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"What's past is prologue,
what to come in yours and my discharge."

-Shakespeare, The Tempest

ABSTRACT

This paper discusses an ongoing effort to analyze historical remote sensing data and to
develop a technology to integrate this analysis into a common framework with the
satellite imagery. Historical data and metadata from aircraft remote sensor missions,
satellite overflights, and other sources from around the world will be used to develop
detailed information on the historical changes in the earth's land, water, and
atmospheric resources.

INTRODUCTION

Changes in the global environment can best be measured and evaluated in broad units
of time. The urgent concerns of any given historical moment may or may not have a
lasting impact on the environment—but the cumulative effect of these concerns over
time is the very stuff of global change. Therefore, the more one's data are steeped in
the past, the more effective they will be in discerning the patterns and directions of the
forces at work in the various earth systems. Without sufficient historical context,
environmental policy rl. isions become so many shots in the dark: costly, inefficient,
uninformed, perhaps even harmful.

There exists right now in archives around the world a wealth of historical data on land
use, land cover, and many other environmental characteristics. These data, which
include records from aircraft remote sensing missions, early satellite overflights, and
other sources, can extend our ability to measure global change patterns as far as seven
decades into the past—even further, in some cases. They can give us, immediately, a
r' ;iirer, deeper context for evaluating the data now being gathered such as by NASA's
Global Change Research program, particularly the data being collected by the Eanh
Observing System (EOS).

This paper discusses an ongoing effort to develop a capability to analyze these
historical data and to incorporate them into a common framework with satellite
imagery to better understand global processes. The long-term objective is to develop a
geographic understanding of tfot manner in which the earth's landscape has been
changing over the last thirty, forty, fifty years or longer and how these changes affect
or have been affected by other global environmental change events.

In the post-Cold War world, attention is turning more and more to the geophysical,
political, and economic ramifications of global environmental change. It may well
prove to be the central point of cooperation—and conflict—among the nations of the
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world in the century to come, Here, the past is truly prologue of what will be, for it is
simply impossible to devise cost-efficient, timely, and productive environmental
policies without the fullest possible understanding of the nature of global change. And
historical data are essential to .this understanding.

BACKGROUND

In 1963, NASA began a broad-based Earth Resources Survey (ERS) Program
to gather remotely sensed aircraft data for several hundred test sites across North and
South America (NASA, 1971). These data were obtained by aircraft flown at a variety
of altitudes using many differeni types of remote sensors. The program has involved
thousands of missions and although the size of (he effort was curtailed in 1973, if
continues even today. The focus of these early missions and those that followed
included instrument evaluation and trial use of the types of remote sensor data to be
generated by Landsat and other proposed earth resources satellites. In addition to
NASA, federal agencies such as the Office of Naval Research; the U.S. Geological-
Survey; the Tennessee Valley Authority; the U.S. Department of Agriculture, Soil
Conservation Service; the Environmental Protection Agency; and various parts of the
Department of Defense operated similar remote sensor testing programs. These data
have been archived in a variety of locations in the United States.

In addition to these federal agencies, other public and private groups have also been
involved in collecting and using aerial photographs for regional and local purposes,
Also, similar agencies in other countries, such as Germany, Great Britain, and
Australia have accumulated imagery and aerial photographs for a variety of purposes
covering important regions worldwide dating from the early 1900s. In fact, an index
of aerial photography compiled by Dieter Steiner in 1967 provided a comprehensive
data base of both aerial photographs and associated land use data worldwide,
identifying the dates of surveys, areal coverage, photo scales, and the nature of the
project for which the photography was made (Steiner, 1967). Some of these aerial
surveys dale from the 1930s and 1940s for countries such as South Africa, Zambia,
Nigeria, Cambodia, and Malaysia to name a few, as well as most parts of North
America and South America.

Experience has demonstrated that the metadata—the information associated with
circumstances and conditions surrounding ihe data collection activity—are crucial in
the reuse of these data for other purposes. Unfortunately, the metadata generally reside
in the minds of the former principal investigators and then often are lost over time. It is
vital that these data be preserved. Also, many earth resource problems can be
understood only by examination from a variety of disciplinary viewpoints. The
combined expertise that resides with these former principal investigators represents a
rich interdisciplinary pool of talent and information to draw upon.

Data fro-n these earlier programs can be of vital importance to current and future
research activities in the U.S. Global Change Research program. This is particularly
true as scientists await results from the Earth Observing System (EOS) and other
global change remote sensing eflnns. Use of these existing data can fill some
important information gaps in our understanding of global change until the full
complement of EOS satellites begin-; to supply data. Also, early pioneer scientists of
NASA's earth resources program may be of valuable assistance in training the next
generation of earth scientists for what obviously will be a long-term research program.

