the
Department of the Army. ITAM is also being initiated at Air Force and Marine Corps facilities.

To ensure the quality of the program, ITAM has been reviewed by various elements of the
U.S. Soil Conservation Service, U.S. Fish and Wildlife Service, U.S. Environmental Protection
Agency, and the U.S. Bureau of Land Management. On the basis of such reviews, ITAM has
been acknowledged as an effective land-management and impact-mitigation program. Some
agencies have also recognized it as the only program with a truly national perspective for the
complete management of lands. Where ITAM has been implemented on U.S. Army-managed land
in Germany, German government agencies and the North Atlantic Treaty Organization (NATO)
recognize it as an effective and valuable program.

The ITAM program is still in the developmental and initial fielding stages. Therefore, it is
important that the program and its integrated elements be presented to other research and
development organizations to assure quality within the program itself. The papers included in this
proceedings volume were presented as a special session entitled Rehabilitation of U.S. Army
Training Lands at the Second Annual Conference of the Society for Ecological Restoration, held in
Chicago, Illinois, from April 29 to May 3,1990. The purpose of the special session was to solicit
advice and comments on the direction and value of this program not only within the U.S. Army,
but within the land management community in general. The papers published herein function as
the means by which the special session achieved that purpose.
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2 Restoration and Management of Damaged Military Lands:
The Integrated Training Area Management Program

by

W.D. Severinghaus

Abstract

U.S. Army lands are currently being degraded at a rate that often exceeds
natural resource conservation goals. The U.S. Army Construction Engineering
Research Laboratories is developing and implementing the Integrated Training Area
Management (ITAM) program at several installations in the United States and
Germany to reverse the rate of degradation and maintain realistic training habitat.
The ITAM program includes environmental education/awareness tools, revegetation
and erosion-control technologies, standardized land-monitoring methodologies, and
computerized land-management decision-support systems that are integrated with
military training mission requirements to provide a long-term, land-management
program.

2-1 Introduction

Over the past several decades, the training activities associated with tactical vehicles (tanks,
armored personnel carriers, and other tracked or wheeled vehicles) have disrupted the ecology of
U.S. Army lands. Plant and animal populations have been altered, natural habitats degraded, and
soil lost through water and wind erosion (Severinghaus 1984; Diersing and Severinghaus 1984,
1985; Tazik et al. 1985; Severinghaus et al. 1979,1980,1981; Severinghaus and Severinghaus
1982; Severinghaus and Goran 1981; Goran et al. 1983; and Krzysik 1985). To combat these
environmental problems, the Army maintains an experienced land-management staff at each
training installation and supports a land-management program with a modest budget

Nevertheless, with the increase in vehicle size and speed, a change in philosophy toward
more mechanization, and an increase in the level of combat readiness, land-management programs
are struggling to be ecologically successful in what often appears to be a futile situation. A
program designed and implemented by Army researchers, the Integrated Training Area
Management (ITAM) program, is beginning to show promise in mitigating the degradation of
military training areas. The ITAM program is being demonstrated, in part, at Fort Carson,
Colorado, and in its entirety at Hohenfels and Freiholser Forst Training Areas, West Germany.



The ITAM program includes eight elements that are integrated to provide U.S. Army land
managers with a complete approach to land management. The elements include a comprehensive,
multimedia environmental awareness program; standardized ecological and environmental
baselines; installation- and training activity-specific rehabilitation and revegetation technologies;
physical and structural erosion-control technologies for soil containment and runoff control irider
training conditions; computerized decision-support systems for planning, scheduling, and land
management that include analytical and color graphics capabilities; integration of training mission
land requirements through the planning and scheduling phase; turnkey program transfer to the
installation; and a cost/benefit analysis.



2-2 Elements of the ITAM Program

2-2.1 Environmental Awareness

The environmental damage done during training, whether intentional or accidental, is not
advisable from a military tactics perspective (Severinghaus 1987). The objective of the ITAM
environmental education program is to make soldiers and their leaders more aware of the resources
in which they train and their ultimate value to the training mission.

The environmental awareness (EA) program is accomplished through a multimedia
approach that includes posters, stickers, buttons, narrated slide shows, 10- to 15-min videotapes,
and handbooks for both Soldiers and Leaders that promote natural resource conservation during
training. This program is accompanied by an explanation of curriculum and material
dissemination, contract specifications and example scopes of work for procuring items, methods
and suggestions for making die materials installation-specific, and examples of artwork, narratives,
and shot selection lists. Each item is described briefly below.

• Buttons and Stickers. One basic design is used for both items (Figure 2-1),
except that the profile of the tree can be changed to fit a given installation's
ecology.

• Posters. Seventeen sample designs are available for the posters so that posters
on display can be rotated. The themes for the posters deal with topics such as
wildlife, endangered species, archaeology, historical sites, forestry, habitat
destruction, erosion control, and the use of tactical common sense. Most
designs can be modified to depict specific installation resources or training
variations.

• Slide Show(s). The scripts and shot selection lists are basic to most Army
installation natural resources. Two approaches — "lets keep this installation
nice" and "you are making a mess of this place" — are available to provide
different approaches to lectures on the conservation of natural resources at
installations.

• Videotape. The format for the videotape can be VHS, Beta, or U.S. Army
standard 3/4 in. The narrative and shot selections recommend environmentally
sound practices during training.

• Handbooks. The handbooks are directed separately at the soldiers or their
leaders (Figure 2-2). The documents provide practical information for
environmental conservation during training, along with a map identifying
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FIGURE 2-1 ITAM Basic Button, Sticker, and
Poster Design

specific areas that are off-limits, environmentally sensitive, or can be used for
the deposition of pollutants (such as petroleum products and solvents) or within
which pollutants can be used.

2-2.2 Land Condition/Trend Analysis

The Land Condition/Trend Analysis (LCTA) program is being developed by Dr. Victor E.
Diersing, USA-CERL, and Robert Shaw, Colorado State University. The program is based on,
and promotes, the principles of sustained yield and multiple use of military land resources. The
primary objectives of the LCTA program are as follows:

• Evaluate the capability of land to meet multiple-use demands on a sustained
basis, monitor changes in land resources, evaluate these changes in terms of
current land uses, and amend land-management plans to ensure long-term
resource availability; and

• Implement standardized data collection, analysis, and reporting methods that
will enable the compilation of data at an Army-wide level.
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FIGURE 2-2 Leader's and Soldier's Handbooks Prepared for Hohenfels Training
Area, West Germany

Data collected and factors assessed include topographic features, soil characteristics,
climatic variables, botanical composition, vegetative cover, and percent of surface disturbance.
These data are collected from randomly placed permanently staked plots (Figure 2-3), and the
changes or trends that occur on them is representative of changes on the installation. The data can
be used to determine forage condition, assess wildlife habitat, estimate soil erosion, determine the
renewability of woody vegetation for tactical concealment, and determine the success of land-
restoration programs. The data can also be used as ground truth for geographic information
systems (GIS), which are based on aerial photograph/imagery interpretation.

2-2.3 Rehabilitation and Maintenance Technologies

Rehabilitation and maintenance technologies include vegetative technologies that have the
objective of reducing erosion at its source, containing the soil prior to its becoming a sediment
problem, using native plant species whenever possible, and providing quality wildlife habitat and
an environmentally realistic area for tactical vehicle training.
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FIGURE 2-3 Method of Gathering Data from a
Land Condition/Trend Analysis Transect at
Hohenfels Training Area, West Germany

The ITAM program for the development and implementation of vegetative prescriptions on
damaged U.S. Army installation training areas was initially developed in conjunction with
R.R. Hinchman and S.D. Zellmer of Argonne National Laboratory (ANL). The program includes
five major steps:

1. Select Site. Site selection is based on the extent of damage, probability of
revegetation success in light of training and environmental factors, cost of
prescription implementation, and length of time the site would be out of training
use.

2. Establish Baseline. A baseline is established through the use of LCTA or other
techniques to determine the condition of the site, slope, aspect, soil type, soil
nutrient requirements, and other parameters that are relevant to the determination
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of seed mixture and rate, fertilizer requirements, and seedbed preparation
techniques.

3. Prepare Revegetation Prescription. The revegetation prescription is prepared
after the baseline is established, by taking into consideration cost, in-house or
out-of-house labor and equipment, accessibility to the site, climate, growing
season, seed sources (native and nonnative species), and the degree to which
access to the site can be controlled.

4. Implement Prescription. The implementation of the prescription requires
coordination with the training elements on the installation and some monitoring
of the prescription-implementation process.

5. Monitor Prescription. The prescription will be monitored to assess its success.
The results of the monitoring will have an impact on planning future efforts at
similar sites.

2-2.4 Physical and Structural Erosion-Control Technologies

The objective of physical and structural erosion-control technologies is threefold: (1) to
trap sediment prior to its becoming a problem lower in the watershed, (2) to control runoff on the
training area, and (3) to stabilize and reclaim gullied areas.

To implement these activities, computer-simulation models are used to predict and
determine the structural erosion-control technologies to be deployed. An example of such a model
is the multiple watershed storm-water and sediment-runoff-simulation model, AEMSED,
developed by Robert E. Riggins, USA-CERL, and Timothy Ward, New Mexico State University.
The AEMSED model contains two basic components: a hydrologic and hydraulic routing
component that computes storm runoff hydrographs and a sediment component that computes
sediment concentration hydrographs and sediment yield. The AEMSED model is a physical-
process-distributional model, so it can be applied to ungaged watersheds and watershed segments.
The model simulates the physical processes that occur on a watershed in response to rainfall. The
model is being modified to handle snowmelt and the transport of chemicals from the watershed.

Current physical/structural erosion-control practices have been modified for use in training
areas, areas in which erosion-control structures are often traversed by heavy military vehicles.
These technologies include landforming methods, materials, structures, and systems that can be
built into a new land design for training or incorporated into existing training areas (Figure 2-4).



FIGURE 2-4 A Graded, Fertilized, and Reseeded Demonstration Site with
Waterbars at Hohenfels Training Area, West Germany

2-2.5 Computerized Decision-Support Systems

Currently, IT AM can employ two different systems to assist in the management and
manipulation of the extensive amount of information that the various elements generate. These
systems are described below.

The Management Scheduling System (MSS) was developed by William D. Severinghaus
and Robert M. Lacey, USA-CERL, and has since been modified and updated (Munn, Dickson,
and Osborn 1987). This system is based on IBM-compatible personal computers and uses
commercially available software packages (OPEN ACCESS or ENABLE) that have spreadsheet,
simple graphic, and analytical capabilities. The training land is divided into subsections of
generally less than 100 acres, and the subsections are referred to as Management Scheduling Units
(MSU). Data are then entered into the MSS by MSU. Current data files include 37 basic data
variables in the areas of current land use, soil surface/vegetation damage index (Severinghaus
et al. 1986), MSU descriptive information, aerial photographic damage index, training area
descriptive information, and concentrated or diffuse damage information. A second data file
includes information relevant to various types of revegetation strategies, including cost, success
rates, and implementation times. These two files can then be merged on a spreadsheet to prioritize
MSUs and technologies.
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The Geographic Resources Analysis Support System (GRASS), a microcomputer-based
system, was developed by William D. Goran, USA-CERL, as a comprehensive, analytical, and
geographical display land-management tool. GRASS consists of three subsystems:

• GRID for analyzing, overlaying, and modeling grid cell-type maps, as well as
for displaying both grid cell and line maps;

• IMAGERY for displaying, georeferencing, comparing, and classifying satellite
and aerial photographic imagery; and

• MAP-DEV for digitizing and integrating landscape data generated from hard-
copy maps, digital evaluation files, or other sources into a form suitable for
analysis in GRID.

The interactive GRASS system can be run with either menu selections or user commands.
Also, GRASS has two internal languages that allow users and programmers to create application
and demonstration models and to link GRASS with other software packages. Users can input new
data manually, with a screen-pointing device, or from a floppy disk or computer tapes; users can
also select data elements from existing files for analysis. Outputs include statistical tables, text
files, or maps that can be displayed on a color monitor or printed on several types of hard-copy
printers and/or plotters.

Hardware configurations vary from tabletop to rack-mounted machines, depending on the
number and size of peripherals. A minimum configuration would include a display device that can
display 256 simultaneous colors, a processor running a UNIX operating system, at least 130
megabytes of disk space, a dumb terminal, and a pointing device (mouse). Other options include a
digitizer for map input, a tape drive for data transfer and backup, any of several color printers for
hard-copy output, and modems and/or network connections to communicate with other machines.

2-2.6 Integration of Training Mission Requirement

The objective of integrating the training mission requirement is to identify the various
training mission requirements of the installation and examine the use of the landscape for those
missions. Then, through the integration of the training scenarios with the requirements necessary
to upgrade or stabilize installation natural resources, priorities can be established, recommendations
can be made, and schedules for the use of the areas for training and for land maintenance
(revegetation and/or physical/structural erosion control) can be developed. This element is in the
initial stages of development by Robert M. Lacey and Thomas Sydelko.
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2-2.7 Integration of the ITAM Program

The integration of the ITAM program has two unique aspects. The first aspect is the
integration of elements and subelements within ITAM, which is accomplished through the
Computerized Decision Support System. The second aspect is the integration of ITAM with the
installation organizational units that are responsible for land management and training. The
integration of the ITAM program must be done without affecting the current activities within the
land-management plan or the training program. This goal is achieved by following the three steps
listed below.

1. During the initial visits to the installation, ITAM researchers obtain
documentation on land-management programs, equipment, personnel and
experience, and funding levels.

2. During the initial implementation stages of each major element, the
coordination, communication, and tasks necessary to continue ITAM are
assessed and matched to the information obtained in the first step. The result is
a series of documents that delineate the personnel, equipment, and funding
resources that require either realignment or acquisition (Lacey and Severinghaus
1987a,b).

3. Upon fulfillment of the requirements identified above, the capability to continue
ITAM is transferred through workshops, program documentation, contract
scopes of work, and direct hands-on training. The program will require
additional effort to monitor its success and provide assistance and program
updating.

2-2.8 Cost/Benefit Analysis

Cost/benefit analyses (CB) provide a rationale for the expansion of ITAM within and
between installations and are best conducted by independent consultants. The CB for Fort Carson
indicates a 27-fold savings on the basis of partial ITAM implementation (Zimmerman et al. 1987).
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3 A Permanent-Plot Method for Monitoring Land Condition:
Precision and Observer Variation

by

V.L. Trumbull, P.C. Dubois, and DJ. Tazik

Abstract

For any inventory method to provide an accurate measure of land condition,
it must both be repeatable and yield consistent results regardless of observer. To
determine whether the Land Condition-Trend Analysis (LCTA) methods meet these
criteria in deciduous forest communities, 19 plots were each surveyed twice, and
the data for each plot were tested for differences noted by the same observing crew
(precision) and by different observation crews (observer variation). For most
variables, LCTA methods were precise and free from observer effects. The LCTA
methods were precise when points were considered either disturbed or undisturbed.
Although precision was reduced when the type of disturbance was distinguished
(road, trail, or pass), this reduction in precision was probably because all disturbed
plots were located in bivouac areas, where the distinction among types of
disturbance became blurred. For the observer variation test, canopy cover estimates
were inconsistent between crews only for the three smallest height classes. The
inconsistencies have been due to trampling of the vegetation by the first crew.
Estimates of woody plant density were consistent between the two observations for
both types of test, with the exception of the smallest height class for the observer
variation test. In deciduous forest stands, when the density of woody plants under
1 m in height need to be quantified, methods other than mapping should be
investigated. Similar studies, over a wide range of habitats and disturbance levels,
could be useful in further evaluating and refining LCTA methods.

3-1 Introduction

The U.S. Army is responsible for managing five million hectares of land. Much of this
land is used for high-impact training exercises that result in soil compaction, erosion, and loss of
surface and vegetative cover. Managing land under these conditions dictates the use of
standardized methods that provide a reliable estimate of trends in land condition.
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The U.S. Army Corps of Engineers Construction Engineering Research Laboratories
(USACERL) has developed the Land Condition-Trend Analysis (LCTA) program — a
multiresource, permanent-plot technique for evaluating land condition. By using the LCTA
program, USACERL has been able to estimate soil erosion (Warren et al. 1989), monitor
rehabilitation projects (Diersing et al. 1987; Shaw and Diersing 1989b), assess wildlife habitat,
ground truth remote-sensing data, and estimate land capabilities for tracked or off-road vehicle use
(Shaw and Diersing 1989a).

The primary goal of the LCTA program is to monitor changes in land condition relative to
land use; this information can then be used as a basis for amending land-management plans and
policies. To accomplish this goal, the monitoring technique must address three problems inherent
in any monitoring program: (1) spatial variation in the placement of sample plots, (2) determina-
tion of whether the changes observed were induced by human disturbance or caused by natural
factors, and (3) variation in measurement techniques due to lack of precision in the method and
variability from observer to observer. The LCTA methods control the first two sources of
variation by employing permanent sampling sites and control plots. The purpose of this
investigation was to examine the precision of LCTA methods of measurement and to determine the
degree to which these measurements vary with different observers.
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3-2 Study Site

The study site was the U.S. Army Engineer Center at Fort Leonard Wood (FLW), located
in south-central Missouri. Encompassing 27,893 ha on the unglaciated Ozark Plateau, FLW lies
within the oak-hickory forest region of the interior highlands (Braun 1950). Forests make up 79%
of the area at FLW, with prairie openings, limestone glades, and balds interrupting the forest.
Characteristic species of this area include Quercus stellata, Q. marilandica, Q. rubra, Q. velutina,
Q. alba, and Carya texana. Soils are generally shallow, stony, and low in organic matter (USDA
1989).
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3-3 Methodology

This section presents an overview of the methods used in our study. Warren et al. (1990)
detail the plot allocation procedure. A full description of LCTA methods is provided by Tazik
et al. (1992).

3-3.1 Surface Disturbance and Ground Cover

Surface disturbance and ground cover were measured by a point-intercept method at 1-m
intervals along a 100-m line transect. Surface disturbance was recorded as none (no disturbance),
road (permanent or semipermanent traffic route receiving periodic maintenance), trail
(semipermanent traffic route receiving no maintenance), pass (a random vehicle track that does not
follow an established traffic pattern), or other (evidence of soil disturbance from such nonvehicular
sources as excavation, demolition, and bivouac activity, for example). Ground cover was
recorded as rooted cover (identified by species), uprooted cover (including deadwood, litter, and
duff), consolidated mineral matter (rocks and gravel), or bare ground.

3-3.2 Canopy Cover

Canopy cover, surface disturbance, and ground cover were measured by means of the
point-intercept method, whereby a telescoping range pole (maximum diameter of 4.1 cm) was
positioned vertically at each point along the line transect. Vegetation in contact with the range pole
was recorded by species at decimeter intervals between ground level and 2 m and at half-meter
intervals between 2 and 8.5 m, with a single category for 8.5 m and above.

3-3.3 Belt Transect

A belt transect was used to record the location and height of woody species. The belt
extended the full length of the 100-m line transect at a standard width of 4 m (2 m to each side of
the line transect).

The minimum height for recording most species on the belt transect was 1 m. An
exception was made for small shrubs that do not normally reach this height, such as Vaccinium
sp., Rubus sp., Vitus sp., Rhus aromatica, and Symphorocarpus orbiculatus. The minimum
height for these species was 0.1 m, and the belt width was reduced to 1 m in areas where such
species are prevalent because of their high density.

All plants encountered were identified as to species, and their locations were mapped by
using a Cartesian coordinate system. Each plant, including multiple-stemmed species, was
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recorded as a single individual. For species forming thick colonies, the boundaries of the
"clumps" were recorded. A telescoping pole was used to measure plant height to the nearest
decimeter up to 8.S m (a single category was used above this height). Also recorded was whether
a plant was living or dead. The National List of Scientific Plant Names (USD A 1982) was used as
a standard for species nomenclature.

3-3.4 Remeasurement and Statistical Analysis

As part of a baseline LCTA inventory of FLW, 157 permanent plots had been established
and inventoried during the summer of 1989. Nineteen of these plots were remeasured for this
investigation. All plots were forested, and all but three were undisturbed by Army activities.

Two crews, each consisting of three persons, were used to evaluate LCTA methods. Both
crews were trained by the same individual. At the time of the investigation, each crew had 300 to
400 h of experience wiifc LCTA methods.

