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ecological attributes, without regard to adminis-
trative or ownership boundaries-or personal
hunches. The GIS sets no limitations on the num-
ber of ecological component layers that can com-
prise the BLU model matrix, and is intentionally
exploited to represent hierarchical ecological
structure. Further, if the programmed matrix com-
bination of ecological components doesn’t exist,
it simply leaves a blank space in the model. Be-
yond minimizing human preferences, BLU model
“drop out” is beneficial because it can define a pre-
viously unknown ecological response, or draw
attention to an area that is a unique or potential
“hot spot.”

For example, when the BLU model was first
developed for the El Malpais National Conserva-
tion Area in New Mexico, parts of the project area
had been subject to extensive previous study. This
known information was combined with intensive
field verification of the BLU model, resulting in a
high degree of confidence in the use of BLUS. Fur-
thermore, through BLU modeling, parts of the
project area that were previously little known
were found to be different and more complex eco-
logically than expected. Once these “surprise”
areas were identified, they were the focus of addi-
tional field verification.

Satellite remote sensing data, (specifically
Landsat Thematic Mapper data) are being used in
the BLU model for vegetation/landcover and sur-
face geology/soils. It is well known that satellite
data provide total spatial coverage of a large area
in a “snapshot in time.” But satellite data alone are
not sufficient for resource analysis and modeling.
Vegetation/landcover is only the surficial expres-
sion of ecological systems. The BLU model incor-
porates ecological components to understand the
dynamics of systems. Using satellite images from
different times, changes in the system can be de-
tected and analyzed.

An initial iteration of “core” BLUS is usually a
matrix combination of vegetation/landcover, soils,
surface hydrology, and terrain characteristics.
This initial iteration of BLUS is sufficiently flex-
ible to provide “common ground” resource infor-
mation to a wide spectrum of resource specialists.
More detailed BLUS can be tailored for specific

questions or conflict analyses by adding layers of
biophysical or cultural information and/or site-
specific data. Data collected from a particular site
might include observed assemblages of flora and
fauna, rain gauge or other climatic data, or a par-
ticular localized use or management practice.

So why go to all this trouble to model ecosys-
tem dynamics? Ecosystem management requires
understanding of energy exchanges and proc-
esses, which are constantly moving targets. GIS
technologies can measure, track, and repeat eco-
system anal yses through time. The GIS never tires
of repeating the processes at different points in
time, or trying a different scenario. For instance,
to track the rehabilitation of a riparian zone,
changes in vegetation/landcover or availability of
surface water can be measured and compared to
changes in pasture rotation, weather variations, or
the relationship of an additional stock and wildlife
watering site. Further, a management alternative
of improving an access road or establishing a trail-
head can be analyzed for predicting the potential
amount and direction of visitor use patterns and
impacts.

Additionally, BLUS are designed to be hierar-
chical in structure, representing three dimensional
surfaces. They are thus flexible in scale, or resolu-
tion. When the element of time (satellite data
snapshots-in-time, and/or other historic informa-
tion) is added, they also become four-dimension-
al. This facet of the BLU concept provides a meth-
od to link past and present datasets with
predictions of future landscape behavior. Improv-
ing methods of relating historic and current envi-
ronmental data is crucial to identifying past pat-
terns and developing analytic models for pre-
dicting change.

Spatial change detection and analysis of eco-
logical responses in BLUS are key to ecosystem
monitoring. BLUS can be used to track and evalu-
ate the amount, direction, and rate of responses.
The spatial distribution and location of BLUS has
been shown to document trends from a patchy to
more homogeneous landscape—a measure of bio -
diversity.  Detailed site data within BLUS help to
identify the reasons for change, and to show if they
are related to dramatic impacts or slow trends.
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The BLU approach is providing land/ecosys- fice of the BLM expects to expand the four-di-
tem managers with practical information for day- mensional concept of BLUs to a global scale to ac-
to-day decisions. There are many data sources complish “global change monitoring” spatially.
now going unused, simply for lack of a frame of Figure B-6 illustrates how BLU monitoring
reference. GIS and satellite remote sensing can can assist in understanding the relationship be-
provide such a framework. The Albuquerque of- tween “potential plant communities” and use of

—
SOURCE Albuquerque Off Ice of the Bureau of Land Management, 1993
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the landscape. A potential plant community is the
biotic community that an undisturbed site is capa-
ble of supporting, based on the site’s physical
characteristics. The GIS plots in figure B-6 show
outlines of potential plant communities derived in
GIS from soils and terrain data. The hatched areas
depict a comparable BLU. The left plot displays
the BLU in a “snapshot in time” in June 1984. The
right plot displays the same BLU in June 1988.
There has been a change in the location and size of
the BLU indicating a change in ecological re-
sponse or condition. A larger portion of the site’s
potential for supporting plant life has been
achieved in 1988, the result of less vehicular trav-
el, good vegetation growth in a wet year, and sub-
sequent reduced grazing pressure. With BLUS in
GIS we can quickly compare the actual condition

of acres of vegetation to their theoretical potential,
and determine what may be the “desired” state un-
der various conditions of use. Additionally, pro-
posed land uses can be compared with each other
for potential conflicts. The causes of change can
then be analyzed in GIS by overlaying specific
“natural” layers and “cultural” layers such as
roads, oil and gas wells, or range allotments. This
simple example shows the power of GIS and satel-
lite remote sensing as a framework and “common
ground” for resource analysis.

GIS provides extensive modeling capabilities.
All that is required is the desire to think and model
spatially—not just in two dimensions, but in three
or four dimensions. Dealing with these basic con-
cepts of “space” (geography) includes taking full
advantage of Earth-observing space platforms.
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N
early one-third of the land area of the United States,
some 737 million acres, is forested. The world’s forests
account for nearly two-thirds of global photosynthesis.
Indeed, forests are complex, long-lived ecosystems that

are critical to Earth’s ecological well-being. Forests replenish the
air, conserve the soil, and maintain its fertility, store water, and
serve as a habitat for wildlife. Forest assets provide the necessary
wood and fiber products that contribute to a nation’s develop-
ment. Moreover, the world’s forests play a critical role in regulat-
ing the climate. Forests, therefore, are consequential to the eco-
nomic, social, and environmental health of all nations.

The need to conserve the planet’s forests, balanced against
proper use of these resources for development, has increasingly
raised concerns about their vitality. Threats to the forests do not
rest within the boundaries of any one country; forest problems in
one nation can impact the forest resources in another.2 Today’s in-
dustrial world has placed varying degrees of stress on both tem-
perate and tropical forests. Be it the ravages of air pollution in the
form of acid rain, the unconstrained cutting down of trees for tim-
ber, or the clearing of forests for agricultural pursuits—forests are

1 Prepared by honard David, Space Data Resources & Infornlation.
2 H. Gyde Lund How to Watc}l the Forest+lUFRO  Guides jbr World ~“orest  Mono-

roring,  USDA Forest Service, Washingt(m,  DC, 1992 ;see also l’}~ofogran]n]efri(  Engi-
neering & Remote Serrsinx,  Vol. LV1ll,  N(1.  S, August 1992. The entire issue is devoted to a

national repro on photograrnnwtry,  remote sensing, and gugraphic  infomlation  systems
in the United States.
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considered by many to be under siege. Many be-
lieve the ecological consequences of forest 10SS

wil1 have global repercussions.
Satellite remote sensing provides one impor-

tant technique for monitoring the status of trees
and determining the role they play, not only on a
local, regional and national level, but also on a
global scale. Since the early 1970s civilian space-
craft have provided, in ever-increasing detail,
knowledge about the world’s vegetation cover—
including forests.

