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Space age technology contains a key to increased knowledge about 
the Earth's resources; this key is remote sensing-detecting the nature or 
condition of something without actually touching it. An early and still 
most useful form of remote sensing is photography which records the 
scene, as man sees it, on film sensitive to that part o f the electromagnetic 
spectrum called visible energy. Electromagnetic energy travels in waves of 
various lengths ; most are invisible to the human eye. Wavelengths pro
gressively longer than those that the eye can see are infrared and micro
wave. Wavelengths progressively shorter than the eye can see are ultra
violet,X-rays, and gamma rays. 

Instruments can produce photographs and images (pictures other than 
those produced by photographic cameras) of energy distribution in each 
part of the electromagnetic spectrum. These instruments include photo
graphic cameras, scanning radiometers, and radar. Each part of the electro
magnetic spectrum is particularly suitable for providing information about 
some aspect of the world. 

Black-and-white aerial photography, used stereoscopically, can pro
vide accurate measurements of the size, shape, and location of objects. 
It is routinely used to prepare topographic maps, to survey agricultural 
crops and timber stands, to assess storm damage, to select sites for engi
neering works, and to map structural geologic features such as faults and 
folds. 

Color increases the usefulness of photography for differentiating rocks 
and soils, vegetation, surface-water area and turb idity, and materials in 
houses, roads, and other objects on the Earth's surface. 
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Color infrared photography, developed for detection of camouflaged 
install ati ons during World War II , records some informat ion that man 
ca nnot see but that ca n be recorded on film, increasing recognition of 
vegetation and its conditi on. Leaves of healthy plants generally have a high 
reflectance in the infrared region of the elect romagneti c spectru m and, by 
convention, are recorded as red for contrast with unhealthy o r dead 
vegetation which appears green or blue. Variat ions in red tone may indi
cate the presence of more than o ne species o r the p resence of unhealthy 
plants, because the amo unt of infrared reflectance varies with leaf struc
ture and plant vigor. Infrared photography also provides clues to the 
avai labi lity of water and to the physical character and mineral constituents 
of soils, because these factors signifi cantly affect the distribution and 
vigor of vegetation. 

Special detectors permit images to be produced from parts of the 
spectrum that are invisible to photographic film. These detectors convert 
electromagnetic energy to electrica l energy that ei ther activates a light 
source such as a cathode- ray tube (s imilar to a TV-picture tube) to pro
duce an image or ac tivates an elect ronic device that records directly on 
magnetic tape (si m i lar to a tape recorder). Some of th e instruments (radiom
eters) measure energy em itted in the infrared wavel engths from an object 
and, in fact, reco rd radiant temperatures at or near the Earth 's su rface. 
Other instruments measure reflected and emitted energy in the microwave 
and longer wavelengths. Some rad iometers and rada rs produce an image by 
scanning a scene line by line and are therefore ca ll ed scan ners. Some 

Diseased or st ressed vegetation appears light-colored or bluish in in frared photographs, such as 
th 1s one of an area of Southern p in e in Copiah County, Mississippi, taken February 2, 1973. 
Healthy vegetation appears red or pinkish. 
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instruments may be used during th e day or at night, and many radar 
systems can observe the surface of th e Earth through clouds. 

Infrared sensing instruments can remotel y measure surface tempera
tures and map their distribution . They ca n revea l th ermal areas . volcanic 
act ivity, fires normally obscured by smoke, underground fires, heated 
buildings, and wild an imals. Such observations ca n, by revea ling surface 
temperature distributions in water, aid in the discovery of springs dis
charging into lakes, rivers, and oceans and provide information on moisture 
cond itions nea r the ground surface. These observations ca n also indi ca te, 
indirectly, physica l properties of soi ls and rocks becau se retention or loss 
of hea t are primarily determined by th ese characteristi cs. 

Radar reco rds the reflection of radio signa ls tran smitted from aircraft 
or spacecraft to the ground. The signa ls are affected by the roughness and 
slope of the refl ec ting surfaces and the electrical properties of materials . 
Radar has been particular ly useful in revealing geo logic structures, studying 
ice distribution and characteristics, and mapping terrain obscured by 
clouds. There are many other types of remote-sensing instruments, but 
these are the more common ones. 

