Landsat, Computers, and
Development Projects

Digital analysis of data from earth-orbiting satellites

offers new perspectives on global development.

Pierre-Marie Adrien and Marion F. Baumgardner

The science of remote sensing, that is,
the collection of physical information
about the earth’s surface from some dis-
tance away, such as from an aircraft or a
satellite equipped with remote sensors,
is of great importance for economic de-
velopment.

At present, each of two U.S. satellites,
Landsat 1 and Landsat 2, orbits the earth
once every 103 minutes, scanning the
same area on the earth’s surface once
every 18 days. The orbiting schedules
are such that images are obtained from
an altitude of approximately 920 kilo-
meters over the same scenes at 6- and
12-day intervals. The satellites trans-
mit the scanner data to receiving sta-
tions in Brazil, Canada, Italy, and the
United States.

This data acquisition system can pro-
vide information at frequent intervals
about the location, availability, and
changing conditions of the natural re-
sources of specific project areas. Such
information is essential for establishing
appropriate priorities and effective man-
agement plans in developed and devel-
oping countries. In considering the map-
ping and monitoring of earth resources
on national, regional, and global bases,
perhaps no better approach has yet been
devised by man that the computer-
implemented analysis of multispectral
scanner (MSS) data acquired by earth-
orbiting satellites.

Development of Remote Sensing

Techniques

Remote sensing technology cuts
across a broad range of scientific dis-
ciplines and requires close communica-
tions and cooperation among these dis-
ciplines for mapping and monitoring the
land, vegetation, water, and mineral re-
sources of our planet (/).

Aerial photography, one kind of re-
mote sensing, has been used for decades
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(2) as a base for mapping soils, preparing
land use inventories, identifying and
measuring crop areas, delineating condi-
tions of crop stress, and observing, in
general, the surface of the earth (2).

Many new sensors have been devel-
oped since 1960 and great advances have
been made in analysis and interpretation
techniques. In the 1960’s, for example,
engineers at the Willow Run Laborato-
ries of the University of Michigan [cur-
rently known as the Environmental Re-
search Institute of Michigan (ERIM)] de-
veloped a multispectral scanner (MSS)
for aerial remote sensing, and scientists
and engineers at the Laboratory for Ap-
plications of Remote Sensing (LLARS),
Purdue University, developed computer-
assisted pattern recognition techniques
(3) for the quantitative analysis of multi-
spectral data obtained from aircraft and
satellite platforms. In 1967, a crop spe-
cies, wheat, was identified by the analy-
sis of multispectral data gathered over
the Purdue Agronomy Farm, West La-
fayette, Indiana. Now, the National
Aeronautics and Space Administration
(NASA) has developed specifications for
the thematic mapper (TM) which will be
mounted in Landsat D, scheduled to be
launched in the early 1980’s.

In July 1972, NASA launched Landsat
1, a satellite in sun-synchronous polar
orbit designed to study earth resources
from an altitude of more than 900 km. In
January 1975, NASA placed in orbit
Landsat 2, a duplicate of Landsat 1.
Each of these satellites is equipped with
an MSS that measures radiant energy re-
flected from the surface of the earth in
four wavelength bands. These bands in-
clude a visible green band (0.5 to 0.6
um), a visible red band (0.6 to 0.7 um),
and two reflective infrared bands (0.7 to
0.8 um and 0.8 to 1.1 wm) (4). The radia-
tion data from these different bands are
transmitted to receiving stations on the
ground (Table 1) and recorded on mag-
netic tape from which images can be pro-

duced (5). The smallest area which the
Landsat scanners can resolve on the
earth’s surface is approximately 0.5 hec-
tare. Each frame of imagery from Land-
sat covers an area 185 km by 185 km,
that is, 34,000 km?. Each revolution of
the earth by the satellite requires 103
minutes, and the 30,000,000 data points
(quantitative reflectance values) for each
image of data are obtained in approxi-
mately 25 seconds (6). Therefore, more
than a million data points per second,
each representing a specific geographic
address on the ground, are transmitted to
the receiving stations (7).

Use of Landsat Data

During the past 3 years, the Large
Area Crop Inventory Experiment
(LACIE) has been conducted coopera-
tively by the U.S. Department of Agri-
culture (USDA), the National Aeronau-
tics and Space Administration (NASA),
the National Oceanic and Atmospheric
Administration (NOAA), and several
universities and research institutes
(8). In this experiment, Landsat MSS,
weather, and ground observation data
are used to provide a model for wheat
yield prediction in the Great Plains
of North America.

