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EXECUTIVE SUMMARY

Approximately 70 percent of dl U.S. military training lands are located in arid and semi-arid aress.
Training activities in such areas frequently adversdy affect vegetation, damaging plants and reducing the
resilience of vegetation to recover once disturbed. Fugitive dust resulting from aloss of vegetation
creates additiond problems for human health, increasing accidents due to decreased visibility, and
increasing maintenance costs for roads, vehicles, and equipment. Diagnostic techniques are needed to
identify thresholds of sustainable military use. Under conventiond technologies to mitigete these
impacts, it is estimated that up to 35 percent of revegetation projectsin arid areas will fal dueto
unpredictable natura environmenta conditions, such as drought, and reclamation techniques that were
inadequate to restore vegetative cover in atimely and cost-effective manner. A cooperdtive effort
among the U.S. Department of Energy (DOE), U.S. Department of Defense (DoD), and selected
universty scientists was undertaken in 1999 to focus on devel oping new techniques for monitoring and
mitigating military impactsin arid lands (SERDP Project No. CS-1131).

This report summarizes gods and objectives of the project, project coordination and planning,
accomplishments, research findings, and transfer of technology of newly developed techniques to
ingalation users. This report contains appendices with supporting data, publications, research findings,
and workshop presentations. It aso contains two user’s manuas (bound separately) that describe the
most important aspects of this research project.  Additionaly, thisfind report includes two CD ROMs
that contain adigital version of thisfina report and two user’s manuds with al the Microsoft® Power
Point presentations that were given at a project workshop held on October 22-23, 2002 in Las Vegas,
Nevada for the purpose of introducing newly-developed techniques as described in the user’'s manuas
and to facilitate technology trandfer. A summary follows of these two user’s manuals.

Vegetation Change Analyses User’s Manual

This attached manud, Vegetation Change Analysis, User’s Manual (Hansen and Ostler, 2002)
focuses on the development of new monitoring techniques that have been implemented at the U.S.
Army’s Nationa Training Center (NTC), Fort Irwin, Cdifornia. Thisuser’'s manua was designed to
address diagnostic capabilities needed to distinguish between various degrees of sustainable and
nonsustainable impacts due to military training and testing and habitat-disturbing activitiesin desert
ecosystems.  Techniques described in this manua focus on the use of high-resolution imagery and the
gpplication of image-processing techniques developed primarily for medica research used to measure
vegetation in arid lands.

The manua provides discussons about the measurement of plant biomass and shrub canopy cover in
arid lands using conventional methods. Both semi-quantitative methods and quantitative methods are
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discussed and reference to current literature is provided. A background about the use of digital
imagery to measure vegetation is presented. |mage-capturing techniques using cameras mounted on
tripods and hand-held poles, kites, blimps and baloons, helicopters, fixed-wing aircraft, and satellites
arediscussed. The pros and cons of using various types of cameras and lenses, films, and digital
recording media are reviewed and eval uated.

Image processing using various gpproaches are described in detail with links to useful Web sites
including the use of commercia image-processing software. Screen captures of key procedures of
selected software are shown and described. Digital image formats are discussed. Classes of
image-processing software include: (1) image editing and enhancing (e.g., Picture Window Pro® and
Adobe Photoshop®), and (2) georeferencing software (e.g., MrSID® , DIME®). The historica
background of measuring plant cover by digita techniquesis presented. Severd types of
image-processing software are described. These include ImageTool, Sigma Scan Pro®, and Image
Pro Plus®. A detailed description of the steps required to successfully measure shrub canopy cover is
provided, including tips from experienced users, user precautions, and aternate approaches.

A discussion is dso provided about image-mapping software such as Surfer® gridding and mapping
software. An image conversion program written for this project is described and provided to usersto
convert TIF (tagged image file) images to Surfer® XY Z tabular grid files. Procedures are described to
assist usersin exporting maps to rectified shapefiles that can be used in geographic information systems
for the purpose of shrub-cover change detection and the presentation of areas at various thresholds of
use. Usng these themdtic layers permits managers to estimate cost for mitigation and establish priorities
for future mitigation efforts.

