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WORLDWIDE DISASTER WARNING AND ASSESSMENT WITH
 

EARTH RESOURCES TECHNOLOGY SATELLITES
 

By Charles J. Robinove
 
U. S. Geological Survey
 

ABSTRACT
 

Images of the Earth collected by ERTS-I and later experimental and
 
operational satellites can be used for the warning and assessment of
 
disasters-throughout the world. Floods, fire, glacier movement, and
 
drought are the disasters most amenable to satellite sensing and analysis.
 
Other disasters to which applications are promising but not yet completely
 
feasible are earthquakes, volcanic eruptions, crop failures, and
 
water pollution.
 

Practical application of satellite images to disaster assessment
 
requires the continued and reliable operation of satellites and data
 
reception stations, rapid distribution of data to interpretive teams and to
 
affected countries, and the rapid analysis and dissemination of maps and
 
other results.
 

INTRODUCTION AND SUMMARY
 

The purpose of this report is to define, on the basis of experi
mental results, the potential use of Earth Resources Technology Satel
lites (ERTS) for worldwide disaster monitoring, to describe the techniques
 
used for application of ERTS data to disaster monitoring and analysis,
 
and to describe problems and to recommend solutions so as to arrive at
 
an operational disaster monitoring capability. The report was prepared
 
for the Disaster Coordination Office of the Agency for International
 
Development (AID), U. S. Department of State, under PASA PHA(IC)04-74.
 

The report is not exhaustive, nor does it pretend to be. New
 
and improved results of ERTS experiments are being reported continually,
 
and additional applications are also being identified. It is difficult
 
to predict the many ways that ERTS will be used in the years to come,
 
but this report will attempt to define some requirements which must be
 
met by future systems, if disaster monitoring is to be accomplished.
 
The report begins by defining disasters, then describes briefly the
 
present experimental use of ERTS in disaster monitoring, and concludes
 
by showing the potential for operational use, and the problems that
 
need to be solved in order to make it a reality.
 

Table 1 summarizes the potential operational use of ERTS data for
 
disaster analysis. It is admittedly optimistic; not all the applica
tions have been realized with the first experimental satellite, but it
 
represents an informed judgment as to "where we can get to from here"
 
if proper attention is paid to disaster analysis in the design and
 
operation of future operational satellite systems. Many types of disasters
 



Table 1. Summary of disaster and applications of an operational
 
earth resources technology satellite.
 

[Excellent--experimental results have proven the feasibility and usability.
 
Possible--experiments have not yet been completely successful but are
 
promising. Unproven--Not yet tried or feasibility established. Not applicable.]
 

ERTS data
 
Type of disaster and analysis ERTS Imagery collection
 

-. system
 

Warning . . . . . Unproven. . . . . . .*Excellent 
Floods. 	 Assessment. . . Excellent . .. .. .Not applicable 

. . Possible..........Possible
Earthquakes 	 Warning . . . 
Assessment... Possible. . . . . . .Not applicable 

. . . .PossibleVolcanic eruptions.. 	 Warning . Possib]e. . . 

Assessment .... Possible . .. ..- -Not applicable 

Drought ........ 	 Warning ..... Possible. . . . ... *Unproven 
Assessment .... Excellent . . . . . .*Unproven 

Warning ..... Not applicable. . . UnprovenFire ......... 

Assessment .... Excellent . . . . . .Not applicable 

Warning . ... Unproven. . . . . . .*Unproven
Crop disasters. . . . . Assessment .... Possible. . . . . . .Not applicable 

Hailstorms . . . . .	 Warning . .. . Not applicable. . . .Not applicable 
Assesssment . . . Possible. . . . . . .Not applicable 

Glacier movements . .	 Warning . . . . . Possible. . . . . .Possible 
Assessment. . . . Excellent . . . . . .Not applicable 

Water pollution .... 	 Warning . . . . . Not applicable. . . .Possible 
Assessment . . . Possible . . .. . Possible 

*Accuracy improved in conju~action with imagery from the
 
NOAA satellite series and data from weather stations.
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with which AID is concerned are obviously not amenable to satellite
 
sensing. They include such things as deep mine collapse, civil strife,
 
border clashes, poisoned food, and similar events. They are not included
 
in this report.
 

Technical material for this report has been taken from many sources-
published literature, communication with ERTS-l investigators, and contri
tions by investigators. The conclusions as to the feasibility of individual
 
disaster applications are those of the author and he bears the full
 
responsibility for them.
 

On January 22, 1975, ERTS-2 was launched by the National Aeronautics
 
and Space Administration (NASA). The satellite and sensors are identical
 
to ERTS-l, but the orbit has been set so that images are obtained midway
 
between the 18-day frequency of ERTS-l. Therefore, images are available,
 
using the two satellite system, on a 9-day frequency for areas within
 
line-of-sight of reception stations.
 

ERTS-I and ERTS-2 have been renamed LANDSAT-l and LANDSAT-2 by NASA.
 
For convenience, however, the previous terminology is used in this report.
 

Disasters that are most amenable to satellite sensing are floods
 
and grass and forest fires. Initial use of ERTS-type data should be con
centrated on these applications because (1) they are widespread and
 
frequent, and (2) the techniques of analysis are developed and readily
 
usable. The use of the ERTS data collection system is also highly feasible
 
for flood warning, particularly if used in conjunction with imagery from
 
the NOAA satellite series and data from weather stations.
 

Secondarily, use of ERTS data for glacier movement and drought
 
seems feasible but are less well developed than for flood and fire. Glacier
 
movement can readily be determined from the ERTS images, but damage
 
from glaciers, either from surges or from floods, is not frequent and is
 
limited geographically to such areas as parts of Alaska, Iceland, USSR, etc.
 

Detection of impending drought over wide areas seems to be feasible
 
on the basis of the characteristics of ERTS data, but it has not yet
 
been done experimentally and will require a longer period of ERTS-type
 
data for a base than is now available.
 

Figure 1 qualitatively shows the value of ERTS data for disaster
 
relief. Note that while there is an almost immediate value in many
 
cases, there is aiso future value for planning of anticipated disaster
 
situations based on the historical record. In addition, an excellent
 
data base is provided for future studies, predictive modeling, and planning.
 

An operational system for the collection and delivery of useful ERTS
 
data must b( capable of imaging any disaster area and providing data
 
on a timely basis to interpretive teams. Even more important, however,
 
is the need to have interpretive teams available on short notice to
 
react to disasters and to provide the data interpretations and maps
 
quickly to users both in AID and in the affected countries.
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Figure 1. -- Value of ERTS data versus time for disaster
 
applications. An initial base of ERTS data
 
is used for pre-disaster assessment. Images
 
at or shortly after a disaster increase the
 
value of the data base, because chanees can he
 
detected and mapped for analysis of the
 
disaster and its effects.
 

Later data use for future planning,both for
 
mitigation of disasters and avoidance
 
planning,provides an additional value. At
 
that time the data base value is increased
 
because of the previous analyses.
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DISASTER DEFINITIONS, MAGNITUDES, AND FREQUENCY
 

For the purposes of this report, disasters are-divided into two
 
classes--sudden and creeping. Sudden disasters are those events that
 
occur with little or no warning. Prime examples are earthquakes and
 
volcanic eruptions. In the case of some disasters, such as floods, there
 
may be a high probability that a catastrophic flood may occur within a
 
given time period, but its exact timing and magnitude cannot readily
 
be predicted.
 

Creeping disasterc are those events whose eventual or total impact
 
may be catastrophic, but which proceed slowly toward their culmination
 
and initially exhibit only subtle hints of their eventual impact. A
 
prime example ii'drought, which may affect the agricultural production
 
and food supplies of a large region but may not be identified as such
 
for some time after its onset.
 

The magnitude of a disaster can be measured in several ways-
loss of life, loss of property, and loss of economic productivity.
 

In the 1970 disaster report of AIDI /, 40 disasters were reported
 
which required help. Of these, 27 disasters would have been amenable
 
in part, to satellite sensing as a means of analyzing the magnitude
 
and effects of the disaster. The disaster list (from the table of con
tents of the 1970 report) is analyzed in table 2.
 

ERTS EXPERIMENTAL RESULTS
 

ERTS-l was launched on July 23, 1972, and has provided over 100 thousand
 
multispectral images of most of the land areas of the world. Thus, we have
 
had nearly 3 years of satellite data to study in relation to natural
 
resources, environmental management, and disaster monitoring. Only a
 
few of the formal experiments that were proposed for analysis of ERTS data
 
prior to launch of the satellite concerned themselves with the monitoring
 
of disasters. However, because of the occurrence of a number of disasters
 
during the time when the data were acquired, opportunities have been
 
taken by various groups to test the utility of ERTS data. In this section
 
both the results of formal experiments and results of "experiments of
 
opportunity" will be described as evidence for the conclusion that disaster
 
monitoring by ERTS or by future operational systems can aid significantly
 
in the analysis and monitoring of disasters.
 

The applications of ERTS data to disasters presented in the following
 
sections are the results of both formal and informal ERTS-I experiments.
 
The formal experiments are those that were selected and funded by NASA
 
from about 700 proposals for specific studies in many re-ource and environ
mental disciplines. Informal experiments ars those conducted by govern
ment, university, and industrial scientists as ERTS data became available
 
and as opportunities for study were recognized.
 

1/ Agency for International Development [1971], Foreign disaster
 

emergency relief: tenth rept., W588, fiscal year 197C, 327 p.
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Table 2."Analysislof amenability to satellite sensing'of diBasters
 
*reported in AID 1970 annual report.
 

Disaster amenable in part 

to satellite sensing 


Afghanistan--Drought 

Algeria--Floods 

Botswana--Drought 

Ceylon--Flood 

Colombia--Floods 

Colombia--Floods 

CostA Rica--Floods 

Costa Rica--Floods 

Ecuador--Floods 

El Salvador, Guatemala, Honduras--


Hurricane Francelia 

Ethiopia--Drought 

Jordan--Drought 

Korea--Drought 

Laos--Flood 

Mali--Drought 

Morocco--Floods
 
Panama-- Floods
 
Peru--Oct. 1969--Earthquake

Peru--Floods
 
Peru, May 1970--Earthquake
 
Romania--Floods
 
Somalia--Drought
 
Surinam--Floods
 
Tunisa-- Floods
 
Turkey--Earthquake
 
Upper Volta--Drought
 
Yugoslavia--Earthquake
 

Disaster not amenable to
 
satellite sensing
 

Bolivia--Polio
 
Chad--Food Shortage
 
Cyprus--Windstorm
 
El Salvador, Honduras--Undeclared
 

war
 
El Salvador, Guatemala, Honduras,
 

Nicaragua--Equine encephalitis
 
Indonesia--Famine
 
Korea--Cholera
 
Malagasy Republic--Cyclone
 
Mali, Niger, Nigeria, Upper
 

Volta--Yellow Fever
 
Niger--Meningitis
 
Pakistan--Urban Fire
 
Taiwan--Typhoons
 
Togo--Displaced Persons
 



Each type of disaster is summarized in a narrative and outline form
 

and is followed by abstracts of formal investigators' repoxs that are
 

pertinent. The abstracts are from only two of several symposia on ERTS
 

results that have been held by NASA and other organizations. The abstracts
 

should be consulted for complete papers and additional results of interest.
 

NASA, 1973, Proceedings of symposium on significant results obtained
 

from the Earth Resources Technology Satellite-1; v.1, Technical
 

Presentations, NASA SP-327, 1730 p.; v. II, Summary of results,
 

NASA X-650-73-127, 198 p.; v. III, Discipline Summary Reports,
 

NASA X-650-73-155, 118 p., March 1973.
 

NASA, 1973, Third Earth Resources Technology Satellite-l symposium,
 

abstracts, v. 1, Technical Presentations, NASA SP-351, 1992 p.,
 

December 1973.
 

Abstracts from publications other than the two above are given
 

with complete citations.
 

Introduction and data base definition
 

This section briefly describes the characteristics of ERTS-.I data
 

and the means by which data are delivered to interpreters. The Earth
 

Resources Technology Satellite is a small unmanned satellite that is in
 

a near-polar, sun-synchronous orbit. It contains two imaging systems
 

and a Data Collection System (DCS). The first imaging system consists
 

of three Return Beam Vidicon (RBV) (television) cameras imaging in the
 

green, red, and solar-infrared parts of the spectrum. The second
 

imaging system is a Multispectral Scanner (MSS) which images in the
 

green, red, and two parts of the solar-infrared range of the electro

magnetic spectrum. Both systems image the same area on the ground in all
 

bands. A malfunction in the electrical system of the satellite has
 

prevented the use of the Return Beam Vidicons since a few weeks after the
 

launch but has not affected the performance of the Multispectral Scanner.
 

The Data Collection System has the capability to relay data measured by
 

ground sensors to the satellite and then to central processing stations
 
more detail because of its
and to users. It will be discussed later in 


high applicability to disaster monitoring.
 

Because of the sun-synchronous orbit of the satellite, it has the
 

capability to image any area of the world, with the exception of approxi

mately 90 around both the North and South Poles. The Multispectral
 

Scanner images a strip 185 km in width on each revolution. Ground commands
 

are given to the satellite to turn the scanner on and off, depending
 

upon areas of interest for imaging, and upon cloud cover predictions.
 