The proper selection of sensors must be based on what is to be 
detected and what its spect ral response wi l l be compared with th at of 
its surroundings. Optimum se lection continues to be th e subject of long 
and difficult inves tigation s. Almost invari ab ly, howeve r, a combination 

One tool for developing synoptic terrain maps is airbo rne, side- look in g radar w hi ch defi nes 
va ll eys, slopes, ridges, and other topographic features. Th is rada r im age of a portion of the San 
Franci sco peninsula shows the San Andreas fault zone and related faults. Note how wate r 
surfaces reflect rada r waves away from the receive r and appea r black. Near-surface mo isture in 
soi Is genera lly appears dark gray. 
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of spectra l obse rvations increases the information; that is, two distinct 
spectral observat ions provide more than twice as much information as one 
distinct observation. Experiments show that the best results are obta ined 
by using more than o ne picture of th e sa me scene, with each picture 
reco rding a different wave length band within the visible and in frared parts 
of the spectrum. This system is ca ll ed multispectral photography or imagery 
and is used on both aircraft and sa tellites. 

These images were recon st ructed from the Multispectral Scanne r (MSS) aboa rd Landsat-1, and 
were made simultaneously on October 10, 1972. 

A rea shown includes New Orlea ns, Loui sia na (left of center), the M ississipp i River, Lake Pont
chart rain, Mouth of the Mississippi River (lower right), and the Mississippi Gulf Coast. 
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Interpretation 
of Space Data 

The first significant test of acqu1nng Earth-resources data by remote 
sensing f rom space was made during the Apol lo 9 flight in March 1969. 
Mu ltispectra l photographs were obtained of the southern part of the 
United States using a cluster of four Hasse lblad 70-mm cameras. This 
experiment demonstrated the usefulness of th e multispectral approach 
that was later employed on the first exper imenta l Landsat sate lli te (formerly 
ERTS-1) launched july 23, 1972, and Landsat-2 launched january 22, 1975, 
both from Vandenburg Air Force Base, Californ ia. 

Each Landsat experimenta l satel l ite is in a c ircular, near-polar, sun
synchronous orbit so that the same po in t on th e Earth's surface is v iewed 
every 18 days at the same time of day. The orbit is at an altitude of about 
920 kil ometers (about 570 mi). Each sate lli te ca rries a multispectra l scan
ner, providing data in four wavelength bands, and vidicon (TV-type) 

Th e te rrai n on the northwest coast of Australia is presented in this image of the Collier Bay 
area. The desert environment accentuates the structura lly comp lex Wyndam Range at the bottom 
of the image. The coasta l mangrove fringe appea rs red with sal t-encru sted areas o n the main land 
white. The shall ow coasta l sea floor and coralline reefs, such as around Montgomery Island, 
appea r in va riou s shades of blue; the li ghtest shad es are the sha llowest. Information from images 
such as thi s ca n be used to improve ex ist ing bathymetric charts. Landsat image 1020-01143, 
August 12, 1972. 
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cameras operating in three wavelength bands ; both types of instruments 
record in the visible and near-infrared parts of the electromagnetic spec
trum. The original information is returned to Earth as electronic signals, 
recorded on magnetic tape suitable for computer analysis, and then con
verted to photographic-type images. The satelli tes also have radio relay 
systems to collect and transmit data from ground sensors, such as stream 
gages, seismic event counters, volcano tiltmeters, and meteo rological instru
ments. 

The Apollo experiment also contributed to the development of the 
Earth Resources Expe rim ent Package (EREP) carr ied aboard Skylab when 
it was launched in May 1973. Skylab, a manned sate llite, returned Earth 
resources data on film and magneti c tape. The EREP on board Skylab con
sisted of a multispectral scanner providing data in 13 wavelength bands; a 
multispect ral camera providing photographs in 6 wavelength bands; an 
Earth Terrain Camera with a 457-mm (18-in) focal length lens that obtained 
photographs in black and white and in color; an infrared spectrometer 
that recorded on magnetic tape data in the visibl e through infrared wave
lengths; a microwave radiometer/scatte rom ete r and altimeter; and an 
L-band microwave radiometer. Skylab orbited th e Earth at an altitude of 
about 426 kilometers (about 264 mi) and was occupied for three different 
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periods from May 1973 to February 1974. The remote sensors on these 
spacecraft were designed to meet the specifications of the Departments 
of the Interior and Agriculture. These Departments and many other investi
gators around the world are testing the data's application to planning, 
management, and conservation of resources. The investigations have shown 
that space data can be useful in such fields as cartography, geology, geog
raphy, hydrology, marine resources, agriculture, forestry, and land man
agement. Many of these studies are conce rn ed with mapping major geologic 
st ructures as they relate to mineral and fuel deposits, assessing hydrologic 
problems, determining the condition of rangeland, mapping changes in 
land use, studying erosion and change along coastlines and major streams, 
selecting better sites for large engineering works, and monitoring the 
environment. 