Appendices of the manual are provided that describe (1) application of techniques used at the NTC at
Fort Irwin, Cdifornia, to evaluate changes in vegetative cover using the new techniques described in this
report; (2) a plant-damage assessment technique for evauating military vehicular impacts to vegetation
in the Mojave Desert; and (3) pertinent World Wide Web Internet Web sites and links to other related
SERDP projects and government sites that focus on remote-sensing techniques for monitoring and

mitigating training impacts
New Technologiesto Reclaim Arid Lands User’s Manual

The purpose of this attached manua New Technologies to Reclaim Arid Lands User’s Manual
(Cdler et d., 2002) isto assst land managers in recognizing thresholds associated with habitat
degradation and to provide reclamation planning and techniques that can reduce the costs of mitigation
for these impacted lands to ensure sustainable use of these lands. This user’s manud focuses on the
development of new reclamation techniques that have been implemented at the NTC at Fort Irwin,

Xi
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Cdifornia, but are applicable to most arid land reclamation efforts. Asarid lands are impacted due to
DoD and DOE activities, biological and soil resources are gradualy lost and the habitat isdtered. A
conceptua mode of that change in habitat qudity is described for varying levels of disurbancein the
Mojave Desert. Asthe habitat quality degrades and more biologica and physica resources are lost
from training aress, greater costs are required to return the land to sustainable levels. New reclamation
and restoration techniques are needed in desert ranges to help mitigate the adverse effects of military
training and other activities to arid-land environments.

The importance of reclamation planning is described in this manud with suggestions about establishing
project objectives, scheduling, budgeting, and sdecting codt-effective techniques. Reclamation
techniques include sections describing: (1) erosion control (physica, chemicd, and biologicd), (2) site
preparation, (3) soil amendments, (4) seeding, (5) planting, (6) grazing and weed control, (7) mulching,
(8) irrigation, and (9) Site protection. Each section states the objectives of the technique, the principles,
an in-depth look at the techniques, and any speciad consderations asit relates to DoD or DOE lands.

The need for monitoring and remediation is described to guide usersin monitoring reclamation efforts to
evaluate their cost-effectiveness. Costs are provided for the proposed techniques for the mgjor deserts
of the southwestern U.S. showing the average and range of codts. A set of decision tools are provided
in the form of aflow diagram and table to guide usersin sdecting effective reclamation techniques to
achieve mitigation objectives.

Recommendations are provided to help summearize key reclamation principles and to assst usersin
developing a successful program that contributes to sustainable uses of DoD and DOE lands. The
users manud is helpful to managers in communicating to ingdlation management the needs and
conseguences of training decisions and the cogts required to achieve successful levels of sustainable
use.

Appendices of the manud are provided that describe native plant species that are well suited to
reclamation in arid lands of the Southwest. An in-depth paper describing reclamation codts is provided,
a pogt-closure monitoring checklist isincluded, and links to selected World Wide Web Internet Web
Sites are provided.

Xii
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1.0 INTRODUCTION

This report documents research and activities of SERDP Project No. CS-1131, “Diagnostic Tools and
Reclamation Technologies for Mitigating Impacts of DoD/DOE Activitiesin Arid Aress” Innovative
technol ogies developed by this research provide val uable tools to ensure continuation of military testing
and training currently threatened by deteriorating site conditions and reduce the cost of mitigating
adverse impacts. Techniques developed in this project will decrease the risk of violating particulate
gtandards of the Clean Air Act, that could potentialy restrict or reduce testing and training exercises.

1.1 BACKGROUND

Approximatdly 70 percent of dl U.S. military training lands are located in arid and semi-arid aress.
Training activities may adversdly affect vegetation, damaging plants and reducing the resilience of
vegetation to recover once disturbed. The cumulative impacts result in aloss of plant cover, species
diversity, plant reproduction, and soil resources such as organic matter and soil microorganisms needed
to recycle soil nutrients. Fugitive dust resulting from aloss of vegetation creates additiond problems for
human hedlth, increasing accidents due to decreased vighility and increasing maintenance costs for
roads, vehicles, and equipment. Under conventiond technologies to mitigate these impects, it is
estimated that up to 35 percent of revegetation projectsin arid areas will fail due to unpredictable
natural environmenta conditions and because of reclamation techniques that were inadequate to restore
vegetative cover in atimely and cost-effective manner.