The ultimate objective of this type of
research is to provide a continuous in-
ventory of the world’s food supply. If
such research efforts are successful, the
results will provide improved crop pro-
duction estimates for the major food pro-
ducing nations. An early evaluation of
the results from LLACIE suggests that the
data from earth-orbiting satellites will
provide .invaluable information about
areas and conditions of crops for agricul-
tural information systems of the future.

Westin and Frazee (9) have used
Landsat images for low intensity charac-
terization and mapping of soils over large
areas. They have also described analysis
techniques that provide rapid and low-
cost results that are useful for tax assess-
ment of land and for extensive land use
planning and management decisions.

Several developing countries, includ-
ing Bolivia (10), Brazil, Chile (11), Costa
Rica (12), Mexico (I3), Sudan, Zaire,
and others are using remote sensing from
satellites in a number of projects. In Bo-
livia, for example, remote sensing, to-
gether with conventional aerial methods
for photographing existing pipelines for
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Table 1. Landsat ground-receiving stations that are planned or in operation, and countries that have expressed interest in such projects. These
ground stations, with their associated processing equipment, represent an investment that should reach $40 to 50 million by the end of 1977, much

of it in the United States (5).

Stations Date

Likely Active

Country (No.) operational prospects interest Comments

Argentina 0 1978 or 1979 Good Agreement signed with NASA

Australia 0 Good

Brazil 1 1974

Canada 1 1972 A second station at St. John’s, Newfoundland, is expected
to begin operation in the first quarter of 1977

Chile 0 Yes Agreement signed with NASA but construction not yet under
way

India 0 Good

Iran Early 1978 Station site at Shahdasht, west of Tehran

Italy 1975 Data received since 1975; the ground station is operated by
Italy for the European Space Agency as part of Earthnet*

Japan 0 Good

Mexico 0 Yes

Nigeria 0 Yes

New Zealand 0 Yes

Sweden 0 Good To be part of Earthnet*

Thailand 0 Yes

United States 3 1972 Station sites at Fairbanks, Alaska; Goldstone, Calif.; and
Greenbelt, Md.

Upper Volta 0 Good Proposed conversion of French tracking station

Zaire 0 Good Agreement signed with NASA

*Earthnet is a program within the European Space Agency.

natural gas, is being used in the planning
of four alternative routes for a pipeline to
connect the Santa Cruz gas field with the
Bolivian border and with a Brazilian
pipeline that will route gas to markets in
Sao Paulo 1800 km away. The maximum
length of the Bolivian portion could be
550 km, more or less along the existing
railroad bed. On the basis of Landsat
data, however, an optimum route of 517
km was recommended. A saving of some
16 km, at current U.S. prices of about
$150,000 per kilometer for a 68-centime-
ter line, could mean a total saving of $2.4
million (/4).

At Purdue University, LARS recently
completed a land use inventory of the
U.S. portion of the Great Lakes drainage
basin (340,000 km?). This project is an
outgrowth of the 1972 agreement be-
tween Canada and the United States to
reduce pollution in the waters lying be-
tween the two countries.

Computer-aided analysis of multi-
spectral data from Landsat 1 were used
to produce color-coded maps for each of
the 191 counties in the eight states of the
drainage basin. Four of the land uses that
were spectrally identified and mapped in-
cluded those classified as level 1, namely
agriculture, forest, water, and urban.
The land use classification system for
levels 1 and 2 in this study were adapted
from Anderson (/5). Tabular statistics
were provided by county with areas giv-
en in acres and hectares and as per-
centages of county area for land use lev-
els 1 and 2. Statistics for a sample county
are given in Table 2.

To obtain known land use categories
for specific points in the Landsat data,
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aerial photographs had to be taken over
sample areas of all the representative
land use categories to be mapped. Color
and infrared photographs (70 mm) were
taken over less than 4 percent of the wa-
tershed. Locations and land use cate-
gories were identified by examining the
aerial photographs, and definitions were
processed by the computer for use in
identifying and mapping the desired land
use classes over the entire watershed by
computer-aided analysis. This inventory
was completed in approximately 1 year
(16).

Relevancy to Development Projects

In terms of cost and labor consump-
tion, clear-cut advantages have already

been established over conventional
methods of natural resources inventory
(17). For example, the cost of Westin
and Frazee’s low intensity mapping of
soils with Landsat images was a fraction
of what conventional mapping costs
would have been (9).