Compar ison of an October 16, 1972, Landsat image in false co lor of the Phoenix, Arizona area, 
with one taken on February 19, 1973, shows some o f the many purposes served by repetitive 
space imagery. The reddish blush of the February image is caused primarily by the appearance 
of epheme ral ran ge grasses responding to winter rain s. The increased moisture is also reflected 
in the size of the reservoirs, especial ly Theodore Rooseve lt Reservoir in the upper ri ght. Mining 
can be identified and monitored by growth in the size of the tailings, such as those in the 
vici nity of Globe, Arizona (upper right). Geologic structure, landfo rm s, and urban development 
can be mapped from these images. 

Landsat image 1211-17334, February 19, 1973. 
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Cartographic 
Applications 

Maps are basic tools for studying resources. They are essential in 
planning engineering works, geologic and hydrologic research, mineral 
investigations, flood control, soil conservation, re forestation, and land 
management. In short, maps depict the face of the Earth-its terrain, 
bodies of water, vegetation, and the works of man, all in measurable form 
and referenced to the figure of the Earth. 

Satellites such as the Landsats offer several unique advantages to the 
mapmaker because their imagery has the following characteristics: 

• Large areas shown in each image (185 x 185 km for Landsat). 
• Multispectral views extending through the vis ible and most of the 

solar infra red wavelengths. 
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• Uniform aspect and Sun angle over each scene. 
• Orthogonal (near-vertical) views of high geometric fidelity. 
• Repetitive coverage based on an 18-day cycle. 
• Image quality (resolution) adequate to delineate many major features 

commonly represented on medium- and small-scale maps and to in
dicate areas where large-scale map revi sion is needed. 

• Potential for near real-time acquisition of data in a form suitable for 
automated map production . 
Skylab~s principal contribution to cartography is in demonstrating the 

use of photography taken of limited areas of the world, having a higher 
resolution that shows more detail than La ndsat imagery. This photography 
is applied to various cartographic products and will assist in the design of 
future Ea rth-i magi ng systems. 

At present, vast areas of the world are without meaningful map cov
erage, and certain remote areas, such as A n tarctica, are largely unsurveyed. 
Image data obtained from orbiting satelli tes can greatly increase the effi
ciency of and reduce the time required for many planimetric mapping 
operations. Moreover, for the first time, the potential for mapping time
variant phenomena exists because of Landsat. 
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The satellite image mosaic 
of New jersey, prepared 
from three consecutive 
Landsat images recorded on 
October 10, 1972, is com
parable to the 1 :500,000-
scale standard base map of 
the State. Images such as 
these form compl-etely ob
jective records that will be 
invaluable as historical doc
uments. Landsat images 
1079-15124, 1079-15131, and 
1079-15133, October 10, 1972. 



Geologic 
Applications 

Th e study of natural resources, and th e appraisa l of the p robabili ty 
of natural d isas ters, such as lands li des, ea rth q uakes, vo lca nic erup ti o ns, 
and th eir possib le effec ts on man, are major conce rn s of th e U .S. Depart
ment of the Interi o r, and th e Geo log ica l Survey. 

Bu i lding on mo re th an 25 years of experi ence in pho togeo logy, Survey 
analys ts are using sa tellite images and pho tog raphs to lea rn th e reg io nal 
signi f ica nce o f geo log ic stru ctures, to help in th e identi f ication o f areas 
favo rab le fo r the occurrence of mineral depos its, and to class ify the vas t 
d une fi elds of the w o rld. Data relayed from gro und senso rs, vi a sa tell i tes, 
are being used to monito r changes in th e f requency of occurrence of 
mi cro-ea rthquakes, tilt , and therm al ac tivi ty assoc iated w ith poten tiall y 
ac tive vo lcanoes. 