It is difficult to detect and monitor impacts to vegetation from military training in desart areas usng
conventiond remote sensing techniques that rely on low-resolution satellite imagery. Thisis because the
pixel sizes of satellite images are large (e.9., 10 to 30 square meters per pixd) while the shrub Szes are
amall (0.25 to 3 square metersin areq). Vegetation cover in arid landscapes varies subgtantidly with
seasond changesin climate. Cover is normdly low, usudly less than 25 percent in undisturbed areas
and frequently less than 5 percent in heavily used areas. Sun light reflecting from soils in these desert
areas masks the smdler amount and qudity of light that is reflected by vegetation making it impossible
to accurately measure changes in vegetation cover. New diagnostic techniques are needed to identify
thresholds of sustainable military use, and to accurately measure plant canopy cover in arid-land
environments.

In 1999, a cooperative effort anong U.S. Department of Energy (DOE), U.S. Department of Defense
(DoD), and sdlected univerdty scientists was undertaken to focus on mitigating military impactsin arid
lands. Bechtel Nevada (BN) assembled ateam of scientists to address these problems. The research
team included researchers and advisors from government, universities, and private industry.
Collaborators include DOE Nationa Nuclear Security Administration Nevada Operations Office
(formerly known as DOE Nevada Operations Office [DOE/NV]) BN; DoD—ort Irwin, Center for
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Ecologicd Management of Military Lands at Colorado State University; U.S. Army Congtruction
Engineers Research Laboratory (USACERL), Cdifornia State University—Dominguez Hills, and Weber
State University—Applied Ecologicd Services, Inc. Fort Irwin, the U.S. Army’s Nationd Training
Center (NTC) located near Barstow, Cdlifornia, in the Mojave Desert, was selected as the primary test
ste for development of new technologies. The approach focuses on specific problems at the NTC, but
issuitable for other DoD and DOE facilities located in arid and semiarid areas. Diagnostic tools and
reclamation technol ogies devel oped by this program may aso be gpplicable to wetter areas of the
United States.

Data developed as part of this research will provide users of models such asthe Army Training and
Testing Area Carrying Capacity (ATTACC) and other modds used in Land Condition Trend Analyss
(LCTA), and the Terrain Modding and Soil Erosion Simulation (TMSES) programs, with the meansto
bridge the gap between deficiencies common to remote senaing using satellite imagery and the high cost
and time associated with detailed ground surveys. New rehabilitation and restoration techniques will
find immediate gpplication for Integrated Training Area Management (ITAM) personne located at
military facilitiesin the western U.S. where ecosystem sustainability for training and testing is at risk.
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2.0 GOALS AND OBJECTIVES

This project was designed to overcome gaps in diagnogtic capabilities needed to distinguish between
various degress of sustainable and nonsustainable impacts due to military training and testing or earth-
disturbing activities in desert ecosystems. The project aso focused on developing and evauating new
and cost-effective techniques for rehabilitation and restoration of such disturbed habitats. These new
tools will enable management to maximize utilization of limited training environs and thus increase
operationa readiness.

Technicd objectives of the project were to:

(1) Develop and test image collection and image processing diagnostic techniques for rapidly
characterizing vegetative parameters needed to distinguish between sustainable and nonsustainable
impacts of military training and testing.

(2) Reduce the amount of downtime and off-limit areasimposed by rehabilitation/mitigation activities
by identifying critical stages of habitat degradation and focusing resources to extend resiliency of
training areas for longer periods of time.

(3) Develop and evaluate the cost effectiveness of new rehabilitation and restoration technicues for
short-term and long-term sustainment needs in desert ranges.

(4) Demondrate diagnostic and emerging restoration technologies a Fort [rwin that will reduce the
life-cycle costs and time for rehakilitation, and ensure compliance with federa environmenta
regulaions.

(5) Provide asuite of diagnostic and restoration tools applicable to military testing and training in
other desert locations and nondesert ranges and to facilitate moddls currently in use or under
development.