Landsat data hold great promise for
the Sudan, the largest country in Africa.
The northern third of the Sudan’s 2.5
million km? is desert. Much of the rest is
semiarid and, without careful planning
and management, of only marginal agri-
cultural use. Freed from colonial rule
less than two decades ago, the Sudan is
struggling to develop its resources. How-
ever, there are few surveys of the land,
or vegetation, water, and mineral re-
sources of most of the country at scales
greater than 1:1,000,000 or 1:500,000.

Table 2. Land-use classes for Sheboygan County, Wisconsin, derived from computer-aided

analysis of data from Landsat (/6).

County
Land uses Acres Hectares area (%)
Urban
Residential 38,600 15,620 11.9
Commercial 4,680 1,890 1.4
Total 43,280 17,520 13.3
Agriculture
Row crop 30,590 12,380 9.5
Close-grown crop 35,700 14,450 11.0
Pasture 123,820 50,120 38.0
Total 190,120 76,970 58.5
Forest 84,840 34,340 26.1
No major use
Water 6,350 2,570 2.0
Wetland 540 210 0.1
Total 6,890 2,780 2.1
Grand total 325,130 131,610 100.0




Between July 1972 and August 1973,
more than 750 frames of data from Land-
sat 1 were obtained over the Sudan. If
one discounts overlap between scenes,
there were enough data to provide cov-
erage of the entire country ten times
over. At the request of the Food and Ag-
riculture Organization (FAO) and the
Government of Sudan, scientists at
LLARS analyzed data obtained by Land-
sat 1 on two different dates (7 November
1972 and 9 February 1973) over the El
Fula region in the provinces of Northern
Kordofan and Southern Kordofan,
southwest of Khartoum.

The objective of the study was to as-
sess the usefulness of computer-aided
analysis of Landsat data in preparing an
inventory of the land, vegetation, and
water resources in the tropical savannah.
Results indicate that these techniques
can quickly and efficiently provide maps
at scales as large as 1:24,000 delineating
important soil differences, vegetation
complexes, surface drainage patterns,
erosion hazards, and land use (I8). One
of the most difficult aspects of the Sudan
project was that of obtaining sufficient
ground (or aerial photographic) observa-

tions to provide spectral definitions for
computer analysis and for evaluation and
classification of the results. This is a
common difficulty in many land areas of
the world where little or no survey infor-
mation is available.

Figure 1 shows the classification of
one small area near the village of El
Fula. The original computer printout was
at a scale of 1:24,000 and each data point
(printer symbol) represents an area of 0.5
hectare. On the basis of the study the
government of Sudan has allocated funds
and assigned high priority to the devel-
opment of facilities for utilizing remote
sensing technology in surveying and
monitoring the country’s natural re-
sources.

An integrated model capable of pre-
dicting crop growth response and prog-
ress in situ in relation to fertilizer appli-
cations, weather variability, soil mois-
ture-holding capacity, irrigation fre-
quency, and other factors that affect
yields would be of considerable impor-
tance to the producer or farmer. Data
from Landsat could help to identify and
measure fluctuations in such environ-
mental factors through sequential moni-
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toring of the agricultural scene. Even-
tually, it may be possible to store such
data in a data bank in a processed format
useful to researchers, project specialists,
food growers, and other potential users.

Global remote sensing information
systems also hold great promise for
monitoring the conditions of rangelands,
locating and quantitatively estimating
timber stands, monitoring and measuring
areas of soil deterioration, developing
land use capability and soil productivity
maps, and monitoring crop conditions
under both rain-fed and irrigation agri-
culture.

Landsat Improvements

Although many different sensing de-
vices and techniques are being studied, it
seems certain that the principal remote
sensing instrument on board orbiting sat-
ellites within the next decade will be the
MSS. However, with the experience
gained from the Landsat experiment, it is
now possible to predict some of the im-
provements that may be incorporated in-
to a global remote sensing information
system in the early 1980’s.

Spatial resolution. One of the limita-
tions of the Landsat scanners for certain
uses in many areas of the world is the
spatial resolution of only 0.5 hectare. It
is technically feasible to build a scanner
with greater resolution, and serious con-
sideration is being given to the design of
a scanner with a resolution of 30 meters,
or less than one-tenth of a hectare. Such
a scanner could facilitate the identifica-
tion of more detailed ground features.

Spectral range. Whereas present Land-
sat scanners are limited to measuring
radiation within only a portion of the
visible and the near infrared spectrum, it
is proposed that radiation measurements
in the middle and thermal infrared be
added to the capabilities of satellite scan-
ners in the 1980’s. The thermal band will
be particularly useful for studying the be-
havior of hot springs and volcanoes in
areas such as Central America where
they are found in unusually high concen-
tration.