An im portant attribute of space imagery is th e way i ts small sca le 
p rovid es large-area coverage th at emphas izes regional stru cture. Th ere 
is an appa rent relati onshi p between sca le and magni tude of th e stru cture 
th at is easil y recogni zed . Fo r exa mple, altho ugh regio nal stru ctures are 
visibl e on a 1 :1 ,000,000-sca le (1 inch equals 16 m i les) Landsa t image mosa ic 
o f th e United States, some stru ctures of con tinental signi fica nce are mo re 
readil y vi sible w hen viewed on th e same mosa ic red uced to a sca le of 
1 :5,000,000 (1 inch eq uals 80 mil es) . By using Landsat images singly o r 
compil ed into mosa ics, it has been poss ible to ex tend known geo logic 
linea ments and recogni ze new ones. Beca use some m ineral depos its are 
co mmo nly concentrated at th e juncti o ns of majo r geo log ic li neaments, 
i t has been poss ible to identify potent ia l areas fo r m inera l exp lo rati o n. 

Identifi ca ti o n o f rock types by using co lo r pho tog raphs has been 
unsuccess ful beca use surface co lo r is an un sa ti sfac to ry indi ca to r o f rock 
compos iti on. A technique is being deve loped, however, fo r using mul ti
spectra l images from satellites to di sc riminate rocks containing iron. The 
techni que invo lves th e determinati on of the rati o of refl ected v isib le l ight 
to reflected in f rared radiati on to di scr iminate sub tl e d iffe rences in rock 
co mpositi o n. It has been appli ed experim entally fo r targe tin g po tenti al 
minera l areas. The target areas ' characteristi cs co rre late well w ith si tes o f 
mines and prospects in th e immed iate areas . 

Th e Geo log ica l Survey has empl aced se ismi c event co unters and tilt
meters on 15 poten tiall y ac tive vo lca noes in No rth and Central A meri ca. 
Th ese gages measure two indica to rs o f poss ible changes in vo lcani c activity. 
Th ey are uni que in vo lca no monitor ing because th ey use th e radio relay 
systems aboa rd the Landsat sa telli tes to tra nsm i t measure ments in nea r 
rea l tim e. Because th e ground senso rs are ca pable of unattended ope rati o n 
fo r mo re than a year, it is poss ib le to efficien tly monito r many vo lca noes 
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in areas geographi ca l ly sca ttered from a central fac ility. The .first pre
erupt ion ac tivity transmitted through thi s network w as th e g rea~ly tn creased 
number of se ismi c events beginning 9 days befo re th e eruptton th at oc
curred at Fu ego Vo lcano in Guatemala in 1973. 

Landsa t image ry is used to identi fy targets fo r o i l explorati on. In thi s case, a .large circular fea
ture seve ral smaller circular fea tures and l inea ments have been recogntzed 1n th e Gul f Coast 
regto n where many we lls ta p o il and gas adj acent to sa lt domes. Note th e simil ari ty between 
th e known sa lt domes and the sma ll previously unrecogni zed features. Landsa t 1mage 1015-
1601 3, Au gust 7, 1972. 

0 known salt domes 

1-\ suspected subsurface 
\_1 structures 

lineaments 
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Geographic 
Applications 

Fundamentally, geography deals with loca tion and arrangement of 
such factors as environmental conditions, Earth features, resources, popu
lati on, and a wide ran ge of other natural and cultural phenomena in 
relat ion to human ac tiviti es. When th e objecti ve is to determine changes in 
human use of th e Earth over large areas, data ob tained from space are 
often mo re useful than larger sca le data obta ined f rom conventio nal 
aircraft o r from ground surveys. Satellite o bservati o ns provide a grea t rese r
voir of geog raphic information in a complete enviro nmental context: single
pi cture cove rage of broad areas for planning ; repetitive cove rage for 
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ana lyz ing urban growth, fun cti o nal changes, crops, and transpo rtation 
linkages; emergency coverage fo r assess ing effec ts of d isasters; and sc i
entific data for resea rch and ed uca ti ona l purposes. Space-acquired data 
ca n also be up to date, and at sma ll sca les, simil ar to those tradition all y 
used ior spec ial-subjec t maps and for analys is of w ea th er conditi ons, land 
use, and census results. 