The technologies being evauated and tested were divided into two principa aress. (1) diagnostics and
(2) restoration techniques.
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3.0 PROJECT COORDINATION AND PLANNING

3.1 Technical Team

The research team included researchers and advisors from government, universities, and private
industry. Collaborators included DOE/Nevada Operations Office (NV), Bechtel Nevada (BN),
DoD — Fort Irwin, Center for Ecologica Management of Military Lands at Colorado State University
(CV), U.S. Army Construction Engineers Research Laboratory (USACERL), Cdifornia State
University — Dominguez Hills (CSUDH), and Applied Ecologica Services, Inc. (AES). Key
investigators included:

Dr. Kent Ostler of BN served asthe Co-Principal Investigator for the Project. He has over 20 years
of experience in the field of reclamation and arid land ecology. He has designed and implemented
numerous reclamation projects and evauated reclamation techniques throughout western North
America. He has been the project manager for DOE/NV’s ecological monitoring and compliance
programs on the Nevada Test Site (NTS) for the past nine years. He has directed research work on
reclamation a NTS and other DOE stesin Nevada and California, and has authored numerous reports
from these studies. His responsbility was to coordinate the various participants and advisory groups.

Dr. Dennis Hansenis a plant ecologist with BN who served as Co-Principa Investigator for the
project. He developed and evauated rapid assessment of vegetation structure using digita images and
remote sensing techniques with gpplications of digital image processing software. He has extensve
experience as a remote sensing and revegetation specialist. He has prepared a number of user’s guides
for revegetation of disturbed lands, including projects for the Office of Technology Assessment (U.S.
Congress). He has organized and conducted severd international workshops in revegetation and
trained federa and state government organizations in monitoring and revegetation techniques. Hehasa
working knowledge of the ecology of many vegetation typesin the United States, having worked in
more than 18 gates from the arctic to the tropics.

Dr. David Ander son isareclamation specidist with BN and has extensive experience in implementing
large-scale (200 to 1,000 acres) reclamation projects (e.g., revegetation of lands disturbed by oil and
gas development activities on the Nava Petroleum Reservesin Cdifornia) in low-rainfdl (< 5
incheslyear) areas. He has dso designed and established numerous reclamation trid plots. He was
responsible for the implementation of various restoration technologies that were tested at Fort Irwin.

Dr. Anderson has been involved in the reclamation of disturbed lands at either aresearch or operationa
leve for the past three decades. Research has focused on establishment of plant speciesin harsh
growing conditions, effects of various revegetation techniques on plant performance, irrigation Strategies
for remote locations, reestablishment of biotic soil crugts, and control of fugitive dust using chemica ol
dtabilizers as part of the reclamation process.
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Dr. Steve Warrenwith the Center for Ecologica Management of Military Lands at CSU provided
support in linking LCTA and erosion control models with data derived from the retoration tests
conducted during this effort. Dr. Warren is one of the origina developers of the Army’sLCTA
program. He was insrumentd in developing the links between the LCTA program and the erosion
models that form the basis of ATTACC model. His participation in the proposed project helped ensure
that the data derived from the monitoring techniques were compatible with existing eroson models and
those currently developed under with the Strategic Environmenta Research Development Program
(SERDP) funding & the USACERL. Dr. Warren was aso one of the primary developers of the Land
Rehabilitation and Maintenance (LRAM) component of the Army’sITAM program. Heis the Project
Leader of the Arid Land Management Capability Package and was involved in cutting-edge research
regarding the reestablishment of cryptogamic soil crugts that are critica components of many arid
ecosystems. This knowledge and experience has contributed to the development of restoration
techniques and model applications.

Dr. Christopher Leewas an Associate Professor and Chair of Earth Sciences at CSUDH and an
adjunct Assstant Research Scientist at the University of Arizona. He has specidized in remote sensing
and Geographic Information System (GIS) gpplicationsin arid environments for the past 14 years and
was aformer Fulbright Senior Research Scholar to Egypt. Dr. Lee has been working at Fort [rwin for
the past severd years developing techniques to map disturbance using satellite data. He has also
collected extensve ground truth data from various locations a Fort Irwin. He coordinated satdllite data
with the new diagnogtic tools developed during this project.