To determine the precision of the method, the same crew measured each of nine plots
twice. The time between the first and second measurements was no greater than one week.
Observer variation was determined for 10 plots by having two different crews measure the same
plot on the same day.

The best way to determine if any LCTA variables are problematic is to summarize the data
on a point-by-point basis. The first and second readings of surface disturbance and ground cover
were compared for each point on the transect, and the percent agreement between these two
measurements was calculated. Surface-disturbance and ground-cover data were also examined on
a plot-by-plot basis to determine if any inconsistencies found in the point-by-point data were
transferred to the overall plot data. Knowledge of repeatability at this level is important because
LCTA data will ultimately be used on a plot-by-plot basis. No statistical tests were performed on
either of these groups of data.

The belt-transect and canopy-cover data were summarized on a plot-by-plot basis and
compared by using paired t-tests.

Because there may be statistical differences between two readings but no associated
managerial^ significant differences, a criterion for managerial significance was established.
Differences in the means for canopy-cover and belt-transect data were considered managerially
significant when the low estimate was 85% or less of the high estimate. This criterion is based on
the authors' field experience.
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3-4 Results and Discussion

3-4.1 Surface Disturbance

Most plots had little surface disturbance. Agreement between the two measurements for
points designated as undisturbed was 98% for both the precision and the observer variation tests
(Table 3-1). There was similar agreement in the results for both tests at the plot level (Table 3-2).

Because the sample covered plots were largely undisturbed, the results of this study cannot
be extrapolated to predict the results for heavily tracked areas. However, data from the three plots
that were disturbed suggest some problematic variables. The trail and pass designations were only
28% and 39% repeatable, respectively, in the precision trial (Table 3-1). Agreement was only
58% when disturbance was on a plot-by-plot basis (Table 3-2), again suggesting a problem in
distinguishing between pass and trail. The problem probably arises because the three disturbed
plots are located on bivouac sites. Bivouac sites at FLW are so heavily disturbed by vehicular and
foot traffic that distinguishing between a pass, trail, or road is difficult. Such measurements are
much more repeatable at Fort Riley, Kansas (Dubois 1990), an open, tall-grass prairie vegetation
type of terrain, where vehicular movement and training activities are much less concentrated.

3-4.2 Ground Cover

Point-by-point measurements of ground cover were slightly less repeatable than those for
surface disturbance. Overall, there was 84% agreement in the point-by-point ground cover data for
the plots surveyed for the precision test, and 86% agreement in the data for the observer variation
tests (Table 3-3). Uprooted cover was the dominant ground cover in all plots: 75% of the plots in
the precision trial and 88% of the plots in the observer variation trial contained this type of cover.
Agreement between the two measurements for uprooted cover was 93% in both trials.

Precision was low for the other types of ground cover when the data were examined on a
point-by-point basis (Table 3-3). If these types had represented a larger portion of the ground
cover, precision would probably have increased. However, when the variation in these types of
ground cover is examined on a plot-by-plot basis, the differences are small between the two
measurements (Table 3-4).

3-4.3 Canopy Cover

The mean number of vegetation contacts was significantly different between the two
measurements for the precision test only in the 4.5-6.5-m height interval (Figure 3-1). This
difference may be attributed to the difficulty in reading a range pole at this height under a forest
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TABLE 3-1 Comparison of LCTA Surface Disturbance Data on a Point-by-Point Basis
as Determined by the Two Survey Crews for the Precision Test and the Observer
Variation Test

Type of Surface
Disturbance Detected

None
D«
Pass
Trail
Road

' Other
Total

No. of
Points
Agree

1,188
1,764

28
12

116
302

1,646

Precision

No. of
Points

Disagree

18
36
44
30

7
55

154

Test

Percent
Agreement

98
98
39
28
94
85
91

Observer Variation Test

No. of
Points
Agree

1,934
—

6
—
—

1,940

No. Of
Points

Disagree

28
—

9
—
23
60

Percent
Agreement

98
—

60
—
—
97

"Percent agreement considering only two categories: (1) no disturbance and (2) all disturb-
ances categories grouped together. This procedure was not done for the observer variation
plots because of low disturbance levels.

TABLE 3-2 Comparison of LCTA Surface Disturbance Data on a Plot-
by-Plot Basis

Type of Surface
Disturbance

None
Pass
Trail
Road
Other

Mean Number of Points

Precision Test

Measurement

66.7
5.7
0.7
6.8

20.2

1 Measurement 2

67.3
2.3
4.0
6.9

19.4

per Plot

Observer Variation
Test

Group 1

99.7

0.3

Group 2

96.7

0.7

2.7
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TABLE 3-3 Comparison of Ground Cover Data on a Point-by-Point Basis as Determined
by the Two Survey Crews for the Precision Test and the Observer Variation Test

Type of Ground
Cover Detected

Bare ground
Consolidated minerals
Uprooted
Rooted
Total

No. of
Points
Agree

96
6

1,254
150

1,506

Precision

No. of
Points

Disagree

74
27
92
92

294

Test

Percent
Agreement

56
18
93
62
84

Observer Variation Test

No. of
Points
Agree

22
18

1,638
50

1,728

No. of
Points

Disagree

47
28

119
78

272

Percent
Agreement

32
39
93
39
86

Table 3-4 Comparison of Ground Cover Data on a Plot-by- Plot Basis

Type of Ground
Cover Detected

Bare ground
Consolidated minerals
Uprooted
Rooted

Mean

Precision

Measurement 1

11.1
10.3
77.4

1.1

Number of Points

Test

Measurement 2

7.8
11.9
79.0

1.2

per Plot

Observer Variation
Test

Group

3.4
3.8

89.7
3.1

1 Group 2

3.2
3.4

89.4
2.7
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FIGURE 3-1 Mean Number of Vegetation Contacts for Plots Surveyed for
the Precision Test (probability levels designate significant differences
between the two readings for a given height interval; no. of plots
surveyed « 9)

canopy. Nevertheless, the low estimate was 91% of the high estimate, which makes this
difference insignificant from a managerial standpoint.

When different crews measured the same plots, there were significant differences between
measurements for four of the height intervals (Figure 3-2). Even so, only the three smallest height
intervals demonstrate managerially significant differences. The most likely explanation for these
differences is that, in the process of measuring the plot, the first group trampled and temporarily
altered the position of the low vegetation. This difference did not occur to such a large extent in the
precision test surveys because there was an interval of several days between measurements.

3-4.4 Beit Transect

The LCTA method estimates woody plant densities from the belt-transect data. Plants and
individual trees are monitored over time to obtain an accurate measure of mortality and growth.
Aside from comparing the actual coordinates of mapped vegetation, the best way to determine the
precision of mapping is to compare density estimates derived by using this technique.

There were no significant differences in mean plant densities for the plots surveyed for the
precision test (Figure 3-3). In contrast, the density of woody plants was significantly different for
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the 0.1-0.4-m and the 1.5-1.9-m height intervals for the plots used in the observer variation test
(Figure 3-4). The low estimate for the 1.5-1.9-m height interval was 88% of the high estimate,
so this difference is not managerially significant. However, for the 0.1-0.9-m height class, the
low estimate was only 70% of the high estimate. This discrepancy is most likely a result of
"clumping" groups of small plants together and considering them to be one individual plant. The
definition of what constitutes a clump needs to be refined to decrease inconsistencies between field
crews. The practice of clumping may be so subjective that other methods need to be investigated
for documenting densities of extremely dense patches of small woody plants. Specifically, total
stem counts on either smaller belt transects or subplots (i.e., quadrats) need to be compared with
mapping for precision. Similar studies are needed at other locations with different types of
vegetation.
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3-5 Conclusions

Measurements of LCTA variables have been shown to be reliable and free from variation as
a result of observer bias. Most importantly, when LCTA data are summarized on a plot-by-plot
basis, major differences between readings are rare. Nevertheless, some modifications would
increase measurement repeatability in conditions such as those at FLW. Although LCTA methods
do not require mapping woody vegetation under 1 m in height in forest stands, it may be desirable
to document densities of these plants, especially for shrubs that do not reach 1 m in height, even at
maturity. Clumping of these plants results in discrepancies between surveying crews, indicating
that a clearer definition of what constitutes an individual plant is needed. Studies are also needed
for alternative methods of estimating the density for small, densely grouped woody plants. In
addition, at active bivouac sites, it is difficult to distinguish among the disturbance categories;
therefore, disturbance typically should be recorded as "other" at such sites. Also, the distinction
between a pass, a trail, and roads could be better defined and/or more strongly emphasized when
training field crews.

These recommendations are applicable to a relatively homogeneous, little-disturbed,
deciduous forest area. Techniques to measure LCTA program variables should be tested for
repeatability and observer variation over a wide range of habitats and disturbance levels to further
evaluate and refine the methods.
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4 GRASS as a Tool for Military Land Use Planning

by

P. J. Thompson, S. D. Warren, and J. M. Messersmith

Abstract

Land managers and planners at military installations are faced with the
complex task of supporting intensive training activities while maintaining the
condition of these lands over the long term for future training use. Overuse of these
lands for training activities can cause damage to vegetation and soil, and
subsequently increase the potential for soil erosion. To fulfill these complex land
use planning and management requirements, tools are needed to store, combine,
analyze, and display digital representations of geographic data. The U.S. Army
Construction Engineering Research Laboratories has developed a Geographical
Information System, with remote sensing capabilities, called the Geographic
Resources Analysis Support System (GRASS) to provide land managers of
installations with these management tools. With GRASS, land used for intensive
training exercises can be monitored and highly stressed areas that may be in need of
rest and/or rehabilitation can be identified.

4-1 Introduction

Military land resources must provide a wide range of changing combat scenarios. In
addition, military lands are often used for such other purposes as timber production, agricultural
outleasing, livestock grazing, off-road vehicle recreation, and hunting. This intensive use has
resulted in a general deterioration of the natural resource base (Diersing and Severinghaus 1984;
Goran et al. 1983; Johnson 1982; McDonagh et al. 1979; McKernan 1984; Severinghaus and
Goran 1981; Severinghaus et al. 1979; Shaw and Diersing 1990; Walker 1987).

Managing these lands for the support of intensive, realistic training activities as well as
nonmilitary purposes, while still maintaining these lands for future training use, is a difficult task.
In an effort to provide military-land managers with tools for solving the complex environmental
and natural resources problems, the U.S. Army Construction Engineering Research Laboratories
(USACERL) has developed a Geographical Information System (GIS) called the Geographic
Resources Analysis and Support System (GRASS) (Westervelt 1988). The system is a set of tools
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for collecting, storing, retrieving, displaying, combining, and analyzing digital representations of
geographic data. This GIS also has remote sensing capabilities and can import such satellite data
as SPOT (Systeme Probatoire pour l'Oberservation de la Terre) and LANDS AT, or scanned aerial
photography. With GRASS, different map layers can be overlaid and combined to create new map
layers that serve specific purposes. This capability makes GRASS a powerful tool. Land
managers at U.S. Army military installations have used GRASS to assess environmental impacts,
evaluate site suitability, detect change over time, manage resources, and model the effects of
environmental phenomena across a landscape.

This paper will summarize how the U.S. Army has used GRASS and satellite imagery, in
conjunction with other programs, to classify land cover, monitor vegetation change, assess
rehabilitation needs, and predict soil erosion.



43

4-2 Land-Cover Classification

The U.S. Army has adopted a comprehensive training-area management program designed
to integrate natural-resource concerns with military-training needs (Diersing 1990). A key element
of this management program is the Land Condition-Trend Analysis (LCTA) program for
collecting, analyzing, and reporting information as to the kinds, amounts, and conditions of
existing resources. The area to be monitored is divided into plots that will be surveyed and
inventoried for the amount and type of ground disturbance, ground cover, canopy cover, and
species composition and health. The LCTA program uses digital soil surveys, SPOT-satellite
imagery, and GRASS to automate the plot-selection process (Warren et al. 1990; Warren and
Bagley 1991). This helps ensure objectivity in the choice of representative plots. Once crews have
collected the data from these plots and the analysis is complete, the results are used to classify the
SPOT image into a land-cover map.

To begin the plot-selection process, the SPOT image is classified using the unsupervised
classification program in GRASS. The user allows no more than 20 spectral land-cover categories
to result from this classification. These land-cover classes may vary in their plant cover and
botanical composition. Because the differences in these variables are often related to the
composition of the underlying soils, the digital soil survey is used as a secondary stratifier. Then
each unique combination of land cover and soil type can be grouped by GRASS as a separate
category (areas less than two hectares [five acres] in size are removed from the sample pool).

Through a stratified random process, field sample plots are allocated, with the number of
plots assigned to each land-cover/soil category proportional to the percent of land that it covers.
Crews are then sent into the field with plastic overlays, registered to U.S. Geological Survey
7.5-min quadrangle maps, that are color printed to represent all eligible areas. Map symbols and a
list of the Universal Transverse Mercator coordinates of each plot help field crews establish plot
locations. Global positioning systems are used to establish exact locations in areas where
landmarks are scarce.

Once the data from these field plots are collected and analyzed, the results are used to define
each land-cover category in the unsupervised SPOT classification according to the plant-
community class that occurs most often on the plots representing them. Categories that exhibit
significant variation may be further divided on the basis of the underlying soils.

The results of this land-cover classification process can be used to identify areas where
plant communities may be highly damaged and in need of a program of rest or restoration.
Another indicator for detecting a general deterioration in the resource base may be major changes in
botanical composition.
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4-3 Monitoring Vegetation Change

Once the land cover on the military installation has been mapped, changes can be monitored
on a seasonal or annual basis to identify potential problem areas. A study is under way by
Ribanszky (1991) to determine the feasibility of using satellite imagery to identify such land-cover
changes occurring on military installations. This research has been conducted using SPOT satellite
imagery covering the years 1986 through 1989 for the Combat Maneuver Training Center
(CMTC), Hohenfels, Germany. Satellite data were analyzed using the remote sensing capabilities
of GRASS. This study used the Normalized Difference Vegetative Index (NDVI) to define a
change in land cover as a change in vegetative health. This index was derived from spectral
reflectance data and measures the vigor or health of plant materials. Emphasis throughout the
study was placed on nonforested areas of the installation, because this is where most training
activities occur.

Seasonal changes were observed between the May 1989 and the August 1989 satellite
images. Annual changes were detected between the September 1987 and the August 1989 images.
However, some of the increase in vegetative health could be due to seasonal differences, because
the September 1987 image was acquired during a decline in vegetation growth and the August
1989 image was acquired when vegetation growth was nearer its peak. Comparisons on an annual
basis can only be meaningful if die images are acquired for the same month from year to year.

Attempts were made to correlate the satellite NDVI data with percent ground-cover data
collected as part of the LCTA program. Preliminary results show promising correlations between
these two variables. This is encouraging, because the ability to map percent ground-cover over an
entire installation would be an invaluable land-management tool for observing land-cover changes
over time. However, Ribanszky feels that further investigations are needed before attempting to
use satellite imagery on a routine basis to produce ground-cover maps.
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4-4 Assessing Rehabilitation Needs

The CMTC, Hohenfels, Germany, is under intense, year-round, training pressure
concentrated primarily on the nonforested areas of the installation. Constant traffic from tactical
vehicles can result in severe damage to the natural ground cover, leading to increased soil erosion
and stream sedimentation. The extent of damage occurring within each watershed and the
requirements for rehabilitation need to be determined. At the CMTC, GRASS and satellite imagery
have been used to assess the need for training-land rehabilitation.

By using land-cover maps, created through the method described in Section 2, and a
digitized minor watershed boundary map interpreted from topographical maps, GRASS can be
used to help assess the damage and prioritize watersheds according to their need for rehabilitation.
The land-cover map developed for an installation includes categories for open/sparse (10%-25%
cover) and barren (<10% cover) communities. The total area of open/sparse or barren land cover
within each watershed is determined using a coincidence tabulation program within GRASS. (This
information can also be reported as the percent of each watershed classified as open/sparse or
barren.) Because most training occurs in nonforested areas, the coincidence tabulation is done
using a "mask" to eliminate forested areas from the analysis. This information is then used to
declassify the minor watershed map into a map representing the percent of nonforested area
classified as either open/sparse or barren ground cover. Military land managers can use such a
watershed damage map to provide guidance as to which watersheds should receive priority for
rehabilitation programs.
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4-5 Soil Erosion Estimation

An erosion-based land-capability classification system for military installations has been
developed that integrates the Universal Soil Loss Equation (USLE) with GRASS, SPOT imagery,
and ground data from land-condition trend plots (Warren et al. 1989; Warren and Bagley 1991).
The USLE has the form,

A = R x K x L S x C x P , (1)

where the estimate of current average annual sheet and rill erosion (A) is determined from factors
representing climate (R), soil erodibility (K), topography (LS), cover (C), and conservation
practices (P). Another soil factor, the soil loss tolerance factor (T) is commonly used in
conjunction with the USLE.

4-5.1 Factor Estimation

4-5.1.1 R Factor

The R factor is the quantitative expression of the erosivity of local average annual
precipitation and runoff. Because the R factor is generally constant over an area the size of a
military installation, there is no need to create a special map layer for this factor within GRASS.

4-5.1.2 K Factor

The K factor reflects the natural erodibility of soils. This factor is often published in local
or regional soil surveys. It can also be determined by comparing analyses of soil samples collected
in the field with a soil erodibility nomograph (Wischmeier and Smith 1978). A K-factor map layer
is created by reclassing a soil-series map layer with the respective K factor values.

4-5.1.3 LS Factor

The rate of soil erosion by water is affected by both the length and steepness of land
slopes. The LS factor provides a quantitative representation of these topographic effects. For the
LCTA program, slope length and gradient are determined in the field in a stratified random fashion
according to soil series. These length and slope values are entered into the slope effect chart
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(Renard 1987), and LS factors are derived. An LS-factor map layer is created by calculating the
mean LS factor for each soil series and reclassing the soil-series map layer using the respective LS
factors.

4-5.1.4 C Factor

The C factor reflects the degree of erosion protection afforded by various soil covers.
Information for computing C factors, such as height and extent of vegetative canopy, and the kind
and amount of cover in contact with the soil, is collected in conjunction with the LCTA plots. Each
category of the unsupervised classification of 'he SPOT image is reclassed according to the average
C value of the plots within the category, thus creating a C-factor map.

4-5.1.5 P Factor

The P factor is a quantitative expression of the mitigating effect that conservation support
practices (e.g., contour tillage, strip cropping, terraces, etc.) have on the erosion process. Because
such conservation practices are generally incompatible with the military-training mission, the P
factor is assigned a constant value of 1.

4-5.1.6 T Factor

The T factor is an expression of the soil-loss tolerance, or the amount of soil that can be
eroded on an annual basis without causing permanent damage to the land. Although not actually a
component of the USLE, the T factor is an important element in the development of an erosion-
based land-classification system. The T factors are often published in soil surveys, but they may
also be obtained from govemment land-management offices or estimated on the basis of the rooting
depth of the soil (McCormack et al. 1982). The T-factor map layer is created in GRASS by
reclassing a soil-series map layer according to published T-factor values.

4-5.2 Products

4-5.2.1 Erosion Status

The map product created by solving the USLE represents the estimated erosion rate (A) for
each parcel of land. However, this product has little practical value in developing a land-
classification scheme. The ratio of estimated soil loss to the soil loss tolerance (erosion status) is a



48

more accurate basis from which to evaluate the condition of the land. Erosion status can be
calculated using the equation,

Erosion status = ( R x K x L S x C x P ) / T . (2)

Areas with erosion status values of less than 100% are considered in acceptable condition for
military use. Erosion values above 100% represent areas of increasingly unsatisfactory condition.

4-5.2.2 Erodlblllty Index

Another variable of interest to military land managers is the inherent erosion potential of the
land. The only component of the USLE that changes from year to year through man's use of the
land is the vegetative cover or C factor. All other factors remain constant. By substituting T for A
in the USLE (Equation 1), and solving for the reciprocal of C, the equation becomes

Erodibility Index = (RxKxLSxP)/T. (3)

This product is an index of potential erosion. Areas with erodibility indices greater than eight are
considered highly erodible (Benbrook 1988).

4-5.3 Applications

This erosion-based land classification system can be used to create land-condition
inventories. Military trainers and land managers can then apply these data to set up training
schedules, determine the demarcation of the training area, monitor the need for land rehabilitation,
and plan further land acquisition.
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4-6 Conclusions

The cumulative effects of larger-scale and more intense military training coupled with other
uses has caused a general deterioration in the condition of the natural resources on military lands.
Land managers are faced with the increasingly complex task of supporting these military activities
while still maintaining the condition of the land for future training use. The U.S. Army has
developed new technologies that provide a basis and a tool for improved land management
decisions.