Land-use studi es form the basis for reg ional planning. A demonstra
ti o n study, for exa m ple, is being concluded in th e Central At lant ic reg ion 
of the United States using a varie ty of remo tely sensed da ta, each of w hi ch 
makes a unique contributi on to a comprehensive ana lys is of land use . 
High-alt itude aircraf t data acquired in 1970 and supplemented by data 
from traditional sources are being corre lated w ith sate llite images acquired 

Changes that occurred in th e Sun City, Arizona area, between the tim e of th e hi gh-a ltitude 
colo r-in frared ph otog raph taken in 1970 and th e Skylab-3 co lo r pho tograph taken in 1973, are 
easi ly recognized by compa rison of th e distinct ly ci rcu lar pattern. 
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in 1972 and later to provide maps and computeri zed data banks that relate 
env ironmental conditi o ns, human act iviti es, and trends in land-use changes. 
The in fo rm at ion can th en be used as a basis for land-use policy dec isions. 

Urban cha nge in se lec ted cities is being detected by analyz in g multi
spect ral aerial photographs taken at the time of th e 1970 census and in 
1972. More recent data are provided by multispectral sate llite im age ry. 
The various wavelength bands are used singly and in combination to map 
severa l catego ri es of land use. Th e verified, ea rli er data are the basis for 
computer recogniti o n of features in the sa tellite images for automatic 
mapping of urban change and portrayal at sca les as la rge at 1 :24,000 (1 
inch eq uals 2,000 feet). 

Reg ional planning and urban change detection stud ies have validated 
the leve ls of detail in a proposed nat ional land-use cl assificat ion system 
developed to take advantage o f remo tely sensed data acquired at various 
altitudes in th e most cost-effect ive manner. 

Changes in the Phoenix, Arizona area, between November 1970 and M ay 1973 detected from 
Landsat data are supe rim posed as dark patterns o n a 1970 land-use map . Red is new residential 
areas; dark bl ue is new water areas ; and dark green is new crop land . 
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Fi ve basic dune forms have bee n recogni zed from Lan dsat imagery (shown from top to bo ttom): 
para l lel straight or l inear; pa rallel wavy or crescentic ; star o r radial ; parabolic or U-shaped ; and 
sheets or str in gers. 

15 



Hydrologic 
Applications 

Important water resources planning and management information is 
obtained from Earth-orbiting satellites. The perspective from space adds 
an areal dimension to conventional hydrologic data collected at point 
sta tions. Approximately 10,000 continuous water-stage recorders on streams, 
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Because the Landsat sate llites pro
duce repetitive images hav in g sim
ilar geometry, images taken at dif
ferent times may be color com
bined to show the effects of 
changes in the scene. In this ima ge 
a large section of the Mississ ippi 
River is shown in normal flow 
in dark green (October 2, 1972); 
in flood in red (March 31, 1973). 

plus several times that number of ground-water wells and water-_quality 
monitors are operated in the United States by the Geological Survey. A 
small number of the stations use the Landsat Data Collection System to 
transmit the data. Synoptic information on drainage-basin characteristics, 
hydrologic controls, vegetative indicators of hydrologic conditions, hydro
dynamics, lake processes, pollution dynamics, and hydrometeorological 
variables such as distribution of snow and ice can be obtained from 
satellite images and can often be used to extend the continuous station 
records over large areas adjacent to the measured drainage basin. 

Discharge from Lakes 
Michigan , Superior, and 
Huron is through the 
St. Clair River into 
Lake St. Clair and 
through the Detroit 
River into Lake Eri e. 
A few days before thi s 
image was recorded , 
areas to the north were 
subject to flooding 
which increased the 
sediment load in the 
drainage system. The 
added sedi ment accen
tuated the turbidity 
pattern s created by the 
wind and river currents. 
Note especia lly the ed
dies along the eas tern 
shore of Lake Huron 
and the di stribution of 
sediment from the De
troit River and Maumee 
River. Landsat images 
1247- 154815, March 27, 
1973, and 1247-154745, 
March 27, 1973. Band 5. 
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Hydrologic data collected at some stations by ground sensors and 
experimental transmitters are relayed via satellite. This system has the advan
tage of timeliness of data, infrequency of maintenance, and easy recog
nition of equipment failure. Within the Everglades, for example, 13 ground 
platforms in remote areas provide twice daily water-level and cumulative 
rainfall data which have been used to devise a simplified water budget for 
one of the local management areas. In Arizona, the near rea l-time stream
flow data acquired from platforms on the Salt, Verde, and Gila Rivers played 
a role in the regulation of storage reservoirs to minimize spring flooding 
in the Phoenix area in 1973. In the Delaware River basin, such platforms 
are part of the established hydrologic data network. They transmit data 
from six water-quality monitors, eight stream gages, and three ground-water 
observation wells that contribute to the information system used for river
basin management. 