RESEARCH APPROACH

Recently, NASA and other agencies have proposed revisiting previously collected
Landsat (or ERTS) data as a "pathfinding" exercise to develop a level "0" data base.
Unfortunately, available satellite imagery allows us only to go back as far as 1972
unless low resolution imagery such as AVHRR or NIMBUS data are used. For many
research purposes these data are inadequate. Attempts to access the vast archives of the



intelligence community are under way, but even these data are limited for landscape
change research. As a complement to this Landsat pathfinder effort, we believe aircraft
and other historical phciographic data should be used to facilitate establishing a 30- to
70-year history of landscape change—a much longer period of time than can be gained
by using satellite data alone.

We are not attempting, however, an independent analysis of these aircraft data; rather,
we believe that the satellite and the aircraft data must be used together to develop
environmental change data. In fact, the integration of both the aircraft and
the satellite data into a common analysis framework is the key to our
approach. Some examples of possible applications of these historical data and
information are discussed.

Some Examples

The United States is rich in historical aerial photography. For example, the Tennessee
Valley Authority (TVA) has archived aerial photographs dating back to 1924. These •
were taken at five-year intervals (less, in some cases) and cover most of the TVA
region. Figure 1 shows the changes in landscape for a small area around Norris Dam
(completed in 1936) in eastern Tennessee between 1933 and 1969. Although the
Norris reservoir inundated a considerable amount of both forest and farmland, more
acres of forest exist today in the Norris drainage area than before the impoundment
(personal communication, TVAV

Figure 1. Comparison of 1933 aerial photograph to 1969 aerial photograph for an
area around Norris Dam in East Tennessee. Both image? liave been
digitized for analysis and display.

Such changes are not unexpected. A study by the U.S. Forest Service indicated that
forest cover in the northeastern United States, including New England, mid-Atlantic,
and the Great Lakes states, has increased by over 60% between 1952 and 1977
(USFS, 1982). In general, however, we are only crudely aware of the magnitudes.



rates, trends, and extent of land cover changes in the United States and much less
certain for the other parts of the world.

These types of shifts in land cover need to be better understood and quantified because
of their potential association with global change issues. The images depicted were
digitized using an optical scanner but the analysis of landscape change was a manual
exercise. What is needed is an automated (or semi-automated) means to facilitate this
type of analysis. We are experimenting with techniques in transforming these digitized
images into quantitative estimates of the extent and change in land cover/use types.

It is anticipated that current geographic information systems (GIS) and image analysis
technology could automate this process and produce machine readable data compatible
with satellite derived data. To explore this avenue, a small experiment was conducted
for an area south of Washington, D.C., to further investigate this approach.

Figure 2 shows a black and white version of the digitized image of a color infrared
aerial photograph produced using a color scanner. This imagery was flown in 1972 by
NASA as pan of a joint project with the U.S. Geological Survey to demonstrate the
use of Landsat and high-altitude aircraft data in regional land planning and ecological
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Figure 2 Color Infrared Pholograph of Wasrtington. 0 C. area taken by
NASA ai'Crall summer 1972. lor the Central Atlantic Regional
Ecological Test Site (CARETS) Program.



management (Alexander, 1973). In figure 3, this digital image has been rectified and
processed into land cover categories. These land cover data were combined with
1988/89 Landsat Thematic Mapper (TM) land cover data (Figure 4) to derive gains and
losses between the two time periods.

Figure 3 LonOcovP' cMSSi'icniion derived trom muHispecUal scan ol
color infrared pnolograph.

Statistics representing the gains and losses in land cover between 1972 and 1989 are
shown in Table 1. What is interesting about these data is that more forest exists in
1989 than in 1972. At the same time, urban and builtup area has also increased, but
forest area shifted from rural to urban forest. Of course, the relative biodiversity
between the forests types is considerably different. The new suburban areas in 1972
have now matured and the trees planted by the new owners now provide sufficient
crown cover to be detected in 1989. A field check of 50 randomly selected sample
areas indicates a high degree of accuracy in the land cover data for both time periods.

In summary, this demonstration provides an approximation to the techniques we
would use in a more automated system to analyze historical imagery. We also have
shown how useful information may be derived, but this demonstration represents only



a small sample of the potential information available. We are not aware of any other
proposed efforts that specifically suggest the need for or possibility of reusing these
past remote sensing investigations and the associated data for current global change
research.