Because most land-resource characteristics can be thought of in a geographic context, they
lend themselves to manipulation by computerized GISs. The U.S. Army Construction
Engineering Research Laboratories has developed a GIS called GRASS that can store, combine,
analyze, and display digital representations of geographical data. It also has image processing
capabilities. Together with satellite imagery and LCTA, GRASS has been used to classify land
cover, monitor vegetation change, assess rehabilitation needs, and predict soil erosion.
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5 Video Simulation for Army Training-Land
Restoration and Management

by

R. Sullivan andT. Sydelko

Abstract

Video simulation is a microcomputer-based visual simulation technique by
which Army training-land managers can realistically portray the visual impacts of
planned restoration and management actions. During the past two years, we have
used video simulation to assist training-land managers in the design and
management process, to assist Army planners in visual impact assessment, and to
incorporate critically needed input from training-land users into the restoration and
management process. Video simulation is a valuable tool for training-land design
for several reasons: (1) highly realistic simulations can be prepared quickly, often
in two hours or less; (2) unit cost per simulation is low; (3) simulations can be
output in a variety of useful formats, including slides, prints, videotape, and
viewgraphs; and (4) required software is relatively inexpensive and easy to learn.

5-1 Introduction

5-1.1 Environmental Quality and Training Realism

Army doctrine stresses the importance of realistic training to achieve the goal of maintaining
combat readiness (Headquarters, Dept. of the Army, 1986; U.S. Army Command and General
Staff College 1987). Field training exercises provide troops with experience using equipment in
maneuvers in an environment that approximates actual combat conditions.

An important component of achieving training realism in field exercises is the physical
setting for the exercise; the presence of natural terrain and vegetation, as well as such weather
conditions as wind, rain, and dust, differentiate realistic field exercises from classroom exercises.
The degree to which the natural features of the training areas approximate those expected in combat
situations is directly related to the level of realism achieved in the training. At training areas where
environmental damage has significantly altered the natural terrain and vegetation so that it no longer
resembles conditions expected at potential battlefields, training activity may be less realistic,



56

jeopardizing the success of the training mission. For example, gullies caused by severe erosion
make movement difficult and force unnecessary maneuvering, loss of vegetation reduces cover and
concealment opportunities, and increased dust obscures vision and can damage equipment.
Heavily eroded and denuded landscapes are common on many Army training installations and are
often poorly suited for realistic training.

Maintaining the environmental quality of training lands is important to the success of the
Army's training goals and should be a concern not only for Army land managers, but for Army
trainers as well. Environmental quality is essential for both good land stewardship and a
successful training mission.

5-1.2 Conflicts between Training and Land Management

Frequently, training needs and environmental quality concerns come into conflict because
environmental damage mitigation measures require land managers to place restrictions on training
activities. For example, an area may be temporarily closed to training activities to allow for
reseeding and revegetation. Such restrictions, although necessary to maintain training realism and
environmental quality, may be perceived negatively by trainers, who view them as unnecessary
constraints on training. On the other hand, land managers may perceive the trainers to be
insensitive to important environmental concerns. Such perceptions can result in poor
communication between trainers and land managers that can eventually lead to a lack of cooperation
in management of training lands for both environmental quality and training realism. Land
managers may make little effort to include trainers in planning land-management actions, even
though training activities are certain to have major impacts on environmental quality at the
installation. Trainers may attempt to prevent or simply disregard any land-management actions that
might restrict training activities, even though such activities might increase training realism
significantly.

A contributing factor in the communication breakdown between trainers and land managers
is the lack of a shared vocabulary for describing spatial characteristics of objects. Land managers
may have difficulty explaining their design intentions in a way that makes the likely training
impacts clear to the trainers. Conversely, trainers may be unable to describe their training land
requirements to land managers in ways that are easily translated into design specifications. Neither
group may communicate well with the engineers who may ultimately be responsible for
implementing land-management actions. Better communication among the groups would foster the
cooperation necessary to manage training lands effectively for both environmental quality and
maximum training realism.
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5-1.3 Visual Simulations

Visual simulation is a tool frequently employed by designers to illustrate design concepts
and to obtain direct input from nondesigners into the design process. Visual simulations are visual
representations of existing or proposed environments and, in practice, are usually images of
existing environments that have been modified to show future appearance after a proposed project
is built. In the context of Army training-land management, visual simulations can be used to
facilitate communication and cooperation between land managers and trainers.

Because virtually everyone is familiar with visual representations of environments through
photographs, television, paintings, and other media, visual simulations can provide a shared
vocabulary for describing spatial characteristics of objects. Although many people would not
understand or feel comfortable discussing plan and section drawings, most people can understand
and respond to a photograph or television image. Therefore, visual simulations can often be
effective for presenting design concepts to nondesigners and obtaining useful feedback from them
about the design.
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5-2 Video Simulation

Video simulation, also referred to as "video imaging," is a computer graphics technique that
allows designers to electronically alter the visual content of video images or photographs that have
been converted to digital format in a computer. Computer software tools can thus be used to
change images of existing landscapes to show postimpact appearance. Research undertaken at the
U.S. Army Construction Engineering Research Laboratories (USACERL) in conjunction with
Argonne National Laboratory (ANL) has investigated the usefulness of video simulation in
training-land management and design. This section describes video simulation and typical
procedures involved in its application. Section 2.3 discusses video simulation research
undertaken by USACERL and Argonne, and Section 3 discusses current and future theoretical and
applied research projects.

Preparation of video simulations begins by inputting images of the existing site into the
computer for digitization and storage in computer memory. Acceptable input formats include
35-mm slides or prints, video images from a conventional video camera, or still video images.
Input methods include scanning images with a flatbed or slide scanner, or direct capture of video
images by the graphics adapter board that manages the video imagery in the computer.

After an image is input into computer memory, it can then be displayed on an analog RGB
monitor. Image-editing software is used to actually manipulate elements of the image to reflect
future conditions. Editing software allows the user to "paint" and to "cut and paste" elements
within the image, or to superimpose objects from other images contained in computer memory.

When image editing is complete, the finished images can be viewed on the monitor screen
or output in a variety of formats, including full-color 35-mm slides or prints, paper prints,
overhead transparencies, and videotape. The images can also be stored on floppy disks or other
archival media.

5-2.1 Advantages for Design Communication and User Input

Video simulation is well suited for design communication and user input for several
reasons:

• Video simulations can be highly realistic, approaching photographic quality,
and are easily understood by nondesigners. The simulation medium, essentially
a TV image, is familiar to virtually all likely audiences.

• Video simulations can be highly accurate if sufficient care is taken to maintain
proper size and perspective relationships between objects in the simulations.
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Although initial investment for simulation equipment ranges from approximately
$8,000 to $25,000+, the unit simulation cost can be quite low (Sheppard
1989).

Simulations can be created in a fraction of the time necessary to prepare a
detailed perspective drawing. Conceptual editing changes can often be made in
minutes. Most simulations can be prepared in two to four hours, and even very
complicated simulations can usually be created in less than eight hours.

The technique, although requiring some basic visualization skills and some
knowledge of visual perspective, does not require a high level of artistic ability
to create useful and realistic simulations. Basic editing skills can be learned in
less than eight hours, and useful simulations can be produced almost
immediately, although the finer editing skills needed for more complex
simulations may require more time to develop (Orland 1988).

If appropriate hardware components are purchased, the simulation equipment is
easily portable and can be fit into a carry-on compartment on a commercial
aircraft The simulations themselves can be displayed on an ordinary television
or output in a variety of easily portable formats, although image quality is best
on an analog RGB monitor.

5-2.2 Nonmilltary Applications

Although the application of microcomputer-based video simulation to land-management
issues is still in its infancy, it is rapidly gaining acceptance as a visualization tool in architectural,
engineering, and planning firms, as well as at a number of federal and state agencies (for
examples, see Orland, Sullivan, and Messer 1989; Orland, Kesler, and Sullivan 1989; Burke
1989; Metzger 1989; Rampy and Haggerty 1988; Eberhard 1990a). Video simulation has also
been used for visual perception research (Lerner and Turner 1986) and to investigate human
response to landscape change (Orland 1988).

The past several years have seen a dramatic increase in the application of video simulation
technology to land-management issues. Video simulation is likely to gradually replace manual
simulation techniques as the primary technology for visual simulation (Sheppard 1989). Rapid
advances in computer-graphics capabilities, combined with falling prices for both software and
hardware, will assure continued growth of this technology for the foreseeable future.
Furthermore, the current development of integrated computer systems will facilitate the linkage of
video simulation with computer-aided design and geographic information system technologies,
dramatically increasing the power and flexibility of video simulation for design communication
(Sullivan 1989).
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5-2.3 Video Simulation Applications in Training Land Restoration

Two demonstration projects exploring the use of video simulation in training-land design
have been discussed by Sullivan, Sydelko, and Lacey (1989). More recently, two projects
undertaken by researchers at USACERL and ANL have applied video simulation to actual training-
land restoration and management problems at Army training installations in the United States and
the Federal Republic of Germany. This section will discuss these two projects in detail.

5-2.3.1 Vehicle Barrier Design at Fort Rlley, Kansas

A project was undertaken to simulate the design of barriers that will prevent damage to trees
by vehicles at Ft. Riley, Kansas, as part of a larger ongoing USACERL project involving tactical
concealment island design at Ft. Riley. The larger project is discussed by Severinghaus elsewhere
in these proceedings.

The specific task involved simulating the addition of barriers around existing trees on
training land at Ft. Riley to protect the trees from heavy vehicles. The video simulation team was
asked to provide several simulations showing alternative barrier materials and placement. The
simulations could then be shown to training staff at Ft. Riley to demonstrate the design alternatives
and to obtain their feedback and suggestions for modifications to enhance design compatibility with
training requirements.

5-2.3.1.1 Preparing the Video Simulation

For the barrier design project, approximately two hundred 35-mm slides were taken during
a site visit at several locations at Ft. Riley where barrier placement was planned, to assure a supply
of suitable base images for editing. A 35-mm slide scanner was then used to scan in ten slides for
evaluation; four of these were chosen for use in preparing simulations.

The editing process involved first using sketch tools from the editing software to place an
ellipse around the base of tree clumps in the image to provide a guideline for accurate placement of
the barriers. Next, a "windows" function was used to capture wood texture from a separate image
of a house with wooden siding. This wood texture image was shaded and tinted by using "paint"
functions to make it resemble a section of telephone pole and to give it the appearance of a cylinder
rather than a flat rectangle. The windows function was employed again to place the "cylinder"
within the image at the appropriate locations along the ellipse guideline. After the "move" function
was used to place vegetation over the exposed parts of the ellipse, paint functions were employed
to tint shadows onto the poles and ground where appropriate.
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After completing the image editing, text and painting capabilities of the editing software
were utilized to produce titles for the simulations. The images were then output onto
8-in. x 10-in. color prints, as well as on a short videotape showing the entire series of "before"
and "after" images. A black and white reproduction of a before and after pair of simulations from
Ft. Riley is shown in Figures 5-la and S-lb. The entire process of inputting, editing, and
outputting the images was completed by one individual in approximately sixteen hours.

At all stages in the editing process, the project planners were able to provide feedback to the
image editor as the simulations were created to ensure that the simulations correctly portrayed the
design intent. This sort of feedback is essential in the editing process, particularly if the image
editor is unfamiliar with the appearance of die objects added to the images.

5-2.3.1.2 Obtaining FMdbick

The project planners then showed the simulations to the training staff at Ft. Riley to elicit
the trainers1 comments and suggestions. After viewing the videotape and prints, the trainers
suggested design changes. Their initial comments were relayed to the image editor, who was able
to quickly modify the existing simulations. The modified simulations were then shown to the
trainers, along with the original simulations for comparison purposes. These images were used as
a visual aid in selecting the final barrier design, which did incorporate many of the changes
suggested by the trainers.

Both the project planners and the trainers were easily able to respond to the simulations and
felt that the simulations made it easier to visualize the appearance of the various design alternatives.
Another important benefit of video simulation use in this project is that it helped to involve the
trainers in the land-management process, a rare occurrence in Army training-land management.
The simulations provided a communication medium that helped them to interact successfully with
the project planners.

5-2 3.2 Video Simulation U M at Frledberg Local Training Area

A second project in which USACERL and ANL applied video simulation to actual Army
training-land restoration problems was part of an initial effort for a larger project planned for the
Friedberg Local Training Area, a U.S. Army V Corps training installation near Friedbeig,
Germany. The simulations produced for this project illustrate initial design concepts under
consideration and depict typical appearance of the proposed modifications, rather than specific
modifications at specific locations.
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a. Existing Landscape

b. Simulated Landscape

FIGURE 5-1 Black and White Reproductions of
Landscape at Ft. Riley, Kansas
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Friedberg Local Training Area (LTA) is a very heavily used facility. Army training
activities have resulted in severe erosion and loss of vegetation, which in turn has resulted in
significant deposition of sediment in local streams and in low-lying areas around the training area.
Environmental damage from training activities must be curtailed to save the remaining vegetation,
both for training realism and controlling soil loss.

The current design concept proposed by V Corps land managers calls for restricting vehicle
traffic to gravel roads that will be constructed throughout the training area, thus reducing vehicle
impacts significantly. Reseeding of currently denuded areas is also planned. The simulations
produced for this project were intended to depict the typical appearance of the new roadways and
reseeded areas several years after reseeding. Figures 5-2a and 5-2b are black and white
reproductions of a before and after simulation pair from Friedberg LTA.

Four simulation pairs were produced for this project in approximately sixteen hours. The
images were output as 35-mm slides, as color prints, and on videotape. They have been approved
by the V Corps land managers involved in this project and are currently being used to brief Army
decision makers prior to implementation of the project. If the project is approved, the simulations
will then be used to obtain feedback from the V Corps training staff.

5-2.3.3 Discussion

The use of video simulation in the projects discussed in this paper has established that
video simulation can be a useful tool in Army training-land management. More specifically, video
simulation can be used to quickly produce realistic simulations of land-management actions and can
be used effectively to involve Army trainers and other nondesigners in the land-management
process.

These projects have also demonstrated the flexibility of video simulation — that is, the
ability to quickly incorporate changes or amendments to a proposed design into the simulation
process. This flexibility is critical to the use of video simulation as an effective design
communication tool, because the design process of idea generation and feedback is not slowed
significantly by the simulation generation process.

Finally, these projects have demonstrated the versatility of video simulation and its
usefulness in design situations that differ greatly in scale and subject matter. This versatility will
allow the land manager to use video simulations in the wide variety of design and management
projects necessary for quality training-land management
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a. Existing Landscape

b. Simulated Landscape

FIGURE 5-2 Black and White Reproductions of
Landscape at Friedberg Local Training Area,
Germany
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5-3 Current Research Goals

5-3.1 Hardware and Software Evaluation

A current research effort at USACERL and ANL involves exploration and evaluation of
different computer platforms for video simulation. Several editing software packages are currently
being evaluated, as well as two personal-computer-based hardware platforms. In addition, the
possibility of generating video simulations on machines utilizing Macintosh- and Unix-based
operating systems is being explored

5-3.2 Integration of Video Simulation and Computer-Aided-Design
Technology

A major current research effort is directed at the integration of video simulation technology
and computer-aided-design (CAD) technology. The integration of video simulation and CAD
technology will greatly increase the accuracy, realism, and versatility of video simulation for Army
training-land management by allowing accurate placement of simulated objects within images.

A major obstacle to achieving accuracy in video simulations is the inability of image-editing
software to store spatial data about objects within simulation images. A video simulation is simply
a record of colors of light reflected from a scene that is stored as binary data, much as a photograph
is a record of reflected light stored as chemicals on a piece of film. Because the video image is
derived from a photograph, it inherently contains no more information than the original
photograph. When constructing an object in a simulation or importing an object from another
image, the image editor is thus forced to use his or her judgment and sense of perspective to place
the object accurately and to portray it realistically.

One partial solution is to set up a perspective grid and reference points in the original
photograph through the use of stadia rods, measuring tapes, etc. Such an approach is discussed
by Sheppard (1989). However, these methods are relatively inflexible and not always feasible,
especially for large-scale impacts that are remote from the viewer.

An alternative is to utilize the spatial abilities of CAD software designed specifically to store
and manipulate spatial data. Currently available CAD packages permit accurate placement of
objects within scenes in proper perspective, but these packages are limited in the degree of graphic
realism they can achieve, particularly in depicting such natural elements as landforms and
vegetation. An approach combining the graphic realism of video simulation with the spatial
accuracy of CAD software will allow accurate placement and rendering of objects in realistic
simulations, something which neither technology is capable of doing when used alone.
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Several software packages that allow CAD wireframe images to be overlaid onto video
simulations, to serve as guidelines for object placement and rendering, are commercially available
(for example, see Eberhard 1990b). However, no software currently available represents a
complete solution because numerous problems relating to image registration, distortion, and
resolution must still be addressed (Sullivan 1989). The current research effort at USACERL and
ANL is addressing these problems and evaluating CAD and image-editing software to determine
suitability for integration into video simulation technology, in the context of Army land-
management requirements.
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5-4 Conclusions

The maintenance of environmental quality on Army lands and the achievement of training
realism are both stated objectives of Army policy. At many Army training installations, the
perceived incompatibility of environmental quality with the training mission, combined with a
serious lack of communication between land managers and trainers, has resulted in noncooperation
between these groups. In turn, this lack of cooperation has resulted in further deterioration of
environmental quality and made training realism harder to achieve.

Video simulation is a design-visualization tool that facilitates cooperation between land
managers and trainers by involving trainers in the land-management process. Video simulation
provides understandable, unambiguous information about design objectives to trainers and other
nondesigners, while also providing a method for trainers to communicate their design suggestions
back to land managers.

Projects undertaken at USACERL in conjunction with ANL have demonstrated the
usefulness of video simulation in Army land-management applications. Video simulations have
facilitated communication between land managers and trainers and have proven to be useful design
aids as well. The technique is relatively simple, inexpensive, flexible, and effective.

Video simulation research efforts at USACERL and ANL include equipment evaluation and
integration of video simulation with CAD technology; such integration will result in a significant
increase in the accuracy of video simulations.
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6 Reveg/XD: A Computer Program for
Revegetation and Restoration

by

R.R. Hinchman and W.A. Mego

Abstract

Reveg/XD is a user-oriented, IBM-compatible computer software package
designed to address the problems of matching adapted revegetation plant species to
rehabilitation and revegetation sites. The program can provide the data necessary to
develop seed mixtures, determine seeding rates, define planting methods, determine
soil amendment requirements, and define the optimal planting time. Reveg/XD
consists of a revegetation expert system that accesses two integrated data bases, the
PLANTS data base and the SITES data base. The PLANTS data base contains
species-specific information on the biological and economic attributes of over 300
species of plants that have revegetation potential or have been used for restoration.
The SITES data base stores user-provided, site-specific, abiotic information about
the revegetation site or discrete revegetation areas within a site. After the user
enters the available data on the site, a unique analysis protocol searches the entire
PLANTS data base for plant species that best match the site description, and then
the program provides a list of the 24 (or more) best-matched plant species. The
program can then present a one-screen summary of important data about each of the
high-scoring plant species.

6-1 Introduction

One of the major problems associated with the successful revegetation and rehabilitation of
disturbed, barren, or depauperate sites is adequately matching the attributes of the revegetation
species that are to be planted with the environmental conditions at the site. Although much of this
information is already available, it has been in such a highly dispersed and diverse array of sources
and formats that useful data are inaccessible. Until now, the only ways to match disturbed site
conditions with adapted rehabilitation species was through the tedious processes of species-by-
species cross-checking or matrix-matching. These processes could be undertaken only after
numerous sources of information had been identified, located, and obtained.
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One result of a limited ability to match plant species attributes with disturbed site
characteristics has been an emphasis on introduced or domesticated plants in current and past
reclamation efforts. Introduced and domesticated plants are commonly used for revegetation
efforts because they have greater short-term stabilization predictability. In contrast, native species,
which are less well known, harder to obtain, and generally more expensive, usually result in better
long-term habitat restoration.