The following two sections detail programs
that focus on the monitoring of forest reserves.
These programs are discussed in broad terms, but
should provide the reader an appreciation of the
utility of spaceborne remote sensing tools for
overseeing the status of the world’s forests.

FOREST INVENTORY

 Forests on Maine’s Remote lslands3

Thousands of islands dot the coastline of Maine,
creating a challenging problem in inventorying
and managing the state’s coastal forests. Many of
the over 3,000 islands are remote, reducing the
number of onsitc inventories that can be con-
ducted economically. As a result, past inventories
could only approximate the size of Maine’s coast-
al forests. For 100 percent coverage, aerial pho-
tography of the islands was considered too expen-
sive and time-consuming. Additionally, many of
the islands could not be reached year round by sur-
veying aircraft.

State forestry managers purchased seven SPOT
Imagc scenes to create up-to-date maps of the rich
spruce forests and other forest lands along
Maine entire coastline. The area covered by the
images totaled 5,000,000 acres of marine and ter-
restrial habitaits.Making use of software devel-

oped by The Island Institute of Rockland, Maine,
planners classified the 20-meter multispectral
data gathered by SPOT into 11 land cover types.
This information included old growth and youn-
ger spruce, hardwoods like maples and oak, other
vegetative covers, wetlands, and waterways. The
resolution gleaned from the SPOT satellite (one-
tenth acre pixels) improved classification accura-
cy over previous surveys, particularly for smaller
islands. Ground truth in accessible locations gave
planners assurances they were able to distinguish
tree species reliably using the satellite data, allow-
ing them to estimate species acreages by tallying
pixels in the computer.

 Vegetation Covering in Bighorn
National Forest, Wyoming and
Montana 4

The U.S. Forest Service has used Landsat themat-
ic mapper (TM) data for mapping vegetation cov-
ering some 1.2 million acres of the Bighorn Na-
tional Forest. Using July 1988 TM data purchased
from EOSAT, Forest Service personnel mapped
specific vegetation types. They merged digitized
data from their inventory with the classification
and computed acreage summaries of each vegeta-
tion class per area. The Landsat data and services
cost about $100,000. The Forest Service estimates
that an equivalent survey using traditional manual
survey methods would have cost at least
$500,000.

 Vegetation Classification of Old Growth
Forests in New Mexico5

The U.S. Forest Service’s Nationwide Forestry
Applications Program used Landsat TM data to
produce a geographic information system (GIS)
database containing vegetation characteristics of
a portion of the Jemez Mountains in northern New

3 SPt)T  Fx+$hcws,  198°- 1991, ‘bForc rf lntcrrkv?-SPOT  Helps  Moirre Marra,qc lts Forested Islonds.”  SPOT lmagc Corp., Rcstlm, hrA.

4 ~’~)rcil  .$rr~ I{ c Remote  .$errr~rrg  .Wnvnflr+l  991, c{mpiled  by Stan Bain.  U.S. Department of Agriculture, Forest Engineering Staff, EM
7 14(-33, Wr;i\hln:tt)n,  DC.

i J~\sl~ii Gtm/ales  ct. :11.. \i>qefafi(m  C/a.~~(jca[ion  and  O/d Gro\\th  Modellrrg  in fhe.lcme:  Mot{nfairr,f-San(a  Fe National F(mcst  New Mex -

IC(). Prcpmxl tor The Remote Smslng Steering Committee of the USDA Forest Service. Final Repro, May 1992.
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Mexico. The study demonstrated that Landsat TM
data can provide useful vegetation data for GIS,
even when used in the widely varying vegetation
conditions in New Mexico. The Forest Service
produced relatively accurate crown cover and tree
size classifications from Landsat TM data over
large areas, although some vegetation characteris-
tics were found to be easier to derive than others.
For example, developing accurate estimates of
tree size proved to be difficult because of the spa-
tial resolution limitations of Landsat data and the
variability of average tree size over the study area.

The study showed Landsat TM data have sever-
al desirable qualities as a data source for GIS.
Each Landsat TM scene covers a large area (170
kilometers by 188 kilometers); therefore, informa-
tion derived from Landsat data fills the gaps that
may exist in other data bases. For instance, areas
with little or no vegetation data, such as large tracts
of private land or wilderness areas, may contain
information that can significantly affect estimates
of distribution and abundance of old growth trees.

Furthermore, the study reported that collection
of Landsat TM data is repeatable and consistent
through time, which provides for both current and
future data needs. Not only can current old growth
conditions be assessed, but changes in these
conditions can also be detected using Landsat
imagery acquired at a later date. Because the data
are already in digital form, they provide accessible
and flexible data sources for GIS.

I Conifer Forest Regeneration in the
Western Cascade Mountains of
Oregon6

The Environmental Remote Sensing Applications
Laboratory at Oregon State University in Corval-
lis, Oregon has completed an analysis of conifer
forest regeneration using Landsat TM data. Stan-
dard forestry practices call for harvested timber

areas to be reforested. Once replanted, the refor-
ested areas need continual monitoring to deter-
mine their progress.

The laboratory study compared spectral data
from well-regenerated Douglas-fir stands with
those from poorly regenerated conifer stands. Us-
ing the satellite data, poorly-regenerated stands
were found to be spectrally distinct from well re-
generated Douglas-fir stands after they reached an
age of approximately 15 years. The researchers
concluded that although TM satellite data were in-
capable of assessing regeneration in Douglas-fir
plantations younger than 15 years, the success in
identifying poorly regenerated stands should be
high after this initial period.

TM satell ite data were also found to be useful in
identifying stages of succession as a forest regen-
erates and useful for analyzing the condition of
wildlife habitat. Herb and shrub stages provide
important habitat and forage areas for some wild-
life species. Identifying poorly regenerated stands
can thus help in estimating wildlife and plant bio-
diversity.

 Old Growth Forest Monitoring in the
Pacific Northwest7

The U.S. Forest service has been working with Pa-
cific Meridian Resources of Emery vine, Califor-
nia, to assess a region of forest resources in the Pa-
cific Northwest that has been the site of disputes
over environmental, economic, and recreational
uses of the forest.