The images, when processed on the ground, are converted into frames
 

covering 185 km on a side. The satellite passes over the same spot on
 

Earth every 18 days. Adjacent swaths overlap by approximately 10 percent
 
the poles are reached.
at the Equator and increasingly higher percentages as 
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At the higher latitudes, therefore, it is possible to obtain images of
 
the same point 2, 3, or even 4 days in succession, but this is not possible
 
nearer the Equator. The images from the MSS are telemetered to reception
 
stations operated by NASA at the Goddard Space Flight Center, Greenbelt,
 
Maryland; Fairbanks, Alaska; and Goldstone, California. In addition,
 
ground receiving stations are operating in Brazil and in Canada, and other
 
stations are being contemplated by additional countries. The data, which
 
is telemetered in digital form, are recorded on magnetic tape and processed
 
into photographic form at the Goddard Space Flight Center. The original
 
photographic reproduction is on 70 mm film with images at a scale of
 
1:3,369,000. These are enlarged to the second standard format which are
 
approximately 18 cm- (approximately 7 in-) wide images at a scale of
 
1:1,000,000 (1 mm represents I km). Composites of the multispectral

images can also he made in false color to aid interpretation. Figure 2
 
is an example of one of the typical ERTS images showing the four multi
spectral bands and a false-color composite made from them. The images
 
may be enlarged to scales as large as 1:100,000 (1 cm represents 1 km)
 
with standard enlarging equipment, but special equipment and procedures
 
are needed for larger scales than this. Scales larger than 1:100,000 are
 
not generally used with photographic reproduction.
 

The images are stored on high-density digital tape which can be
 
converted to computer-compatible tapes, so that each picture element in
 
the scene is a discrete element and can be processed, enhanced, or sub
dued by using a digital computer. This has permitted processing of the
 
data to scales as large as 1:24,000.
 

Of particular importance is the uniform character of the data on a
 
worldwide basis, so that comparisons can be made from area to area and
 
within a given area from one time to another. This time comparison of
 
,iata or "temporal compositing," in the jargon of the technology, is of
 
extreme importance in the monitoring of changing features and is dis
cussed in some detail in the section on the Mississippi River and Indus
 
River floods of 1973.
 

Thus, the characteristics of the ERTS data that make it suitable
 
for some kinds of disaster monitoring are: the ability to obtain
 
images anywhere in the world at scheduled intervals, the uniform character
 
of the data; the ability to reproduce the data readily for interpreters;
 
the large areas covered; the multispectral nature of the data which aids
 
in recognition of environmental phenomena; the ability to process the
 
data by digital computer for feature recognition and mapping; and the
 
ability to automatically produce temporal composites for change detection.
 

In addition to the ERTS imaging system, the Data Collection System

(DCS) is of value in disaster monitoring. Data from ground-based sensors,
 
such as stream gages and seismic event counters, can be relayed through
 
the ERTS DCS to central reception stations and thence to users. This
 
capability has been used to monitor the filling and emptying of large

reservoirs in Arizona to prevent floods from large upstream storms,
 
and for monitoring volcanoes for precursor signs of eruption. Use of
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the DCS system is restricted to line-of-sight applications, because DCS
 
data is not tape recorded in the satellite. Future operational uses on
 
a worldwide basis will require further development and experimentation.
 

Additional satellite data, such as 
that from meteorological
 
satellites, which have a higher frequency of coverage, are probably
 
applicable to disaster monitoring. Specific experiments to determine the
 
precise methods of use have not been conducted.
 

Global data base available for change detection
 

The existence of an 
image data base that covers the land areas
 
of the world in a uniform manner makes it possible to detect changes
 
that take place in natural or manmade features by the simple means of
 
temporal composites--compositing ERTS images from two or more dates-
which allow the ready recognition of features that have changed over
 
time, and thus may well facilitate the recognition of early signs of
 
creeping disasters. This may be particularly important, for example,
 
in areas of drought and increasing desertification.
 

For example, if there is no cloud 
cover over a given area, as many
 
as 20 images of the same area may be obtained per year. Cloud cover
 
may reduce this slightly in arid regions, and severely in humid regions.
 

Floods
 

Description
 

Floods are the most widespread, frequent,and damaging

disasters that occur in the world. Fortunately, they are the most
 
amenable to 
satellite sensing of any of the disasters considered in this
 
report. The contribution of satellite sensing to the knowledge of floods
 
can be summarized as follows:
 

(1) It allows the delineation of areas inundated by an Individual 
flood. 

(2) When combined with previously made maps of land use, it allows 
rapid calculation of the areas of each type of land that 
are subject to
 
flooding and the consequent prediction of the economic consequences,
 
particularly in agriculture.
 

(3) Together with topographic maps and stream-gage data, 
it aids
 
in the assessment of the areas inundated by floods as individual events
 
and in the documentation of statistical frequencies of classes of floods.
 

(4) It provides significantly useful basic data for planning for
 
flood control and protection measures.
 

At the present time, however, satellite sensing cannot generally:

(1) identify and map damage to individual structures such as factories,
 
houses, bridges, and roads; or 
(2) provide, by itself, knowledge of the
 
discharge of a particular flood.
 

Methods of flood mapping from ERTS imagery were first demonstrated
 
by the Iowa Geological Survey and the U.S. Geological Survey for floods
 
of the Nishnabotna River in Iowa in 1972. This war 
followed by mapping,
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by the U.S. Geological Survey, of the Mississippi River floods of 1973,
 

which was done in great detail (fig. 3), and by rapid analysis of the
 

area flooded by the Indus River in Pakistan in 1973 (fig. 4). In addition,
 

data from ground sensors relayed by the ERTS Data Collection System were
 

used to control reservoir relcase programs to minimize flooding along the
 

Salt River in Arizona in 1973. The significant conclusion from these
 

studies is that the area inundated by a particular flood can readily be
 

mapped by the ERTS data. In addition, it is not necessary that the
 

the flood, because the near-infrared
Images be taken at the crest of 

can indicate
spectral reflectance of wet ground after the flood has receded 


the area that was previously flooded. This, to a large extent, means
 

that the 18-day repeat time of the satellite over a given area is not
 

a significant disadvantage in flood mapping. Coastal flooding caused by
 

hurricanes and typhoons can be mapped in a similar manner. Erosion and
 

deposition along the affected coasts can be mapped and continually
 

monitored after the storms.
 

At the present time, the means of mapping floods with ERTS imagery
 

is known, the techniques are readily used, and this application can be
 

considered ready for systematic use when required.
 

Summary
 

Definition of the problem: Identify and map the inundated area
 

to aid in relief and reclamation and in future planning for flood plain
 

protection.
 

Basis for the use of ERTS data:
 

1. 	Synoptic view allows uniform mapping of large areas.
 

2. 	Multispectral data allows differentiation of flooded and
 

nonflooded land.
 

3. 	Repetitive images allow time comparison and compositing
 

of images to provide "instant maps" of floods.
 

Experimental results:
 

1. 	Mississippi flood studies developed techniques for temporal
 

compositing of images and mapping of inundated areas in a
 

highly successful manner. Techniques are published and
 

are applicable anywhere in the world.
 

2. 	Iowa flood studies showed good correlation between ERTS and
 

aircraft flood mapping, and also that flooded areas can be
 

mapped some days after flood recession because of the decrease
 

in reflectance of the flooded ground.
 

3. 	Use of Data Collection System on ERTS-l aided in prevention
 

of floods in Salt River, Arizona, by quick relay of gaging
 

station data.
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References: Deutsch, M., Ruggles, F. H., Guss, P., and Yost, E.,
 
1973, Mapping of the 1973 Mississippi River floods from the Earth Resources
 
Technology Satellite (ERTS): in Remote Sensing and Water Management. Proc.
 
No. 17, American Water Resources Association, Urbana, Illinois, p. 39-55.
 

Evaluation of status of application:
 

Application proven and ready for use
 
Techniques published
 

Equipment available
 
Little training required for use
 

Potential use of operational system:
 

1. 	Mapping of flooded areas anywhere in the world.
 

2. 	Rapid measurement of area of damaged laid.
 

3. 	Check on accuracy of ground estimates of flooded area.
 

4. 	Aid in planning reclamation measures and logistics of
 
disaster relief.
 

5. 	Aid in planning future flood prevention measures.
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Abstracts
 

Assessment of Flood Damage in Arizona by Means of ERTS-1 Imagery
 

by
 

Roger B. Morrison and Maurice E. Cooley
 
U.S. Geological Survey
 

Abstract
 

E,,.S-1 !-!SSimages clearly ehow rwo important effects of a large fNcod 
in southestern Arizona - the extent of inundation and the areas 
affected i:y severe sediment deposition and erosion - aZthoah the 

wrt ;,zclc a , and haNi ajter the On c'to...r.jooc,,.0a
11, 197f, the3 4ppep VTia Hiver Id its third-Zargaost flo~oi cc ru:cord.
 

Fea' Ilous atained about 42,000 and 82,000 cubic feet a second at 
"nC:,c anda! fVfcrd, Arizona, respectively. Two livcs acre "ost, 
hundrr-dis of people made homeless, and more than I0,000 acres 7f 
crop ond inulndated. 

The first ERTS-1 images after the flood were made on November 1 and 2. 
The ii: rnated ara is best dispZayed on the infrared Lands, particu
larin on band 2, where it appears as a Lelt along the river that- ".s 
diotinctl? darker than adjoining parts of the flood plain. This 
dar ls:t does not appear on FETS images that predate th- uood. 
Fresma-pu the low infrared reflcctance of this belt is caused b , 
atiZZ-moist soil and toy flood-stressed v'epctation. Inwpation 
Zi.its mapped from EPTS imagcry agree well with those obtaircd b& 
aeial photcgraph9 during the flood and by ground surveys. Areas cf 
scvere sand and gravel deposition show best on band 5. By comparing 
beforo and after flood images in this band, a quick assessment can 
be made of the severely flood-ravaged land. 
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Application of ERTS-1 Imagery to Flood Inundation Mapping
 

by
 

George R. Hallberg, Bernard E. Hoyer
 
Iowa Geological Survey
 

Remote Sensing Laboratory
 

Alert Iango
 
National Aercnautics and Space Administration
 

%oddard Space Rlight Center
 

Abstract
 

", erm'tr 107', heavy rains initiated major flooding in scuth
wastern Iowa, c-ncL'ntratcd in the 1Tast and Nest 'ishnabctna basins. 
Thr."" crest ro':.d doin,3trcar: bhtreoi: Sept,'lcr V,-16. A coopera
ti:, pro;r" to ,valuate the ponsihitV cf mal pi.a flocd inu dation 
using reon¢ Sensing, tcchniques was i:: iated ,,i / ii.'.Zy t;,,r 7-0 

Geao7oical ,Surveyj, PcRmotc Sening Labcratrry IEMOS), anmi the U.S. 
';eoZo7ica7 Sa"C:,, War R rcs WO cW.d Sot zou.... ..., ,nd a 
varicty cf 7lo--a tit dc "-utispectra. i,:ag;cr, L'os acquir :d for the 
East Nishnakct,:a iivcr rK S'ptcmIcr 14-15, This .sccessf'u! efJcrt 
conca z.d tha: a ,'va.-vi Zc irjfrar'ci ac:,aor could rap7 inodated 
areas in ,' s':mr f -2 Ct least three days after flood recession. 
ERI'S-i , '.-:."t;W arca was oLtained cu 'ptcrO.r 18-19. Analysis

L ,
f ,.7:7 (', byJ WS , and .7. .... n r..C. . the co, sions 
of the low-alti tude stdy while incioasina the ti-c pcrod critical 
fbr imagery.acpi:,"citlon to at 7oas- secn "aa's ;M oivoing flood 
receasion. .h, caprabiiitz of satolaiVM ircger, tc'map *atc sum'mer 
floodino at a scoucf 1:60,000 to exhrO Zy the a,.reemant cf 
interprntO,: ""... unaries obta :a from '.T': i--gcr, to bound
arics maltp-,: 2'"M-a7titudc imaaery and yr.nd methods. The 
sync ptl c ',xrac E. .-1 aM7owed extensicq cf'the flcod mapping 
to the W A,t ao, na River. Oarellite imager?., a! ows rapid 
appraisal of the area extent of flood inzu:dation for entire river 
systems. Ths sateZlite fbocd mapping should prove valZuable to 
federaZ an" state agencies involved in regional floodplain management 
and prmaning. 
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ERTS-1 Flood Hazard Studies in the Mississippi River Basin
 

Albert Rango and Arthur T. Anderson
 
NASA/Goddard Space Flight Center
 

GreenbeIt, Maryland
 

Abs tract
 

The Spring 1973 Mississippi River flood was investigated using remotely

sensed data from ERTS-1. Both manual and automatic analyses of the
 
data indicate that ERTS-1 is extremely useful as a regional tool for
 
flood and floodplain management. Automatic digital analysis using

the GEMS system was employed to obtain quantitative estimates of area

flooded in small test sites 1225 k 2 in area in St. Charles County,

Missouri, and the delta region of northwest Mississippi. in the

St. Charles County site 265 Am2 
(21% of the total area) were calculated 
to be flccded whereas, in the northwest .ississippi site, 480 km2 (39%) 
were lnund, ted with an additional amount of high forest suimerged
beneath the canopy. In tke entire State of Arkansas, manual photo
interprctatic; indicated thqt 7300 k,2 were inundated 
 Oith
cn1
 
630 kor2 flooded along the MAssissippi River mainstem. The maximum
 
error of such flood area measurements is conservatively estimated to

be less than five percent. Change detection analysis inlicates that
 
the flood had masor impacts on soil moisture, land patvern stabi Uty,
 
and vegetation stress.
 