Reveg/XD is a user-oriented computer software package designed to address the problems
of matching adapted revegetation plant species with specific rehabilitation sites. The name of the
program is derived from Revegetation EXpert System and Data Base. The program can provide
the data necessary to develop seed mixtures, determine seeding rates, define planting methods,
determine soil amendment requirements, and define the optimal planting time. Reveg/XD will run
on any IBM-compatible computer using DOS version 3.3 or greater and capable of reading high-
density disks.

Reveg/XD consists of a revegetation expert system that accesses two integrated data bases,
the PLANTS data base and the SITES data base. The PLANTS data base contains species-specific
information on the ecological, physiological, taxonomic, morphological, geographic, and
economic attributes of plants that have revegetation potential or have been used fcr restoration.
Currently, the PLANTS data base contains over 300 records on individual plant species, with over
65 data categories for each species and from 2 to 14 descriptors for each category. The data base
includes data on all major plant life-forms (grasses, grass-like plants, forbs, vines, shrubs, and
trees), including native and introduced species. Reveg/XD brings together, and makes readily
accessible, species-specific data and information on selected plants from over SO sources. These
sources include books, reports, journal papers, seed catalogs, various other data compilations,
personal communications, and field observations.

The second data base, SITES, stores user-provided, site-specific information about the
revegetation site or discrete revegetation areas within a site. The SITES categories include soil
characteristics (texture, physical and chemical attributes, nutrients, moisture and drainage, etc.),
climate, precipitation, slope, level of disturbance at the site, and postrehabiliiation use of the site.
These categories have been selected to define the habitat to which the revegetation species must be
adapted.

After the user enters the available data on the site, a unique analysis protocol is invoked that
searches the entire PLANTS data base for plant species that best match the site description. Each
plant described in the data base is temporarily assigned a composite numerical score that reflects
how well the attributes of each plant species match the conditions at the site currently in the
program's active memory. After the search is complete, the program provides a list of the 24 (or
more) best-matched plant species. The program can then present a one-screen summary of
important data about each of the high-scoring plant species. The data can be used directly to
develop seed mixtures and soil amendment applications. Figure 6-1 is a diagrammatic
representation of the relationships between the components of Reveg/XD and shows the possible
inputs and outputs of the program.
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Reveo/XD Operating System

User Input
Site Data —
Records

1

SITES
Data Base

Detailed Si te ,
Information "*

i

Search
Function

J
i

L PLANTS
Data Base

•

Usw Input
New Species

— Records or
Update Existing
Species Records

Detailed

Site-Specific Revegetation
Species Lists

(to develop seed mixtures)

Information

FIGURE 6-1 Diagrammatic Representation of the Relationships between the
PLANTS, SITES, and SEARCH Components of the Reveg/XD Program. The arrows
show the possible inputs and outputs of the program; the heavy arrows show the
usual mode of user input and output.

A working program is available and is currently being upgraded and improved on the basis
of comments and suggestions from users at ANL, the sponsoring organization, and beta testers.
The program is open-ended in terms of the number of descriptor categories and the geographic
coverage of the data in both data bases (SITES and PLANTS), as well as in the number of plant
species in the PLANTS data base.

6-1.1 Background

When changing the land use of an area, modern technological society often creates
unintentional ugliness in the form of disturbed land. Examples of land disturbance range from
tracks or ruts in the soil caused by a tank or off-road vehicle to strip mine pits several hundred feet
deep. Land disturbance, as defined here, is any process or activity that results in the disruption of
the existing soil profile and the associated partial or complete destruction of the existing vegetative
cover. The disturbance may disrupt the subsoil, parent material, bedrock, or other deeper strata,
depending on its severity.

Land disturbed by any cause is an environmental, esthetic, and economic liability. Among
the adverse effects of land disturbance without rehabilitation are loss of wildlife habitat, erosion of
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topsoil, and pollution of streams and other bodies of water by silt or other substances present in the
eroded material. The remaining disturbed site can be a harsh environment for ecosystem
reestablishment because of poor soil conditions, deficiencies of plant nutrients, and the lack of
organism propagules to rcpopulate the site.

Often, laws require that landscapes disturbed by mining, construction, or the establishment
of utility corridors be rehabilitated and/or revegetated to prevent erosion and to return the disturbed
land to some form of productive use. Even in situations where not required by law (e.g., land
disturbance at military installations caused by vehicle training activities), the stabilization of a
disturbed site by revegetation is necessary to prevent further degradation of the disturbed areas.

Successful rehabilitation requires a strong, early commitment to the planning process. If
possible, the plan should be developed before the rehabilitation project begins. The key to the
successful planning of rehabilitation efforts is to match two sets of characteristics — those of the
plants with those of the disturbed site. The more categories in which these characteristics are
known and can be selected to be complementary, the better the chances of successful revegetation.
Thus, the three most important aspects of a revegetation plan are as follows:

1. Determination of the end (postrehabilitation) use of the land The nature of this
use determines the revegetation procedures used and the course of the entire
rehabilitation process.

2. Determination of the physical and chemical characteristics of the soil or
remaining "growth medium" at the site.

3. Selection of revegetation species adapted to the site in its disturbed condition,
on the basis of the outcome of items 1 and 2, above.

Vigorous, self-perpetuating, functional ecosystems can be reestablished on disturbed,
barren, or depauperate landscapes if the proper reclamation, revegetation, and management
practices are used. The Reveg/XD program can help to make the revegetation species-selection
component of the rehabilitation planning process rapid and relatively easy in comparison with other
currently available methods.

6-1.2 Development of the Reveg/XD Program

The development of the Reveg/XD software package is being sponsored by the U.S. Army
Corps of Engineers, Construction Engineering Research Laboratories, Champaign, Illinois.
Reveg/XD is a knowledge-based computer program that assists users in analyzing problems and
making decisions about appropriate plant species for revegetation projects. In that sense, it is an
expert system (Harmon and King 1985). Reveg/XD was originally developed for military
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installations in Germany, and approximately 100 of the species in the PLANTS data base are native
to Germany or northern Europe. Subsequently, about 200 species of plants used for revegetation
(or having revegetation potential) in the United States have been added to the PLANTS data base.

At Argonne National Laboratory, the program has been used to assist with the development
of seed mixture and revegetation-species requirements for several rehabilitation projects at Army
installations (Hinchman et al. 1991a; Hinchman et al. 1991b), as well as for routine use as a single
source of extensive, species-specific information on plants that is not available elsewhere.
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6-2 Using the Reveg/XD Program

6-2.1 Background

The Reveg/XD program is loaded from two high-density floppy disks into a subdirectory
on the computer's hard disk by an installer program. The installer creates the subdirectory and
loads (copies) the program, data bases, and other files necessary to use the program into it. The
installer also modifies any existing files (e.g., the CONFIG.SYS file) necessary to run Reveg/XD
on the computer on which it is loaded without changing any data already in these files.

The user interface of both the SITES and PLANTS data bases consists of a series of
screens in which user-provided data are entered. The screens have been designed to be intuitive
and to make data entry quick and easy. Most data are entered by "checking" (x key) checkboxes as
the user scrolls down the screen. Each checkbox represents a predefined descriptor, condition, or
range of values for a data category. Some data categories in the PLANTS data base with numerous
choices of descriptors have scrolling fields. In these cases, the descriptor that remains on the
screen is the one that is recorded. This mode of data entry permits choices on the basis of
"educated guesses" by persons who are familiar with a site but who may not have specific data for
certain important categories. In some places in both data bases, text entry is necessary, but
instances of text entry have been kept to a minimum.

In either data base, if the user has several records that will be similar (e.g., several
revegetation sites within a general area or several species within the same genus), the "format"
approach can be used to save both time and the amount of data entry required. With this method, a
data record is filled out as completely as possible for the first site or species and saved. The user
then goes back through the same record and changes only those categories that are different for the
new site or species and saves the information again.

6-2.2 Running the Program

This section describes the operation of the program. The text in bold highlights the specific
keys to press to execute a command. Some commands are indicated by letters between carets, as
in <Return>. The complete name of key strokes and abbreviated commands are provided within
parentheses, and words within quotation marks illustrate the information shown on the screen. All
text entered in either data base will appear in capital letters regardless of the format in which the text
is entered. All text and commands can be typed in lowercase letters, even though the command
keystroke options are in capital letters on the screen.
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6-2.2.1 Starting the Program

To start the program, from the subdirectory that contains Reveg/XD, type:

<reveg> <Return>

from the DOS prompt. This key stroke will start the Reveg/XD program, which, after a title
screen, will open an empty site-data record. You will be on the first screen of this record, which is
called "Site Data for Revegetation Species Selection." Reveg/XD opens to a site data file because
the program is typically used to generate a list of candidate revegetation species after site-specific
data on a revegetation site or area are entered. This mode or pathway of use is indicated by the
heavy arrows in Figure 6-1.

By pressing <?> from any main screen, you can obtain a brief explanation of the Function
Keys (F-Keys) listed across the bottom of the screen. This display corresponds to the keys with
the same labels that are located in the top row of the keyboard. By pressing <F5> (Info) while on
any main screen, you can obtain additional information on the main screen categories or on
methods and/or criteria to be used in making choices for some screens. To return to the main
screen from an Info screen, press <Return>.

6-2.2.2 Using the SITES Data Base

A Site List Record consists of 13 pages or "screens" of user-entered data. The first line,
"Site List Record Number: ?", indicates that you can create a new record and enter site-specific
data. Once you save and reload this record, the record number will replace the "?". The first line
at the top right of the screen displays the data base you are in and the page number. Several site
records have been preloaded in the program as examples.

You enter text on page 1. The simple text-editor commands are explained in the upper
right-hand corner of the screen, under the line containing the data base indicator and the page
number. More detailed information on the editing commands is on the "Info page" for this screen,
which is brought up by pressing <F5> (see Figures 6-2 and 6-3). To move up or down to the
next or preceding line on the screen, use the up or down arrow keys.

The "SITE NAME" line is the only line on this screen that you must fill in (because it is the
text/number string that is used to store and retrieve the record). The text on the line labeled
"LOCATION" is also listed as part of the name string, but you do not need to fill it in. The
remaining lines on page 1 are provided so that you can record site-specific data, but this text is not
ussd during the SEARCH procedure.
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Site Data for Revegetation Species Selection

Site List Record Number: ?

SITE NAME :

LOCATION :

REVEG.AREA:

SIZE AREA:

SOIL NAME :

REVEG.GOAL:

SUBSITE :

ADDITIONAL:

REFERENCES:

Fl-Last F2-Next F3-File F4-Index F5-Info. F6-Data

SITES: PageNumber 0
> or + Inserts SP
< or BS Deletes
TAB Recopies Old
ESC Restores Old

F7-Quit F8-Search

FIGURE 6-2 First Page of a Site Ust Record in the SITES Data Base, Filled Out for a
Rehabilitation Site at Fort Carson, Colorado

RECLAMATION AND REVEGETATION - SITE DESCRIPTION PROGRAM

Editing - Characters typed on the keyboard will be placed at the position of
the cursor. The cursor may be moved around the page with the up,
down, left, and right arrows. Pressing the key containing the +
character will cause a space to appear to the right of the current
cursor position. The cursor will then move under this space. The
backspace key will delete the character to the left of the cursor.
At any time, the TAB key will replace the characters of the
original entry, while the ESCape key will restore the entire line.

Names - The Site Name and the Microsite Name are used together to identify
the site and its particular collection of characteristics.

Only the site name is absolutely required to successfully save
and retrieve a site description record.

Help - At any time, in any page of either program, pressing the ? key
will display an explanation of the relevant function keys.

PRESS RETURN TO CONTINUE

FIGURE 6-3 The "Info" Page Corresponding to the First Page of the SITES Data Base.
This screen is obtained by pressing <FS>.
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Eight "F-Keys" and a one-word label indicating the functions they perform are listed across
the bottom of all the screens in the Site List Record. The action of each F-Key is explained in more
detail below.

F l (Last): Press this key to return to the last or previous screen or to move
back one screen.

F2 (Next): Press this key to advance to the next screen or to move ahead one
screen.

F3 (File): Press this key to call up the "file" screen (page number 13, the last
page) of the Site List Record, in which you can save the record, load
a new record, call up a list of site records saved in the data base,
delete a site record, or begin a new record by pressing the
appropriate keys as indicated.

F4 (Index): Press this key to bring up an index list of all the screens in the Site
List Record preceded by their page numbers. By pressing the
number corresponding to a particular page followed by <Return>,
you can call up that page.

F5 (Info): Press this key to bring up a screen with more information about the
screen you are on. The Info screen provides additional instructions
or definitions relating to choices or actions on the main screen. By
pressing <Return>, you can go back to the main screen. For
example, press <F5> while on "SITES: PageNumber 0" to bring
up an Info screen with an explanation of the editing commands.

F6 (Data): Press this key to take you to the plant species data base (PLANTS).
The data base opens on the first page of an empty (plant) Data Base
Record with the name Master Revegetation Plant Data File at the top.
By pressing <F3> (File), you can go to the file screen of the plant
data base, within which you can open individual plant species
records (more information under PLANTS data base section).

F7 (Quit): Press this key to quit the Reveg/XD program. By pressing this key,
you can bring up a screen that asks if you wish to exit. Type <y>
for "yes" to return to the DOS prompt or <n> for "no" to return to
the Site List Record.

F8 (Search): Press this key to initiate a search of the entire plant species data base
for the plants that best match the site characteristics that are currently
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in the Site List Record. Searches can be limited to U.S. native
species simply by selecting only North America on page 10 of the
Site List Record. Additional information is provided on the search
screen. You can press F8 at any time and from any screen in the
Site List Record. When the search is completed, a screen comes up
with several options on how to display the results of the search
(more information under the SEARCH procedure section).

Excluding page 1, where text is entered, you can enter the remaining site data via
"checkboxes," which makes site data entry fast and easy. To move up or down or through the
series of checkboxes on the screen, use the up or down arrow keys. Typing <x> selects the
category or condition at the cursor position, and pressing the spacebar removes a selection. Some
screens or categories pennit multiple selections if appropriate, and this option is indicated by the
term "Multiple Selection" in the upper right corner of the screen. In categories permitting only one
selection, selecting a different condition removes the previous selection. Figure 6-4 shows
page 5 and is an example of a checkbox screen. In some categories having parameter ranges (such
as pH in the PLANTS data base), multiple selections are accepted, and an optimum (o) can be
indicated, if known.

Rainfall:

Wet Season
Drought? :

Fl-Last

UNDER 9

12--15"

15"-18"

18--21"

21"-24",

24"-27"1

27"-30"

30"-33"

ABOVE 3:
: UNIFORM
UNIFORM

F2-Next

" ,< 228 mm

228-305 mm

, 306-381 mm _

, 382-457 mm

, 458-533 mm X

, 533-610 mm

610-686 mm _

686-762 mm

762-838 mm

1, > 838 mm
SPRING SUMMER FALL

_ SPRING _ SUMMER _ FALL

F3-File F4-Index F5-Inffo.

SITES: PageNumber 5
" X " Selects
SPACE Removes

SELECT BEST MATCH

WINTER
WINTER _

F6-Data F7-Quit F8-Search

FIGURE 6-4 An Example of a Checkbox Screen in the SITES Data Base
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After you have entered data in all the site categories for which they are available or known,
you come to page 13, the "File" screen. The choices on this screen are explained briefly below.

S(ave): Use this command to bring up two choices for methods to save the
new Site List Record, either by "r(ecord number)" or by "n(ext
empty record)". "N(ext empty record)" (type <n>) should usually
be the choice, unless you want to assign a site a particular number.
To save by r(ecord number), type <r> and then type a number in the
space at the cursor. Assigning a number that is already used
replaces that record with the new record, so use this option with
care.

P(ut back): Use this command to save changes to an existing record. Press <p>
to save the changes and put the record back under the existing Site
List Record number.

R(etum): Use this command to return to the screen you were on if you used
the F3 key to get to the File screen. Otherwise, this command
moves the screen one screen back.

Z(ero record): Use this command to erase or delete a Site List Record. You will be
asked for the record number and asked again if you want to erase the
record (y[es] or n[o]). If you respond "no" (type <n>), you return
to the file screen.

L(oad): Use this command to load a Site List Record that is stored in the data
base by "R(ccord number)", "S(ite name)", or "?(search)".
Pressing <s> brings up a line on which you can type the name (or a
few characters of the name) entered on the first line of page 1 of the
Site List Record. Pressing <Return> will then bring up that
record. Typing <?> will bring up the name of the first record with a
query, "this one?". Press <y> to open that record or <n> to move
to the next record name. Pressing <q> for Quit will return you to
the File screen.

G(et next): Use this command to open the next Site List Record in numerical
order.

W(ritc list): Use this command to obtain a list of all Site List Records in die data
base in numerical order. If a printer is not connected to the
computer or if a printer is connected but not turned on and you only
want the list displayed on the screen, press <w> or <Return> at
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the prompts for "Printer?" and "Spaces between lines?" to bring up
the list of records.

B(egin new): Use this command to open a new, empty Site List Record.

Q(uit): Press <q> to bring up a screen that asks you if you wish to exit.
Pressing <y> exits the program and takes you to the DOS prompt,
and pressing <n> returns you to the File screen.

Several filled-out Site List Records are supplied with the program as examples. If you are
new to the system, you should examine and manipulate these examples to see how the data have
been entered and how changes in site characteristics or plant life-form groups to search (see
"PageNumber 9") affect the results of the SEARCH function (type <F8>).

6-2.2.3 Th« PLANTS Data Bas*

The Reveg/XD program comes with over 300 plant species records (data base records)
already entered in the PLANTS data base. This feature permits you to use the program
immediately to generate lists of candidate species. Reveg/XD was originally developed for the
planning of revegetation efforts at military installations in Germany, so the PLANTS data base
contains many species native to Germany and northern Europe (about 100 of the 300 species
currently in the PLANTS data base). Many of these European species are, however, used
extensively in the United States and Canada as (introduced) revegetation species because of their
adaptability and aggressive growth characteristics. The PLANTS data base also contains
information about most of the native and introduced plant species used for revegetation and habitat
restoration in the northern three-fourths of the United States east of the Rocky Mountains. The
geographic coverage of the species making up the PLANTS data base is limited only by the species
that are entered. The number of species in the PLANTS data base supplied with Reveg/XD will be
increased as time and funding permit.

For the plant species that come entered in the PLANTS data base, the individual species
data were first accumulated on a paper data form that contains categories and descriptors that
correspond to the screen format. This step was taken because the data for a particular plant species
often come from 12 to 15 separate references or data sources. Accumulating all of the data on the
paper form and then entering the data in one step made data input efficient. In addition, the paper
form has spaces adjacent to each data category in which to record the number that has been
assigned to each reference or data source used to develop the data base. The paper forms are a
permanent record of the accumulated data and where they were obtained. The paper forms can be
used in case the validity of a particular data item needs to be checked or if a computer data record
needs to be reestablished.
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You may wish to examine individual records in the plant data base or add species to their
copy of the PLANTS data base (e.g., locally used revegetation or restoration species or endemic
species). This is an easy process, very similar to working with or entering data in the SITES data
base. In the current version of the PLANTS data base, 450 individual plant species records are
available. Approximately ISO species records are available for input.

The PLANTS data base is called up by pressing <F6> from any screen in the Site List
Record. Figures 6-5 and 6-6 show the first two screens (pages 0 and 1) of the PLANTS data
base as they would appear filled out for a typical revegetation species. A plant data base record
consists of 14 data screens or pages plus a file screen. The file screen functions are very similar to
those described for the Site List Record. Most of the F-Key commands in the PLANTS data base
are also identical to those described above for SITES. The F-Keys that are different in the
PLANTS data base are listed below:

F6-Summ: Press <F6> to bring up a "summary" screen that presents a one-
screen summary of the important data in the current plant species
record.

F7-Quit: Press <F7> in the PLANTS data base to bring up a screen that
asks, "Return to Site Description?". Press <y> to return to the last
Site List Record and screen you were on in the SITES data base,
and press <n> to return to the screen you were on in the PLANTS
data base.

F8-Picture: In future upgrades, press <F8> to bring up a diagram of the plant
whose species record you are in. In the current version of
Reveg/XD, no pictures are loaded, so pressing <F8> brings up a
screen that provides this information.