The ability to map snow cover from satellite imagery also has practical 
importance. The measurement of variation in mountain snowpack pro
vides data on expected spring or summer streamflow needed for the 
efficient regulation of hydroelectric, flood control , or irrigation reservoirs. 
Using the concept of an equivalent snowline alt i tude, above which the 

Landsat Data Collection Platform to relay water-level 
data. 
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area of a basin or mountain is equal to the area of snow cover, it is pos
sible to determine from sate llite images the snow cove r area and changes 
which permit measurement of the sn owpack and estimation of the spring 
runoff in near real time. 

Water quality (based on the con centration of sed iment and chemical 
and biological constituents in water) is commonly measured by sampling 
procedures or by continuously recording monitors. Multispectral images 
from aircraft and satellites enhance many of the contrasts on the surface 
of water bodies and permit the detection and mapping of floating algae, 
foam, and other materials, as well as sediment patterns. Sewage and 
industrial waste outfalls also have been identified where there was a 
significantly different reflectance fro m that of surrounding water. When 
images or photographs are taken repetitively, it is possible to study the 

Comparison of a Landsat image of Mountain Meadows Reservoir, California, recorded on July 
25, 1972, and enlarged to 1 :250,000 sca le, with o ne from August 13, 1972, shows that the area of 
the reservoir has decreased by about half in 18 days. Natural conditions, such as this, can be 
measured and modeled from repetitive satel lite data to derive resources management informa
tion. Landsat images 1002-181 25, july 25, 1972, and 1020-18103, August 13, 1972. 
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dynamics o f po llutio n- th e rate at whi ch po llutants move and th e char
acteri sti cs o f di spersio n. D irect measurement o f the presence o r concen
tration of d isso lved const ituents in wate r is not poss ible, at the p resent 
time, with remo te-sensing technol ogy. 

By analyz ing two wavelength bands of sa tellite mul tispectral image ry, 
including o ne in th e nea r in f rared whi ch has th e parti cular ab i l ity to dis
tingui sh l iv ing vegetati on, it has been poss ible to mo nito r th e growth and 
spread o f phreatoph ytes (w ater-l ovin g plants) in beds of intermittent 
streams and alo ng wate rcourses in the Southwes tern Uni ted States. Th ese 
plants use mu ch of th e l imi ted wate r supply, and thei r effect ive contro l is 
impo rtant in water-resources management and plann ing. 

Th e wetlands along the southern coast of New jersey appear as the maroon strip behind the 
dry coasta l beaches dotted with cha racte ristic light blue or gray of urban deve lopment from 
At lantic City to Cape May. Wetlands are critica l to the p rese rvat ion of eco logy of the coasta l 
zone and many o f the coasta l Sta tes are usin g remote ly sensed data to de l ineate and moni tor 
thi s fragi le marine marsh environm ent. Landsat im age 1079-15133, Octobe r 10, 1972. 
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Marine 
Applications 

Approxim ately 70 percent o f the Earth 's surface is covered by water, 
and much of it is no t practi ca lly accessible for broad surveillance by con
venti onal meth ods. Remo te sensors, especially in spacec raft, o ffer new 
o pportuniti es to lea rn about th e oceans and their po tential. The Depart
ment of the Interio r's interes t is concentrated in th e near-sho re environ
ment. Inves ti gati ons conce rn what is there and how it changes, including 
surface temperature, current patterns, types of w aves, underwater topog
raphy, marin e bio logy, mineralization, petro leum accumulati on, and 
coas tal p rocesses . In pursui t o f thi s kn ow ledge, repeti t ive photog raphs can 
be used to provide information on di rect ion and rate of movement and 
relat ive quant ity of suspended matter. Thi s in fo rm atio n in turn can be 
used to pred ict changes in coas tal mo rpho logy and current patterns. 