Flood hazard identification (i.e., 
the delineation of flood-susceptible
 
areas) was conducted using photointerpretation techniques in three
 
study areas along the Mississippi River using pre-flood ERTS-1 imagery

down to 1:100,000 scale. The flood-prone areas delineated on 
these
 
images correspond to areas that would be inundated by significant
 
flooding (approximately the 100-year flood). 
 In addition, 'N north
west ississippi, the feasibility of objective detection o 
floodplain
features related to flood susceptibility was confirmed using the GEMS 
system. Flood prone area boundaries obtained from ERTS-1 were generally
in agreement with flood hazard maps produced by the U.S. Army Corps
of Engineers and the U.S. Geological Survey although the latter are 
somewhat more detailed because of their larger scale. Initial results

indicate that ERTS-1 digital mapping of the flood-prone areas using

the Purdue University LARS system can be performed at 
least at 1:62,500

which is comparable to conventional flood hazard map scales. Direct
 
comparison of the ERTS-1 digital products to conventional flood
 
hazard maps must wait until corrections for image skew can be incor
porated into the LARS output format.
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Optical Data Processing and Projected Applications of the ERTS-1 

Imagery Covering the 1973 Mississippi River Valley Floods
 

by 

Morris Deutsch
 
EROS Program
 

U.S. Geological Survey 

Fred Ruggles
 
Water Resources Division
 

U.S. Geological Survey 

Abstract
 

Flooding along the Mississippi River and some of its tributaries was
 

detected by the multispectral scanner (MSS) on the Earth Resources
 

Technology Satellite (ERTS-1) or. at least three orbits during the 
spring of 1v13. The ERTS data provided the first opportunity for
 
mapping the regional extent of flooding at the time of the imagery.
 

Special optical data processing techniques were used to produce a
 

variety of multispectral color composites enhancing floodplain
 
details. One of these, a 2-color composite of near infrared bands 
C and 7, was enlarged and registered to 1:250,000-scale topographic 
maps and used as the basis for preparation of flood image maps. Two 
specially filtered 3-color composites of MSS bands 5, 6, and 7 and 
4, 5, and 7 were prepared to aid in the interpretationof the data. 
The extent of the flooding was vividly depicted on a single image 
by 2-color temporal pre-flood band 7 images. Un May 24, when the 

floodwaters at St. Louis receded to bankfulZ stage, imagery was again 

obtained by ERTS. Analysis of temporal data composites of the pre
flood and post-flood band 7 images indicate that changes in surface 
reflectance characteristics caused by the flooding can be delineated, 
thus making it possible to map the overall area flooded without the 
necessity of a real-time system to track and image the peak flood 
waves. Regional planning and disaster relief agencies such as the 
Corps of Engineers, Office of Emergency Preparedness, Soil Conbervation 
Service, interstate river basin commissions and state agencies, as 
well as private lending and insurance institutions, have indicated 
strong potential applications for ERTS image-maps of flood-prone 
areas. 
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Hydrologic Application of ERTS-1 Data System in Central Arizona 

by
 

Herbert H. Schumann 
U.S. Geological Survey
 

Phoenix, Arizona
 

Abs tract 

The Earth Resources TechnoZogy SatelZite (ERTS-2) Data Cc'iection 
System (PCS) was used to reay hydroZogic data (streamfZow rates, 
precipitation amounts, soil and air temperature, and sncw-r(isture 
co tent) from remote sites in Central Arinona to those recpo:j.ie 
for reservoir ranaag.mcrt. Three U.S. GcoZagical Survey otreamfZcam 
gaging stationc, I ,ctecrologica1 station and 2 ,nom-mc ist,4?'O content 
installaticnswer, equipped with EhTS-I ["atO Collecticr P t.fOrms 
(DCP's). 

By mi-d-'Mrch 7 !, the kigh roisture leve s on the Sait anW Verde 
River watersheds, reduced reserve rccrvcip storage caracito, and a 
large potentiai for flooding in the SFaZt Fiver V41>l ,Ircasnteda 
critical water management sit uation. RegiKNing cn Marh 15, 1073, 
the EFTS-fCC was uNtilize t fhrrisk ncay-riZa tim, ,k:U",aticn on 
snow-mai-t~' e !ontent. a" 7 stream' cv ratca to the Soa2t z'er rc 'ect 
for use in the "honagerTat on! ecrratio: Cf Pescervrir c. the7 Sa!! 
and Verde Rivero. The Salt HiPer r,:Jcct, aided by near-real time 
hydrologic data furniched QU both microwave and EPTS-te0metry, was 
successfuZ in predicting the: zoc:r : of runoff into the reservoirs. 
Serious flooding in the dow'nstream Phocnix metropolitan area was 
prevented Ly prudent water management. 
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Edrthquakes
 

Description
 

An extensive research effort has gone into the methods for
 
predicting earthquakes and into the engineering of structures
 
to make them resistant to earthquakes. Only during the past year has
 
research in earthquake prediction progressed so far that an earthquake

has actually been predicted. Satellite remote sensing is of potential

value in the delineation of earthquake-prone areas and in assessing

the regional effect of earthquakes. As in the case of flood assessment,

satellite images do not have sufficient resolution for the delineation
 
of damaged buildings, structures, and transportation networks,

but satellite coverage on a regional basis can be supplemented by

high- or low-altitude aerial photography for such detailed assessments.
 

ERTS data were first used during ti'e earthquake at Managua,

Nicaragua, on December 23, 1972. 
 Twelve hours after the earthquake

shock, images of the Managua area were taken by the ERTS Multispectral

Scanner. The City of Managua, however, was cloud covered aL 
the time.
 
An analysis of the .'egional lineament pattern, which may indicate
 
faults and fractures, was made on the ERTS images (fig. 5). 
 Some parts of

the regional system within the city of Managua were mapped by ground surveys.

Faults are areas 
that should be avoided in siting buildings and trans
portation networks. The lineament pattern analysis is of assistance in
 
post-earthquake planning for reclamation and resiting. The ERTS data,

however, are not useful in detailed disaster assessment. Digital data
 
enchancement of damaged areas at large scale may be usable, but has 
not yet been tried in earthquake areas. Landslides accompanying

earthquakes can be recognized and mapped on ERTS images if they are of
 
of sufficient size (larger than a football or soccer field).
 

The ERTS Data Collection System also plays an important role in
 
earthquake warning. Seismic event counters can relay data through the

DCS to warn of impending earthquakes. In addition, other seismic data
 
and data from other sensors such as 
stream gages may also be transmitted.
 
Research is continuing on this subject.
 

Summary

Definition of the problem: Assessment of the regional setting of
 

earthquakes to aid in resiting of facilities and future regional planning.
 

Basis for the use of ERTS data: The synoptic regional view provides a

basis for regional lineament mapping that aids in delineation of earthquake
prone areas.
 

Experimental results: 
 The Managua, Nicaragua, earthquake of 1972
 
was covered by ERTS 1 day after the earthquake. An analysis of the regional

lineament pattern was made as an aid to future planning and facility siting.

No use of ERTS data was made in direct disaster relief efforts because the
 
details of damage to structures, etc., cannot be seen.
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References: See abstracts following.
 

Evaluation of status of application: ERTS data best used in regional
 
planning for avoidance of earthquake-prone areas.
 

Potential use of operational system: Up-dated analysis of earthquake
prone areas.
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Abstracts
 

ERTS-1, Earthquakes, and Tectonic Evolution in Alaska
 

by 

Larry Gedney and James VanWormer
 
Geophysical Institute
 
University of Alaska
 

Abstract
 

In comparing seismicity patterns in Alaska with ERTS-1 imagery, one is
struck by the frequency with which earthquake epicenters fall on, or
near, lineaments visible on the imagery. Often these lineaments proveto be tectonic faults which have been mapped in the field. 
But equally
as often, existing geologic and tectonic maps show no evidence of thesefeatures. The remoteness and inaccessibility of most of Alaska isresponsible, in large part, for the inadequacy of the mapping. 
ERTS-l
imagery is filling a vital need in providing much of the missing information, and is pointing out many areas of potential earthquake hazard. 
Earthquakes in central and south-central Alaska result when the northeastern corner of the north Pacific lithospheric plate (roughlyenclosed by the great bend in the Alaska Range near Mt. McKinley)
underthrusts the continent. 
North of Mt. McKinley, the seismicity is
continental in 
nature and of shallow origin, with earthquakes occurringon lineaments, and frequently at intersections of lineaments. South
of Mt. McKinley, the seismicity is generally deeper and is associated
with the subduction of the Pacific plate. 
 The shallower events, however, still tend to align themselves with lineaments visible on theimagery. These two areas are separated by the Denali fault.
 

Offset along the Denali fault has long been a 
matter of conjecture.
Cooperative studies involving radiometric dating, geologic mapping, and
use of ERTS-1 imagery have now provided the first firm evidence of the
magnitude of this offset (Turner, Smith, and Forbes, 1974). 
In southcentral Alaska, a prominent lineament which is truncated by the Denali
fault separates K-Ar dated metamorphics of mid- and latest-Cretaceous
 
ages. In Yukon Territory near Kluane Lake, another strong lineament
on the opposite (north) side of the Denali fault separates metamorphicsof mid-Cretaceous age from igneous and metamorphic rocks yielding 57
m.y. dates. This lineament is also truncated by the Denali fault.
Both lineaments intersect the Denali at the same angle. 
 Turner et al.
believe that these lineaments were once contiguous, indicating that
the total amount of right-lateraloffset along the Denali fault since 
Cretaceous is about 400 km. 
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ERTS-1 Image Contributes to Understanding of Geologic
 

Structures Related to Managua Earthquake, 1972 

by 

W. D. Carter and G. P. Eaton 
U. S. Geological Survey 

Washington, D. C.
 

Abstract
 

ERTS-1 imaged the western portion of Nicaragua on December 24, 1972, 
one day after the central part of the city of Managua was devastated 
by a major earthquake which masured 5.6 on the Piclhter scale. ERTS-1 
images reveal four sets of 7incaments (which may reflect fa ,It systems)0 
along any o7.e of hich movement could have taken place. 07 set, 
trending N 50 0 W, includes a line cf active volcanoes that parallels
the coast and constitutes the southwestern edge of the Nicaraguan
Depression, a regional graben w.hich cuts ol lique l? across the Central 
American isthm.us. This trend is offset approximateiy 107? in a right 
lateral geometric sense just west cf the city of Managua. A parallel
linewaent, noth of Lake Managua, northeast edemarks the of the graben.
A second set, trending due N-S to iV 25' W, extends northward to north
westward frcm the mouth cf the Rio Grande (Viejo) north of Lake Managua 
and can be projected southward across the lake to Managua. it is this 
set along which geometric offset of the volcanic lineament appears to 
have taken place. It is paralleled by a belt of young pit craters at 
the west edge of the city. A third set of lIncars trends approxi
mately N 50'-60' E across the Nicaraguan trench. The fourth set, 
which is less conspicuous, is represented by only three identified 
members within Nicaragua. Two others, which are subparallei, are 
visible on the image in the area of Honduras, to the northwest. This 
set is notable for the fact that it extends from the coast entirely 
across the Nicaraguan Depression. Its trend is N 25'-450 E. Aerial 
photographs and field studies in the city of Managua by other U.S. 
Geological Survey personnel (Brown, Ward, and Plafker, in press) indicate 
that this fourth set is represented by four currently active, left
lateral, strike-slip faults and a narrow belt of aftershock epicenters.
Instrumental data indicate that the aftershock earthquake foci are of 
shallow depth (<10.0 kilometers). 
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Volcanic eruptions
 

Description
 

Volcanic eruptions affect many areas of the world with great loss of
 

life and property. Methods of predicting volcanic eruptions include
 

precise measurement of the tilt of volcanoes prior to eruption, measure

ment of the geochemistry of gases and increased heat flow from volcanoes,
 

and the measurement of microseismic activity which may precede an eruption.
 

The ERTS Data Collection System can relay data from tilt meters and
 

seismic event counters to central reception stations to warn of impending
 

eruptions. Indeed, this was done for the first time, retrospectively, on
 

Volcan Fuego in Guatemala in 1973. Figure 6 illustrates the relationship.
 

It has been proven that such data are reliable precursors of eruptions
 

of some active volcanoes in Hawaii, Japan, and Kamchatka, but
 

they may not be applicable to all volcanoes.
 

Assessment of damage from volcanic eruptions can be made in a
 

preliminary fashion from ERTS images, particularly mapping the areas of
 

lava flows and the areas covered by falls of windborne ash and other
 

volcanic ejecta (tephra). The tephra may have lasting effects on
 

growth of vegetation both near the site of an eruption and at some dis

tance from it. Even very light ash falls, which may not be visible
 

immediately after an eruption, may betray their presence by a lack of
 

vigor in vegetation shortly after the eruption.
 