Scanning frequency. Studies are under
way to determine the optimum fre-
quency of satellite coverage for a wide
range of applications. Observing or
monitoring certain scenes more fre-
quently than at 18-day intervals would be
desirable for many users. This is particu-
larly critical in areas where cloud cover
is a problem. More frequent satellite
coverage will increase the probability of
obtaining cloud-free observations. Fu-
ture systems may provide coverage as
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frequently as every 7 to 9 days. At pres-
ent, Landsat 1 and Landsat 2 are used in
tandem and they provide coverage at in-
tervals of 6 and 12 days.

Analytical capabilities. Multispectral
data received from Landsat are recorded
in digital form. That is, for each resolu-
tion element (or 0.5 hectare) scanned by
the satellite, four quantitative values are
recorded on magnetic tape. There is one
value representing the intensity of reflec-
tance from the earth’s surface for each of
the four wavelength bands. Every half
minute more than 7.5 million quan-
titative observations per band are re-
corded.

Since Landsat 1 was launched, great
progress has been made in computer
technology and in imaging devices and
other equipment for analyzing and inter-
preting masses of data from satellites
(19). Rapid progress in the development
of computer hardware (equipment) and
software (computer programs) is ex-
pected to continue (20). Analytical capa-
bilities in the 1980’s will be far superior
to our present capabilities in speed,
range, and low cost per unit of data ana-
lyzed (21).

Dissemination of data. Landsat 1 and
Landsat 2 were designed for research
work. One of the consequences of this
design is a built-in delay in distributing
satellite data to users. Many scientists
and representatives of the user commu-
nity have expressed concern that an op-
erational information system for global
monitoring of earth resources must pro-
vide for rapid dissemination of data. Fu-
ture systems should provide great im-
provement in this respect over the pres-
ent experimental Landsat system.

Landsat Follow-On Program

As the Landsat program progresses in-
to the 1980’s, a broad range of technical
modifications are being planned to bring
about significant changes in both the data
and distribution systems. In order to ob-
tain data over lands beyond the transmis-
sion limits of ground-receiving stations,
Landsats 1 and 2 are equipped with mag-
netic tape recorders. Recorded data from
distant areas are transmitted when the
satellite is within range of one of the
U.S. receiving stations. The limited use-
ful life of the recording tapes and the re-
corders on Landsats 1 and 2 have em-
phasized the need for elimination of re-
corders on future earth resources satel-
lites.

Future Landsat satellites will collect
data at an altitude of 705 km by means of
the MSS and the thematic mapper, a
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Fig. 2. Comparative analysis of the worldwide
estimated field-size distribution viewed by the
multispectral scanner and the thematic map-
per (22).

scanner that is being designed for six
spectral bands (Table 3) and that will
have a 30-m resolution element (22). The
thematic mapper will have a relatively
greater capability than the MSS to re-
solve small crop-growing areas. As de-
scribed in Fig. 2, the thematic mapper
will resolve 80 percent of these areas
which will correspond to 99 percent of
the total area under cultivation.
Through continuous communication
between Landsat D and either of two
stationary communications satellites,
known as the Tracking and Data Relay
Satellite System (TDRSS), data from the
thematic mapper will be transmitted in
real time, that is, as it is collected, to
TDRSS and retransmitted to a single
global receiving station at White Sands,
New Mexico. Foreign stations will have
to be upgraded if they wish to take full
advantage of the TM capabilities. A data
processing facility is being designed at
the Earth Resources Observation Sys-
tems (EROS) Data Center, Sioux Falls,
South Dakota, to assure that there
will be no backlog in processing and
archiving of data in the United States.
This center is currently developing the
EROS Digital Image Processing System
(EDIPS) which is expected to start oper-
ating in June 1978. It will give EROS the

capability of processing 340 scenes per
day in two shifts.

The specific objectives of the Landsat
follow-on programs as defined by NASA
are:

1) To implement an operational dem-
onstration of a prototype second genera-
tion Landsat system and validate opera-
tional uses in agriculture, land inventory,
water, petroleum, and mineral re-
sources.

2) To provide a commitment of suf-
ficient duration to encourage user invest-
ment and allow user operational needs
and benefits to develop and be tested (in-
cluding industrial support base).

3) To provide a complete satellite and
data distribution system to meet opera-
tional requirements (timeliness and
throughput).

4) To provide a real test of institution-
al arrangement.