Fourteen layers of GIS data derived from satel-
lite imagery and other sources covering more than
20 million acres of forestland in Washington and
Oregon, have been entered into a GIS database.
This permits forest managers quick and accurate
access to information that should prove useful in
resolving management and policy disputes in the
area. The GIS layers include: slope of areas, eleva-

6 Maria Fitmlla, and William Ripple. “Analysis of Conifer Forest Regeneration Using Landsat Thematic Mapper Data,” Pho(ogrammerric

E’nglneerin,g  & Remote Sensinr,  September 1993, pp. 1383-1388.
7 Russell G. Conga lton, Kass Green, and John Teply.  *’Mapping Old Growth Forests on National Forest and Park Lands in the Pacific North-

west fr[)m  Remtnely Sensed Data,” Photogrmnmetric  Engineering & Remote Sensing, April 1993, pp. 529-535.
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(ions, hydrology, current vegetation type, suitable
spotted owl habitat, suitable lands for timber pro-
duction, habitat conservation areas, forest bound-
aries, and historical distribution of vegetation and
old growth.

The study relied primarily on 12 Landsat TM
data that had been geocoded8 and corrected for the
effects of terrain. Study managers also purchased
SPOT panchromatic imagery (l O-meter resolu-
tion) for use on the Olympic Peninsula. The study
demonstrated that a powerful marriage of satellite
imagery, GIS, and statistical software is now pos-
sible. Fully integrating these disparate capabili-
ties allows researchers to analyze relationships be-
tween spectral variation on the image and land-
cover variation on the ground.

Because today computers are far more power-
ful than in prior years, image classifications can be
completed in mere hours rather than weeks. This
merging of technologies into an integrated whole
permits their use by numerous disciplines,—for-
esters, geographers, and ecologists, among others.
Finally, the Oregon work illustrates that the spa-
tial resolution of SPOT imagery and the spectral
and spatial resolution of Landsat TM data are
high] y desirable compared to earlier multispectral
scanner ( MSS) data, and far more useful than the
single layer of data that results from traditional ae-
rial mapping.

The Forest Service has concluded it can use the
resulting information to address many issues such
as:

= fragmentation of old growth and its implica-
tions for wildlife habitats;

D developing initial estimates of the biological di-
versity of forest vegetation;

■ and detailing
presently in
areas.

how much old growth acreage is
National Parks and wilderness

Perhaps the most important benefit of packag-
ing satellite imagery, GIS, and appropriate soft-
ware together lies in the ability to model the im-
plications of varying management decisions
regarding forests before they are put into effect.

 AVHRR Sensors in Forestry Studies9
Dedicated Earth remote sensing satellite systems
are not the only spacecraft that can provide useful
data for forest mapping procedures. A forest cover
map for the United States has been created using
Advanced Very High Resolution Radiometer
(AVHRR) data collected from the sensor aboard
the National Oceanic and Atmospheric Adminis-
tration’s NOAA- 11, an afternoon crossing satel-
lite in the Polar-orbiting Operational Environ-
mental Satellite program.

AVHRR data have the advantage that they are
collected daily. The satellite passes over the conti-
nental United States in early afternoon, collecting
five channels of data, ranging from the visible and
reflected infrared to the emitted (thermal) infrared
portions of the electromagnetic spectrum. They
have the disadvantage that AVHRR imagery
yields a maximum of only 1.1 kilometer geospa-
tial resolution.

The AVHRR data used in this study were com-
piled by the Earth Resources Observation Satellite
(EROS) Data Center in Sioux Falls, South Dako-
ta, which developed the “normalized difference
vegetation index” (NDVI). The NDVI is effective
for vegetation classification because it is highly
correlated to the amount of vegetation (chloro-
phyll and leaf reflectance) present and it is rela-
tivel y independent of solar and sensor scan angles.

The first phase of the mapping project pro-
duced data sets from different seasons: two spring,
one summer, and two fall. Each composite covers
the lower 48 states of the continental United

s 1.c.,  rcglskred to ground c(~ntr(jl  points  in such a way that each pixel (m the image cfw-rcspmds  to a kn~)w  n geographic  Iocati(m.

‘) Zhiliang  Shu, and Day Id L. E\ans. “Large  Scale  Forest Land Mapping with AVHRR  Di~ta—A  Suppwt  Pr(~ject  for the 1993 RPA Update,”
presented at the F(~urth Btcnn]al  USDA Forest  Ser\Icc Remote Sensing Application Ct~nfcrcncc, Orl,and(~,  Ff(}rlda,  April 6- I(J, 1992. Also,

‘“Sumn~ar)  t~f F(wcs[ T> pc !vfapplng  procedures For RPA purp~ses  at SO-FIA. ” prwkic~  by Roy Belt/ of US.  Forest Ser\w,  Southern F(wcst
E\perlnwntal Statltm, S[:irkvlllc,  MS.
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States. A second phase of the mapping project be-
gan in 1993 to support the U.S. Forest Service’s
Resources Planning Act (RPA) update.

Use of AVHRR data---combined with Landsat
TM data—is expected to augment continental and
global resource surveys and climatological mod-
els. The AVHRR images have already been used
to derive forest-density values and forest types,
particularly in the Midsouth. The AVHRR maps
are expected to provide unprecedented detail on
forest cover distributions of the United States.

| Utility of GIS and GPS for Forest
Management 10

Geographic information system (GIS) technolo-
gies and Global Positioning System (GPS) satel-
lites have enhanced the utility of satellite remote
sensing for forestry management. For instance,
GPS and SPOT digital imagery was used in a GIS
database to classify 16 vegetation types within the
69,000 acre Everglades National Park, near
Homestead, Florida. National Park Service man-
agers wanted to understand how plant cover in the
slash pine forests of the Everglades affects tire
management practices. 11

GPS was used to geocode the SPOT imagery,
as well as navigate to sites within the study area
for ground-truthing the vegetation classifications.
The availability of GPS signals made ground-
truthing 30 randomly chosen locations hundreds
of meters apart much easier, as many of the sites
were kilometers from the nearest road and hidden
by thick underbrush.

Using a GPS data receiver, researchers verified
the accuracy of both the standard U.S. Geological
Survey quad map of selected areas and the SPOT
Image geocoded image. They used GPS readings

of 16 identifiable features within the Everglades,
such as surveying benchmarks, roads, and plant
community boundaries. At the selected sites, field
analysts recorded pertinent plant community in-
formation for comparison with the computerized
vegetation classification yielded by satellite
imagery. The merger of satellite imagery and GPS
proved invaluable in creating and updating GIS
databases quickly and accurately. Doing so saved
time and money compared to the use of traditional
methods such as field surveying and aerial pho-
tography.

In the GIS arena, the U.S. Forest service has
made use of SPOT 10-meter panchromatic imag-
ery coupled to a GIS database to update forest ve-
getation maps. The Forest Service requires these
updates to show harvest activities and areas af-
fected by fires, as well as the location of conifer
plantations. One area in need of updating was pri-
marily confined to Six Rivers National Forest and
the western portions of Klamath and Trinity Na-
tional Forests.