Summary
 

Definition of the problem: Predicition of volcanic eruption and
 

monitoring of the impact of active eruptions.
 

Basis for the use of ERTS data: Images used for mapping of new lava
 
flows and tephra falls in volcanic areas. Data Collection System relays
 
seismic data prior to eruption as a warning of impending eruption.
 

Experimental results: Measurement of seismic events and ground tilt
 
can indicate impending eruptions. A low cost reliable network of recording
 
and satellite transmitting stations could be set up on volcanoes. Several
 
volcanic eruptions during the experiment were preceded by abnormally large
 
swarms of earthquakes several days before eruptions.
 

Not yet proven that all volcanoes give the same type of seismic warnings.
 
Research is continuing on this subject. Recent lava flows and areas blanketed
 
by tephra (volcanic ash) have been mapped.
 

References: See abstracts following.
 

Evaluation of status of application:
 

Equipment and techniques completely developed.
 

System could be implemented now on a worldwide basis utilizing
 
satellite relay through ERTS or through communications satellites.
 

Need for rapid dissemination of imagery for disaster assessment analysis.
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Figure 6. 
ERTS monitors 16 volcanoes daily with the Data Collection

System. During February 1973, an increase in the number of seismic
 
events preceded an 
eruption of Volc~n Fuego in Guatemala. 

data was relayed from the seismic 

This
 
event counter on the ground


through the ERTS Data Collection System and thence to 
the Goddard

Space Flight Center; but not evaluated until after the actual eruption.
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Potential use of operational system:
 

Volcanic eruption warning system
 

Analysis of areas covered by new lava flows and vegetation
 
(natural and croplands) blanketed by tephra.
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Abstracts
 

A Pew 	Method for Monitoring Global Volcanic Activity 

by 

Peter L. Ward, Elliot T. Endo, David H. Harlow 
Rex Allen, and Jerry P. Eaton 

U. S. Geological Survey 
Menlo Park, California 

Abs tract 

The ERTS Data Collection System has made it possible for the first time 
to collect significant data on the level of activity at widelR scparated 
volcanoes and relay those data nearly iN antanccusal tr one central 
office for ana.cia !'y a omal ,roup of pecialists. Tho new caraiN
ity opens a nuw era Q veclanc0 luy wherecres 'wi nc.. 
quiescent but p(, iOZya anageu 'uc 	 nc.. poW;oa r.7 o..anc.. 

i , , , !around tOr' d :,an b; evcn ra,' and re ?, mo:it ,( I daib, tc.. 
warn when any are ye Icanc is Wominp a2ti, agair,. 

A protot,I AcWc sWV,'VL&"7anoc c~ste LAc esta,.'0 .. ,.n . U' t f,." 
latter part cf 79?7[ i.,a&r 3 o 7 ' , ances N A!; a , Hawaii, 
hash-zngfor, Oaif' mi a, .:MqC.., IaVte"U ', E: 7a v20, and! :2Lzr(17u.W 


Nineteen 0' ,':ic e. Pc that coSK t .rE', ,)mKt a- "r ,ar1 ."'. 	 r 
qakes ind o'x 1 P. -V Wrp Pr~ A&, wann yp a, . w!,' 
a so 2 ", .-	 . n. ,, . ' r . 

Unstpum';: ll' "" '. . .' ,. ,a it 
t N O .cQ, .. . 11 '%a,, - . . ' ' "r
 
ana : 	 io,. -Q : W-ryly--.. a.:n. 17 1*, Waa qrs o c: tr i, ,; oc...ov thto'. /,ud.,' 

hCn . .. ro, e m f W c , ' * ... t ,W L .r ... "-: t K 

activit, and e ,' 4,red" u: ,, ' ,,u 2r., i; r,,, rmr
,taticy. EXpicnw, d'"r'ing Oi.is jrc, &-.".'ratrates th, feas Li7Z it- o-f 

buidin3 inexp>so v , 1v pc.e, rcfiallc i-',tpuments that can bec instaz
led in remote ocatic Q most, tchninfa.'bs and can bc expcica to run 
unattended f<.r a fe - tars. 

Ccmaris=n of t;-, fro" t'ese new nu a k acunturs data fromda o- carth e iS-
nearby stanaa s ..s.cme t ers sNow that the counters Ac ncrmall ndi
cate the Zewc: cf Wesmic activitpi. Pr'iny pcriods of high semicc 
background noisc there may be a si<cn ficant n:rtbcr of spurious counts 
but the existencr and durtion of such noisy periods are rclialiy 
nicatcd b? otk•r data sent n the carthquake counters. The YnQI 

eruption to Lccur to dayt ,ny jthe noea ....ow of c u-r :was pre
ceded Iy an aU:crmuag Zaprq swarm of ea hquakea sevcra7 ajs icfore. 

This work demonstrates th: technical feasiLility of a glo:_a? volcano 
surveillance system but many dWtaiOs in the desin, of rol-ial- c instruments 
still need to be worked cut. The primary effort in the future, however, 
needs to be the collection and. analysis of data from these different 
volcanoes to establish clearly the scientific feasibility of this novel 
and potentially revoZutionary approach to the surveillance of hazardous 
volcanoes.
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Establishment, Test, and Evaluation of a Prototype
 

Volcano-Survei llance System
 

by
 

Peter L. Ward, Jerry P. Eaton, Elliot Endo 
David Harlow, Daniel Marquez, and Rex Allen 

National Center fcr Earthquake Research 
,vnted States Gcec.logicaZ Survey 

Mrnc arPrk, Califor,2ia
 

Abs tract 

A t,olcanc-suwi ,lance system utiZizi n, P5 rmiltilevel earthquake counters 
an C biaxial borehoZe tiltmetere is bc'ing installed and tested on 15 
volcanes in 4 staT.es and 4 foreign countries. The purpose of this system 
:stc qi:'c earT", ?'an : .)hkn ',parent ,dormant vrlca,:oe's are becoming 

a ."Whe'1za rPI aned trz'zugh th, ERT 71'ata CoZlection System to
 
:r,: In,,IVY "o anal ,::i'Y. Thi . 7..iion: an zxi tc td in 1r 7'2 on the
 
voZ 00,5: t. .I:O,:! :d . k. Haoai ; Baker,
Y~i,,r" in ts7; Filauea in 

Pa; oir n,: . fl> lens iv n tin; Lao,,ocn *7:California; ,nd at a
 
Vitt, , , I:mad. ::sto ,otion cwtinues and should be
 
completcd 5: .1 1177 on t;, ,"7canoesSartiaquito, Fucao, Agua, and
 
Pacaya i, 'h'ct'maia; i,-,alao in El 7.wadao and San Cristohal, Telica and
 
(err, '!!eQyPoin 17,aragua.
 

Ocd Use 
ferent ampl;, i ,',.,cn. in e'rthqu 'ei~ assumed if 10 peaks of a full-wave 
rectifie,I sa"'i--c ,z na rceed a giver threshold in 1.2 seconds and no 

h, ,x,'r:'Jtlv: t#1 ,hrc the This 

The C ;nt co0'on rs '.r'vc for this count earthauakes of four dif

Z.oin praoious 15 seconds.latter criter,-m inI.is t/; ceu. tors ij the ground noise is high for 
tonF per'*o.o <. tim.~~ )r;.b times arC counted on separate counters. 
A di Tz pI it , a thedata eC.d unique prU 2ter in counter that provides a 

° 
.he(.k on t;:_ 2 .ai i.P.tn of the [I,. ?l:: overaac power consurtion is 
cnly [ 'il Ms, ad tkhe coutcer, Lzr- noo operating relialu in a wide 

t•() ,Iu ,..... toe, arc being p!aced near most 
event cou~t.'o kin fitial progra in order to )erify that thenL tis~ 
counters ar. 7zsormin-tinn earthauzke;s as anticipated. Local earth
quakes are :eino neacried at neavl, all sites. 

The iaxIaz7 tiltnetcrs are 2 inches in cianeter and fit in a hole 5 feet 
deep. They (re prcving easy to install and are operating stably with a 
sensiti:'it, c Ciao'ut one microradian. 

Since this projct was not funded until one month before the launch of 
ERTS-A, uc: cf the first year of satellite life has been spent building
and depZcyin3 equipment. The data available to date show that the instru
ments are worr~ng quite reliably and show how the system can be tuned 
to improve the ,dataand reliability. The primary objective--evaluating 
the effectiveness cf the system--must await more data. 
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Satellite Geological and Geophysical Remote Sensing of Iceland -

Preliminary Results From Analysis of MSS Imagery
 

by 

Richard S. Williams, Jr. 
U. S. Geological Survey, EROS Program Office
 

Washington, D.C.
 

Agust B~dvarsson
 
Icelandic Surveying Department
 

Reykjavik, Iceland
 

Sturla Fridriksson and Ingvi Thorsteinsson
 
Agricultural Institute
 

Reykjaoik, Iceland
 

Gudmundur Pa.Zmason and Siaurjn Rist 
National Encrpji Azthority 

Reykjavik, Tco and 
Hlynur 3igtr (7sson 

Icelandic Meteoro~cg-iaa Service 
Peykjavi-', Ic Zano 

Sigurdur Thorarinason 
University cf Iceiand 
Reykjavik, Ice land 

Abstract 

A binational, multidisciplinary research effort in Iceland is directed
 
at an analysis of MSS imagery from ERTS-1 to study a variety of geologic, 
hydrologic, oceanographic, and acrricultural phenomena. A preliminary
 
evaluation of available ASC imagery of Iceland has yieldea several 
significant results - some of hich ray!hae direct irportance to the 
Icelandic economy. Initial findings can Ie szaTari-zed as follows: 
(1) recent lava flows can be delincated Jr"o': oZder flows at Askja and 
Hekia; (2) 14SS imagery fro, E' TS-1 and VHFR visible and infrared imagery 
from NOAA-2 recorded the volcanic eruptio): on Heimaey, Vestmann Islands; 
(3)coastline changes, particularly changes in the position of bars and 
beaches along the south coast (e.g., north ar west of Ingolfh'fdi), are 
mappable; (4) areas covered with new and residual snow can be mapped, 
and the appearance of newly fallen snow on ERTS-1, MSS band 7 appears 
dark where it is melting; (5) sediment pZum7es from the discharge of 
glacial rivers along the south coast can be delineated; (6) the area
 
encompassed by glacial ice (ice caps, valley and outlet glaciers, etc.)
 
can be mapped, including the new position of a surging glacier,
 

Eyjabakkajikull, and such related phenomena as nunataks and moraines;
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(7) the plotting of changes in position of rivers, changes in size of
 

lakes, and the occurrence of new lakes are feasible; (8) low sun-angle 

imagery, particularly of snow-covered terrain, markedly enhances the 

morphologic expression of constructional glacial and volcanic land

forms, thus permitting the mapping of previously unrecognized 

structural features such as central or subglacial volcanoes; (9) the 

MSS color composites will permit the regional mapping of the gross 

distribution of vegetation in Iceland; and (10) at least at 1:250,000 
map scale and smaller, ERTS-1 imagery provides a means of updating 

various types of maps of Iceland and will permit the compilation of 

special maps specifically aimed at those dynamic environmental 
phenomena which impact on the Ice landic economy. 
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Environmental Studies cf Iceland
 

With ERTS-1 Imagery
 

by 

Richard S. Williams, Jr. 
U.S. Geological Survey
 

EROS Program Office
 
Reston, Virgivia 22090
 

Agust B51va(wson 
Icelandic Furoeying Department 

Sturla Fr!Pi o[ksson 
Agricultural Hiacearci Institute 

Qu "nundurR P. ,ason 
National Eor o.,,Auth ri t:y 

Sig jn l, t 
National Energa .iuthrit t 

ttlynu ig[7tr~qgg3;oon
 

Ice landic Me t.eornlwj o,,aSer'ice 

Kris t,ud Simunusson 
National Nne ,,1Aiuthoority
 

Sigu(t'"uv 'ovar'inaon
 
Unioerai[tej o,'folooand
 

MYqoi IhOatCeJtle5son 
Agricu ltura Wiv.seurch Ins ti tu te 

Hey khj'w.,, Iceland 

Abs tract
 

ERTS imagery has sufficient resolution to map, from MSS color composites, 
areas of altered ground caused by high-temperature geothermal activity 
at the Nhafjall, Torfa,jbkull, and Reykjanes geothermal areas. A small 
area of intense thermal emission on the east side of the Nimafjall 
geothermal area could qZa- k.c mapped To ause of the snowmelt pattern. 
The major axes of the fczlout patterN of tephra from the May-July 1970 
volcanic eruption from l:ck .a Vo'/.;o. can e mapped whore rufficient 
depth of deposition wao suJficlant to eriousiii affect the normal vege
tation. Lava flows from the 1961 volcanic eruption at Askja; some of 
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the lava flows from the 1947-48 eruption, and all of the lava flows
 
from the 1970 eruption at Hekla; and the areas covered by tephra and
 
lava from the 1973 eruption on Heimaey could be delineated. Low sun
 
angle imagery (<100) of snow-covered terrain has been particularly
 
valuable in mapping structural and volcanic features concealed beneath
 
glacial ice in the active volcanic zones of Iceland. Such imagery has 
also shown the very marked differences in volcanic geomorphology from 
a regional standpoint within the active zones. Enlargements from 
standard (3d generation) negatives enabled planimetric revisions to be 
made to the 1:100,000-scalemaps of the islands of Surtsey and Heimaey; 
a change in the former is the result of erosion, and a change in the 
latter is the result of new land created by the 1973 volcanic eruption.
 