Preparing for the Future

The potential applications of this tech-
nology made possible by recent devel-
opments in data acquisition, data analy-
sis, and communications have been dra-
matically demonstrated across a wide ar-
ray of disciplines. One of the great
challenges that looms before the devel-
oping world is that of transferring this
technology to those who can most bene-
fit from its use.

One approach for leaders of any coun-
try wishing to obtain, analyze, and inter-
pret data from earth resources satellites
is to determine who the potential users of
such information would be. A national
coordinating committee or government
agency could be established in these
countries to provide a focus on the appli-
cations of remote sensing and to coordi-
nate remote sensing activities. Many
countries lack trained scientists and en-
gineers who can provide technical lead-
ership, but there are a number of centers
in the United States and other countries

Table 3. Sensor parameters proposed by Thematic Mapper Working Group for Landsat D

spacecraft (22).

. B

Spectral bands Waxz::tl;r;gth Objectives Res(orLl;tlon
Blue 0.45to 0.52 Water depth, land use, soil, 30

and vegetation

Green 0.52to 0.60 Vegetation vigor 30
Red 0.63to 0.69 Chlorophyll absorption 30to 40
Near infrared 0.76to 0.90 Stress and biomass 30
Near infrared
Mid-infrared 1.55t0 1.75 Vegetation moisture 30
Thermal infrared 10.4 to12.5 Temperature variation 90 to 120

*The number of detectable gray levels or relative reflectance values per Landsat D thematic mapper band will
increase to 256 from the current values of 127 for MSS bands 4, 5, and 6, and 63 for band 7. By comparison,
the human eye can detect approximately 16 gray levels.
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Table 4. International participation in NASA’s earth resources investigation programs (25).

Africa Europe
Botswana*t Belgium*
Egyptt Federal Republic
Kenya*f of Germany*t#
Lesotho* Finland*t
Libyat France*ti
Mali*} Greece*
Italy*ti
South Africa*+ Netherlands*#
Norway* ¥t
FAO*t1§ Romaniat
Spain*t
Sweden*t
Oceania Sw?tzerla.nd*hE
Australia*f1 gmteq Kingdom*t}
New Zealand+ rganization of
European
Communitiest

Asia Central and
Bangladesh*t South America
India* Argentina*t
Indonesia* Bolivia*t#
Iran*ti Brazil*tt
Israel*f Chile*
Japan*ti Colombia*
Korea*t Ecuador*
Malaysia*t Guatemala*
Pakistant Peru*f
Philippines*f Venezuela*
Sri Lankat
Thailand* % North America
Turkeyt Canada*ti
Central Treaty Mexico*t#

Organizationt
Mekong
Commission*t

*Landsat investigations.
(EREP/Skylab) investigations.
resources investigation programs.

where training in aerospace remote sens-
ing technology is available (23). During
the decade ahead a concerted effort must
be made to provide the opportunities for
a wide range of resource scientists and
managers in the developing countries to
receive in-depth training in the analysis
and interpretation of Landsat data. The
international development organizations
can play a key role in allocating funds to
support these educational opportunities.

It will be difficult for any country to
chart a rational course for its devel-
opment in remote sensing technology un-
til a broad array of potential users of the
technology are familiar with current and
projected capabilities and can participate
actively in designing a program that can
best meet their country’s needs (24).

Several nations in Latin America, Af-
rica, and Asia are participating in the
Landsat experiment (Table 4) (25). The
analyses of Landsat data in many devel-
oping countries have shown great prom-
ise in providing useful inventories and in-
formation about natural resources which
never before were available.

Summary

Data provided by earth-orbiting satel-
lites and analyzed through specific com-
puter techniques are rapidly providing
policy-makers around the world with
new information on the location and ex-
tent of their countries’ renewable and
nonrenewable resources. Development
projects utilizing remote sensing tech-
nology are being supported, for example,
by the Inter-American Development
Bank, the World Bank, and other inter-
national funding agencies. The Inter-
American Development Bank is financ-
ing a natural resources inventory of five
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tLandsat follow-on investigations.

iEarth resources experiment package

FAQ is also active in Asia and Central and South America in the earth

countries in Central America, and this
will require the application of remote
sensing in the analysis of 33 Landsat im-
ages covering the area. Although the
Landsat program remains experimental
in nature, studies pertaining to its follow-
on aspects will ensure continuation of
the program so that developed and de-
veloping countries will be able to main-
tain better control of the management of
their natural resources.

Note added in proof: Landsat 1 went
partially out of commission in August
1977.
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