On any screen in a data base record of the PLANTS data base, the up and down arrow keys
will take you from line to line within a category or to the next or previous category. Checkboxes
are checked by typing <x>, the same key stroke as in the SITES data base. Figure 6-7 shows a
typical data entry screen (page 7) in the PLANTS data base. Scrolling category descriptors are
indicated by a left-pointing arrow point (<). At a data category with scrolling descriptors, the right
arrow key will scroll the choices forward and the left arrow key will scroll the choices back. The
choice remaining on the screen is the selected choice. Unlike the SITES data base, some of the
pages (other than page 0) in the PLANTS data-base record ask for text to be entered (pages 3,10,
and 11).
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Master Revegetation Plant Data File

Data Base Record Number: 16

GENUS l BOUTELOUA

SPECIES ! CURTIPENIMJLA

ALT.GENUS :

ALT.SP. :

COMMON NA.

VARIETY

FAMILY :

USFS CODE :

SIZE (CM.):

! SIDEOATS GRAMA

CORONADO ELRENO PIERRE

GRAMINEAE

BOCU

70

Fl-Last F2-Next F3-File F4-Index F5-Info.

PLANTS: PageNumber 0
> or + Inserts SP
< or BS Deletes
TAB Recopies Old
ESC Restores Old

F6-Summ F7-Quit F8-Picture

FIGURE 6-5 First Screen of the PLANTS Data Base Filled Out for a Typical Revegetation
Species

Growth Form and Characteristics

Growth Form TREE

SHRUB

FORB

LEGUME

TURF GRASS

BUNCH GRASS

Season COOL

WARM

P.e-emergence ANNUAL

PERENNIAL

BIENNIAL
Fl-Last F2-Next F3-File 14-Index

-

_

X

_

X

_

X

F5-Info.

PLANTS: PageNutnber 1
" X " Selects
SPACE Removes
SELECT BEST MATCH

Taxon MONOCOT X

DICOT

CONIFER _

F6-Summ F7-Quit F8-Picture

FIGURE 6-6 Second Screen of the PLANTS Data Base Filled Out for a Typical Revegetation
Species (the same species as in Figure 5)
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Adaptations and Tolerances

pH Tolerance UNDER 4.5

5.1 - 5.5

4.5 - 5.0

5.6 - 6.

Acid Tolerant 6.1 - 6.

Normal Acidity 6.6 - 7.

Alkaline Tol. 7.4 - 7.

7.9 - 8.

8.5 - 9.

> 9.1

0

5

3

8

4

0

Fl-Last F2-Next F3-File

-

_

X

0

_

-

F4-Index F5-Info.

PLANTS: PageNumber 7
" X " Selects
SPACE Removes

SELECT BEST MATCH

(O for Optimum)

F6-Sumtn F7-Quit F8-Picture

FIGURE 6-7 An Example of a Checkbox Screen in the PLANTS Data Base

On the PLANTS File page (page 15), from the "L(oad record)" command, several choices
are presented that are different from the choices described above for the Site List Record:

U(sfs code): Press <u> to bring up a text line on which you can type the
U.S. Forest Service (USFS) code, which is a standard plant
species identification code that consists of the first two letters of the
genus and species (e.g., BOCU = Bouteloua curtipendula).

Scientific name): Press <s> to bring up a text line with the query, "Name of
Plant?". Typing in a characteristic portion of the scientific name will
call up those records (in numerical order), beginning with the text
string.

6-2.3 The Reveg/XD Search Procedure

The feature of the Reveg/XD program that makes it different from and considerably
superior to a "data base search and retrieval program" is the unique SEARCH procedure that is an
integral part of Reveg/XD (see Figure 6-1 for a diagrammatic representation of the relationships
between the parts of the program). The SEARCH procedure is invoked by pressing the <F8> key
from any screen in the SITES data base. A search can be conducted with any amount of site data
entered. However, the more site data that are available to the SEARCH procedure, the better and
more suitable will be the list of candidate rcvcgetation species that the search produces. While the
SEARCH procedure is operating, the progress of the search is tracked on-screen. At the
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completion of the SEARCH procedure, a screen is displayed that provides several options for
modifying, displaying on-screen, or printing the list of species that is adapted to the Site List
Record in active memory. From this screen you can do the following:

Q(uit): Use this command to return to the active site list record.

W(ritc report): Use this command to display the summary screen for each species,
in order, from high score to low.

L(ook at list): Use this command to display a list of plant names (scientific), in
order, from high score to low.

The search results can be directed to the following:

S(creen): Displays the search results (list or report) on the computer screen.

P(rinter): Directs the search results (list or report) to the printer attached to the
computer.

D(OS file): Directs the search results Gist or report) to a DOS file with a name,
and on the volume, you designate.

You can also modify the number of species listed. The default number (24) fills one screen
in the "Look at list" mode. The number can be changed, one integer at a time, by typing <+>
(increases) or <•> (decreases) while on this screen. The number selected will be reflected in the
line that lists "Use the best 24 species for report" (in the default mode). Typing an asterisk (*)
directs Reveg/XD to list all of the species selected in the search in the order of their scores.

During the SEARCH procedure, Reveg/XD compares data categories in the PLANTS data
base (which contains extensive physiological and ecological information on several hundred types
of plants) with the user-entered data categories on the potential revegetation site in the active SITES
data-base record. In the current version of the program, site factors such as plant hardiness zone,
soil nutrients, soil pH, and annual precipitation are considered when candidate revegetation species
are selected. Much of the available data are discrete, with the entire range of variation divided into
as few as 5, or as many as 20, categories. Some site data, such as soil moisture content, must be
approximated by integrating information on ground slope, soil type, drainage, and the seasonal
distribution of rainfall.

When comparing discrete data, the program tries to establish a "distance" between the
growth requirements of the plant species and what the site can be expected to provide. If
information on the survival of the species under several different conditions is available, it can be
incorporated. Information that is not currently available is generally discounted; therefore, the
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selection process tends to be conservative. The calculated distance measurements are weighted
differently, depending on the extent to which each factor can be expected to influence rcvegetation
success. If you wish, additional weighting factors can be assigned on the basis of the frequency of
a selected attribute, such as acid tolerance, in the current data base population. Data that are
continuous (and for which exact numeric values may be known) are treated similarly, except that
any statistical information, if available, is used.

The numeric distance separating the values of corresponding data categories in the
PLANTS and SITES data bases is determined by a nonlinear function that operates on the numeric
distance between their levels. For example, if a plant is determined to require 382-457 mm of
precipitation (an internal value of 4, based on the sequence of precipitation ranges) and the site
receives 610 to 686 mm (an internal value of 7), then their numeric distance is -3. That value is
used by a formula that adjusts that distance according to the relative importance of the category.
Positive and negative distances are treated differently.

In the initial selection and ranking procedure, only the most likely candidates are selected.
In fact, whole categories of plants, such as the forbs, may be excluded from consideration. The
second selection step modifies the ranking of equivalent species on the basis of less serious
considerations, such as plant size, growth rate, population incompatibilities, and method of
reproduction. Nevertheless, the presence of these attributes will not compensate for a lack of
general fitness to the rcvegetation site.

Some data category comparisons, such as region of origin, involve only a simple screening
step. Others, such as moisture requirements and drought tolerance, require the consideration of
many interrelated variables and may involve dozens of calculations. In general, the scores from
each category will be subtracted from the total score of that species. Thus, a close match will
generate a small deviation score and a high total score. However, some plant attributes that are
generally unrelated to growth and survival, such as flower color, add small amounts to the score.
These attributes are considered last and are used to differentiate between species with similar
rcvegetation potential.

The final list of re vegetation species can be screened to select species that are especially
suitable in terms of the chosen method of seeding, susceptibility to disease and predation, and
resistance to mechanical injury. After this final step, the program can provide information that
describes the procedures, practices, and techniques necessary to achieve successful rehabilitation.
The program can also suggest sources for materials and provide a limited estimate of costs. If
desired, additional information on the selected plants (such as leaf type, fruit type, and flower
color) can be retrieved.
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6-2.4 Subdividing Sites for Optimal Program Performance

Most rehabilitation sites will need to be subdivided into smaller units that are relatively
uniform in terms of damage levels, existing vegetative cover, slope, and soil conditions. Each
subdivision will receive a different combination of treatments or rehabilitation operations and may
require a different group of revegetation species. Much of the preliminary planning and general
layout of treatment areas can be done by using recent aerial photos and topographic maps, but the
final placement of treatment areas and boundaries must be done in the field.

In subdividing a rehabilitation site, a balance must be struck between uniformity of
treatment areas and the cost and difficulty of contractor operations. Costs will increase
proportionally as treatment areas become smaller and more numerous because more effort (more
stops and turns with equipment and attention to boundaries by operators) is required for small
treatment areas.

Rehabilitation seed mixtures are intentionally diverse to partially compensate for microsite
differences and permit treatment areas of reasonably large size. The species in a diverse seed
mixture can "sort out" on the basis of species adaptations to microsite differences.

Most sites will need to be subdivided into several revegetation units as described above.
To do this, enter the data for the first unit in a Site List Record and save the record. Reopen uie
record and make only the necessary changes (e.g., soil type, slope, drainage conditions, etc.).
Most of the major parameters will remain the same. Resave the record by using the "n(ext empty
record)" command.
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6-3 Future Enhancements

Several improvements and upgrades to the Reveg/XD program are currently being
developed. One addition that would considerably increase the usefulness of the PLANTS data
base is the inclusion of plant diagrams as one of the data categories. An F-Key (F8-Picture) is
already in place in the PLANTS data base to accommodate this upgrade when time and funding
permit its implementation. The plant diagrams will be scanned line drawings similar to those in
illustrated floras (see Gleason 1963). This type of diagram will be usable on both color and
monochrome monitors and will illustrate, in a single graphic, the plant habit, flower, fruit, seed,
root structure, and any special morphological characteristics.

Another enhancement that is being developed to increase the usefulness of the Reveg/XD
program is the addition of "plant cultural narratives" to the PLANTS data base. On the basis of the
revegetation species selected by the SEARCH procedure and the rehabilitation site conditions, the
program could provide basic information on the types and rates of application of fertilizer and other
soil amendments, seedbed preparation requirements, planting depth, and the planting method that
would most likely be successful.

On the basis of comments and suggestions from beta testers and other users, several
additional data categories will be added to the species already in the PLANTS data base and in new
additions thereafter. These categories include disease susceptibility and resistance, response to
environmental toxins, and heavy- and trace-metal accumulation. With these enhancements, the
program will become more useful for planning bioremediation projects and revegetation projects.

With the incorporation of these improvements, the Reveg/XD program will become an even
more useful and powerful tool for rehabilitation and revegetation planning.
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7 The Fort Carson Rehabilitation Site — A Follow-Up Study
after Reuse for Training with Military Vehicles

by

R.R. Hinchman and W.D. Severinghaus

Abstract

The five-year rehabilitation project was initiated at Fort Carson, Colorado,
in 1984 on land severely disturbed by military training activities with tracked and
wheeled vehicles. In April 1984, a rehabilitation prescription consisting of
fertilizing, chisel plowing to break up compacted areas, seeding, and harrowing
was implemented on approximately one-half of the site. At the same time, the entire
site was closed to military use. On the remaining half of the site, the second
treatment was the natural revegetation process that occurred on the unplanted areas
that had been excluded from training traffic. At the end of the 1988 growing
season, most treated areas were approaching cover and species composition values
equivalent to those at similar sites in the area lacking apparent disturbance. At that
time, the rehabilitation site was considered to be adequately revegetated, and the
enr«re site was reopened to military training use. A follow-up study consisting of
three monitoring sessions was initiated during the 1989 growing season and was
designed to document and quantify the anticipated progressive damage to soils and
vegetation from renewed vehicle traffic. Data from the follow-up study show that
despite essentially normal training use and vehicle traffic during the latter part of
1988 and all of 1989, no statistically significant decreases occurred in the
percentages of any of the measured vegetative cover categories, while no significant
increases occurred in the percentage of bare ground on both treated and untreated
areas. This finding suggests that the severe damage conditions that existed at the
site prior to rehabilitation are not reestablished quickly (that is, in one year) under
normal traffic conditions if a moderate stand of stabilizing vegetation is present.

7-1 Background

The U.S. Department of the Army manages nearly five million hectares of land, including
significant semiarid and arid areas in the western United States. The Fort Carson, Colorado,
installation was established in 1942 and is currently the training site for the 4th Infantry Division
(Mechanized) and several support units, with a total of about 20,000 troops. In addition, the



98

installation serves as a part-time training site for several National Guard units. The climate at the
installation is semiarid, and decades of training use have had a significant adverse impact on Fort
Carson, its pinyon-juniper woodland, and shortgrass prairie ecosystems.

Fort Carson has an area of 55,643 ha, of which about 22,749 ha is usable for tactical
maneuvers by tracked and wheeled vehicles. This area is considerably less than the 34,425 ha
deemed necessary for the adequate training of the three infantry brigades and five tank battalions
assigned to the installation (Dames and Moore 1977). Not only are the foothills and plains of Fort
Carson some of the most intensively used Army lands in the United States, but they also have a
low tolerance to military disturbance (Goran, Radke, and Severinghaus 1983).

Tactical training units require extensive vehicle traffic in off-road areas for conducting
deployment, positioning, camouflaging, and attack maneuvers. At Fort Carson, shortgrass prairie
areas alternate and interdigitate with pinyon-juniper areas over the western half of the installation.
The pinyon-juniper foothills are favored maneuver areas because they provide desirable
observation and firing points along with concealment. These maneuvers result in damage to or
destruction of grasses, forbs, tree seedlings, and tree roots. Because many preferred training
areas have moderate to steep slopes, soil disturbance and loss of vegetative cover in these
intensively used areas make them extremely susceptible to soil erosion by wind and water. Mature
trees and shrubs are destroyed when pushed over by vehicles or damaged by vehicle sideswipes
that break branches and rip bark. Pinyon pine and juniper are both slow growing species,
requiring 100 to 150 years to attain the size of existing trees (Tueller and Clark 1975).

Shortgrass prairie areas are affected primarily by roadways and tank trails that form from
repeated vehicle traffic over the same courses and from cross-country maneuvers. The resulting
roads are usually rutted, compacted, and barren of vegetation. In addition, numerous large and
severely disturbed expanses with less than 10% vegetative cover have resulted from concentrated
maneuvers or bivouacs in the grassy areas. Several of these areas cannot be used during periods
of moderate to high winds because of blowing dust.

Other training impacts include soil compaction, loss of wildlife habitat, and loss of the
training realism provided by diverse natural vegetation and topography. These impacts are
particularly problematic in areas of low precipitation, such as Fort Carson, because of (1) the
relatively low percentages of natural, stabilizing vegetative cover (ranging from 70% to less than
10% on undisturbed sites); (2) the long periods required for reestablishment of native, adapted
plant communities; and (3) the susceptibility of soils in the area to erosion.

This report includes a brief review of the Fort Carson FTAT (Facilities Technology
Application Test) Project as necessary background information. For detailed information and data
on the project, see previous reports (Hinchman and Severinghaus 1989; Hinchman et al. 1990).



99

7-2 The Fort Carson FTAT Project

This project was funded under the FTAT Program, now called the Facilities Engineering
Application Program (FEAP). The original Fort Carson FTAT Project was specifically designed to
compare treated (revegetated) areas with untreated areas allowed to naturally revegetate on a site
that has been excluded from vehicle traffic and allowed to rest. The treated areas received a site-
specific rehabilitation prescription (revegetation treatment) that consisted of fertilization, tillage,
seeding, and harrowing.

Vegetative growth, production, and succession represent the integration of environmental
parameters at a particular site. The end point of natural revegetation and plant succession on
disturbed areas is the reestablishment of a stable plant community that is similar to the natural
undisturbed communities in the vicinity. The strategy behind rehabilitation is to accelerate the rate
of natural succession, which is unacceptably slow when considering the condition, needs, and
potential uses of such a severely degraded area as the FTAT site and other areas at Fort Carson.
The goal of the rehabilitation work was the rapid establishment of a plant community that would
stabilize the disturbed areas against erosion and enhance training realism and utility. Initially,
however, these revegetation communities are only functionally similar to adjacent undisturbed
communities, which are usually much more diverse in species composition. A vigorous vegetative
cover composed predominantly of native grasses is considered to be the most effective
(Wischmeisr and Smith 1978) and practical means of controlling erosion and stabilizing the highly
erodible soils of Fort Carson.

7-2.1 Site Selection and Characteristics

The FTAT site was selected in early March 1984. It was located in an area heavily used for
tank maneuvers, accessible to the revegetation equipment needed to implement the rehabilitation
prescription, and large enough to provide an adequate field test/demonstration of the rehabilitation
prescription.

The site (Figure 7-1) varies considerably in topography, vegetation, and range of
disturbance. As such, it is representative of many areas and conditions found at Fort Carson. On
the east side are steep (up to 30% slope), rocky slopes with thin skeletal soils and widely spaced
clumps or individual trees of pinyon and juniper. On the west, south, and north sides are deep,
sandy soils and steep to moderate slopes with dense areas of pinyon-juniper separated by open
areas. Treeless, gently sloping, or nearly flat shortgrass prairie areas occur around the perimeter of
the site. Levels of disturbance from training activities ranged from severe to none. The 34-ha site
includes a 5-ha (12-acre) area with steep east-west-tending ridges that produce areas inaccessible to
any vehicles. This area has been excluded from the demonstration site (see crosshatched area in
Figure 7-1).
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• Vegetative Cover Transect

^ ^ ^ FTAT Boundary Road (training traffic
excluded within boundary road)

— — Tank Trails

• • ^ Treatment Area Boundary

| | Pinyon-Juniper Woodland

TSA Steeply Sloped Areas
I / X J Excluded from Site

I • . -I RevegetationTreatment
I • -I Areas(B,D,F,H)

•
Untreated Areas
(A,C,E,G)

FIGURE 7-1 Characteristics of the FTAT Demonstration Site

The remaining area of the demonstration site was divided into eight treatment areas,
representing all slope aspects. In all cases, tank trails, permanent landmarks, and compass
headings were used to establish treatment area boundaries. Four treatment areas, totaling about
16 ha (40 acres), would receive the rehabilitation prescription, while four others would be left
untreated (see Figure 7-1). The outer perimeter and treatment area boundaries were marked with
1.2-m-tall (4-ft-tall) rebar stakes with their tops painted yellow. Detailed descriptions of the soils
of the site and the treatment areas as they appeared before rehabilitation are given in Hinchman
et al. (1990).

7-2.2 Development and Implementation of the Rehabilitation
Prescription

Once basic site characteristics had been established, a rehabilitation prescription, or plan,
was developed for the FTAT site. Prescription development involved the evaluation of baseline
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data derived from field observations, photodocumentation, a vegetation survey, and a soil
sampling and analysis program. A species selection procedure that matched site conditions and
local climate to the adaptations of commercially available, appropriate plant species was used to
develop a seed mixture of predominantly native species. A table with the species, amounts, seed
characteristics, and sources of the rehabilitation seed mixture is given in a previous report (see
Hinchman and Severinghaus 1989, Table 1). Detailed contractor specifications based on the
rehabilitation prescription were then produced. Between May 19 and 24,1984, the rehabilitation
prescription was implemented by an experienced revegetation contractor. Implementation
consisted of fertilizing, preparing the tillage/seedbed, seeding, harrowing, and marking
boundaries. This prescription was then applied to the areas marked B, D, F, and H in Figure 7-1.
The remaining areas (A, C, E, and G) remained untreated except for the exclusion of training
traffic.

7-2.3 Fertilization

Each area receiving the prescription (B, D, F, and H in Figure 7-1) was fertilized at a rate
of 33.6 kg/ha (30 lb/acre) each of nitrogen (N) and phosphorus (P2O5). The 20-20-0 fertilizer
was applied at 168 kg/ha (150 lb/acre) with a broadcast spreader mounted on the back of a four-
wheel-drive truck.

7-2.4 Tillage/Seedbed Preparation

Severely disturbed areas with less than 20% vegetative cover were chisel plowed for a light
ripping to produce a porous seedbed. These areas included relatively bare areas, such as tank
trails, as well as areas that had been subjected to repeated maneuvering and turning. Such areas,
which comprised about 40% of the treated areas, were chisel plowed to a nominal depth of 15 to
20 cm (6 to 8 in.). Care was taken to stay several feet beyond the lateral extent of the canopies of
individual trees or tree islands in order to prevent damage to the roots.