Changes in extent of snow cover with time can be monitored on successive
 
images. The change in size of sedimenr plwams from the many glacial 
rivers which discharge into the sea along the south coast can be 
monitored and give a qualitative indication of seasonal changes in 
melting r.ates of glaciers. Changes in area of lakes, particularly 
glacier-margin lakes because of their powder-blue cror, can be mapped 
most easily on MSS false-color composites. The increase in surface 
area of an ice-dmimed lake was monitored until the occurrence of a 
jkulhlaup, after which the surface area of the lake was reduced con
siderably. ERTS imagery is especially amenable to showing the entire 
areal extent of Iceland's glaciers and icecaps at a point in time. New 
planimetric maps are under preparation at 1:500,000- and 1:250,000-scales 
which will accurately show the area of Iceland covered by glacial ice. 
Recently deglaciated terrain can be distinguished on MSS false-color 
composites because of the absence of vegetation when compared with 
older degZaciated terrain. ERTS imagery, acquired about 1 year apart, 
shows that the Eyjabakkajgkull glacier, an outlet glacier on the north
east part of Vatnajakull, has surged nearly 2 km. Some of the effects 
of subglacial geothermal and volcanic activity under Vatnajkull can 
be seen in the form of collapse features in the surface of the icecap, 
after the occurrence of two jTkulhlaups. MSS false-color composites 
permit the mapping of at least five distinct vegetation types (forested 
areas, cultivated areas, grasslands, reclaimed areas, and lichen
covered bedrock) and barren areas (absence of color). The high latitude 
of Iceland permits considerable stereoscopic coverage on side-lapping 
ERTS imagery. Features with relief as little as 100 m can be discerned 
stereoscopically. This method of studying landforms, vegetation distri
bution, occurrence of snow cover, glaciers, and geologic structure 
stereoscopically generally permits a more precise analysis to be made
 
of these phenomena.
 

Williams, R.S., Jr., Ba6varsson, Agust, Fri6riksson, Sturla, P61mason,
 
Gu~mundur, Rist, Sirgurj6n, Sigtryggsson, Hlynur, Smundsson,
 
Kristjan, Thorarinsson, Sigurbur, and Thorsteinsson, Ingvi, 1974, 
Environmental Studies of Iceland with ERTS-1 Imagery: in Proc.
 
Ninth Symposium on Remote Sensing of Environment, Univ. of Mich.,
 
Ann Arbor, Mich., v. 1, p. 31-81. 
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Thermal Surveillance of Cascade Range Volcanoes Using

ERTS-1 Multispectral Scanner, Aircraft Imaging Systems, and
 

Ground-Based Data Communication Platforms
 

by 

Jules D. Friedman
 
U. S. Geological Survey
 

Washington, D. C.
 

David G. Frank
 
U. S. Geological Survey 

Tacoma, Washington
 

Duane Preble
 
U. S. Geological Survey
 

Bay St. Louis, Mississippi
 

J. Earle Painter
 
Goddard Space Flight Center
 

Greenbelt, Maryland
 

Abstract
 

A combination of infrared images depicting areas of thermal emission 
and ground calibration points have proved to be particularly useful in
plotting time-dependent changes in surface tcmperatures and radiance and
 
in delimiting areas of predominantly convective heat flow to the earth's 
surface in the Cascade Range and on Surtsey Volcano, Iceland. In an
integrated experiment group using ERTS-1 Multispectral Scanner (MSS)
and aircraft infrared imaging systems in conjunction with multiple

thermistor arrays, volcano surface temperatures are relayed daily to

Washington via Data Communication Platform (DCP) transmitters and ERTS-1.
 
Estimates of the magnitude of radiative and convective heat flow at
 
several surface thermal manifestations in Lassen Volcanic National Park
 
are providing data on the energy yield at the earth's surface during

Lassen's current period of repose. Repetitive aircraft infrared imaging
missions have recorded the outgoing radiative flux from the terrestrial 
surface, which has been essential in locating, delimiting and recording
changes in surface thermal anomalies at Lassen, Mt. Ranier, Mt. St.
Helens, Mt. Baker, Mt. Shasta and Mt. Hood. ERTS-1 MSS imagery has 
revealed curvilinear structures at Lassen, the full extent of which have
 
not been previously mapped. Interestingly, the major surface thermal
 
manifestations at Lassen are aligned along these structures, particularly

in the Warner ValZey. On Lassen Peak, and possibly at Mt. St. Helens,

smaller thermal anomalies are controlled by the contact margines of

silicic or intermediate extrusive plugs, and particularly at Laasen, may

mark a line of structural weakness along Manzanita Creek Valley. 
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Drought
 

Description
 

Drought is a creeping disaster. The signs of drought are at
 

first minimal, but over a period of months and years can culminate in
 

serious water and food shortages, thereby causing great economic and
 

personal damage. ERTS data have been used for drought analysis only
 

in the Sahelian zone of West Africa, and the results are preliminary, but it
 

is believed that valid extrapolation to additional experiments for
 

operational use can be made. The basic advantage of ERTS data for
 
drought analysis is the fact that the images are uniform and repetitive
 

and thus can be readily compared for the detection of changes that may
 

signal the signs of an impending drought. Such signs would be: (1) a
 
decrease in surface water area, (2) a decrease in the area and vigor of
 

vegetation, and (3), in some areas, the signs of desertification,
 
such as movement of sand dunes and loss of agricultural productivity.
 
In order to accomplish this "early warning system" an operational ERTS
 
system would be required that would systematically acquire images over the
 
land areas of the world; it would also require the creation of inter
disciplinary pliJtointerpretation teams that would systematically search the
 

data for evidences of impending drought. This would, of course, be combined
 
with knowledge from other public and private sources, including meteorological
 
data from weather stations and the NOAA satellite. Data collection plat
forms in remote areas, with sensors which measure precipitation, air
 
and dew point temperatures, soil moisture, etc., could also be employed.
 
As an area became identified as a potential drought area, more attention
 
would be focused on it, and more in-depth analyses would be made. At
 
that time plans for relief efforts could be initiated to minimize the
 
deleterious effects of impending drought.
 

If a drought is already underway, an ex post facto analysis can be
 
made similar to that being done experimentally in the Sahelian zone of
 
West Africa. This would involve the search for additional water supplies,
 
analysis of the grazing and farming conditions of the land, identification
 
of those areas where proper land management has warded off some of the
 
greater affects of the drought, mapping the increasing desertification
 
of the area, and verification of the rate of desertification.
 

Drought analysis of this type can be conducted with the ERTS
 
data and existing supplementary meteorological data, and with the proper
 
manpower, effort, and facilities, can be successful in helping to
 
relieve the major effects of large-scale drought.
 

Summary
 

Definition of the problem: Warning of impending drought, planning
 
of remedial measures, and monitoring of reclamation activities.
 

Basis for the use of ERTS data: Repeated synoptic view of large
 
areas allows comparison of vegetation, water, and terrain changes with
 
time to detect signs of incipient drought.
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Experimental results: The only studies on droughts made to date
 
are in the Sahelian zone of West Africa. They have shown that increasing
 
desertifieation, decreases in vegetation, and changes in water conditions
 
can be monitored over a large area. This research, however, has been
 
done during the drought rather than before it occurred. Results also
 
indicate that the difference between drought-affected areas and well
mnagd grazing areas is quite visible. Monitoring of farming and grazing
 
areas for management decision is practical and undoubtedly will conserve
 
agricultural land and improve productivity over future years.
 

Refnrences: See abstract following.
 

Evaluation of status of application: On the basis of work done to
 
date, monitoring of drought-affected areas is feasible. Exploration for
 
water supplies is feasible with ERTS data. Repetitive monitoring of
 
areas that may be subject to drought to detect signs of incipient dryness
 
is feasible but has not yet been done. It would require continued
 
repetitive coverage of large areas of the world and photo analysis by
 
interpretive teams. Supplementary meteorological data from weather
 
stations and the NOAA weather satellite and, in the future, the use of
 
data collection platforms in remote areas would improve accuracy of
 
imagery analysis.
 

Potential use of operational system:
 

I. 	Warning of impending drought
 

2. 	Exploration for water supplies
 

3. 	Monitoring of farming and grazing for management decision
 

4. 	Analysis of drought-affected areas
 

5. 	Development of water conservation practices for an area
 
of imminent drought.
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Abstract
 

AppZications of Remote Sensing (ERTS) to Resource Management and
 
Development in Sahelien Africa (Republic of Mali)
 

by 

N. H. MacLeod
 
Department of Biology 

The American University
 
Washington, D. C. 

Abstract 

The primary resource management problem in Sub-Saharan Africa (the Sahel)
 

ia -ncreasing aridity or desertification. Space observations of sand
 

streams, dune orientations, moisture and vegetation changes and other
 

factors associated with desertificatiun have been made. It is not yet
 

known whether the process is caused by human activities or climatic
 
changes or both.
 

A second major interest is grazing of cattle, sheep and goats which is
 

associated with major movements of people and animals twice yearly to
 

obtain forage -- from the savannah in fall and winter, and from huge 
areas of marsh (the Inland Delta) in spring and summer. These movements 
(transhumance) pass through more settled cultivators and into regions 
occupiad by fishermen. The changes in available forage are being 

observed. ThA location of the cultivators is also being mapped from 
ERTS image'ry -- for the first time. Field burning after rains is widely 
practiced and has been observed and the extent measured in ERTS imagery.
 

In some areas of Mali, this measurement is an estimate of area to be 
planted to grain in the next season -- an unmeasured parameter hereto
fore. 

Hydrological analysis is being carried on in the Niger and Bani River
 
watersheds. The size, timing and areal extent of the annual flood is 
of particularinterest. So far, good imagery of the maximum flood 
stage has been obtained and assessed. 

GeoZogic information on fault zones, sand dune formations, scarps, 

tecconic basins and focal points of faulting (points from which frac
tures appear to radiate) are all visible and heretofore mapped inaccu
rately or not at all. The information on possible areas in which
 

mineralization has occurred are being mapped and noted for Malien 
officials carrying on their own ERTS investigations. 
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Grass and forest fires
 

Grass and forest fires may be started accidentally--for example
 
by lightning--or deliberately for clearing native growth for agricultural
 
purposes or to burn away crop stubble. Forest and grass burns are
 
among the most easily recognized features on ERTS imagery because of their
 
lower reflectivity, and they can be easily identified and mapped with a
 
minimum of equipment and by interpreters with a minimum of training.
 
Assessment of thie areas burned, combined with previously made maps of
 
vegetation type and cultural features, can be used for determining the
 
percentage or area of a particular vegetation type burned and for
 
identification of new agricultural areas. It has been suggested that
 
identification of new agricultural areas created by burning is useful in
 
the control of malaria because malaria control teams can then know
 
exactly which areas should be sprayed for mosquito control. Because of the
 
18-day repeat time of ERTS imagery and the delay in receipt of images for anal
yses the images are not particularly useful for the assessment of fire condi
tions during burning or for specific fire control measures which must be done
 
on an hourly or daily basis. In spite of this limitation, however, the assess
ment of burned areas is probably one of the easiest of ERTS imagery.
 

The Forestry Remote Sensing Laboratory of the University of California at
 
Berkeley has analyzed fires in the State of California using ERTS
 
imagery. They have concluded that the analysis of the area burned in a
 
particular fire can be more accurately done by analysis of the ERTS image
 
than by observers flying over the fire and drawing maps. The ERTS imagery
 
can also be readily used to map the interior of large burned areas in
 
detail and to monitor burned areas over periods of time to evaluate the
 
re-growth of vegetation. Unburned areas within a large fire perimeter
 
can easily be distinguished in the images. Figure 7 shows old and new
 
burns in eastern South Africa which can be easily recognized and mapped.
 

Summary
 

Definition of the problem: Mapping the occurence and extent of
 
grass and forest fires and regrowth after fires.
 

Basis for the use of ERTS data: Synoptic and repetitive imagery

allows ready identification of burned areas, measurement of the burned
 
areas, and assessment of rates of regrowth.
 

Experimental results: Both accidental and deliberate fires have
 
been detected, mapped, and monitored in South Africa, Angola, Botswana,
 
Rhodesia, and Zambia. Burned areas are readily recognizable on ERTS
 
images and can be measured with reasonable accuracy. Maps of burned
 
areas can be combined with previously made maps of vegetation type to
 
assess the area and percentage of each type burned.
 

Fire hazard appraisal has been done in California to map areas of wild
 
oats and blue gum trees which, in the dry season, are a great fire hazard.
 

References: See abstrac:s following.
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Figure 7. -- Grass fires in the veld regions of eastern
 
South Africa can be readily recognized and
 
mapped on ERTS images. Old burns and new
 
fires can be distinguished. The darkest
 
areas are fires, in some areas partially
 
bounded by previously cut firebreaks.
 

Scale 1:1,000,000. Image 1047-07187.
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Evaluation of status of application: Completely feasible and
 
readily accomplishable with a minimum of interpretive equipment. 
 Inter
preters can be quickly trained.
 