12 SpOT imagery in the form of
SPOT QuadMaps was selected to meet the
1 :24,000 scale requirement and was chosen over
aerial photography because the necessary imagery
could be obtained in a timely manner and within
budget for these large forested areas.

The images were incorporated into a database
derived primarily from 1980 aerial photography.
The newer data were used to create a “change lay-
er” GIS database indicating areas harvested, those
touched by fire, locations of new plantings
compared to old growth forests, and roads acces-
sing new clearcut locales.

This updated GIS database assisted the U.S.
Forest Service in managing forest lands, planning
timber sales, inventorying forests, and selecting
suitable habitats for wildlife. Furthermore, this

10 paul V. Bols[ad,  “GPS  Basks: Forestry Applications,” 7-he Comp//er, A Forest  Resources Systems Institute Publicati(m, vol. 11, No. 3,

Fall 1993, pp. 4-8.

I I ‘LspoT and GPs—sPaCe  TeChnt)lt)gi~S  for Down-to-Earth Applications, ” SPOT Image  Cm-p., Reston,  VA, 1991.

12 .. Map ~d GIS U@ating  for the U.S. Forest Scmlce–.SpoT  shows a New View of O]d Growth in California’s D(mglas  Fir Regi(m,”

SPOT Image Cm-p., Reston,  VA, 1990
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GIS database can now be updated more cost-effec-
tively.

The Forest Service has provided yet another
demonstration of remote sensing and GIS use in
the Tongass National Forest in Alaska. Begin-
ning in 1984, the Forest Service created GIS data-
bases by digitizing field maps and aerial
photographs taken in the early 1980s to help es-
tablish a forest management plan. Later. to update
and enhance the accuracy of the maps, it used geo-
coded, ortho-corrected SPOT imagery in 15 min-
ute x 20 minute quadrangles. Using the satellite
and GIS data, the Forest Service found almost 30
percent of the land, covering over 2.5 million
acres of forest, had been previously miscoded in
terms of clearcut size, unmapped clearcuts, and
forests mapped as clearcuts. The errors had little
effect on the overall statistics, because they tended
to cancel each other, but these data flaws were not
known prior to use of the satellite data.

Combining satellite imagery and a GIS data-
base delivered ready-to-use information for one-
seventh the cost and in about one-tenth the time re-
quired for aerial photo prints. Previously. the U.S.
Forest Service updated the Tongass National For-
est site every 10 years, due to the expense in-
volved and necessary time needed for the update.
using satellite and GIS data sets, The forest Ser-

vice now plans to update their databases of the
area every three years, to better manage this forest
asset.

FOREST PROTECTION

 Gypsy Moth Damage in the
Shenandoah

SPOT imagery of Shenandoah, Virginia was ac-
quired by the U.S. Forest Service for four consec-
utive years, starting in 1987. The images were col-
lected as part of the Forest Service’s 13.5 million
acre pest management project. The focus of the
project was to monitor defoliation by gypsy moths
and assess the effectiveness of eradication tech-

niques in the national forests of Virginia and West
Virginia. The project defined a procedure that de-
lineates forest susceptible to gypsy moth attack.
The approach taken in the project also involved
the “masking out” of nonsusceptible forests and
areas with clouds or cloud shadows for a given
year. A vegetation index was calculated for the
susceptible forests with a range of index values
describing each defoliation class. Spatially proc-
essing and “clumping” the pixel data allowed res-
toration of the data, facilitating GIS coverage.

Use of satellite imagery for the project replaced
field and aerial photographic surveys. These tech-
niques were considered too inefficient, inaccu-
rate, and time consuming to be effective in track-
ing the gypsy moth—a fast-acting pest. A single
SPOT scene allowed investigators to identify and
map defoliation up to 25 times more quickly than
aerial photography, according to SPOT officials.

On the other hand, the U.S. Forest Service
notes that the cost of geocoded terrain-corrected
SPOT imagery at $2.60 per square mile is some-
what higher than the average project cost for
NASA photography at $2.00 per square mile, al-
though still less than the cost of conventional pho-
tography. Using SPOT is now considered a viable
technique for gathering relatively detailed defoli-
ation information for areas of up to 10,000 square
miles. By comparing year-to-year SPOT images,
the effects of a topographical y controlled appl ica-
tion of pesticide to control the gypsy moth popula-
tion could be assessed.

1 Deforestation Monitoring
Portions of Brazil tropical forests are being erad-
icated due to population growth. The Amazon Ba-
sin, in particular, has been under stress due to the
encroachment of people. To monitor the growth of
deforestation patterns in the area, a combination
of satellite data sets have proven useful.

As an example, the coarse resolution of
AVHRR from NOAA polar-orbiting meteorologi-
cal satellites can spot fires and smoke in the rain

1 ] “Tflngass  Natt{mal F,lrest—SPOT  FIIIs the lnft~rnuiti~ln \iJid, ” SPOT Image  Ctmp,, Rest(m.  VA., 1991.



174 I Remotely Sensed Data: Technology, Management, and Markets

forest. AVHRR images cover a land area of
approximately 260,000 square kilometers. In
1993, NASA and the seven Central American na-
tions began a program to preserve and protect that
region’s rain forest by expanding use of AVHRR
satellite data by Central American scientists.

For a more exacting view of deforestation pat-
terns, Landsat and SPOT satellites are used. In the
case of SPOT, the spacecraft’s 20-meter resolu-
tion multispectral imagery can assess exact levels
of deforestation. A typical SPOT image of a defor-
ested area is 60 x 60 kilometers. SPOT data is of
such clarity as to delineate vegetated and non-
vegetated parcels of land--data useful in the exist-
ing AVHRR classification scheme. Use of SPOT
can denote individual clearings that rarely ap-
proach the size of a single AVHRR 1 -kilometer
pixel. Typical clearings range only from 10 to 20
percent of this size.

The use of Landsat imagery has proven effec-
tive in the Pan Amazonia Project. Institutions of
several Amazon countries, including Bolivia,
Colombia, Ecuador, Peru, Venezuela, and the
Guianas have coordinated efforts to gather near
wall-to-wall coverage of the countries participat-
ing.

U.S. Landsat imagery was used in the survey
taken in two time periods: from 1984 to 1987 and
from 1988 to 1991. The project was directed by
the National Institute for Space Research (NIPE),
of the Secretariat of Science and Technology of
the Presidency of the Republic of Brazil.

The focus of the project was to determine the
extent of gross deforestation in the sequence of
Landsat surveys. This data was then used to esti-
mate the annual rate of gross deforestation in Bra-
zilian Amazonia between consecutive surveys.

A survey of the entire Legal Amazonia—which
covers 5 million square kilometers-consisted of
hundreds of black-and-white images and color
composites taken by Landsat multispectral scan-
ner and thematic mapper sensors. Both dense trop-
ical forest and thick savannah were surveyed.