7-2.5 Seeding

The entire ground surface of each treatment area receiving the rehabilitation prescription
(B, D, F, and H) was seeded with the prescribed seed mixture by using a rangeland grass drill
with three seed boxes.
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7-2.6 Harrowing

The ground surface of each area receiving the prescription (except for the interiors of tree
islands and the root areas of trees) was harrowed with a 3.7-m-wide (12.1-ft-wide) spike-toothed
harrow. The purpose of the harrowing operation was to cover drilled seed left uncovered by
surface irregularities.

7-2.7 Boundary Sign Marking

Training traffic was excluded from the demonstration site by highly visible "no
trespassing" signs placed every 67 m (220 ft) around the perimeter of the site. The site was also
designated as an off-limits area on range maps used by troops maneuvering in the area.

7-2.8 Revegetation Results during Closure

Vegetative cover has increased on both treated and untreated areas each year since 1984.
However, plots that received the revegetation prescription are recovering faster and have
significantly higher percentages of desirable native grasses than the untreated plots; the latter areas
are recovering more slowly and have less grass cover and more weedy species. At the end of the
1988 growing season, the rehabilitation site was considered to be adequately revegetated, and the
entire site was reopened to military training use in November 1988.

7-2.9 Interpretation of Results

At the time the FTAT site was reopened to vehicle traffic, the herbaceous vegetation cover
on a majority of the treated areas in both the shortgrass prairie and pinyon-juniper ecotypes was
estimated to be equivalent to, or to exceed, the cover on similarly undisturbed areas of Fort
Carson. Some untreated areas on favorable sites also had cover values high enough for them to be
considered adequately revegetated, but these areas still had higher percentages of forbs and weedy
species than did the treated areas.

The monitoring of the FTAT site during the 1984-1988 rehabilitation period has permitted
the description and quantification of the mosaic of revegetation plant communities that are
developing on the site. However, equally important aspects of the overall project are questions
relating to how well the planted revegetation community will stand up to renewed training traffic.
These questions are the topic of the current study. In November 1988, the FTAT site was
reopened for training use, and parts of the site have sustained considerable traffic. Monitoring
during training use in 1989 has led to the identification of several revegetation species adapted to
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sustained traffic and will make it possible to estimate how long it will take for both treated and
untreated areas to become degraded.
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7-3 Follow-Up Study

This follow-up study was designed to document and quantify the damage from renewed
training use by tracked and other vehicles to vegetation and soil of the previously established
revegetation community. T o better track the expected progressive nature of this damage, three
monitoring sessions were conducted over the course of the 1989 growing season. One session
was scheduled in July to correspond to previous once-yearly monitoring times, and additional
monitoring sessions were scheduled in spring (May) and fall (September).

7-3.1 Monitoring

The monitoring methods used in this study were the same as those used in the earlier
experiments and are described in detail in a previous report (Hinchman and Severinghaus 1989).
All of the transects across areas that had been severely damaged initially (in 1984) were included in
this study. Furthermore, three additional 30-m transects were established during the first
monitoring session in May 1989 on previously severely damaged tank trails that were likely to be
redamaged or that showed initial evidence of vehicle use.

7-3.1.1 Vegetative Cover

The transects that were only moderately damaged at the start of the project in 1984 were not
included in this follow-up study. By 1988, the areas represented by these transects had essentially
completely recovered, and it was felt that little useful data would come from additional
measurements on these transects. In addition, the mean cover values of the grass and other live
plant cover categories did not differ significantly for the moderately and severely damaged transects
in the shortgrass prairie ecotype.

Total vegetative cover (herbaceous plant cover plus litter) or its reciprocal (bare ground) has
been shown to correlate highly with erosion rates and soil stability (Hoffman, Ries, and Gilley
1983; Meeuwig 1970). However, not all types of vegetative cover provide equal erosion
protection and soil stabilization. Grasses are usually better than most forbs for erosion control
(Wischmeier and Smith 1978) because grasses have multiple stems, branching rhizomes, and a
fibrous root system that binds, holds, and filters out paniculate matter from both water and wind.
Forbs, on the other hand, usually have a single stem and a shallow root or taproot system that does
not bind the soil as well as grass roots do. Dead grasses (one type of litter) tend to remain intact
and rooted in the soil for several years, whereas the aboveground parts of dead forbs tend to break
up into loose, unattached litter at the end of the growing season.
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7*3.1.2 Data Analysis

The mean cover values of several cover categories were analyzed for biologically and
statistically significant differences (Bonham 1989; Chambers and Brown 1983; Mueller-Dombois
and Ellenberg 1974). These cover categories included vegetation, background, litter, and rock
within each ecotype and damage category. Differences were considered to be significant if they
were at the 5% level (p = 0.05) or less. These differences were determined by using analysis of
variance and covariance techniques for unbalanced data (General Linear Models) developed by the
SAS Institute for computerized data analysis (SAS Institute, Inc., 1982a, 1982b).

7-3.2 Results and Discussion

7-3.2.1 Soils and Precipitation at the FTAT Site

The physical and chemical analysis of soil samples from the FTAT site conducted at the
beginning of the project (Hinchman et al. 1987) confirmed the predominance of loose, erosive,
sandy loams and loams derived from sandstone and calcareous alluvium that have been mapped for
the site (Soil Conservation Service 1981). These soil data were used when the rehabilitation
prescription was developed to select the revegetation species and to determine the fertilizer
requirements.

Precipitation at the FTAT site is measured by using a tipping bucket rain gauge that was
installed at the beginning of the project in an open portion of Treatment Area E (see Figure 7-1).
Average annual precipitation at Fort Carson is 16.0 in. or 405 mm (Hinchman and Severinghaus
1989). Precipitation data in 1988 and 1989 are presented in Table 7-1. For both of these years,
precipitation was considerably below normal, reflecting the pattern of drought that affected the
entire midsection of the United States during this period. From January through July of 1990, the
site received 13.77 in. (349.8 mm) of precipitation, already more than the entire year for either
1988 or 1989. Precipitation was moderately above normal at Fort Carson in both 1984 and 1985
and slightly above normal in 1986 and 1987. The springs of 1986 and 1989 were dry, while the
spring of 1988 was very dry.

7-3.2.2 Development of Vegetative Cover

Revegetation is not a uniform process. It progresses at different rates and with different
successional patterns, depending on the complex interaction of numerous microsite factors. Some
treated shortgrass prairie areas on deep soils were ready for renewed training use after two
growing seasons. Other treated pinyon-juniper areas with thin soils are still not adequately
vegetated after five years of rest. However, by the end of the 1988 growing season, a majority of
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TABLE 7-1 Monthly Precipitation at the
FTAT Site, 1988 and 1989

Month

January
February
March
April
May
June
July
August
September
October
November
December

Total

in.

0.18
0.55
0.57
0.16
1.07
1.65
1.54
1.50
0.98
0.14
0.15
1.19

9.88

1988

mm

4.6
14.0
14.5
4.1

27.2
47.0
39.1
38.1
24.9

3.6
3.8

30.2

251.0

1989

in.

0.15
0.73
0.16
0.44
1.65
2.00
1.76
1.69
1.72
0.26
0.01
0.58

11.15

mm

3.8
18.5

4.1
11.2
41.9
50.8
44.7
42.9
43.7

6.6
0.3

14.7

283.2

the treated areas at the FTAT site were leveling off in terms of cover development and desirable
species composition. These areas had probably attained the maximum benefit from the initial
rehabilitation prescription and the rest period of five growing seasons. As further evidence of
stabilization, in 1988, treated areas that had had initially high or moderate levels of damage did not
differ significantly from each other. Longer closure would have been unrealistic because most
Army training installations would not permit rest periods for more than five years, if that long.

Although it was not possible to actually measure the number of vehicles or the training
intensity at the site, field observations and discussions with Range Control indicated the training
use on die FTAT site was equivalent to that on other training areas during 1989.

Tables 7-2 and 7-3 present the vegetative monitoring data from 1989 for the shortgrass
prairie and pinyon-juniper ecotypes, respectively. The 1988 data are being used as a baseline for
the follow-up phase of the project.

7-3.2.3 Statistically Significant Results

As can be seen in Tables 7-2 and 7-3, the mean cover values for the cover categories from
each of the three monitoring sessions in 1989 did not differ significantly from one session to the



TABLE 7-2 Means of Percent Cover and Bare Ground for FT AT Shortgrass Prairie Transects on Areas of Severe
Damage, 1988 and 1989

Category

1988

Treated Areas'

1989 1988

Untreated Areas*

1989

July Allt May July Sept. July Allt May July Sept.

91.8Total vegetative cover*

Total herbaceous plant cover 63.5

Grass cover

Forb cover

Weed cover

Litter

Bare ground

81.7a 84.7 87.4 72.9

55.0b 52.7C 61.0 51.4

58.7d 50.5e 51.0' 55.49 45.1

2.4 2.6 1.4 3.2 3.3

2.5h 2.0 0.4 2.4 3.1

28.3 26.6 32.0 26.4 21.5

8.2 18.4' 15.3 12.6 27.1

81.6

34.7

19.8d

3.1

11.8h

46.8

18.5

62.1a

25.8b

20.28

2.8

2.8

36.3

37.91

64.6

19.6C

17.8'

1.2

0.6

45.0

35.4

71.2

32.2

20.99

4.9

6.4

39.1

28.7

50.5

25.6

21.9

2.3

1.4

24.8

49.5

* Treated areas received the rehabilitation prescription and were excluded from training traffic; untreated areas were
excluded from training traffic only and are undergoing natural revegetation.

t The values under "AH" are the means of the values for May, July, and September for a given cover category.

* Values followed by the same letter are significantly different (P S 0.05). Only the differences between means from treated
and untreated transects within the same cover category and year are indicated.



TABLE 7-3 Means of Percent Cover and Bare Ground for FT AT Pinyon-Juniper Transects on Areas of Severe Damage,
1988 and 1989

Category

1988

July

Treated Areas'

Allt

1989

May July Sept.

1988

July

Untreated Areas'

Allt

1989

May July Sept.

Total vegetative cover* 5.1" 67.1b 66.2° 66.7d 68.4« 42.7« 43.5b 41.3C 44.8d 44.5#

Total herbaceous plant cover 28.71 30.69 27.2h 29.5' 35.2) 13.3* 12.70 10.1h 14.21 13.9)

Grass cover

Forb cover

Weed cover

Litter

Bare ground

22.7k 26.8' 24.9m 24.2" 31.4°

6.0 3.7 2.3 5.0 3.8

0.0 0.1 0.0 0.4 0.0

37.4 36.5 39.0 37.2 33.2

34.0P 33.01 33.9' 33.4* 31.7*

3.3k

10.0

0.0

5

7

0

.0'

.7

.1

3.3m

6.8

0.0

6.6n

7.5

0.2

5

8

0

.2°

.7

.0

29.3 30.8 31.2 30.6 30.6

57.3P 56.51 58.8' 55.3* 55.61

* Treated areas received the rehabilitation prescription and were excluded from training traffic; untreated areas were
excluded from training traffic only and are undergoing natural revegetation.

t The values under "All" are the means of the values for May, July, and September for a given cover category.

* Values followed by the same letter are significantly different (P £ 0.05). Only the differences between means from treated
and untreated transects within the same cover category and year are indicated.
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next. On the basis of this lack of significant difference, a data set was created called "All," in
which each of the measurements (May, July, and September) made on a particular tranxct in 1989
were treated as replicates. The value for a particular cover category under "AH" is the mean of the
values for May, July, and September. For each cover category, this procedure produced a single
mean for 1989 that could be compared with the single mean for 1988.

Even though the site was reopened to vehicle traffic in November 1988 and sustained
normal training use during 1989, the mean cover values of treated areas and untreated areas did not
decrease significantly from 1988 to 1989 for any of the cover categories listed in the tables. This
absence of significant decreases extended across both shortgrass prairie and pinyon-juraper
ecotypes. For example, in the treated shortgrass prairie areas (see Table 7-2), the mean values for
grass cover in 1988 (58.7%) and 1989 "All" (50.5%) were not significantly different (p = 0.05).
In addition, the mean cover values of any of the live plant cover categories did not decrease
significantly from one monitoring session (May, July, and September) to the next for the 1989
growing season.

However, the data also show that the treated areas had significantly greater amounts of
grass cover than the untreated areas for 1988, 1989 "All," and each of the 1989 individual
monitoring sessions in both the shortgrass prairie and the pinyon-juniper ecotypes. Several other
live plant cover categories also had significantly greater mean cover values for the treated areas in
both ecotypes (see Tables 7-2 and 7-3). These findings are particularly meaningful for the
shortgrass prairie ecotype, because in some cases the treated and untreated areas in 1989 were no
longer visually distinguishable, as they were earlier in the rehabilitation process (due to the
presence of coarse, weedy forbs), but the data indicate that these untreated areas have not yet
matched the cover quality (in terms of the percentage of grass cover) of the treated areas.

In 1989, the most obvious visual differences between treated and untreated areas could still
be seen at the boundary between Areas A and B in the pinyon-juniper ecotype on the east slope of
the site. Here, abundant grass cover was present on the treated side of the line, while only
scattered forbs and practically no grasses were present on the untreated side. Prior to rehabilitation
in 1984, this entire area was an expanse of barren, severely damaged pinyon-juniper woodland
(see Hinchman and Severinghaus 1989 for comparison photographs taken in 1987 of the treated
and untreated parts of this area). To date, renewed training use and vehicle traffic have, had a much
smaller effect (both visual and measurable on the transects) on the pinyon-juniper areas than on the
shortgrass prairie areas. This phenomenon is due, in part, to the sparser nature of the plant cover
and the predominance of bunch grasses in the pinyon-juniper areas. Because more open space
exists between individual grass plants or clumps, the likelihood of vehicles rolling over these
plants is less than in the shortgrass prairie areas. In 1989, the grass cover on the treated portions
of the pinyon-juniper ecotype was significantly greater than on the untreated portions. Grass cover
in the untreated areas is still well below 10%, reemphasizing the conclusion that natural
revegetation (rest only, with traffic excluded) is not a viable rehabilitation option for most damaged
pinyon-juniper areas at Fort Carson.
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On the basis of a single season of monitoring, the 1989 post-opening cover data suggest
that the severe damage conditions (large, barren, maneuver areas and bare, compacted, tank roads)
that existed at the site prior to rehabilitation are not reestablished quickly (that is, in one year) under
normal traffic conditions if a moderate stand of stabilizing vegetation is present.

7-3.2.4 Trends and Field Observations

The most obvious visible change at the FTAT site between 1988 and 1989 was the
construction of two large earthen dams across erosion gullies on the east side of the site to control
further damage from these gullies. One of the dams is across a large gully that parallels the north
boundary of the site. This gully was already large at the start of the project, but during 1987 and
1988, secondary gullies leading into it had started to cut into the tank road that forms the north
boundary of the site. The second dam is situated in the central part cf Areas A and H on an east-
facing slope. The crest of the dam runs approximately north and south at the transition between the
shortgrass prairie and pinyon-juniper ecotypes and straddles the boundary between Treatment
Areas A and H. This dam was constructed downslope from a large area of thin, rocky soil to
control sheet and gully erosion of an untreated tank road that ran directly up the slope in Treatment
Area A near its northern boundary. This dam did not directly affect any of the FTAT transects.
Rather, it provides graphic evidence of the measures that eventually must be taken to control the
effects of erosion from a barren, severely damaged, steeply sloped area (the pinyon-juniper portion
of Treatment Area A) if no actions, such as rehabilitation procedures, are taken. At the start of the
project in 1984, this gully was little more than a wheel track in the road up the slope; by 1988, it
was several meters wide and at least 1.5 m deep (see Figures 4 through 7 in Hinchman et al.
1987).

The effect of the renewed traffic is not obvious in an overall view of the site. As would be
expected, though, localized areas damaged by vehicle traffic (usually roads or tank trails being
reestablished) since the November 1988 reopening of the FTAT site show reduced levels of
vegetative cover. However, these reestablished roads were far from the totally barren strips of
compacted soil that traversed most of the site prior to rehabilitation in 1984. The plant cover
remaining on these reestablished roads is always higher in grass cover than the cover prior to the
recent damage and is usually predominantly grass. Grass, in general, is more resistant to traffic
than other plants (such as forbs, weeds, etc.).

The damage patterns left by vehicles after training was renewed at the FTAT site varied
depending on the ecotype and rehabilitation treatment area in which the damage occurred. In the
untreated shortgrass prairie areas, the damage patterns tended to be along former roads and tank
trails because many of these were still visible. In the treated shortgrass prairie areas, the damage
patterns were also concentrated along trails. Here, the former roads usually were not obvious, but
once a vehicle had made a random pass through the vegetation and flattened it, the track was quite
visible to subsequent drivers.
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In the treated shortgrass prairie areas, grass cover showed a consistent, but not a
significant, trend to decrease slightly over the three 1989 monitoring sessions. This trend appears
to be a relatively sensitive early indicator of renewed use of the site. It would be very interesting to
determine if this trend continues and eventually becomes significant when compared with the grass
cover achieved in 1988, the last year the site was closed to traffic. This trend could then be used to
develop rest/rotation schedules for specific land parcels. During 1989, in both the treated and
untreated shortgrass prairie areas, grass cover tended to increase into the summer (July), followed
by either a decrease in the treated areas or a slight increase in the untreated areas. These patterns
probably reflect the normal growth of the grasses over the growing season.

In the pinyon-juniper areas that were initially severely damaged on the east slope, the
pattern of renewed traffic damage in both the treated and untreated areas tended to be more random
because initially no obvious roads or trails (the area was completely barren) were present to be
reestablished. In addition, flattened vegetation due to a vehicle passing over the sparser vegetation
of this ecotype is not as obvious to subsequent drivers as are such tracks in the shortgrass prairie
ecotype. In the pinyon-juniper ecotype, all three sampling times showed consistently (but not
significantly) higher grass cover in the treated areas in 1989 than in 1988.

Field observations indicate that the grama grasses (Bouteloua spp.) as a group (including
sideoats grama, blue grama, and black grama) and sideoats grama in particular appeared to be more
resistant to traffic damage than did other grass species. In numerous cases, clumps of sideoats
grama that had been rolled over by tracked or wheeled vehicles sprang back like a dry sponge and
appeared hardly damaged. Other grasses normally common in the shortgrass prairie areas (western
wheatgrass in particular) were usually absent in these redamaged areas, suggesting they are not as
resistant to vehicle damage as sideoats or the other gramas. In redamaged pinyon-juniper areas of
the site where sideoats grama is a dominant species, a similar observation was made, but forbs
were the absent plants.
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7-4 Conclusions

Despite essentially normal training use and vehicle traffic during the latter part of 1988 and
all of 1989, no statistically significant decreases occurred in any of the measured vegetative cover
categories, while no significant increases occurred in the percentage of bare ground on both treated
and untreated areas. This finding suggests that the severe damage conditions that existed at the site
prior to rehabilitation are not reestablished quickly (that is, in one year) under normal traffic
conditions if a moderate stand of stabilizing vegetation is present In addition, the mean cover
values of the live plant cover categories did not decrease significantly from one monitoring session
to the next

The data also show that treated areas had significantly greater amounts of grass cover than
did the untreated areas for 1988, the 1989 combined data, and each of the three 1989 individual
monitoring sessions in both the shortgrass prairie and the pinyon-juniper ecotypes. The grama
grasses (Bouteloua spp.) appear to be more resistant to traffic damage than other grass genera.

These findings are particularly meaningful for the shortgrass prairie ecotype, because in
some cases, the treated and untreated areas in 1989 were no longer as visually distinguishable as
they were earlier in the rehabilitation process (due to the presence of coarse weedy forbs), but the
data indicate that these untreated areas have not yet matched the cover quality (in terms of the
percentage of grass cover) of the treated areas. Untreated shortgrass prairie areas were estimated
to lag two years behind in developing the cover quality of the treated areas, but this estimate is
probably too short

A rotation program of rested and rehabilitated land parcels may prevent these parcels from
ever becoming as severely damaged as large portions of the FT AT site were prior to rehabilitation.
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7-5 Recommendations

If no other actions are taken, barren, erosive conditions could redevelop over years of reuse
even if a rehabilitation program like the type used at FTAT is implemented, in which a rest period
follows a regeneration prescription. A rotation program should be implemented that rests land
parcels on a rotating basis, as was originally proposed for Fort Carson as part of the ITAM
(Integrated Training Area Management) Program (operated by the Construction Engineering
Research Laboratories, U.S. Army Corps of Engineers, Champaign, Illinois).