A study of Cook Inl et, A laska, i ll ustrates several specif ic appli cat ions 
of sate ll i te image ry. The inlet is important as a f ishery, is th e site of o il 
p rodu ct io n and potent ial sp ill s, is a turbulent navi gat ion channel to Ancho r
age, and receives vast quant it ies o f sediment-laden glacial wa ter. The 
circul at ion pattern of the inlet is poorly understood because of its vast 
size. The sediment- laden wate r is di stin guishable fro m th e relatively no rmal 
seawater on multi spectral sa tellite images. The bo undary between the 
sed iment-l aden and no rm al seawater is impo rtant because it is the locati on 
of concent rat ions of fi sh, is the si te of h igher waves, and is the " t rash line" 
fo r fl o tsam th at is a navigatio nal hazard . lnterpretatton of th e synopt ic 
sate llite images of th e inlet and compari son of th e repetitive coverage are 
making th e circulati on patte rn clearer. Understanding of the patte rn ca n 
im prove navigation and f ishi ng and p rotect the f ishery f rom potential 
po llu ti on . 

Although it has 
been known that 
large amoun ts of 
sedim ent are carri ed 
to sea from glac iers, 
satell ite images are 
the first to show the 
ex tent. Th e plum e 
from th e Lituya Bay 
glaci ers in the A las
kan panhand le ex
tends 55 kil om eters 
(34 mi) from the 
coast. l andsat image 
1057-1 9542, Septem
ber 18, 1972. Band 4. 
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Land Management 
Applicataons 

Publi c land s, nati o nal pa rks, and nati o nal fo res ts com prise 175 milli ~n 
acres p rim aril y in th e W este rn United States and 348 m i lli o n ac res rn 
A laska. Beyo nd th eir va lue as a future resource base, th ese publr c lands 
y ield a substanti al in come to th e Nat io n f ro m o i! , gas, fo rest produ cts, 
graz ing, and rec rea ti on fees. M o reover, abo ut 7 mrllr o n head of lr ves tock 
and nea rl y 3 milli o n bi g-game animals depend on th ese lands fo r all o r par t 
of th ei r yea r-l ong needs. . . 

St rip minin g and subsequent recl amati o n are recognrzed subjec ts fo r 
pe ri odic monito rin g fro m space. It has been poss ibl e to measure th e 
increase in area stripped in a yea r in parts o f th e Eas tern Un rted States and 
to evaluate th e effec tiveness o f recl amation efforts. Revegetatio n o f stripped 
lands ca n be monito red by using th e in frared respo nse to vi go ro us vegeta
ti on and the peri odi c satellite coverage. 

Range conditi o ns o n pu bli c lands in th e W estern Uni ted States are 
also being checked and predicted using repet itive cove rage by Landsat. 
Th ese lands are leased o n th e basis of th e capacity of th e grasses to suppo rt 
o r ca rry so many head of lives tock per acre. It is th e responsibility o f loca l 

Th e majo r featu re on thi s Landsat image taken ove r_n o rthern A laska _is a large fo rest f ire on th e 
ri ght. Th e burned area is b !ack, surrou nded by the i1 vmg vege tat iOn 1n red. A numbe r of smo ke 
p lumes o ri gin ate at edges of the burn and t rail sl igh t ly so uthwest 1n to th e Za ne Hills. An o lder 
bu rn , to the left , was a l igh tn ing-caused f~re that bu rned 56,000 acres o f pub l1 c land 1n 1971. 
Late r im ages ove r the sa me area wi ll be used to monito r the rate and exten t o f regrowth and 
the status of vegetatio n in thi s area. Landsat image 1003-21355, Ju ly 26, 1972. 
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range managers to prevent overgrazing and yet maintain maximum use. 
Space data could give th em near real-time info rmation with which to make 
decisions. 