Data presented in 1992 showed that the peak of
deforestation in the region in the second half of the
1980s was much less severe than higher estimates
projected by some groups, such as the United Na-

tions Forest Resource Assessment, which indi-
cated more than 80,000 square kilometers per year
were lost to deforestation. Using the Landsat sat-
ell ite survey, estimates of the mean rate of defores-
tation were lowered to 21,500 square kilometers.

The results of the Brazilian Amazonia work
was corroborated by independent analysis com-
pleted at the University of New Hampshire in Dur-
ham. That assessment also made use of Landsat
thematic mapper data and was presented in May
1992 to the World Forest Watch, a conference held
in Sao Jose dos Campos, Brazil.

| Integrating Forest Monitoring Surveys
The Tropical Ecosystem Environment Observa-
tions by Satellites (TREES) project is considered
by many to offer the best evaluation of satellite re-
mote sensing of forestry assets. TREES is jointly
carried out by the European Communities’ Joint
Research Centre in Ispra, Italy and the European
Space Agency (ESA). A first phase of TREES was
concluded in 1993.

The objectives of the TREES project are two-
fold:

1. to provide quantitative space data sets and
information on the spatial distribution and
temporal evolution of the tropical ecosys-
tems (e.g., rate of change in forest cover, for-
est cover, biomass burning) for an improved
scientific assessment of their impact on
global climate change issues, such as the
greenhouse effect; and

2. to establish an integrated satellite observa-
tional program for a long-term, continuous
and operational monitoring of forest cover
and rate of deforestation in the tropical re-
gions to provide for the implementation of
various European Communities policies.

Under assessment in the TREES endeavor is
the value of ESA’s ERS- 1 Synthetic Aperture Ra-
dar to provide data useful in monitoring tropical
forest vegetation. A test image was displayed for
the first time at the May 1992 World Forest Watch,
making use of ERS- 1‘s radar to show deforesta-
tion in the Amazonian rain forest. The test image
clearly shows rectangular patches of destroyed
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forest extending over areas as large as 20 square
kilometers.

TREES research has concentrated on the use of
low resolution AVHRR data generated by the po-
lar-orbiting NOAA satellites of the Tires series.
This AVHRR data provides 1 -kilometer resolu-
tion, as well as 4-kilometer resolution for global
area coverage, to assess changes in tropical forest
canopy.

The first phase of the TREES project involved
use of NOAA AVHRR data at 1-kilometer resolu-
tion to assemble “wall-to-wall” coverage of
Southeast Asia. This tests the feasibility of ana-
lyzing the low resolution multi spectral data set for
forested areas where both evergreen and seasonal
formations are to be found. A similar assessment
of West Africa was completed in 1990. The results
of these studies are to be integrated into a Tropical
Forest Information System.

AVHRR image analysis for the TREES effort is
grouped into several categories that permit a spec-
tral study of differences and contrasts between for-
est features; a spatial assessment of textural forest
features, such as patterns; temporal discrimina-
tors, such as seasonality: and indicators of defor-
estation, such as fires and roads.

The analysis of 1 -kilometer resolution multi-
spectral AVHRR data will be later compared with
4-kilometer resolution AVHRR data, as well as
high resolution images produced by Landsat and

SPOT spacecraft. This work will be undertaken by
scientists at the European Communities Joint Re-
search Centre in Ispra.

For Further Information
Deforstation in Brazilian Amazonia, INPE

Publication, May 1992.
NASA News. “NASA and Central America

Will Expand Rain Forest Studies,’- NASA Re-
lease: 93-47, Mar. 16, 1993.

Recommendations in Satellite Based Forest
Monitoring: A Review of Current Issues in World
Forest Watch—Conference Proceedings, Joint
Research Centre, Italy, 1992, pp. 3-5.

Philip J. Riggan, James Brass, and Robert
Lockwood. "Assessing Fire Emissions from
Tropical Savanna and Forests of Central Brazil,”
Photogrammetric Engineering & Remote Sens-
ing, vol. 59, No. 6, June 1993, pp. 1009-1015.

SPOT Fact Sheet. “Deforestation Monitoring-
SPOT Supplies Up-to-Date information on Tropi-
cal Forest Losses in Brazil’s Amazon Basin,”
SPOT Image Corp., Reston. VA, 1990.

TREES—Tropical Ecosystem Environment
Observations by Satellites, a Joint Project of the
Commission of the European Communities
(CEC) and ESA, October 1990.

World Forest Watch Conference on Global For-
est Monitoring (Abstracts), Stio Jose dos Cam-
pos, Brazil, May 27-29, 1992.



Appendix D:
Quantitative Products

D from Satellite Observational

I
nterpreting  clouds from satellite pictures was the first ap-
plication of remotely sensed data from environmental satel-
lites in the early 1960s. Satellite image interpretation is still
critical today for monitoring weather patterns, severe

storms, snow and ice fields, flood coverage, biomass burning,
volcanic ash dispersion, and numerous other applications. High
and low resolution satellite imagery are received by users world-
wide in real time through local ground receivers and by central
processing facilities where the image data are further processed
into quantitative products.

Three operational satellite systems provide continuous views
of the Earth-the Geostationary Operational Environmental Sat-
ellite (GOES) and the polar-orbiting National Oceanic and Atmo-
spheric Administration (NOAA) satellites, both operated by
NOAA; and the Defense Meteorological Satellite Program
(DMSP), operated by the Department of Defense (DOD). NOAA
and DOD work closel y together in exchanging data from their re-
spective programs. The two most common modes of receiving
real time NOAA polar imagery are through the Automatic Picture
Transmission (AFT) and High-Resolution Picture Transmission
(HRPT) direct broadcast systems.

APT and HRPT require receiving antennae that acquire imag-
ery at ground resolutions of 4 kilometers and 1.1 kilometers, re-
spectively. Geostationary satellites provide similar direct broad

I A~hur L. Bt~olh, Natit~nal  oceanic and Atmospheric Administration/National Env i-
r(mmental  Satellite, Data, and Information Systems.
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Image of cloud cover and derived wind speeds from GOES-7, 19 May 1994

cast services through Weather Facsimile (WE-
FAX) and regularly scheduled (normally every
half-hour) direct transmissions.

In addition to collecting cloud and surface
imagery, environmental satellites also provide
global data used in generating quantitative prod-
ucts for numerical weathcr prediction models, as-
sessments, and analyses of the oceans, atmosphere,
coastal zone and land areas. NOAA currently pro-
duces about 80 quantitative satellite products on
an operational basis. Many products are generated
in special formats, grids, and projections to meet
operational and research requirements for global,
regional, and local applications. Moreover, many
quantitative products have been produced on a
routine operational basis from NOAA satellites
since the late 1970s. resulting in one of the largest
and longest continuing time series of satellite-
derived global measurements in the world. These

products provide important sources of global data
in climate and global change studies.