On the basis of field data and observations from this and earlier studies, it is proposed that
redevelopment of severe damage conditions can be avoided by taking the following steps:

1. Control the training use and intensity (number of vehicle-days) of an area so
that the most heavily used portions of a site never become completely barren.
This approach will maintain some stabilizing vegetation and its associated soil
microorganisms on the most damaged areas. It also allows sources of seeds
and vegetative propagules adjacent to more heavily damaged areas to survive.
Observations of areas adjacent to the FTAT site indicate that a particular parcel
of land with nominal vegetative cover can sustain at least several years of
normal training use before it begins to degrade. Thus, more controlled training
use only requires that Range Control or training personnel coordinate the
planning of training activities.

2. Remove the site from training use for rest and rehabilitation for at least two
growing seasons when more than 40% of the site develops less than 40%
natural cover.

3. For sites in the shortgrass prairie ecotype, spot revegetation treatment
(fertilization, tillage, seeding, etc.) may be sufficient — one of several
modifications of the original FTAT prescription (with a range of costs) can be
used for the treatment. Alternatively, some new approaches use tillage-only
methods to redistribute existing propagules. (See Hinchman and Severinghaus
1989 and Hinchman et al. 1987 for detailed descriptions of these methods and
additional recommendations.)

4. Always seed pinyon-juniper areas if possible, because this ecotype has sparse
grass cover under the best conditions, and natural reseeding will always be a
limiting factor. Results to date at the FTAT site have shown that range seeding
methods can establish grass-dominated stands in the pinyon-juniper ecotype that
have higher cover percentages than many undisturbed pinyon-juniper sites at
Fort Carson.
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Since this is the first follow-up study to be done on a CERL ITAM site, monitoring should
continue at the Fort Carson FT AT site. On the basis of damage levels and patterns observed to
date (and to reduce costs), one monitoring session (in July) conducted every two years could
obtain meaningful data.
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8 Rehabilitation of Army Training Lands
In West Germany

by

S.D. Zellmer, R.R. Hinchman, D.O. Johnson,
and W.D. Severinghaus

Abstract

Approximately 40 years of continuous and intensive tactical training at
U.S. Army installations in West Germany has damaged or destroyed much of the
vegetative ground cover. The loss of ground cover has accelerated erosion rates,
created safety hazards, and reduced training realism at many training areas. Three
rehabilitation demonstration projects were conducted to develop, implement, and
evaluate cost-effective methods to reestablish vegetative ground cover and to reduce
the rate of erosion. Site-specific data on the types and amounts of existing plant
cover, type and degree of erosion, topography, and soil properties were used to
develop rehabilitation prescriptions. Prescriptions incorporated various soil
amendments, seedbed preparation methods, seed mixtures, and types of erosion
control structures. Prescriptions were implemented by local contractors, and the
effectiveness of each prescription was determined by comparing each prescription
in terms of cost, the types and amounts of vegetation established, the degree of
erosion control, and structure durability. Results from the three projects indicate
that a seed source is the most limiting factor in reestablishing vegetative cover.
Fertilization was also necessary at some sites. Extensive seedbed preparation was
not necessary and terraces were not cost-effective. The effectiveness of grassed
waterways was reduced because they were used as roads. Porous check dams
were durable and cost-effective structures for the control of gully erosion. These
projects demonstrate that army training areas can be cost-effectively revegetated and
erosion can be controlled to provide an environmentally sound, safe, and more
realistic training environment

8-1 Introduction

Approximately one-third of the U.S. Army is deployed in Europe, but only about
87,900 ha (217,210 acre) of land is available in Europe for housing and training Army personnel.
This area is approximately equal in size to Fort Hood, Texas. Most U.S. Army Europe
(USAREUR) units are stationed in the former Federal Republic of Germany (West Germany).
Because of West Germany's strategic location, intensive tactical training was required to ensure
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U.S. military combat readiness. The numbers and sizes of existing tactical training areas are,
however, limited because of the intensive land use. Tactical training in the densely populated and
highly industrialized West Germany countryside is expensive; the costs to compensate for damage
caused by maneuvers are high and increase each year.

Several factors have affected the degradation of training areas. New and improved weapon
systems have changed tactical training doctrines, requiring combat units to operate over larger
sectors of the landscape and engage targets at greater ranges than in the past. Combat units of
other countries in the North Atlantic Treaty Organization also use many U.S. tactical training areas.
Because of these factors, limited areas have been used over an extended period. The overuse of
training areas in West Germany has damaged and destroyed much of the vegetative ground cover.
The loss of vegetative cover has destroyed natural resources, created safety hazards, and reduced
training realism.

The Environmental Division of the U.S. Army Corps of Engineers Construction
Engineering Research Laboratories (US ACERL), located in Champaign, Illinois, has been given
the responsibility of developing and implementing a systematic land-management program, the
Integrated Training Area Management (ITAM) program. The ITAM program is designed to prove
the processes and tools necessary to enhance resource conservation and the training missions at
U.S. Army installations. One major goal of the ITAM program is to develop and demonstrate
cost-effective rehabilitation and maintenance technologies for training areas. The Reclamation
Engineering and Geosciences Section (RE&G) of the Energy Systems Division at Argonne
National Laboratory (ANL) was requested by USACERL to assist in the development,
implementation, and evaluation of training area rehabilitation demonstration projects. The RE&G
Section was selected because of more than IS years of experience in applied land-reclamation
research and because of a similar, cooperative US ACERL/RE&G project that is under way at Fort
Carson, Colorado.

The goal of the rehabilitation demonstration projects was to develop, implement, and
evaluate cost-effective revegetation and erosion control methods for rehabilitating training areas to
conserve natural resources and to provide safer, more realistic training environments. Hie
following objectives were formulated to accomplish this goal:

• Establish vigorous, self-sustaining vegetative cover to control soil erosion;

• Slow the rates of runoff and erosion by means of durable structures;

• Provide safer training conditions by eliminating gullies and other hazards; and

• Improve training realism by establishing vegetative cover.
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These objectives focus on the establishment of vegetative ground cover and erosion
control. The most cost-effective means of erosion control is a vigorous, self-sustaining vegetative
ground cover because plant cover stabilizes the soil surface, traps sediment, and slows the velocity
of runoff. Erosion control structures (e.g., check dams, terraces, grassed waterways) also trap
sediments and reduce the velocity of runoff, thereby preventing the development of gullies, which
pose a major safety hazard in training areas. In addition, barren training areas are neither typical
landscapes nor realistic training environments. The benefits of establishing vegetation and
controlling soil erosion extend beyond the borders of training areas; for example, water quality in
receiving streams is improved as a result of the reduction in the sediment load. With lower
velocities and volumes of runoff, flood hazards in receiving streams and adjacent flood plains are
diminished. Moreover, the appearance of a barren and eroded landscape leads to concerns among
local residents regarding the existence of the training area. The establishment and maintenance of
vegetative cover and erosion control, through the implementation of a training area rehabilitation
and maintenance program, is one method of providing combat units with a safe and realistic
training environment that also conserves natural resources.

Two rehabilitation projects, the Range 8C Rehabilitation Demonstration Project (Range 8C)
and the Minimal Technologies Application Project (MTA), are located on the Hohenfels Training
Area (HTA) in West Germany. The Range 8C project was initiated in early 1986 and involved the
development, implementation, and evaluation of several rehabilitation prescriptions on a typical
21-ha (52-acre) training range at HTA. The MTA project was started the following year and was
designed to test the effectiveness of several options for seedbed preparation and site closure on a
13.5-ha (33-acre) site in a heavily used valley of HTA. Hohenfels Training Area is located amid
the forest and farmland in the Oberpfalz region of Bavaria, approximately 120 km (75 mi)
north-northeast of Munich and about half way between Niirnberg and Regensburg. In 1938, HTA
was established as a military training area by the German Armed Forces (Wehrmacht), and in
1951, the U.S. Army requisitioned HTA for use as a tactical training area and enlarged it to its
current area of about 16,200 ha (40,000 acre) in 1952 (Griesbach 1988). Hohenfels Training Area
is the largest maneuver-training area available to tlie U.S. Army in Europe, and most tactical units
stationed in Germany train at HTA for two-week periods on a regular, rotational basis. As a
result, HTA has been continuously and intensively used for almost 40 years.

A third rehabilitation project in West Germany is at the Freiholser Forst Local Training
Area (LTA), which is about 25 km (15.5 mi) northeast of HTA. The FreihOlser Forst LTA is a
typical, small, local training area of about 140 ha (345 acre) that is regularly used by a single
squadron of the U.S. Cavalry. Because the squadron includes tanks, artillery, armored personnel
carriers, and support vehicles, the LTA is used intensively almost daily; consequently, the
vegetative cover has been destroyed on two-thirds of the area. This project was also started in
1987, with the evaluation of soil amendments to aid in the establishment of vegetation on the
sandy, infertile soil on small plots at the LTA. Results of the initial study were used in an
expanded revegetation project of 43 ha (106 acre) in 1989.



124

8-2 Materials and Methods

The initial task in the development of the rehabilitation projects for training areas in West
Germany (and for any site) is to collect various types of regional background information. A
major component of rehabilitation projects is the reestablishment of vegetative cover, and a
dominant factor in any revegetation effort is climate. Data on the average monthly temperatures
and the amount and distribution of rainfall are necessary so that the optimal seeding dates and the
length of the growing season can be determined. Climatic data are also essential for the proper
selection of revegetation species, as well as for the proper selection and design of erosion control
structures. General information on the soils, topography, and geology of the region is helpful in
the tentative selection of revegetation species and erosion control structures. A second major factor
in most rehabilitation projects is cost. The local availability of materials, special reclamation
equipment, and services determine the cost of these items and are important for the planning of a
cost-effective rehabilitation effort. A third major factor that may influence rehabilitation plans is
environmental regulations promulgated by various local, regional, or national governmental
agencies. Regulations may limit the use of potential rehabilitation materials or practices. The
collection of regional background information on the climate, availability, and cost of reclamation
materials and services, as well as on relevant environmental regulations, will prevent costly and
time-consuming errors that may influence the cost-effectiveness of a project.

A second task in the development of most rehabilitation projects is to conduct a detailed site
survey so that information on soil conditions, existing vegetation, and physical features of the site
can be collected. Range 8C at HTA was divided into soil subunits by using slope class and visible
soil conditions, such as stoniness, depth to bedrock, and degree and type of soil erosion. Staff
from ANL collected composite soil samples from each soil subunit, and a local university analyzed
the samples to determine fertility levels. To map the existing vegetation, the site was divided into
two major vegetation types (i.e., meadow or forest), and these areas were subdivided into units on
the basis of the amount of ground cover present. Three categories of ground cover were
established: 80% or more ground cover, 50-80% ground cover, and less than 50% ground cover.
Soils data, vegetation observations, and the locations of large gullies, water courses, trails, and
roads were all marked on large-scale topographic maps of the site. Results of the detailed site
surveys provided a mosaic of the soil properties, existing vegetation conditions, and landscape
features of the site.

8-2.1 The Range 8C Site

Eleven rehabilitation procedures or prescriptions were developed for the Range 8C site.
Each prescription consisted of one or more rehabilitation-related components, such as fertilization,
a method of seedbed preparation, the application of a seed mixture, or the construction of a water
control structure. Individual prescriptions were developed by combining regional background
information with the site-specific data and selected reclamation options for the soil, vegetation, and
landscape conditions of a specific location or area at the site. The results of soil analyses indicated
that soils at the site were low in phosphorus and potassium. Prescription 1 consisted of a
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broadcast application of 55 kg ha*1 (49.1 lb acre*1) each of N, P2O5, and K2O on areas with more
than 80% ground cover.

Prescriptions 2 and 3 combined an application of fertilizer at the same rate as that for
prescription 1 with an application of seed on areas with 50-80% ground cover. The difference
between the two prescriptions was the seed mixture, planting method, and seeding rate. The
criteria for species selection were as follows: species selected for the mixtures were adapted to the
regional climatic and site soil conditions, seed was locally available at reasonable cost, and all
species in both mixtures were approved by local and Bavarian government representatives.
Prescription 2, used in the forested area, consisted of five species of shade-tolerant grasses and
two species of legumes and was broadcast at a rate of 42 kg ha"1 (37.5 lb acre"1) to provide
coverage between and around trees and to prevent damage to tree roots. Prescription 3, used in the
meadow, was made up of five species of grasses, two species of legumes, and cereal rye to
provide quick ground cover for immediate erosion control and was drilled at a rate of 62 kg ha"1

(55.4 1b acre*1). Prescription 3 was also used on stony soils with gentle slopes (<12% slopes)
that had less than 50% ground cover. Both seeding rates are about one and one-half to two times
the normal agricultural seeding rates because experience has indicated that seeding at a higher rate
to establish a good stand is more economical than reseeding at a later date areas with poor stands.

Prescription 4 incorporated fertilization and drill seeding (prescription 3) with seedbed
preparation and was used on meadows with less than 50% ground cover. Fertilizer was applied
before the seedbed was prepared. The seedbed was prepared by using a 200-hp, four-wheel-drive
tractor with three-point-mounted, 3-m- (10-ft-) wide rototiller. Prescription 5 consisted of leveling
and ripping (1) barren, compacted, and rutted trails to a width of about 5 m (16.4 ft) and (2) a
strip adjacent to the forest edge up to a width of 15 m (49.2 ft) before prescription 4 was
implemented. Leveling and ripping were done by using a bulldozer equipped with a 3-m- (9.8-ft-)
wide front-mounted blade and rear-mounted ripping bar that had three 60-cm (24-in.) teeth spaced
on 45-cm (18-in.) centers.

Prescriptions 6 and 7 were similar, except for the mix of seed that was used. At several
locations in both the meadow and forest, vehicle trails ran perpendicular to steep slopes (12%).
Erosion had exposed the bedrock at several locations on some of these trails. To prevent additional
erosion that could occur as a result of disturbing the soil on the steeper slopes, these trails were
hydroseeded. Fertilizer, applied at the rate given in prescription 1, and a soil stabilizer were
included in the hydroseeding mixture. Prescription 6 included the forest seed mixture
(prescription 2), and prescription 7 included the meadow seed mixture (prescription 3).

Prescription 8 involved the construction of a graded terrace system to reduce the lengths of
slopes and slow the velocity of runoff in the meadow. The design was similar to a broad-based
terrace used on agricultural land (Beasley 1972), but the design was modified to increase the height
of the terrace ridge to withstand military traffic. The terrace system was constructed by using the
bulldozer with the front-mounted blade.
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Prescription 9 consisted of the construction of a grassed waterway system with riprap
waterbars in the waterway channels. Several old, unfilled tank ditches ran perpendicular to the
slopes in the meadow and had developed into deep gullies that needed to be filled to reduce the
safety hazards on the site. In addition, outlets were needed for the graded terraces. The waterway
system with waterbars was designed to reduce the velocity of runoff and prevent the
redevelopment of gullies. A flat-bottom (trapezoidal channel) waterway design was used that had a
minimum width of 5 m (16.4 ft), depth of 0.3 m (1 ft), and side-slope ratio of 4:1 (Beasley 1972).
The channel width was increased below the outlets of the terraces to accommodate additional
runoff volume (Lee et al. 1985). Gullies were filled and waterways were constructed by using the
bulldozer with the front-mounted blade. After the grading operation, all areas disturbed by terrace
and waterway construction were treated by using prescription 4. Each riprap waterbar consisted of
a berm of riprap that was perpendicular to the waterway channel and measured about IS cm (6 in.)
high, 1 m (3.3 ft) wide, and extended across the channel and up the side slopes. Waterbars were
installed below the terrace outlets, in steeply sloped sections of the waterways, and at the
intersections of waterways. Waterbar construction was accomplished by dumping riprap in the
waterway channel and then placing the riprap in the specified configuration by using a backhoe
equipped with a wide rock bucket.

Prescription 10 involved the construction of large waterbars across tank trails in steeply
sloped areas of the site. At several locations, tank trails ran perpendicular to the slope and crossed
the ridges, which were old field boundaries. Runoff collected upslope from these locations was
channeled down the tank trail, causing accelerated erosion. These waterbars were designed to
reduce the velocity of the runoff, trap sediments, and discourage vehicle traffic on the trails. The
design and the construction of these larger waterbars were similar to those in the waterway
channels, except the berm of riprap was higher.

Prescription 11 consisted of the construction of porous-ripisp check dams in the main
watercourse on the site. Drainage from the meadow was concentrated in a single drainageway, and
the purpose of these structures was to reduce the velocity of runoff, trap sediments, and prevent
additional erosion in the main channel as runoff left the site. The porous check-dam design
allowed runoff to drain slowly from the dam pool after a runoff event, without the construction of
a cosdy outlet structure. The design and the construction of the porous check dams were similar to
the large waterbars, with two exceptions. Dams were keyed into the floor of the channel, and a
riprap apron was added on the downstream side to prevent scoring when the dam pool overflowed.

After the development of the 11 prescriptions for the Range 8C project site, detailed
specifications and drawings were prepared. The plans and specifications were reviewed by
USACERL and HTA personnel, translated into German, and submitted to several local contractors
for bids. Prescriptions were implemented at the Range 8C site during September 1986, with ANL
staff supervising the effort. During implementation of the prescriptions, detailed records were kept
of the material, labor, and equipment use required for each prescription. The data were used to
calculate the cost of each prescription. During October 1986, a company of Combat Engineers
rebuilt the access road into the meadow of the site, which included the construction of a rock ford
through the main drainage way. Range 8C was then closed to military use until about October
1987.
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Immediately after the prescriptions were implemented, 27 transects were established so that
ground cover could be monitored at the site. The point-intercept method (Chambers and Brown
1983) was used to measure the types and amounts of vegetation, litter, and exposed soil on each
transect. A point-frame with 10 points was used to take the measurements. The types and
amounts of vegetation, litter, and exposed soil were recorded for the 10 points at 1-m intervals
along each transect. Only the initial contact of the pin was recorded, which yielded an accurate
representation of the relative amounts of exposed soil, litter, and vegetation. The use of the initial-
point-contact method, however, introduces a bias into the species composition data, because the
initial contact of the pin is most often with the taller species of plants. As a result, the numbers and
the amounts of shorter species in the stand are underestimated. Ground cover on each transect was
monitored during the spring, summer, and fall each year through the spring of 1990. Field
observations were also made of the relative amount of sediment trapped by the waterbars and
porous check dams and the durability of the terrace and waterway systems under the pressure of
military vehicle traffic. Photographs and videotapes were used to record the appearance and
condition of the site during the monitoring period. The quantitative and qualitative data, along with
prescription cost data, were used to assess the relative effectiveness of the prescriptions.

The goal of the Range 8C project was to develop and demonstrate that training areas in
West Germany could be rehabilitated. During the spring of 1987, it became apparent that adequate
ground cover could be established to control erosion with the complete preparation of the seedbed,
but the cost was high. Data from Range 8C indicated that adequate ground cover could also be
established by broadcasting seed without the preparation of the seedbed preparation at a much
lower cost. Other observations at Range 8C indicated that it was not practical or possible to
exclude military use of a site following revegetation operations. In combination, these
observations indicated the need to develop and evaluate procedures that minimize cost and the
duration of site closure during the establishment of adequate ground cover for erosion control. As
a result, the Minimal Technologies Application (MTA) project was initiated in the spring of 1987.

8-2.2 The MTA Project

A matrix-plot design was selected for the MTA project so that four prescriptions in
combination with three closure periods could be evaluated. One prescription, or method, was no
treatment so that the natural revegetation process (no direct cost for materials or labor) could be
evaluated. This prescription was also to be used as a control for determining the relative
effectiveness of the three other prescriptions. The second prescription, which represented
minimum cost, was the broadcast application of fertilizer and seed without seedbed preparation.
The third prescription included the broadcast application of fertilizer and seed followed by the use
of a harrow to cover the seeds and help establish vegetation. The fourth prescription consisted of
fertilizing, preparing the seedbed by tillage, seeding, and harrowing. This prescription was similar
to a successful method used at Range 8C, but it was relatively expensive. Three closure periods
were selected: two weeks, two months, and one year. The two-week closure was included
because it was one cycle in the training schedule at HTA. The two-month closure was included
because it would allow the vegetation to grow and become established before military reuse of the
site. The one-year closure was considered the maximum period a site could be closed. A



128

combination of the four prescriptions with the three closure periods provided 12 different
treatments in the matrix design.