Potential use of operational system:
 

1. 	Assessment of areas burned by forest fires.
 

2. 	Assessment of veld and savanna burns for agricultural
 
purposes or for wildlife habitat management.
 

3. 	Delineation of areas cleared for new agriculture in jungle
 
regions.
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Abstracts
 

Deteotion, Mapping and Estimation of Rate of Spread of 
Grass Fires From Southern African ERTS-1 Imagery
 

by
 

J. M. Wightman 
Forest Management Institute
 
Canadian Forestry Service
 

Ottawa, Ontario
 

Abstract
 

Sequential band-6 imagery of the Zambesi Basin of southern Africa
 
recorded substantial changes in burn patterns resulting from late 
dry season grass fires. One cxample from northern Bctswana, indi
cates that a fire consumed approximately 70 square miles of grass
land over a 24-hour period. Another example from western, Zamia 
indicates increased fire activity over a 19-day period. Other 
examples clcaariy dcfine the area (.,f widespread grass fires in 
Angola, Potsw.ana, Rhodesia and! Zambia. 

From the fire patterns visible on the sequential portions of the 
imagery, and the time intervals involved, the rates of spread of 
the fires are estimated and compared with estimates derived from 
experimental burning plots in Zambia and Canada. It is concluded 
that sequential ERTS-1 imagery, of the quality studied, clearly
 
provides the information needed to detect and map grass fires and
 
to monitor their rates of spread in this region during the late dry 
season.
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Preliminary Assessment of Veld Burning Patterns
 
in Natal From ERTS.-1 Imagery
 

J. L. Jarman (South Africa) included in "To assess the value
 
of satellite imagery in resource evaluation on a national
 
scale." Report on South African ERTS-1 investigations by
 
Dr. O.G. Malan, Council for Scientific and Industrial
 
Research, South Africa.
 

Conclusions:
 

This preliminary assessment has definitely proved the usefulness
 
of ERTS imagery in investigating preci'ely the location, extent and
 
time of burning in relation to vegetation type and management. The
 
results have proved conclusively that monitoring of the burning pattern
 
is a practical feasibility, provided suitable consecutive imagery is
 
available.
 

As far as detectinq burn areas on the imgigery is concerned, small 
fires are more difficult to detect than large firs on the l:J1O00,000 
black and white prints, but the Additive Colour Viewer removed this 
difficulty of differentiating between fires and water-bodies in band 7 
and positively identified burn age whereas the prints were sometimes 
difficult to assess. 

The 1:500,000 false colour photolithoprints are very suitable 
for burning invento y work. 

It must be stressed that this is a preliminary assessment. Never
theless, the data that have been collected for this investigation, with
 
that obtained from a future operational satcllite, will be invaluable
 
for detailed investigations of burning practice which is a very
 
important range management method.
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Agricultural crop disasters
 

Description
 

include a variety of applications,
Agricultural crop disasters 


because stress on crops may include lack of moisture, disease, insect
 

It has long been the hope that stressed crops
infestations, and storms. 


could be detected from satellite altitudes before the stresses became
 

severe enough to damage the crops beyond redemption. This has not,
 

however, been the case. Crops and forests that have been killed are 

identifiable and (listinguishable from healthy crops, but pre-mortality 

stress is not readily evident. Nevertheless, the relative vigor of 

crops, their density. and areal extent can be readily assessed from 

ERTS imagery and, by spectral recognition techniques, many major crops 

can be identified. 

The specific potential applications of interest are the winter

kill of grass in Iceland and the survey of locust breeding sites in
 

Saudi Arabia, both of which are abstracted below.
 

Summary
 

Definition of the problem: Identifying areas of plant stress due to
 

disease, insect infestation, pollution, or moisture deficiency.
 

Basis for the use of ERTS data: Spectral reflectance of plant
 

changes as they are stressed. Measurement of the change indicates the
 

presence of stress but not the specific cause, which must be checked on
 

the grotund.
 

Experimental results: Forest infestation and sulfur dioxide damage
 

has been identified on ERTS images. To date, however, no specific cases
 

of crop disease have been identified on ERTS images. Success has been
 

achieved with aircraft monitoring of crop disease, particularly during
 

the major experiment on corn blight in the midwestern United States during 
1972. Further experiments with satellite data should be conducted before 
the application is either proven, shown to be limited to specific cases, 
or shown not to be feasible. 

References: See abstracts following.
 

Evaluation of status of application: Proven for some specific
 

cases of forest insect infestation and air pollution effects on forests
 

but not ready for general application.
 

Potential use of operational system: Must await additional experi

mental results. If proven feasible, it could be highly beneficial in
 

stopping spread of crop disease at early stages.
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Abstracts
 

Application of ERTS-1 Imagery and Underflight Photography
 
in the Detection and Monitoring of Forest Insect
 

Infestations in the Sierra Nevada Mountains of California
 

by
 

Ralph C. Hall
 
Natural Resources Management Corporation
 

Berkeley, California
 

Astract
 

Prelirinari analysic of IEFTS-1 imagery in a ruqged wuon:tain
 , 

area in lh Sierra i"wada Hounatain.' of Calif'rnia indicates 
some prom's'ng puosiilitin of det.ctinj tKo typco of l", 
infeatationa ao car Ff'"ar ' opcon>a'p..- c:.ca -'7 

and ,,appi w;th r fotre c.h no Wi"cr cr ".tir d areas; 
ti CroWtn ,.j.;,it,; [,iw'pZ erro 2r,'c', "Y ,' ', mcachws, 
lakcs, ,.,asic rckc- w q O e.,s, pZr w, r,,"-Z Si ' ' 
grazing Zandua, roCsiLDn .lacicra. W,' ave :ecd a ju:ncd 
.xccadinglj usefn LAO WerfZigh! ,EC-10imagrp. 
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Impact of ERTS Images on Surveys of Forest Insect Infestations
 
in Cook Inlet Basin, Alaska
 

by
 

James H. Anderson. and John M. Miller
 
University of Alaska
 

Fairbanks, Alaska
 

F. Philip Webcr
 
USDA Pacific SW Yorestry Experiment Station
 

Berke le , Calif'ornia
 

Z'naw Becia 
Alaska Departmeni of Natzural Resouroes 

A,:choraga, Alaska 

Roy C. Ockwi th
 
USFS, rnstitute of Northern Forestry
 

Fairbanks, AKaska
 

Al s traci;
 

Aerial surveys conducted durina th past three summers by the U.S. Forest 
Service ha:.? ident 'f-Yd a soere qr rco Leetl" (Dendroctonus obesus 
(Mann.)) infestation to a "'OO loc' ,.on west of Cook InZt near 
the Tdonck Ia Ce 2t'of:, aoi: .2 1'=7'no acrcagcs Kn tified on74:,]:' the 
Kenai Peninl'q F: Km Mass anpeo a d ,' :act t Pa. and private1:2 it 

lands. t <mat. ham-' Wn i W 'ar!1W white
,.' ' - .. f 
spruce k i/',' :or jam,'<. <e r' e; b.%.', ,',, tic large areal 
extent of" the,.:r:,i s ta I It task for main
tainina sp ,:j :: ,f the ,' . j tj 111TW.'L. t 

Technique., have or: iavo ,e,:?'pct& u:,r Aing'r r 17;1 EFT7-1 imagery of 
the Cook :loTt basin to stratffp . ,, q., t,. rprucc into three 
levels - healthy, N:ewly kiZI, ,, and l T'7' :e three step anaZysis 
was pcr'fmc," r te [ P A'n'r::,p:.. A oc'cr coposite ,was crcated using 
color recomLiw i, cf the !uZ' 70-mr 2.rti.=ric, an optimun color 
Composi. as ohoosen for disj.ay "a:.<interpretationat 28 times enlarge
ment on a Var:.scqn scanner, and scey rxai vic di fjerences were analyzed 
from micrcdonsit',e.,r 800naN:O. 

As of now we ham. ieen able to mar the p.urr s rae stands as being dif
ferent from the r'rlx,.i spruc, - hardwood stands, and we have been able to 
map the extent of -7N . kiM7 ,or e .tan~d. Wrk is continuing with 
other FHTS scenes taken earlier in the growing season where snow was not 
a problem for the pirapose of further stratificaticnof damage in spruce. 
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S02 Damage to Forests Recorded by ERTS-1
 

by 

Peter A. Murtha
 
Forest Manay 7ment Institute
 
Canadian Forestry Service
 

Ottawa, Canada
 

Abstract
 

SO2 fumes hav been affectina the forests around Wawa, Ontario, since
 
1949. in one a.rea 2
the forest has been total:o destroyed and onZy

exposed ground remains. The affected forest has been under aerial
 
surveillance f'or 
a number of years and was recentlZy coLcrc? by high

altitude, 1:1,0,000 aerial phcto graphy for darmagc 
asscsamc nt parroses.

The area was caiectcd as a Canadian Forestry Service E'TS tast sit. 
an? was imaged on four scuccessive ERTS passes during thc sumrer uf 
197.
 

Image interpretation supported ly electronic colour enhancement was
 
used to delinaate on ERTS imageryi three damage c'ones (tctal kill,
Leavy kill an' mewim d :aye 2oncs). The zones dor inated on FUiT' 
imagery are similar to the resu7ts of aerial sketch-rappinq and air
photointorprctation. 
Rand 5 proiy ed the ;Preatest Adta" 'Yr asses
sing the damage to the ores...., f'llowl n u... i. orer Q
bands 4, 6, and4 7. Com.,paris.rn .t.h 7"$ cs a in,imT otmgONd the
winter sha''o that c en thlm:e:h the total kiE could be separated from 
heavy kil amage zones, tta kil could not A concsitentZy separated

from clear-cut logging, burned areas, frozen lakea 
 nd logo.
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ERTS Surveys a 500 KM2 Locust Breeding Site in Saudi Arabia
 

by 

D. E. Pedgley
 
Centre for Overseas Pest Research
 

London, England 

Abstract
 

From Septerber 1972 tc January 1973, EFTS-1 precisely located 
2
a 500 i"rarea on the Ped Sea coastaZ rlain cf Saudi Arabia 

within ,w c the F!'sert Locust (Schistocerca gregqaria. Forsk.) 
bred szcossfu7lu anid produzcI m;:'i smaZ ! swarms. Growt;l of 
vYagetatorc? hc .n 1..u i rr ,as cci-firmepd from ground;atlite 
survel's m.. ra'.a71a,. at . ,.. e. cri"h t donstrates the 
fo ElIbi.t' of c i0"a .;..:t 7c(o-u t by.t, li c.'.i 
sates bLtc, and shows that an oq rat.ic).aZ satc.l7ite would be a 
powerfil t0.l, for routine survey oP the 3 x 107 krm2 invasion 
area of tktr !.TescrtLocust in A/frica and Asia, as wel as of 
other locust specie(s in the arid and semi-arid tropics. 
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Icela'dic grass winterkill
 

R. S. Williams, Jr. 9U.S. Geological Survey, has reported that in
 
northern and eastern Iceland the condition of rangelands for sheep pasture
 
and forage is heavily dependent ul'on the amount of sea ice in the adjacent
 
Atlantic during the late winter, spring, and summer months. 
If little
 
sea ice is present or does not last for a long time during the winter,
 
the severe temperature over the land is ameliorated sufficiently so that
 
the grass will "winter over" and return to vigorous growth in the spring
 
and thus be capable of supporting a large population of sheep. If, however
 
there are large amounts of sea ice and it lasts for a long time iluring
 
the winter, spring, and into the summer, the grass will undergo winterkill
 
or stunted growth, and will not be capable of supporting a large sheep
 
population.
 

Monitoring the sea ice cover olf the northern coast of 
Iceland
 
may help in providing earlier knowledge of the amount of sea ice and
 
its persistence, and thus allow an earlier decision on slaughtering or
 
dispersal of sheep and on the carrying capacity of the range during the
 
following summer. Continued monitoring of the sea-ice conditions, which
 
would be a simple task from ERTS, could be done and the data provided
 
to the Icelandic range managers. An experiment of this type Vas not 
yet been tried, because routine coverage by ERTS of Iceland and adjacent
 
waters is not yet a reality'. Such coverage must await construction of
 
ERTS receiving stations in eastern Canado and northern Norway.
 

It would also be possible to use the NOAA meteorological satellites
 
for more frequent ice monitoring. These satellites have about an 800 
m
 
resolution, which is coarser than ERTS, 
 but they could provide twice 
daily coverage from Canada and Norway. During the dark part of the year,

the thermal infrared sensors on the NOAA satellites could image the Ice
 
cover. 
 This complementary use of the earth resources and meteorological
 
satellites could provide very beneficial data.
 

Hail storm damage
 

Description
 

Hail storm damage to crops is widespread and frequent, although
 
individual storms drop hail only on relatively restricted areas. 
 The
 
change in reflectance due 
to hail damage can be seen on the ERTS images.
 
Only one case of hail damage has been analyzed and only with the black
 
and white prints. The damaged area probably could also be readily
 
delineated on a color composite as well.
 