WHY HISTORICAL LANDSCAPE DATA ARE IMPORTANT

Historical landscape data can be used in many ways for global change research.
Scientists often have a need for information and data that can be integrated with
conceptual and predictive models that are dependent upon the use of historical-trend
data. Here we note just a few of the many potential uses of such data:

• There has iong been a need to establish an integrated, comprehensive, long-
term data base to document the condition and change in the earth landscape on
a local, regional, continental, and global scale.

• Long-term historical landscape data will provide better estimates of the changes •
in total biomass (forest and other herbaceous vegetation) on land and in coastal
zones. These data also will contribute to our understanding of recent changes
in local, regional, and global biodiversity.

> Man's impact on changing land cover/land use patterns may be related to
changes in solar absorption and terrestrial reflectivity (Landsberg, 1981).
Historical land cover data may improve our understanding of this process.

• Historical landscape data may relate to changes in the earth's energy heat
budget- Such data may be useful in global climatic modeling particularly if the
changes can be related to phase changes for water in the atmosphere.

• Interactions between climate and changes in land use/cover at both large and
medium scales are still poorly understood. Historical land cover data clearly
can help in understanding the effect of urbanization on climate (and recorded
meteorological data) at macro and meso scales.

• Changes in the land use, land cover, and other landscape characteristics also
impact the hydrologic cycle. The relationship between changes in the landscape
such as forest clearing and intensive cultivation to environmental degradation
or catastrophic impacts, such as flooding, soil erosion, loss of property, or the
increase (or decrease) in pollution can be better understood with historical data.

• Perhaps the most important historical changes in landscape occur at the coastal
margins as they relate to such issues as wetland loss, habitat alteration, and
changes in coastal geomorphology. Landscape change along coastal borders
has been suspected to be related to changes in coastal resources such as
declining fish harvests. Historical data all help delineate the patterns of these
changes.

• Significant changes in agricultural practices around the world are likely to have
global impacts beyond each particular region. Historical land cover data would
provide information about land cultivation practices over long periods of time
and allow for betier estimates of trends in bare soil/vegetation cover ratios.
These ratios could well be linked to atmosphere moisture conditions at both
macro and meso scales, and need further investigation.

• Finally, experimenting with data and information derived from historical
remote sensing sources may assist in calibrating and planning for new sensors,
including the specifying of frequency of collection and resolution scales.



CONCLUSIONS

Many global change processes require decades of data in order to understand the
causes and mechanisms at work. This is particularly true in the case of many
landscape evolution processes. Even though forests can disappear literally overnight,
it take centuries to return them to near natural conditions. Without a means to measure
and record the historical rate and magnitude of the change in past landscapes to the
present, we are left with waiting until new data can be acquired from new earth
observing programs such as EOS or other monitoring programs.

We at Oak Ridge National Laboratory v/vt colleagues in other organizations such as
NOAA, USDA, USGS. etc., who depr<id upon landscape change data as a source of
information, have been seeking ways to develop a coordinated effort to develop these
historical daia sources. New technologies exist that should allow these historical
sources to be transformed into more useful and accessible data for analysis in a variety
of scientific applications. We are confident that color infrared photography and
historical satellite data can be converted to compatible formats for analysis. With
additional work, panchromatic sources can also be rendered to a similar form for
landscape change analysis.

Perhaps the most obvious and immediate benefit of this effon is the support it can give
to vital policy decisions on the environment. This is especially true in the present
climate of financial constraint. When funds are limited, all efforts must be prioritized
according to their cost-effectiveness and likelihood of success. Prioritization is
especially important in dealing with global fnvironmental change, because the margin
for error is small. Many environmental police may require governmental and societal
changes on a massive, multi-level scale which, once in motion, could not be easily
reversed. A wrong policy choice could well produce more damage to the
environment—geophysical and social. For these reasons, it is more important than
ever that we be able to discern more clearly the realities of the present by analyzing the
patterns of the past.

It must also be noted that, given the financial constraints in the world economy, our
proposed more expansive effon represents perhaps the most cost-effective and timely
way of getting vital information about global environmental change. The data already
exist: no new missions need be launched to obtain them. Nor do we have to wait
several years for the new satellite data before we can make meaningful progress in
assessing the patterns of global change. Use of historical remote sensing data is a
quick and inexpensive method of supporting environmental policy decisions while the
EOS data is coming in.

Time and technology have combined to give us a unique window of opportunity for
using the historical data resources at our disposal. Enough time has passed to build up
a body of data that can accurately reflect the incremental effects of environmental
change; yet we are still close enough in time to many of the original data collection
efforts to use the metadata from the original researchers. New technologies developed
in the past few years have brought an unprecedented ability to analyze historical data,
and to integrate these data with the new information now being gathered. Our hope is
that we can seize (his historical moment.
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