A 13.5-ha (33-acre) site in a heavily used valley at HTA was selected for the MTA project.
Two major factors that were considered during site selection were military use in the area and the
relative uniformity of the soils and vegetative community on the site. Continued military activities
in the area were necessary to evaluate the influence of different durations of site closure, and this
area was regularly used for maneuvers. Major differences in soil properties or the existing ground
cover would bias the results of vegetation studies. The site was inventoried, and surface soil
samples were collected for analyses. Scattered forbs and grasses made up the existing ground
cover, and there were numerous trails and barren areas caused by tank ditch excavations. The
amount of ground cover was low (<50%) and consistent throughout the site. The results of soil
analyses indicated that the soil at the site was also relatively uniform and that major plant nutrients
were not lacking. However, it was decided that the application of starter fertilizer would help to
establish vegetation. Fertilizer was applied at a rate to supply 25 kg ha"1 (23.2 lb acre*1) each of
N, P2O5, and K2O nutrient. The meadow seed mixture used in the meadow at Range 8C was used
for the MTA project, but the seeding rate was increased to 75.5 kg ha"1 (67.4 lb acre*1) because it
was broadcast.

A triple strand of concertina wire was installed around the study area to prevent military use
of the site during the closure periods. The matrix-plot design was a rectangle, and the four
prescriptions were perpendicular to the valley sides. The areas for the designated closure periods
were arranged in rows that ran down the valley. The concertina wire was moved across the
prescriptions as closure periods ended so that the newly opened segments of the site could be used
by military traffic. Arrangements were made with the Directorate of Engineering and Housing at
HTA to provide the wire and labor to install and move the wire during the study. Specifications
for the implementation of the prescriptions were prepared, translated into German, and submitted
to local contractors. The contract was awarded and prescriptions were to be implemented during
early June 1987.

Because of above-average rainfall and saturated soil, the contractor was unable to
implement all of the prescriptions as specified, and the only operations completed were broadcast
fertilization and seeding. Only two prescriptions (fertilizing and seeding and the control with no
treatment) and the three closure periods were evaluated. Three permanent 10-m transects were
established on barren areas so that the types and amounts of ground cover developed in each of the
12 treatment areas could be measured. The same point-intercept method (using the 10-point frame)
employed at the Range 8C site was used. Through the spring of 1990, ground cover was
measured each season on each transect.

8-2.3 The LTA Project

The Freiholser Forst Local Training Area (LTA) is located only about 25 km (15.5 mi)
northeast of HTA, but the soil and vegetation at the LTA are considerably different than at HTA.
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The entire 138-ha (341-acre) LTA originally had been covered with pine forest, and about one-
third of the LTA is still in pine forest. The other two-thirds of the LTA has been heavily used for
military training for over 40 years, and the only vegetation present is an occasional lone pine tree.
Therefore, the sandy, acidic, and infertile soils have no ground cover and are subject to accelerated
rates of soil erosion. This project was initiated in 1987, and the goal of the project was to develop
rapid, cost-effective methods for the revegetation and stabilization of the soil to control erosion,
reduce the quantity and improve the quality of water leaving the LTA, and improve training
realism.

The results of analyses of soil samples collected at the LTA indicated that the sandy soil
was extremely low in nitrogen, phosphorus, and potassium and had a low cation exchange
capacity. Initial efforts involved the development and evaluation of three prescriptions to supply
plant nutrients, increase the cation exchange capacity, and improve the available water capacity of
the sandy soil by increasing the amount of organic material in the soil. Because the LTA was
rutted and eroded, all of the prescriptions under consideration included smoothing and ripping the
soil to a dep& of about 45 cm (18 in.) before the soil amendments were applied. Soil amendments
were incorporated and a seedbed was prepared by rototilling. A common seed mixture of seven
species of drought- and infertile-soil-tolerant grasses and two legumes, along with cereal rye, was
broadcast. After seeding, all prescriptions were rolled with a Cambridge dish to cover the seed.

Prescription 1 involved fertilizing, preparing the seedbed, broadcasting seed, mulching,
and applying straw mulch. A slow-release fertilizer was applied at a rate to supply 50 kg ha*1

(45 lb acre*1) each of N, P2O5, and K2O, and the straw mulch was applied at a rate of
3.4 Mg ha'1 (1.5 ton acre"1). Prescription 2 consisted of an application of composted food-
processing waste at a rate of 10 Mg ha"1 (4.5 ton acre*1) in place of applications of fertilizer and
straw mulch. The compost would supply about 300 kg ha*1 (268 lb acre*1) of N, 290 kg ha"1

(259 lb acre"1) of P2O5, and 340 kg ha-1 (304 1b acre"1) of K2O. Prescription 3 substituted
processed, pelletized hen manure, applied at a rate of 10 Mg ha*1 (4.5 ton acre*1), for the compost.
The hen manure supplied about 400 kg ha"1 (357 lb acre-1) of N, 425 kg ha"1 (380 lb acre"1) of
P2O5, and 375 kg ha'1 (335 lb acre*1) of K2O. The application of the fertilizer and straw mulch,
compost, and hen manure was designed to increase the cation exchange capacity and available
water capacity of the soil while supplying necessary plant nutrients.

Specifications for the prescriptions were prepared, translated into German, and submitted
to local contractors. Prescriptions were implemented at LTA during June 1987, and the plot
boundaries were marked to exclude military use of the site. During implementation of the
prescriptions, cost data were collected for each operation. Three permanent 10-m transects were
located in each of the nine plots, and the point-intercept method (using the 10-point frame) was
used to measure the development of ground cover in the plots. Two control areas were also
established so that the natural revegetation rate, without military traffic, could be measured — one
on a barren area and another with about 25% existing ground cover. The amount of vegetation
was measured on all transects each spring, summer, and fall through the spring of 1990.
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Results from the 1987 prescriptions were used to develop a fourth prescription that was
implemented at LTA in 1989. The major objection to the three original prescriptions was the high
cost, and the 1989 prescription eliminated several high-cost components. The 1989 prescription
consisted of fertilizing, preparing the seedbed by harrowing or light cultivation, seeding, and
rolling. Initial operations of smoothing and ripping were eliminated because ruts and rills could be
filled by the seedbed preparation operation. Expensive soil amendments had been successful, but
the application of slow-release fertilizer had also established an acceptable vegetative cover at much
lower cost. The fertilization rate was doubled, and harrowing or light cultivation could have been
used in the sandy soil to prepare a seedbed at a much lower cost than rototilling. On the basis of
observations of the existing vegetation at the LTA, several new species were added to the seed
mixture and others were eliminated. Applying mulch was not necessary to provide erosion
control, and therefore this treatment was eliminated to reduce cost.

As with the other projects, specifications for the prescription were prepared, translated into
German, and submitted to local contractors for bidding. Bidding was somewhat different for this
effort. The total cost of the revegetation effort was determined, and the total area to be treated was
bid. During early April 1989, the prescription was implemented on 43 ha of LTA, and cost data
were collected for each operation. Fifteen new transects for monitoring ground cover were
established, and the point-intercept method was used to measure vegetation establishment on the
newly seeded area. Cover data were collected during the summer and fall of 1989 and the spring
of 1990 to evaluate the effectiveness of this new prescription.
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8-3 Results and Discussion

The effectiveness of a rehabilitation prescription used on military training areas is
determined by both environmental and economic factors. Prescriptions must improve
environmental conditions or, at a minimum, prevent continued degradation of natural resources
during military use of the training areas. Moreover, prescriptions must be implemented at a
reasonable cost. All prescriptions were monitored for three or more growing seasons while being
subjected to two or more years of military use. Cost data were collected for each operation during
the implementation of the prescriptions for all three rehabilitation projects. Environmental and
economic data were then used to determine the effectiveness of each prescription. Space
limitations prevent a detailed account of all the environmental and economic data collected during
the Germany projects; in the following paragraphs, the observations made during each of the
projects are summarized.

Data from the 27 transects at the Range 8C site indicate that all prescriptions in which
fertilization and seeding were included increased or improved vegetative ground cover. A dramatic
increase in the amount of ground cover on areas with 80% or more cover prior to fertilization was
not observed, but an increase in plant vigor and vegetation height was observed. A significant
increase in plant cover was observed on areas with 50-80% cover. These rreas averaged about
55% total ground cover before fertilization and seeding, and one year latei, these same areas
averaged about 95% cover. The largest increase in vegetative cover occurred in areas that were
barren or had little cover before implementation of the prescriptions. One year later, cover
averaged about 85% on these areas. Ground cover on the entire site increased from about 47% to
almost 90% during the year after implementation of the prescriptions and before renewed military
use of the site. During this same period, ground cover on the untreated control area increased by
about 20%, indicating that natural revegetation does occur, but it is a slow process. Because the
application of fertilizer and seed helped to increase ground cover and improve plant vigor and
height, the rate of runoff was slowed, the soil was protected, and erosion was prevented. The
costs of applying fertilizer and seed were low in comparison with the net benefits in erosion
control.

At Range 8C, differences among seedbed preparation and seeding methods were not
pronounced. The major factor in establishing vegetation on areas that had been disturbed for a
number of years appears to be a seed source. Significant differences were not observed in the
types or amounts of vegetation established on areas that had been only broadcast seeded, rototilled,
or leveled, ripped, and rototilled. The amount of ground cover on areas that had been hydroseeded
appeared to be about the same as that on the other areas. No seedbed preparation or seeding
method appeared to offer a significant advantage, although the costs of these prescriptions were
considerably different. Fertilization and seeding, leveling and ripping, and rototilling were all
about equal in cost, and prescriptions that combined operations were two or three times more
expensive than any one set of operations. These costs indicate that extensive seedbed preparation
(i.e., leveling and ripping, rototilling) was not economical, and cover data indicated that such
preparation was not necessary. The cost of hydroseeding was about five time more expensive than
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any of the other operations. The high cost of hydroseeding indicated that it should on be done only
on small critical areas with steep slopes, areas on which seeding equipment cannot be operated
safely.

About one year after implementation of the prescriptions at Range 8C, the site was opened
for military use. Results of vegetation monitoring after the site was reopened confirmed the
expectation that ground cover is damaged and destroyed by tank, APC, and other military vehicle
traffic. Data from transects located on trails indicated a marked decline in the amount of ground
cover, with some transects losing as much as 30% cover during the first year after renewed use of
the site. Data from other transects off trails indicated that there was little or no reduction in the
amount of ground cover. Photographic records of Range 8C indicate that some trails developed in
the same locations as before the rehabilitation effort, but both the extent and width of the trails
diminished. Data from the final monitoring session showed that the proportion of ground cover on
Range 8C increased to 67% from 47% after the prescriptions were implemented in 1986. Some
barren areas in 1986 had 90% or more ground cover in the spring of 1990.

During the vegetation monitoring sessions at Range 8C, field observations were made on
the effectiveness and durability of the erosion control structures. Terraces were not damaged by
military traffic, but a relatively large area that had been disturbed by terrace construction required
neseeding. The cost of reseeding, coupled with the high cost of terrace construction, indicated mat
the terrace system was not a cost-effective prescription. Early in the monitoring effort, it became
clear that grassed waterways were not effective erosion control structures on training areas.
Drivers of vehicles often viewed the waterways as wide, smooth roads mat lead directly up the
slope; consequently, traffic on the waterways left tracks, destroying vegetation and causing rill
erosion. Low riprap waterbars in the waterways prevented the development of gullies, but the
structures did not prevent vehicle use of the waterways. Because the waterways were used as
roads, they are not recommended for use on training areas. The larger riprap waterbars on the old
field boundaries did discourage vehicle traffic on the old trails and trapped sediments. The porous
check dams constructed in the main drainage way trapped sediments and slowed the velocity of
runoff before it flowed off the site. The durability and low cost of riprap waterbars and porous
check dams demonstrated that these structures should be used on training areas.

At the MTA site, initial measurements of ground cover that were made immediately after the
prescription was implemented indicated that there was almost 0% ground cover on all 36 transects.
(Initial measurements were taken because all transects were located on trails and in barren areas so
that the types and amounts of vegetation established by the treatments could be determined.) Data
collected on transects that had been closed to military use for about two months after fertilization
and seeding had about 51% cover, by comparison, the control transects with natural revegetation
had approximately 23% cover. The fertilized and seeded transects that had been opened and
subjected to two weeks of traffic had about 31% cover; under those same conditions, the natural
revegetation transects had about 16% cover. These cover values indicate the influence of a seed
source and military use on stand establishment About one year later, immediately after the
transects that were closed for one year were opened, the fertilized and seeded transects that were
not subjected to traffic had about 56% cover, while the closed, untreated transects had 51% cover.
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Total vegetative cover on the trafficked transects after one year was about 42%, and there was little
difference between the fertilized and seeded and the untreated transects.

On the segment of the site that was closed to military use for one year, the type of cover
established by fertilization and seeding was somewhat different than that established by natural
revegetation. The seeded transects had about 25% grass and 15% each forb and legume cover,
while the natural revegetation transects had 20% grass, 26% forb, and 5% legume cover. The
amount of total vegetative cover has been shown to be highly correlated with erosion rates and soil
stability (Hoffman et al. 1983; Meeuwig 1970). All types of vegetative cover do not, however,
provide equal erosion protection. Grasses are considered to be better for erosion control than most
forbs (Wischmeier and Smith 1978) because grasses have multiple stems and fibrous root systems
that bind and hold soil particulates. In contrast, forbs usually have a single stem and often have a
shallow or tap root system that does not bind the soil as well as grass roots do. Dormant grasses
tend to remain intact and rooted in the soil and regrow the following year, whereas the
aboveground parts of dead forbs tend to break up into loose, unattached litter at the end of the
growing season. The differences between grass and forb cover are of particular importance on
training areas, areas in which soil protection is required during all seasons and from year to year.

The average amount of cover on all transects at the MTA site was less than 1% when, in
three months, the transects were established, but the average amount of cover increased to about
31%. Vegetative cover on the site increased for two years to a high of about 44% in the fall of
1988 and then declined on all transects as a result of military use. In April 1990, the last month
when data were collected, the mean cover for all transects at the site was about 16%, which again
shows that military traffic damages and destroys ground cover. Although 16% is low, this value
indicates that some vegetation survives in spite of military traffic and that not all cover is destroyed
each year. The 16% cover also suggests that damage to ground cover on training areas is
cumulative.

The cost of the various seedbed preparation operations at the MTA site could not be
compared because the contractor was unable to complete all of the operations as specified. The
costs of the two operations that were completed, broadcast fertilization and seeding, were
comparable with the costs of similar operations at the Range 8C site. On the basis of the types and
amounts of vegetative ground cover established at the heavily used MTA site, broadcast
fertilization and seeding can be considered cost-effective methods for establishing and increasing
vegetative cover on training areas, but a regular seeding program is required to maintain ground
cover when a site is subjected to continued military use.

Cover data from the 33 original transects at the Freiholser Forst LTA were also collected
immediately after implementation of the three prescriptions during June 1987. All transects had
zero ground vegetative cover after the prescriptions were implemented. After about three months,
the fertilizer and mulch prescription had 55% cover, while the compost and hen manure
prescriptions had about 75% cover. By the following July (about one year later), cover on the
fertilizer and mulch prescription had increased to 68%, cover on the compost prescription remained
at about 75%, and cover on the hen manure prescription increased to 93%. Only about a 12%
difference in vegetative cover was observed among the three prescriptions in the summer of 1989,
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two years later. Cover on all prescriptions was 70% or more grass, 5% or less forb, and the
remainder legume. Field observations indicated no active erosion on plots after vegetation was
established.

The rate of natural revegetation was also monitored on the two types of control areas. After
three months, the control transects with zero cover at the start of the study had about 10% forb
cover and 2% grass cover. The other control transects originally had 28% grass cover and 2%
forb cover; after three months, grass cover increased to 38% and forb cover increased to 6%. In
two years, grass cover and forb cover on originally barren transects increased to 7% and 11%,
respectively, while grass cover and forb cover on the other control transects steadily increased to
45% and 18%, respectively, during the same period. These data also indicate that the natural rate
of revegetation is slow where both soil fertility and a seed source are limiting factors.

All prescriptions established an acceptable stand of vegetative cover and controlled erosion
in two years or less. Ground cover became established on the fertilizer and mulch prescription
somewhat more slowly than on the other two prescriptions. The slower rate of establishment was
attributed to the considerably lower levels of plant nutrients provided by fertilization in comparison
with the amounts of nutrients provided by compost and hen manure. The costs of the three soil
amendments were also significantly different. The cost for leveling and deep tillage was about
one-third of the total cost of the fertilizer and mulch prescription. The total cost of the compost
prescription, including the cost for leveling and deep tillage, was about twice that of the fertilizer
and mulch prescription, and the cost of the hen manure prescription was three times more
expensive than the fertilizer and mulch prescription. The cost of all three original prescriptions was
considered prohibitive for a large-scale revegetation effort at the LTA.

A modified prescription was developed and implemented on 43 ha (106 acres) of LTA in
April 1989. Fifteen new transects were established in the newly treated area, and cover
measurements were taken through the spring of 1990. Three months after implementation of the
1989 prescription, 80% ground cover was observed on most transects. One year later, cover on
these transects was made up of 63% grass, 8% legumes, and only 2% forbs. Cover on some of
the steeper slopes of 20% grade or more was less, but these previously barren areas still had about
42% grass cover. The cost of the 1989 prescription was less than 20% of the cost of the original
fertilizer and mulch prescription. The cost was reduced by eliminating the leveling and ripping
operations and the mulch requirement. The seed mixture was refined and the amount of plant
nutrients doubled in comparison with the original fertilizer and mulch prescription. The 1989
prescription was used to establish 75% ground cover on about 41 ha (101 acres) of the previously
barren LTA at a reasonable cost
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8-4 Summary and Conclusions

The design, implementation, and monitoring of three training area rehabilitation projects in
Germany during four years has provided valuable information on the importance of rehabilitating
and maintaining training areas. These projects have provided information indicating that erosion
rates can be reduced by revegetating training areas and by constructing selected types of structures
to control runoff on training areas. During the rehabilitation effort, safety hazards (such as gullies)
can be eliminated, and an effective revegetation effort can prevent their redevelopment. The
establishment of vegetation enhances training realism. These three projects provided evidence that
it is possible and practical to rehabilitate training areas in Germany.

Field data and observations were used to determine the environmental effectiveness of
prescriptions after renewed military use of the rehabilitation site. Cost information collected during
implementation was used to determine the practicality of each prescription. Data from all three
projects show that natural revegetation does occur, but at a very slow rate. The lack of a seed
source on training areas that have been disturbed continually for a number of years slows the rate
of natural revegetation. Also, evidence from the three initial prescriptions tested at the LTA
indicates that soil fertility may also be the limiting factor in natural revegetation. Moreover, cover
on natural revegetation areas consists of a large proportion of forbs that are less desirable for
erosion control than grasses. Data from the Range 8C and MTA projects indicate that extensive
seedbed preparations are not necessary to establish vegetative cover. The true test of any
revegetation prescription used on a training area is how well the prescription stands up under
renewed military use. Vegetation monitoring at all three projects quantitatively confirmed that
ground cover is damaged and destroyed by tank, APC, and other military vehicle traffic. The
current condition of a training area is often the result of many years of use without the benefit of
any previous revegetation effort. Results suggest that a regular fertilization and seeding program
without extensive seedbed preparation is required to maintain acceptable ground cover on training
areas. Data from these projects were used to develop and implement an ongoing aerial fertilization
and seeding program at HTA.

Field observations from the Range 8C project show that grassed waterways are not
effective erosion control structures because the waterways are used as roads by military vehicles.
The cost of terrace construction, especially when one considers the extensive area that is disturbed
during terrace construction, indicates that these structures are neither environmentally effectual nor
cost-effective on training areas. The relative low cost of porous check dams, as well as their
durability and effectiveness in trapping sediments and slowing runoff, indicates that these
structures can be used on training areas. As a result, several porous check dams of the same
design as that used at Range 8C have been constructed at HTA.

The data and information generated by the three projects in Germany indicate that training
areas can be successfully rehabilitated and natural resources protected. Vegetation can be
reestablished at minimal cost if prescriptions are carefully selected and tested prior to large-scale i
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mplementation. The cost of construction and the durability of erosion control structures must also
be determined before extensive use. The results from these projects also suggest that a regular
maintenance program will be required to maintain environmentally sound, safe, and realistic
training areas.
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