2/ Williams, R. S., Jr., 1972, Satellite geological and
 
geophysical remote sensing of Iceland (abs.): 
 in Univ. Michigan
 
Internat. Symposium on Remote Sensing of Environment, 8th, Ann Arbor,
 
Mich., Proc., p. .1465-1466.
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Figure 8 is a mosaic of MSS-5 ERTS-1 negative-print images
 
illustrating an area damaged by wind, rain, and hail from a storm which
 
occurred on July 1, 1973; the ERTS-1 overpass was a week later on
 
July 8, 1973. The apparent damage area, from analysis of ERTS-l imagery,
 
is delineated with a solid line. A ground survey was also conducted,
 
and the results are noted by a dashed line. Band 5 presented the greatest
 
contrast for interpretation; however, reflectance contrasts were also
 
apparent in bands 4 and 6. The damaged area was not apparent on band 7.
 
The predominant land use in the area is agricultural, cultivation of
 
small grains, and grazing lands. Note that the field boundaries and
 
patterns discriminate between these two uses. The anomaly apparent
 
in the hail-damaged area was increased reflectance relative to the
 
surrounding landscape.
 

Summary
 

Definition of the problem: Mapping the extent of hail storm
 
damage to crops and rangeland.
 

Basis for the use of ERTS data: Hail damage increases the reflec
tance of the damaged area relative to the surrounding landscape. The
 
synoptic view of ERTS allows delineation of damage over large areas.
 

Experimental results: One case of hail storm damage in South
 
Dakota was identified on ERTS image. It has a fair correlation with
 
ground information.
 

Reference: None published.
 

Evaluation of status of application: Shown to be feasible in only
 
one case. More data is required for comprehensive analysis. Technically,
 
the application appears to be feasible but is not yet ready for operational
 
application. Application may be hampered by the 18-day repeat cycle of ERTS.
 

Potential use of operational system: Evaluation of crop damage
 
areas for yield forecasting and hail insurance purposes.
 

Glacier movement
 

Description
 

Periodic surges of glaciers can create dangerous floods by damming
 
valleys from which the stored water may later break loose. The repetitive
 
nature of ERTS imagery allows ready detection of changes in the glacial
 
form and size that indicate the potential for surges (fig. 9) and a time
lapse view of the actual surges.
 

In addition, surveying a large glacial area for such changes can
 
be done easily with ERTS images, whereas it would be extremely difficult
 
and expensive by aircraft. The following text was prepared by R. M.
 
Krimmel, Austin Post, and M. F. Meier, U.S. Geological Survey and ie
 
reproduced here as an example of the monitoring of glacial surges.
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Figure 8. 
 Hail damage area identified on 
an 7RTS-1 image (negative print) is 
compared with the known
area of hail damag~e. 
 The heavy solid line indicates 
',"e area interpreted from the
the dashed line indicates ERTS imagery;areas of h1.,avy and light hail reported. bv residents of the area.analyzed from ERTS images corresponds fairly well 
The area 

to
(Interpretation and 
the area of h~eavy nail reported by residents.
image-ry provided bv" Don 
.


South Dakota 
'oore and Alvin Rusche, Remote Sensing Institute,State University, Brookin~s: Delineation on ground provided by :-erlin Williams,Department of Natural Resources Development,
Scale 1:750,000. Images 1349-16545 and Division of W.eather Modification, Pierre, South Dakota.)
1350-17003.
 



Figure 9. --	 Surging glaciers in the Pamir Mountains, USSR, 
are shown in an ERTS image. Repetitive viewing
of glacier areas allows checking of the areal 
extent of glaciers and identification of those 
that are in the initial stages of surging or
 
that may surge.
 

Scale 1:1,330,000. Image 1354-05224.
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Glacial floods can also be the result of subglacial volcanic and geo
thermal activity, as well as of failure of ice-dammed lakes. Both situations
 
occur periodically in Iceland, where they are called jbkulhlaups. Such
 
floods may or may not be accompanied by surges of glaciers; glacier surges,
 
however, have also been recorded on ERTS imagery of Iceland as discussed in
 
the following summary by R. S. Williams, Jr., and others (1974).
 

Summary
 

Definition of the problem: Monitoring periodic surges of glaciers
 
that can produce ice jams and floods.
 

Basis for the use of ERTS data: Repetitive imagery allows detection
 
of changes in glacier shape and size and in morainal patterns which indicate
 
rapid changes in movement. Synoptic view also allows scanning of large
 
areas to detect potential surging glaciers.
 

Experimental results: Highly promising results indicate an excellent
 
ability to spot surging glaciers and to measure movement and rate of movement
 
in a time-lapse manner.
 

References: Basic references included in this report.
 

Evaluation of status of application: Experimental results have shown 
the feasibility of the application. 

Potential use of operational system: Operational use would involve 
repeated systematic looks at major glaciers to find those that are surging
 
or may surge and to warn of the possible effects of the surges.
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Abstracts
 

Monitoring Surging Glaciers 

by 

R. M. KrimmeZ, Austin Post, and 
M. F. Meier 

U. S. Geological Survey
 
Water Resources Division
 

ERTS Image 1354-05224
 

This image shows both surging and non-surging glaciers in the Pamir
 
Mountains in Tadzhikistan in USSR. Most mountain glaciers move slowly
(a few centimeters or tens of centimeters per day), and slowly adjust 
to changes in climate by gradual advances or retreats. Surging

glaciers, on the other hand, periodically change from this slow regime
to very rapid flow (meters per hour) causing rapid advances of the 
terminus aounting to one or more kilometers per month. Such rapid
advances may cau. e lakes to be formed as tributary valleys are dammed 
by the advancing ice, and later these ice-dwnmed lakes may suddenly
release causing a catastrophicflood. 

In this ERTS image, the famous Medvezhii ("Bear") Glacier is shown just
completing a catastrophic advance (surge) which caused widespread
destruction. The glacier began to surge in April of 1973 and by early
June had advanced nearly 3 km. The major threat of this surge was that 
the advancing ice dammed the Abdukagor River forming a lake that may

3have been larger than 20 million m (700 million cubic feet) which on 
June 20, 1973, broke through its ice dam causing a flood in the populated
Vanch River valley. Because the flood was expected to follow the damming
of the river, dikes were built, bridges were dismantled, and other pre
cautions were taken so no lives were lost, although highways and power
lines were damaged.
 

This image, obtained from the ERTS-1 satellite on July 12, 1972, from 
an altitude of 900 kn (560 miles) over the Pamir Mountains shows a
 
vast region of dep, arid valleys heading in large glaciers. As with
 
such Western States cs Washington, Montana, and Wyoming, summer ice
 
melt from these glaciers supplies critically needed water to irrigate
lands. Surges of the Nfrdvezhii Glacier occur at intervals of 10-12 years.

The Medvezhii Glacier is normally confined to the tributary valley of
 
Khirsdara and advances out to the Abdukagor Valley only during surges.

This glacier has been studied intensively by glaciologist Dr. Leonid D.
 
Dolgushin and his colleagues of the Institute of Geography, Academy of
 
Sciences of the USSR.
 

Glaciologists of the Geological Survey in Tacoma, Washington, have 
identified six other surging-type glaciers such as the Fortambek and
 
Garmo on this remarkable ERTS image. These show the periodically
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looped medial moraines which are unmistakable signs of past surges. One
 
of these, the Bivachnyi Glacier, appears to be primed for a surge of
 
about 2 km (1.2 miles) in the next year or so. Sixteen other glaciers
 
appear to show surging features.
 

Also of interct in this image is the 77 km long Fedchenko Glacier, the
 
longest in the continental USSR and one of the World's most studied 
glaciers. The parallel medial moraines on thc Fedchenko indicate that 
it does not surge. Some non-surge related ice dwvaed lakes arc o'olble 
at the margins of the Fedchenko Glacier; these lakes can also cause 
floods.
 

As surges and related floods occur abruptly with little or no ri~or 
warning, glaciologisto in coun tries which have surging ,jlaci'ro--suvh 
as Iceland, Canada, Arjontina, Chile, USSR, and United Stat. o--art, 
pooling infornati n collected from zntensive sWdNos in ordr to Ioate 
and map hazardous situaations, provide prior wapning ogstemo whan our.ica 
and surge-rclated floods are expeceotd, and, hop;wfaly, to d,.ttv'rrii, tA, 
causes of t hese remarkal.le mo' nmenta. Bo.a= 2r ju'n 1-aciv ru"',,/' 
occur in relati'el inaccessble terrain, sriatel./it o oh rioa'1,"7.- 1'71 
be used more and moru for the required munitaring. 

Meier, M. F., 1973, Evaluation of ERTS imagery for mapping and detection
 
of changes of snowcover on land and on glaciers: SymposiW on 
Significant Results Obtained from the Earth l.,sources Technology 
Satellite-I, v. 1, sec. A, New Carrollton, Mardland, NASA-SP-327, 
p. 863-875.
 

Dolgushin, L. D., and Osipova, G. B., 1972, Pul'satsii lednikov problema
 
ikh prognoz irovaniia na primere lednika medveshch'ego (Zapadnyia
 
Pamir): Akademii Nauk SSR, Izvestiia Seriia Geograficheakaia,
 
no. 2,p. 89-98.
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Water pollution monitoring
 

Description
 

Some types of water pollution are amenable to sensing by ERTS.
 
They include suspended sediment distribution, chlorophyll concentration,
 
algae blooms, and red tides. Abstracts of several papers describing such
 
phenomena follow.
 

Dissolved pollutants, both organic and inorganic, are not amenable to
 
satellite sensing. Future systems may be capable of their detection and
 
measurement, but such systems are at present only in the laboratory stage.
 

Otterman and others (1974) have reported oil slicks on ERTS-I images
 
of the Gulf of Suez. The slicks were from ruptures of an underwater pipe
 
near offshore oil production platforms.
 

Strong (1974) has mapped algae blooms in Lake Erie and Utah Lake
 
from ERTS-I imagery which were confirmed by observations from aircraft
 
and boats.
 

Summary
 

Definition of the problem: Determining changes in water quality
 
including sediment and chlorophyll concentration.
 

Basis for the use of ERTS data: Some pollutants change the reflec
tance of water sufficiently to be detected and in some cases quantified.
 
Dissolved pollutants cannot readily be detected or measured by ERTS.
 

Experimental results: Sediment distribution in lakes, bays, esuaries,
 
and ocean coastal areas can be detected and, in some cases, measured.
 
Research is continuing on quantitative measurement.
 

Measurement of algal concentration has been done by ratioing ERTS radiance
 

in several bands.
 

Some oil slicks have been detected.
 

Both red tide and some ocean disposal of waste can be detecttd on ERTS imagery.
 

References: Strong, A. E., 1974, Remote sensing of algae blooms
 
by aircraft and satellites in Lake Erie and Utah Lake. Remote Sensing of
 
Environment, v. 3, no. 2, p. 99-107.
 

Ottermin, J., Ohring, G., and Ginsberg, A., 1974. Results of Israeli 
multidisciplinary data analysis of ERTS-I imagery. Remote Sensing of 
Environment, v. 3, no. 2, p. 133-148. 

Evaluation of status of application: ERTS imagery suitable for
 
some types of pollution when the pollutants change the color of the water.
 
So far it has not been proven suitable (nor was it designed) to detect and
 
measure dissolved pollutants.
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Potential use of operational system:
 

1. Detection and measurement of suspended matter.
 

2. Detection of algal blooms, red tide, and some ocean dumping.
 

Abstracts
 

Aircraft and Satellite Monitoring of Water Quality
 

by
 

James P. Scherz
 

Abstract
 

Aerial and Satellite Photography can be a very valuable tool for 
water quality investigations. Juch aerial imagery corrciotes with 
the water quaZity parameter of turbidity, which in tu-- uncler 
specific circumstances, correlates to other water qtazitu para
meters such as suspended solids or apparent color. The advantag7c 
of aerial imagei U is that it provides an overalZ view o4' turbiditu 
possible by no other means. One ntrikina exarple o" this rctentia7 
use is in Lake fUperior where an $8, 000,000 wa ter intakc 'as, located 
in turbid, unpotoLle water. The turbidity and1 ite lcti on was 
clearly visible on aerial and ERTS imagery. Ancthc) czar7k oJ its 
potential use is where apparent refeccta:cc of v-t;uio 7c&:es in 
northern (.i-nesotaobtaincd from imaqerU rc "c tes veryas FATE 
well with the turbiditib, solids, and the'. .S. Fores,-t Servicc' 
ciassification;of eutophioaatierfor thcse lakes. For correct 
analysis of aerial imagery for ater quaZity, one must understand 
light penetration into water and the corresponding lottom effects, 
as well as sky light reflection from the water surface. If these 
effects are understood and' accounted for in a workable and practical 
manner, aer.'al and satellite imagery can indeed be a valuable tool 
for water quclity investigations and should be used as such. 
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Monitoring Ocean Dumping with ERTS-1 Data
 

by
 

C. T. Wezernak and N. Roller
 
Environmental Research Institute of Michigan
 

Ann Arbor, Michigan
 

Abstract
 

Large volumes of municipal and industrial wastes are disposed of 
by means of dumping at sea. Disposal of wastes by barge dumping 
frequently produces surface films and waste fields whose fate and 
effects are not adequately defined. Frequently very large areas
 
of the marine env-ronrent are affected. 