The regional overview of physiogra phic relationships provided by a 
Landsat image of the Chaco Canyon area of New Mexico suggested the 
explanation for the extensive prehistoric road network created by Pueblo 
Indians, who had no knowledge of the wh ee l. Archaeologists of the National 
Park Service mapped about 200 miles of these roadways using black-and
white, color, and co lor-infrared aerial imagery, and estimated that an 
additional 200 mil es ex isted. Plotting the road system on the Landsat image 
showed that the majo r branches led to po tential resource areas: timbered 
mountains for wood and hunting, river areas for fishing, and source areas 
for pottery clay. Thus, th e roads not only integrated the communities of 
the area, but also provided access to resources outside their sphere of 
occupation and influence. Existing data recovered through excavations in 
Chaco Canyon support this explanation . 

Thi s image of south Florida de lin eates surface water patte rns and water distribution within the 
Everglades and Bi g Cypress Swamp for determining bette r management practices fo r these two 
areas. The pink tear-shaped areas within the Everglades are tree islands, and the darker tones are 
standing wate r. Repetitive images from the Landsat p rov id e the information to recognize the 
effect of wate r management fo r agricultu ral purposes in the northeast, and the effect of urban 
encroachment from the east and west on the eco logi cal sys tem of the Everglades. Landsat image 
1242-15240, March 22, 1973. 
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Response to the 
Resource Challenge 

Don Kulow Ubr<11y 
EROS Data Center 
Sioux falls, SD 571~8 

On the basis of the potentia l of remote-sensing technology, and in 
response to the critica l need for greater knowledge of the Earth and its 
resources, the Department of the Interior, in 1966, established the EROS 
(Earth Resources Observation Systems) Program to gather and use remotely 
sensed data of natural and man-made features of the Earth 's surface col
lected by sate ll ite and aircraft. The EROS Program supports the development 
of operational uses of the data in Departmental activities. The purpose is 
to make maximum use of remote-sensing technology, including data from 
satellites, aircraft, and automatic information extraction for real-time man
agement decisions. 

The EROS Program is managed by the U.S. Geological Survey. Other 
agencies of the Department of the Interior that utilize the data and tech
nology from the EROS Program include : Alaska Power Administration, 
Bonneville Power Administration , Bureau of Indian Affairs, Bureau of Land 
Management, Bureau of Mines, Bureau of Outdoor Recreation , Bureau of 
Reclamation, Fish and Wildlife Service, National Park Service, Office of 
Water Research and Technology, Office of Territorial Affa i rs, Southeastern 
Power Administration, and Southwestern Power Admini stration . 

The EROS Program and the use of remote sensing from spacecraft and 
aircraft enable the Department of the Interior to apply (1) the improved 
capability to study and inventory natural resources from data obtained 
from remote-sensing devices and (2) the broad regional coverage and 
frequent repetitive coverage provided by Earth-orbiting satellites to the 
development of more effective resource information systems. 

The EROS Data Center was established as a facility of the EROS Pro
gram to reproduce aerial and space remotely sensed data and to make 
them available to anyone. The Data Center sells images, photographs, and 
electronic data originally acquired by 16 different agencies and reproduced 
in more than 20 different formats. Assistance is available at the Center in 
manipulation and interpretation of the data. This is augmented by periodic 
training courses. For information on Landsat and other remotely sensed 
data or training, write to EROS Data Center, Sioux Falls, South Dakota 57198. 

Gemini 

Apollo 

Landsat 

Skylab 

Space-Acquired Earth Resources Data 
Color photographs of random land and sea areas between about 
30°N and 30°5 latitude. 
Color photographs of random land and sea areas, and multi
spectral photographs of Southern U.S. from Apollo 9. 
Multispectral repetitive images of most of the land areas of the 
Earth. 
Multispectral photographs, color and black- and-white photo
graphs, and mu ltispectral images of scattered areas throughout 
the world. 

* U.S. GOVERNMENT PRINTING OFFICE , 19n 0 - 236- 460 
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As the Nation's principal conservation agency, the Department of 
the Interior has responsibility for most of our nationally owned public 
lands and natural resources. Th is includes fostering the wisest use of 
our land and water resources, protecting our fish and wildlife, preserv
ing the environmental and cultural values of our national parks and 
historical places, and providing for the enjoyment of life through out
door recreation. The Department assesses our energy and mineral re
sources and works to assure that their development is in the best 
interests of all our people. The Department also has a major responsi
bility for American Indian reservation communities and for people who 
iive in Island Territories under U.S. administration. 

Cecil D. Andrus, Secretary 
U. S. Department of the Interior 

V. E. McKelvey, Director 
Geological Survey 