Although the majority of products currently
produced are derived from NOAA polar-orbiting
operational data, important quantitative products
are also developed from research satellites (e.g.,
NIMBUS and Upper Atmosphere Research Satel-
lite (UARS) managed by the National Aeronau-
tics and Space Administration (NASA).

Quantitative products have been made possible
over time by improvements in sensor resolution,
spectral coverage (e.g., infrared and microwave),
and ground coverage in successive generations of
satellite programs. Routine production of quanti-
tative products from operational satellite observa-
tions started in the early 1970s with the Improved
TIROS Operational System (ITOS) and improved
considerable y with the launch of the current NOAA
series in 1978.
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Satellite products are typically generated at
central automated processing facilities where the
full-resolution data are received from satellite
readout stations and processed through a series of
steps commonly designated as Levels 1, 2, and 3.
Each level results in the creation of a digital data
set, or product, with data volumes decreasing with
each higher level of processing. Level 1 is a pre-
processing step in which the raw satellite data are

ingested and formatted into sensor-specific data
sets with calibration, Earth-location, and quality
control information appended to the data set. A
global, 24-hour, Level 1 data set contains on the
order of hundreds of millions of bytes of data. The
next step, Level 2, uses statistical or physically
based retrieval algorithms to transform the raw
satellite data into geophysical products at satellite
observation locations. For example, NOAA pro-
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duces global sea surface temperatures on an 8-ki-
lometer grid and global ozone measurements on a
200-kilometer grid. A typical global Level 2 prod-
uct contains on the order of tens of millions of by-
tes of data. Level 3 products usually involve inter-
polation and analysis and are generally mapped to
standard global or regional map projections and
grids. For example, NOAA maps some products
depicting aerosol concentrations into 10-degree
latitude and longitude grids. A typical Level 3
product contains approximately several hundred
thousand bytes of data and is in a format most ac-
cessible to the user community. NOAA performs
its validation of satellite measurements in most
Level 2 and 3 processing steps. Validation in-
volves merging and intercomparing satellite mea-
surements with conventional meteorological and
geophysical data (e.g., surface-based radar, radio-
sonde ascents, ocean buoys, and rain gauges).

All quantitative products require special proc-
essing to correct for clouds, the atmosphere, sea-
sonal changes, the sun-Earth-satellite geometry,
and sensor calibrat ion degradation and anomalies.
Two important automated processing functions
(usually done in Level 2 processing) are “cloud
clearing” and atmospheric attenuation. A “cloud
clearing” step is necessary to identify an observa-
tion as either clear, partly cloudy, or cloudy. The
information is critical for surface variables that

require cloud-free, or clear-view, satellite ob-
servations, such as sea surface temperature and
vegetation measurements, However, atmospheric
variables such as temperature profiles and outgo-
ing longwave radiation also require accurate cloud
detection and estimates. NOAA averages some
surface products, such as vegetation and sea ice
measurements, over a 7- to 10-day period to insure
removal of all cloud effects. Also, satellite-
derived measurements must be corrected for the
effects of the intervening atmosphere (attenua-
tion) resulting from atmospheric gases (e.g., water
vapor) and aerosols (e.g., dust and volcanic ash).

NOAA transmits satellite data and derived
products in real time to operational users through
dedicated networks. Many of the products are
transmitted to customers over worldwide net-
works, such as the Global Telecommunications
System (GTS). For researchers and the general
user community, all satellite data and products are
available through NOAA’s three National Data
Centers—the National Climatic Data Center, the
National Geophysical Data Center, and the Na-
tional Oceanographic Data Center. NOAA is cur-
rently improving access to its satellite data hold-
ings by providing users with online access and
services to data browse and inventory informa-
tion, and data set downloading on the Internet.
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ADEOS

AID

AIRS
ALEXIS

ALT
AMS
AMSR

AMSU

AMTS

APT
ARGOS

ARM
ARPA

ASCAT
ASF
ASTER

ATLAS

Advanced Earth Observing
Satellite
Agency for International
Development
Atmospheric Infrared Sounder
Array of Low Energy X-Ray
Imaging Sensors
Altimeter
American Meteorological Society
Advanced Microwave Scanning
Radiometer
Advanced Microwave Sounding
Unit
Advanced Moisture and
Temperature Sounder
Automatic Picture Transmission
Argos Data Collection and
Position Location System
Atmospheric Radiation Monitor
Advanced Research Projects
Agency
Advanced Scatterometer
Alaska SAR Facility
Advanced Spaceborne Thermal
Emission and Reflection
Radiometer
Atmospheric Laboratory for
Applications and Science

ATMOS

ATN
AVHRR

AVIRIS

AVNIR

CCDS

CCRS

CEES

CENR

CEOS

CERES

CES
CFC
CGC
CGMS

CIESIN

Atmospheric Trace Molecules
Observed by Spectroscopy
Advanced TIROS-N
Advanced Very High Resolution
Radiometer
Airborne Visible Infrared Imaging
Spectrometer
Advanced Visible and Near-
Infrared Radiometer
Center for Commercial
Development of Space
Canada Centre for Remote
Sensing
Committee on Earth and
Environmental Science
Committee on Environment and
Natural Resource Research
Committee on Earth Observations
Satellites
Clouds and Earth’s Radiant
Energy System
Committee on Earth Studies
Chlorofluorocarbon
Committee on Global Change
Coordination of Geostationary
Meteorological Satellites
Consortium for International Earth
Science Information Network

182 I
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CNES

CNRS

COSPAR
CSA
Czcs
DAAC
DARA

DCS
DMA
DMSP

DOC
DOD
DOE
DOI
DORIS

DOS
DRSS
EC
EDC
EDOS
EDRTS

ELGA

ENSO
EOC
EO-IG-WG

EOS
EOS-AERO
EOS-ALT
EOS-AM

EOSAT

Centre National d’fitudes
Spatiales
Centre National de la Recherche
Scientifique
Congress for Space Research
Canadian Space Agency
Coastal Zone Color Scanner
Distributed Active Archive Center
Deutsche  Agentur  fur
Raumfahrt-Angelegenheiten
Data Collection System
Defense Mapping Agency
Defense Meteorological Satellite
Program
Department of Commerce
Department of Defense
Department of Energy
Department of the Interior
Doppler Orbitography  and
Radiopositioning Integrated by
Satellite
Department of State
Data Relay Satellite System
European Community
EROS Data Center
EOS Data and Operations System
Experimental Data Relay and
Tracking Satellite
Emergency Locust Grasshopper
Assistance
El Nine/Southern Oscillation
EOS Operations Center
Earth Observation International
Coordination Working Group
Earth Observing System
EOS Aerosal Mission
EOS Altimetry Mission
EOS Morning Crossing
(Ascending) Mission
Earth Observation Satellite
company

EOS-CHEM EOS Chemistry Mission
EOSDIS EOS Data and Information System
EOSP Earth Observing Scanning