Dr. Gene Capellewith BN's Specia Technologies Laboratory (STL) in Santa Barbara, Cdifornia,
was responsible for the testing of the Laser-Induced Fluorescence Imagery (LIFI) technology.

Dr. Capdll€e s specidty is lasers and spectroscopy, specificaly as gpplied to remote sensing problems.
Since 1995, he has been aprincipd investigator of research investigating plant vitaity as monitored
through optica signatures from the plants to assess the presence or absence of certain nutrients or
contaminants. Under this project, measurements were made to characterize the reflected light from
various plant species, including those that had been damaged by whedled and tracked vehicles during
military training and testing. From this information, optical remote measurement techniques were
identified and devel oped.

Ruth Sparks, with Charis Corporation, islocated at Fort Irwin and directs the ITAM program &t the
Army’'sNTC. Asthe LRAM and ITAM coordinator, her efforts have been directed toward the
management of military training lands. Since March 1996, fifteen eroson control and revegetation
projects have been implemented to repair damage caused by training activities and promote a safe
training environment. Sheis currently responsible for developing plans for integrating long-term
biologica monitoring data, remote sensing, soils maps, training scenarios, and other data layers within a
GIS framework to direct LRAM and ITAM activities. Ms. Sparks provided coordination for plot
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location, maintenance activities, and field work in rdaion to military training activities for the
demongtrations and studies conducted at the NTC.

Mickey Quillman iswith the Directorate of Public Works at Fort Irwin and was the principa contact
for activities that occurred a the NTC. He has been a Fort Irwin for the past decade, where he serves
as Natura Resources Manager, with responsibilities for Threatened and Endangered Species, Pest
Management, and Natural and Cultura Resource Compliance.

3.2 Technical Advisory Team

Dr. Cyrus McKdll iscurrently Presdent of AES. Heisthe former Dean of the school of Biology a
Weber State University; Committee Chair, National Academy of Sciences (Revegetation Semi-Arid
and Margind Lands); and Director of the Ingtitute for Land Rehabilitation at Utah State University.

Dr. McKél has extensive reclamation experience in deserts of the world and has worked a numerous
military ranges eval uating revegetation problems. Heisauthor of severa textbooks on the biology and
utilization of shrubs (McKell, 1989) and technical publications setting industry standards for many
revegetation techniques used in the western United States. Dr. McK el was respongble for chairing the
Technicad Advisory Team of restoration speciaists and the Reclamation Workshop.

Six other specidigtsin the areas of remote senang, reclamation, and arid land ecology were identified
and invited to serve as technica advisorsfor the project. Dr. Merrill Ridd from the University of Utah
and Dr. Charles Hutchinson from the University of Arizona s Office of Arid Land Studies are both
well-known expertsin remote sensing, particularly in satellite images. Dr. Kathyn Thomas with the
Universty of Northern Arizona has done vegetation sampling and mapping in the Mojave Desart using
both aerid and satdlliteimages. Dr. Von Winke, (formerly with Science Applications Internationa
Corporation, the Management and Operations contractor the DOE’ s Y ucca Mountain Project),
assigted in coordinating the first reclamation workshop and served on the Technica Advisory Team.
Dr. Winkd is currently serving on the Mojave Desart Land Reclamation Task Force. He was formerly
in charge of the reclamation program at DOE’s Y ucca Mountain Project and has done numerous
reclamation tridls in the Mojave Desert. Steven Monsen, with the U.S. Forest Service Shrub Science
Laboratory, has been conducting reclamation research throughout the western U.S. for the past 30
years. Heisarecognized expert in the area of reclamation. Dr. Richard Gebhardt with the USACERL
in Champaign, lllinais, isfamiliar with the ITAM program and vegetation parameters that are needed as
input to models developed for that program. He aso has numerous contacts with other defense
facilities and has been helpful with the transfer of technology developed during this project. A project
organization chart (Figure 1) outlines the various project tasks and identifies key responsbilities.
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Figure1l. Project Organization Chart