Described in this parer are the results of an analysis of ERTS-1 
data for thc New YorPk bLiqht ooZZected on 16 August 1972. Results 
are presente'd which show acid-iron wastes, sewage sludge, suspended 
solids, and major water mass boundary features in the study area. 
The potential of satellite remote sensing for monitoring large 
scaZc events such as ocean aumping is discussed. 
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Polluted and Turbid Water Masses in Osaka Bay and its Vicinity
 

Revealed with ERTS-A Imageries
 

by 

Rantaro Watanabe 
Kyoto Gakuen University
 

Kyoto, Japan
 

Abstract
 

The heavy water pollution is one of the most serious problems in
 
the Osaka Bay and its vicinity. However, the state of water pollu
tion there has never monitored in the scale of whole Osaka Ball 
because the conventional point-to-point observations make it 
impossible to detect the periodicaZ movement of wate . mass. 8 by 
the fairly strong tidal current. 

ERTS-A took very valZuable NES ioageries of Osaka Pay and its 
vicinity on October 24, 1972. In the .SS-4 and !S/-f imagerics a 
complex grey pattern of tater mnzswep can be seen. 'houyh some of 
grey colored patterns seen in black ani white prints -f the t!SS-4 
and MSS-5 imageries are caoi l ide'ntified from their whapos as 
cloud covers or polluted water masces charactcrinc'd hy their color 
tone in Zonger wavelengths in thu v bible rcgion, ,an, oorrect 
distribution pattr~n of polTuto) or turT, rater mar,r cap bc 
hardly detected separately from thin cao! overs a qui'" looke ip 

analysis.
 

In the present investigation, a simp7c phctographic te hniqzve was 
applied using the fact that reflected sun ljikt from ciou(d including 
smog and inclined water surfaces of -.ave have a certain componcnt 
in the near infrared region, that is !12 7, whereas the light 
scattered from fine materials s rsended in the sea water has nearly 
no component in the channeZ of NSS I rui t has only the gr:ean and 
yellow component sensible in MSS 4 and ESS That is,A channels. 
combined prints were made from a prsitive imagery of IMVSS-4 or 5 
together with a negative imagery of .!.S-7 using a photographic 
enlarger. In the combined prints areas of clouds and smogo are 
shown as white or lighter grey, whereas pollZuted or turbid water 
masses are clearly represented with black or darker grey tone. 
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ERTS-1 Observes AZgaZ Bloomo in Lake Erie and Utah Lake
 

by
 

Alan E. Strong 
National Oceanic and Atmospheric Administration 

National Environmental Satellite Service
 
Hillcrest Heights, Maryland
 

Abs tract
 

During late summer when the surface z,:aters of Lake Erie reach 
their mmaimum temperature an algal bloom is likely to develop. 
Such phenomena have been noticed on ether shal~ow lakes using 
ERTS-1 and characterize eutropic conditions. The concentration 
of the aZga into 1on; ',trCr-cr provides additional inoJrlation 
on surface, circuilations. To auament t;ie E'PTS-1 Ila, data of Lake 
Erie an aircraft wa,; flovn to provide corrclative thormaZ-IF and 
additional rmultiiand T.hotographs. The laZoor highlyagaZ in 
absorptive in the visible wave Zengths but reverses contrast with 
the surrounding water in the near-IR bands. The absorption rf 
shortwave energy heats the dark brown algal mass, providing a 
hot surface target for the thermal-IR scanner. 
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Red Tide in Ise Bay 

by 

Hiroaki Ochiai
 
Toba Merchant Marine College
 

Abstract
 

From 5th to 26th of October 1972, the northwestern part of Ise Bay
was seriously suffered by the dense red tide. 
 The estimated

boundary of red tide due to ship's observations were shown in
Fig. 1. The area spread to eastward along the wes+orn coast of
Ise Bay. However, ship'.s ooservations are sometimus not so
correct because most of cbscrvation ships in Ise Bay are very
small fishing teato net equipped with efficient navigation

instruments to (i t tzcr popo.Ition exactZy. 

So the author tricd to find out the correct boundary of red tide 
as an envirormenta{ patterni using severa7 imageries produced fromEFTS-1 data. The grce n band with 0.50-0.60 wavelength is expectedto detect the underwater circumstance where the transparnc]is
in good condition. Where the transparency is not enough, the
underwater circumstance can not be detected but only the surface
 
circumstancc. 

The transparency distributionof Ise B1ay as shown in Fig. 2 showsthat the area along the western coast near Yokkaichi was in nogood condition, while the green band imagery as chown in Fig. 3shows the t,,o black patterns as pointed out with arrcws. They areextended to the northeastern direction and the sout.eastern
direction respectively like as belt, wh'ch are supposed the areaof red tide on October 5, 1972. If additional ERTS-A imagerydated Feb. 8, 1973, is available, the red tide spread over whole area of Ise Bay could be detected as somewhat different patterns

on the basis of the groundtruth surveys. 
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ERTS OPERATIONAL POTENTIAL IN DISASTER SITUATIONS
 

Operational ERTS-type satellites could be of significant aid in the
 
assessment of disasters on a worldwide basis. 
 Several events must come to
 
pass, however, before this goal can be achieved. They are as follows:
 

1. The commitment by the U.S. Government to the creation and long-term

maintenance of an operational ERTS-type satellite system and associated data
 
processing and distribution system.
 

2. Commitments by other countries, as 
they desire, to the construc
tion and operation of their own or regional ground receiving stations,
 
data processing, and image distribution facilities.
 

3. Training of image interpreters who can be ready to work with ERTS
 
images 
on short notice in disaster situations.
 

4. Creation of a "quick-look" capability for rapid analysis and
 
screening of ERTS images as they are received.
 

5. Formal agreements with the operational satellite management
 
agency for high-priority coverage of disaster areas upon request, with
 
reimbursement of costs for images and services.
 

6. Means for quick delivery of images to the proper authorities in
 
affected countries.
 

Images from the present experimental satellites ERTS-I (LANDSAT-1)

and ERTS-2 (LANDSAT-2) can be made available through arrangements between
 
AID and NASA, in the case of quick response to an immediate disaster; and
 
between AID and USGS, for long-term disaster assessment, warning, or
 
planning studies.
 

In South and Central America, the Inter-American Geodetic Survey

(lAGS) is acting as a lead agency in applications of ERTS datL and coordinates
 
most experiments and data use throughout the region. 
ERTS investigators

receive data from lAGS and, in addition, use the lAGS radio network to
 
warn of disasters. 
 This system could be utilized on an operational basis
 
to speed data requests in disaster situations.
 

Requirements for disaster coverage
 

In order to provide satellite data on major disasters certain require
ments must be met. Although some of these may seem quite obvious, it is
 
nevertheless important that they be considered. 
These requirements are
 
listed below and discussed in more detail later. 
 In addition, a data bank
 
of previously collected (pre-disaster) ERTS-l images should be set up and
 
made available to interpreters for quick comparison with images collected
 
during or after a disaster.
 

1. At the time of the disaster, there must be a satellite or
 
satellites in orbit capable of providing the relevant data.
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2. Ground receiving stations must be in working crder and capable
 
of receiving the data.
 

3. The operators of the satellite, ground receiving stations, and
 
data-processing systems must be willing and able to respond to an immediate
 
call for disaster coverage and to forward the required images.
 

4. The images must be processed and made available to disaster
 
interpreters on a priority basis in the shortest possible time.
 

5. Teams of interpreters must be capable, immediately available,
 
properly staffed, and equipped to provide the needed interpretations.
 

6. The satellite Images and interpretations must be provided in a
 
usable form for management decision to the persons who are making decisions
 
on disaster relief.
 

7. The data and interpretations must be delivered to the affected
 
countries in time for decision and action. 

Each of these requirements is in itself important, and if any one of 
them is weak in its scope, achievement, or capability, the end product will 
not be useful, either because of its basic inadequacy or because of its 
lack of timeliness. Figure 10 shows a schedule of events for disaster
 
monitoring. As an example of this sequence we can consider the Managua
 
earthquake of December 23, 1972. An immediate call to NASA elicited a
 
prompt response, and on the next available pass of ERTS-l over Managua,

which luckily was on December 24, 1972, images were taken. They were
 
received immediately, processed, and placed in the hands of interpreters
 
on December 25, 1972, and within a week were in the hands of Nicaraguan
 
iuthorities. In addition, NASA aircraft photographed the area of
 
destruction in Managua on the 27th and 29th of December 1972. 
 These aerial
 
photographs were used for an assessment of damage to individual structures
 
and transportation routes. This entire sequence of events was hurriedly
 
planned; missions were scheduled and flown, and interpreters were assigned
 
because of the opportunity to document the effects of a major earthquake
 
event with data from ERTS and aircraft. Although the entire operation had
 
a large degree of success, it would have been far better with sufficient
 
preplanning. It is also worthy of note that through a great deal of luck,
 
the next available pass of ERTS after the earthquake was on the following
 
day. That time span could have been as much as 17 days under ideal
 
weather conditions or several months under adverse weather conditions.
 

Operational system characteristics
 

A future ERTS operational system is now in the initial planning
 
stages, although it is not yet an approved program. The characc&'ristics
 
of an operational system, based on the present ERTS configuration and
 
experimental results, is expected to be similar in design and data products
 
to the present experimental system. However, there will undoubtedly be
 
increased reliability of system components and increased lifetime of
 
the satelliL,!, sensors, and tape recorders.
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Sudden Disaster Monitoring
 

Schedule of Events for an ERTS-Type Satellite
 

WEEK I WEEK 2 WEEK 3 WEEK 4 MONTH 2
 

1. Notification of disaster
 

2. Call for satellite coverage
 

3. Satellite image collection Inimun maximum 

e. Processing into photographs Iinimu -ma :.-num 

5. Delivery to interpreters
 

6. Interpretation and mapping -minimum i maxiLum
 

7. Delivery to affected countries
 

8. Maps and interpretations ready
 

9. Maps delivered to country
 

Figure 10. Disaster coverage, delivery, and interpretation schedules can be as short as 1
 

week if coverage can be obtained during or immediately after a disaster. The
 

timing for delivery of interpretive results varies according to the availability
 

of qualified interpreters, the complexity of the disaster, and the complexity of
 

the interpretive techniques required. In any case, however, some results
 

should be available within a maximum time of 1 month after the disaster.
 



An operational spacecraft and sensors would continue to provide
 
digital scanner data that could be processed by digital computer and could
 
also be converted to photographic form for photointerpretation. Ground
 
receiving stations for the satellite data are presently located on the east
 
and west coasts of the conterminous United States, in Alaska, Canada, Brazil,
 
and Italy.
 

Plans are being made for stations in Iran, Norway, and Zaire. Such
 
stations, and others that may eventually be set up in other nations, would
 
provide data in and near countries where disasters might occur and to which
 
data could be delivered quickly for disaster analysis. Other stations such
 
as Santiago, Chile, and Ancon, Peru, are being considered for DCS reception onl
 

The basic components that must be designed into an operational system
 
to make it most usable for disaster monitoring and which are different
 
than those of the ERTS experimental system are:
 

1. A "quick look" capability at all reception stations.
 

2. Greatly shortened data processing time.
 

3. Dissemination of data within 48 hours after its acquisition.
 

4. Increased reliability of satellite and sensor components
 
and longer lifetime.
 

These characteristics plus contingency ,!nns for dtsaster use can
 
make the operational use of satellite data for disaster warning and assess
ment a practical and usable tool.
 

Rapid data distribution to users
 

Immediate and timely use of ERTS data in disaster situations requires
 
delivery of images to interpretive teams as soon as possible after the images
 
are taken and received at ground receiving stations. Several actions must
 
be taken to ensure such rapid delivery:
 

1. Agreement must be reached with the data reception agency to
 
process and print disaster data on a priority basis (interrupting the
 
normal processing flow), when a call is made by AID for disaster coverage.
 

2. Processing plans for various contingencies must be made in advance,
 
so that requests for specific products can be readily satisfied. For
 
example, one type of request could be for immediate delivery of 1:1,000,000
scale transparencies of all bands, to be followed, within 2 days, by
 
1:500,000-scale color composites. Such plans would depend on the nature
 
of the disaster and the interpretive method to be employed.
 

3. Plans for rapid delivery of data from the data processing agency
 
to AID (or the specified interpretive team) must be ready. This might
 
involve couriers who hand-carry the data on the next available flight or
 
by air express or air mail.
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4. Delivery to interpretive teams must also be arranged. This will
 

depend on the location of the team members.
 

5. Arrangements for rapid delivery of data to affected countries
 

must be made. A possible method is by diplomatic pouch.
 

APPLICATIONS IN DEVELOPING COUNTRIES
 

The use of ERTS data for disaster warning and assessment in developing
 
countries is quite feasible and may be done, at the country's choice, by
 

one, or combinations, of three methods:
 

1. Nationals of the country involved may receive the data from
 

U.S. or regional ground receiving stations and perform their own disaster
 
interpretations.
 

2. The affected country may rely wholly on U. S. agencies and
 
scientific personnel for interpretation, mapping, and analysis.
 

3. The affected countries may contract with qualified commercial
 
organizations (either U.S. or foreign) for analysis of ERTS images.
 

Selection of one of these choices is up to the individual countries.
 

It is recommended, however, that AID personnel in affected countries be
 
apprised of the means of disaster assessment with ERTS images and be in
 

a position to facilitate the reception, distribution, and analysis of
 
ERTS images within the countries where they have responsibilities.
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