Polarimeter

EOS-PM

EPA
ERBE

ERBS
EROS

ERS

ERTS-1

ESA
ESDIS

ESOC
ESRIN

Eumestat

FAA
FAO
FCCSET

FEMA

FEws
FOV
FST
FY
GCDIS

GCOS
GDP
GDPS
Geosat
GEWEX

GFO
GGI
GIS
GLAS

EOS Afternoon Crossing
(Descending) Mission
Environmental Protection Agency
Earth Radiation Budget
Experiment
Earth Radiation Budget Satellite
Earth Resources Observation
System
European Remote-Sensing
Satellite
Earth Resources Technology
Satellite-1
European Space Agency
Earth Science Data and
Information System
European Space Operations Center
European Scientific Research
Institute
European Organisation for the
Exploitation of Meteorological
Satellites
Federal Aviation Administration
Food and Agriculture Organization
Federal Coordinating Council for
Science, Engineering, and
Technology
Federal Emergency Management
Agency
Famine Early Warning System
Field-of-View
Field Support Terminal
Feng Yun
Global Change Data and
Information System
Global Climate Observing System
gross domestic product
Global Data-Processing System
Navy Geodetic Satellite
Global Energy and Water Cycle
Experiment
Geosat Follow-On
GPS Geoscience Instrument
geographic information system(s)
Geoscience Laser Altimeter
System
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GLI
GLRS
GMS

GOES

GOMI

GOMOS

GOMR

GOMS

GOOS
GOS
GPS
GTS
HIRIS

HIRS
HIS

HRMSI

HRPT

HSST

HRV
IAF

IELV

IEOS

Icsu

IGBP

ILAS

IMG

INSAT

Global Imager
Geoscience Laser Ranging System
Geostationary  Meteorological
Satellite
Geostationary  Operational
Environmental Satellite
Global Ozone Monitoring
Instrument
Global Ozone Monitoring by
Occultation of Stars
Global Ozone Monitoring
Radiometer
Geostationary  Operational
Meteorological Satellite
Global Ocean Observing System
Global Observing System
Global Positioning System
Global Telecommunications System
High-Resolution Imaging
Spectrometer
High-Resolution Infrared Sounder
High-Resolution Interferometer
Sounder
High-Resolution Multispectral
Imager
High-Resolution Picture
Transmission
House Committee on Science,
Space, and Technology
High-Resolution Visible
International Astronautical
Federation
intermediate-class expendable
launch vehicle
International Earth Observing
System
International Council of Scientific
Unions
International Geosphere-Biosphere
Program
Improved Limb Atmospheric
Spectrometer
Interferornetric  Monitor for
Greenhouse Gases
Indian Satellite

IOC

IPCC

IPO
IPOMS

IRS
IRTS
ISAMS

ISY
ITS

JOES
JERS
JPL
JPOP
LAGEOS
Landsat
Lidar
LIMS

LIS
LISS

LITE

MELV

MERIS

MESSR

METOP

MHS
MIMR

MIPAS

MISR

Intergovernmental Oceanographic
Commission
Intergovernmental Panel on
Climate Change
Integrated Program Office
International Polar Operational
Meteorological Satellite
organization
Indian Remote Sensing Satellite
Infrared Temperature Sounder
Improved Stratospheric and
Mesospheric Sounder
International Space Year
Interferometric  Temperature
Sounder
Japanese Earth Observing System
Japan Earth Resources Satellite
Jet Propulsion Laboratory
Japanese Polar Orbiting Platform
Laser Geodynamics  Satellite
Land Remote-Sensing Satellite
Light Detection and Ranging
Limb Infrared Monitor of the
Stratosphere
Lightning Imaging Sensor
Linear Imaging Self-scanning
Sensors
Lidar In-Space Technology
Experiment
medium-class expendable launch
vehicle
Medium-Resolution Imaging
Spectrometer
Multispectrum  Electronic
Self-Scanning Radiometer
Meteorological Operational
Satellite
Microwave Humidity Sounder
Multifrequency  Imaging
Microwave Radiometer
Michelson Interferometer for
Passive Atmospheric Sounding
Multi-Angle Imaging
Spectroradiometer
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MITI

MLS
MODIS

MODIS-N

MOP
MOPITT

MOS
MSR
MSS
MSU
MTPE
MTS
NASA

NASDA

NESDIS

NEXRAD
NIST

NOAA

NOSS
NREN

NROSS

NRSA
NSCAT
NSPD
NSTC

OCTS

OMB
OPS
OSB
O s c
OSIP

Ministry of International Trade
and Industry
Microwave Limb Sounder
Moderate-Resolution Imaging
Spectroradiometer
Moderate-Resolution Imaging
Spectrometer-Nadir
Meteosat Operational Programme
Measurements of Pollution in the
Troposphere
Marine Observation Satellite
Microwave Scanning Radiometer
Multispectral Scanner
Microwave Sounding Unit
Mission to Planet Earth
Microwave Temperature Sounder
National Aeronautics and Space
Administration
National Space Development
Agency (Japan)
National Environmental Satellite,
Data and Information Service
Next Generation Weather Radar
National Institute for Standards
and Technology
National Oceanic and Atmospheric
Administration
National Oceanic Satellite System
National Research and Education
Network
Navy Remote Ocean Sensing
Satellite
National Remote Sensing Agency
NASA Scatterometer
National Space Policy Directive
National Science and Technology
Council
Ocean Color and Temperature
Scanner
Office of Management and Budget
Optical Sensors
Ocean Studies Board
Orbital Sciences Corporation
Operational Satellite Improvement
Program

POEM

POES

POLDER

RA
Radarsat
RESTEC

RF
SAFIRE

SAFISY
SAGE

SAMS

SAR
SARSAT

or S&R

SBUV

SCARAB
SCST

SeaWiFS
SEDAC

SEM
S-GCOS

SIR
SLR
SMMR

Polar-Orbit Earth Observation
Mission
Polar-orbiting Operational
Environmental Satellite
Polarization and Directionality of
Earth’s Reflectance
Radar Altimeter
Radar Satellite
Remote Sensing Technology
Center
Radio Frequency
Spectroscopy of the Atmosphere
using Far Infrared Emission
Space Agency Forum on ISY
Stratospheric Aerosol and Gas
Experiment
Stratospheric and Mesospheric
Sounder
synthetic aperture radar
Search and Rescue Satellite Aided
Tracking
Search and Rescue Satellite Aided
Tracking System
Solar Backscatter Ultraviolet
Radiometer
Scanner for the Radiation Budget
Senate Committee on Commerce,
Science, and Transportation
Sea-Viewing Wide Field Sensor
Socio-Economic Data Archive
Center
Space Environment Monitor
Space-based Global Change
Observation System
Shuttle Imaging Radar
Satellite Laser Ranging
Scanning Multispectral
Microwave Radiometer