3.3 Management Plan

A management plan was developed and published in 1999 at the sart of the project. This document
described the goals, objectives, tasks, subtasks, schedules, milestones, and budgets of the project . It
was written to help facilitate the establishment of subcontracts and to facilitate the coordination and
management of the project. Mgor tasks were identified for the project and task godls, objectives,
subtasks, schedules, and milestones were developed. These data were used as input valuesinto
Microsoft Project 98® and schedules and milestones were provided to create yearly schedules and
milestones aswell as an overdl project schedule. The schedules were updated yearly or as needed.
Changes in schedules were needed as some efforts became unnecessary and work was redirected.
Redirection was coordinated with our Technical Advisory Team and SERDP managers at the annua
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internd project reviews.
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4.0 DIAGNOSTIC TOOLS

This section of the find report describes project activities and accomplishments in support of achieving
the objective of developing and testing image collection and image processing diagnostic techniques for
rapidly characterizing vegetative parameters needed to distinguish between sustainable and
nonsustainable impacts of military training and testing. The greeter part of these activities are described
in detail in the user’smanud: Vegetation Change Analysis User’s Manual. Dennis J. Hansen and W.
Kent Ostler. 2002. DoD/DOE/NV/11718-729, Bechtel Nevada, Ecologica Services, Las Vegas,
NV 89193 (Appendix A.2).

Activities that were not described in the user’s manual included procedures that were tested but
yielded unacceptable progress in meseting the desired objective. Some of these procedures are
described here in thisfind report and are included in the gppendixes to document what was done,
especidly if these activities were considered worthy of discussion and related to the Stated objective.
Other activities were not included because their discussion would not contribute meaningful information
and may digtract the reader from pertinent information related to the goa's and objectives of the project.
Examples of activities not described included were those dedling with antiquated software, hardware,
and procedures that are no longer used because improved dternatives are currently available and it is
unlikely that such equipment or procedures will be used in the future. Other activities not described are
those that are considered beyond this project’s scope of work (e.g., information that may have been
collected or developing during the project, but later is considered to be only margindly related to the
gods and objectives of the project and who's discussion might be best served in a separate future
report or publication perhaps directed to a different audience).

4.1 Background

An essentid component of monitoring to determine the spatia extent and degree of military impact is
the ability to accuratdly assess Ste changes through time as training areas undergo normal use under
varying dimatic conditions. Historicaly, monitoring techniques have been primarily limited to expensive,
labor-intensive ground collection of data such as plant canopy cover by line-point or line-intersect
methods, and plant density by quadrant sampling techniques. Additionally, accessihility to the range by
field biologists has been limited & many Stesto only one week each month because of intensve military
training exercises, making it difficult to obtain sufficient field data during narrow windows of

opportunity.

Alternatives to ground-based monitoring techniques are those that focus on remote sensing.
Traditionaly, these techniques have used satdlite imagery as ameans of capturing and assessing
vegetaion conditions at alandscape-size area or scae. Information such asthe intengity of a particular
wavelength of light or ratio of wavedengths from individua area units of the satellite image (known as




Diagnostic Tools and Reclamation Technologies
for Mitigating I mpacts of DoD/DOE
Activitiesin Arid Areas February 2003

pixels) are then statigticaly correlated with data taken on the ground (e.g., canopy cover or plant
densty). Pixel szefor most satellite images ranges from 10 meters (m) x 10 mto 30 mx 30 m (328
feet [ft] x 328 feet to 2,953 ft x 2,953 ft), which further restricts the usefulness of this technique because
most shrubs are often less than 1 square meter (n?) (11 square feet [ft?]) in size. The use of remote
sengng using such large pixd dementsis useful in areas where ground cover of vegetation is rdaively
high (e.g., > 30 percent cover) and impacts to the vegetation result in spectra changesthat are
detectable in the digital images (Falkner, 1995). Such conditions are common for agriculturd lands,
grassands, and forest aress, but are less useful in desert areas where plant canopy cover is often less
than 10 percent and may be aslow as 1 to 2 percent following intensive training impacts such as
encampment.

Large-scale ecoregion management gpproaches have relied upon satellite imagery such as LANDSAT
multispectra and thematic mapper (TM), and SPOT (Satellite pour L’ Observation de laTerre)
panchromatic/multispectra image