SMS/GEOS GEOS synchronous
meteorological satellite

SNR signal-to-noise ratio
SOLSTICE Solar Stellar h-radiance

Comparison Experiment
SPOT Systeme pour l’Observation de la

Terre
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SSM/I
SSTI

Ssu
STIKSCT
SWIR
TDRSS

TIROS

TM
TOGA

TOMS

TOPEX
TOVS

TRMM

TUSK
UARS

UAVS
UNEP

Special Sensor Microwave/Imager
Small Satellite Technology
Initiative
Stratospheric Sounding Unit
Stick Scatterometer
Short Wave Infrared
Tracking and Data Relay Satellite
System
Television Infrared Observing
Satellites
Thematic Mapper
Tropical Ocean Global
Atmosphere
Total Ozone Mapping
Spectrometer
Ocean Topography Experiment
TIROS Operational Vertical
Sounder
Tropical Rainfall Measuring
Mission
Tethered Upper Stage Knob
Upper Atmosphere Research
Satellite
Unpiloted aerospace vehicles
United Nations Environment
Program

UNESCO

USAID

USDA
USGCRP

USGS
VAS
VHRR
VISSR

VTIR

WCRP
WDC
WEu
WMO

WOCE

Www
X-SAR

United Nations Educational,
Scientific, and Cultural
Organization
U.S. Agency for International
Development
U.S. Department of Agriculture
U.S. Global Change Research
Program
U.S. Geological Survey
VISSR Atmospheric Sounder
Very High Resolution Radiometer
Visible and Infrared Spin Scan
Radiometer
Visible and Thermal Infrared
Radiometer
World Climate Research Program
World Data Center
Western European Union
The U.N. World Meteorological
Organization
World Ocean Circulation
Experiment
World Weather Watch
X-Band Synthetic Aperture Radar
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ACSYS. See Arctic Climate Systems Study
Ad Hoc Working Group on Data Policy Issues, 140
ADEOS. See Advanced Earth Observation Satellite
Advanced Earth Observation Satellite, 27
Advanced spaceborne thermal emission and reflec-

tion radiometer, 44
Advanced very high resolution radiometer, 42, 137,

152, 171-172
Aerial imagery industry, 23
Agricultural monitoring, 151-153
Aircraft remote sensing, 107
AM/FM/GIS. See Automated Mapping/Facilities

Management/Geographic Information Systems
America On-1ine, 37-38
Analog data transmission, 39
Apollo-Soyuz Test Project of 1974- 19’75, 115
APT. See Automated Picture Transmission
Archiving data. See Data archives
Arctic Climate Systems Study, 137
ASTER. See Advanced spaceborne thermal emis-

sion and reflection radiometer
Automated Mapping/Facilities Management/Geo-

graphic Information Systems, 156-158
Automated Picture Transmission, 129, 131
AVHRR. See Advanced very high resolution radi-

ometer

B
BAHC. See Biospheric Aspects of the Hydrologi-

cal Cycle
Biodiversity mapping, 160-162
Biophysical land units, 164-167
Biospheric Aspects of the Hydrological Cycle, 137
BLUS. See Biophysics] land units
Brazil, 120
British Meteorological Office, 133

c
Canada

private sector remote sensing,
remote sensing activities, 120

Canadian Space Agency, 120

106

CBERS. See China-Brazil Earth Resources Satel-
lite

CCDS. See Centers for the Commercial Develop-
ment of Space Program

CD-ROM readers, 36
CEES. See Committee on Earth and Environmental

Sciences
Cellular telecommunications, 36
Centers for the Commercial Development of Space

Program, 103
Central Intelligence Agency, 25
Centre for Earth Observation, 119
Centre National d’Etudes Spatiales, 106, 119
CEOS. See Committee on Earth Observation Satel-

lites
CEOS International Directory Network, 143, 144
CGMS. See Coordination Group for Meteorologi-

cal Satellites;
Coordination of Geosynchronous Meteorological

Satellites
China-Brazil Earth Resources Satellite, 120
CIA. See Central Intelligence Agency
CIESIN. See Consortium for International Earth

Science and Infomation Network
Civilian satellite remote sensing systems, 9
Clean Water Act, 96
Climate data, 44-46,47-49
Climate monitoring, 139
Climate Variability and Predictability, 137
CLIVAR. See Climate Variability and Predictabil-

ity
CNES. See Centre National d’Etudes Spatiales
Coastal Wetlands Planning Protection and Restora-

tion Act, 96
Coaxial cable transmission, 39
Commercial remote sensing

elements of risk and the role of government,
101-105

growth of data markets, 105-111
international competition, 111-112
overview, 93-94
remote sensing as a public good, 94-96
use of Landsat satellites, 96-101
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Commercialization risks, 101-105
Committee on Earth and Environmental Sciences,

116
Committee on Earth Observation Satellites, 27,

124-127, 140
Communications networks, 39
Compression techniques, 41-42
CompuServe, 37-38
Computer hardware and software, 34-35
Computer science research and technology, 82-84
Conservation International, 160
Consortium for International Earth Science and In-

formation Network, 78, 79-84, 138. See also
Earth Observing System Data and Information
System

Coordination Group for Meteorological Satellites,
124

Coordination of Geosynchronous Meteorological
Satellites, 129

COPO US. See U.N. Committee on the Peaceful
Uses of Outer Space

Crop management, 153-154
CSA. See Canadian Space Agency

D
DAAC. See Distributed active archive centers
DAAC User Working Groups, 85
DADS. See Data Archival and Distribution System
DARMS. See Digital Aerial Rights-of-Way Moni-

toring System
Data and information management

accessing and using data, 35-38
collecting and processing remotely sensed data,

38-42
data archives, 42-46
future of, 8-13
geographic infomuition systems, 53-57
international issues. 114-115
navigating the archives, 50, 52-53
new ways of visualizing data, 57-59
processing data and information, 34-35
summary, 1-2, 5-8
technology for archiving data, 46,50,51
underutilization of remotely sensed data, 29-30

Data Archival and Distribution System, 69
Data archives

EROS Data Center, 42-44
government centers, 13-14
land data, 15-18
long-term EOS data archives, 84
National Climatic Data Center, 44-46,47-49
navigating the archives, 50, 52-53
NOAA operational satellite data, 14-15
technology for, 46,50,51

Data compression, 41-42
Data exchange policies

coordination of, 140-143
operational monitoring, 132-134

Data Exchange Principles, 128
Data storage costs, 35
Data transmission, 39
Defense Meteorological Satellite Program, 94, 133
Department of Defense, 100
Developing countries, 145
Digital Aerial Rights-of-Way Monitoring System,

158
Digital data transmission, 39
Digital Equipment Corp., 83
Distributed Active Archive Centers, 44,67-69,77,

91-92
DMSP, See Defense Meteorological Satellite

Program
DOD. See Department of Defense

E
Earth monitoring satellites, 8
Earth Observation Information System, 141-142
Earth Observation International Coordination Work-

ing Group, 124, 128
Earth Observation Satellite Corp., 15-16, 107-108
Earth Observations Center, 120, 141
Earth Observations Commercial Applications Pro-

gram, 102
Earth Observing System

operational and planned satellite systems,
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