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WORLDWIDE DISASTER WARNING AND ASSESSMENT WITH
EARTI! RESOURCES TECHNOLOGY SATELLITES

By Charles J. Robinove
U. 8. Geological Survey

ABSTRACT

‘ Images of the Earth collected by ERTS-1 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 Technolngy 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 rzport 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 poteutial 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 diééster 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 anal&sis ERTS Imagery collection
' system

a—,

Warning , . ., . . Unproven. . . . . . .*Excellent
Agsessment, , , ., Excellent . . . . . .Not applicable

Floods8: « « ¢ o« ¢ o +

E k « e s e s e warning e o ® ® 0 POBsible. * e s s .POSBible
arthquakes Assessment. . . ., Possible. . . . . . .Not applicable
volcanic eruptionsc R . warning . . . . POBSib]e. [] . 1] L . 'POBSible
Assegsment. . ., . Possible . . . . . .Not applicable
Warning . . . . . Possible. . . . . . .*Unproven

Drought . « « & « &« « &
Assessment. . , , Excellent , . . . « J*Unproven

FAT€. o o v o o v o v Warning . . . . . Not applicable. . . .Unproven
Assessment. . . . Excellent . . . . . .Not applicable
Warning . . . . . Unproven. . . . . . .*Unproven

Crop disasters. . . . . Aggegsment. . . . Possible. . . . . . .Not applicable

Hailstorms. . . . . . . Warning . . . . . Not applicable. . . .Not applicable

Assesssment . . . Possible. . . . . . .Not applicable

Glacier movements .« o e warning « o e« ¢ o POBSible. ¢ ¢ .+ & o oPOBSible
Assessment. . . . Excellent . . . . . .Not applicable

Warning . . . . . Not applicable. . . .Possible

Water pollution . . . .
Assessment. . . . Possible . . ., . . .Possible

*Accuracy improved in conjuiction with imagery from the
NOAA satellite series and data from weather stations.



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-1 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-1, but the orbit has been set so that images are obtained midway
between the 18-day frequency of ERTS-1l. Therefore, images are available,
using the two satellite system, on a 9-day frequency for areas within
line~of-sight of reception stations.

ERTS-1 and ERTS-2 have been renamed LANDSAT-1 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 devecloped 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. Glacler
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 gecgraphically 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 1s provided for future studies, predictive modeling, and planning.

An operational system for the collection and delivery of useful ERTS
data must bc capable of 1imaging 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.



VALUE OF ERTS DATA-——m—m—mv—D

DISASTER
ANALYSIS

FUTURE
PLANNING

TIME ~——————>

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 changes 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,



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 is '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 1life, loss of property, and loss of economic productivity.

In the 1970 disaster report of AIDl/, 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,

FRTS EXPERIMENTAL RESULTS

ERTS-1 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 wers 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-1 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 are 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.

5



Table Zf'fAnalysia of amenability to satellite sensing of disastersv
: B \  reported in AID 1970 annual report. -

I':_“;*r Rpa

Disaster amenable in part
to satellite sensing

Disaster not amenable to
satellite sensing

Afghanistun~-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

‘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' repoxts that are
pertinent. The abstracts are from only two of geveral 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-1 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
and to users. It will be discussed later in more detail because of its
high applicability to disaster monitoring.

Because of the sun-synchronous orbit of the satellite, it bas the
capability to image any area of the world, with the exception of approxi-
mately 9° 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 Lo 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
at the Equator and increasingly higher percentages as the poles are reached.



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 1 km). Composites of the multispectral

images can also he made in false color to aid interpretation. TFigure 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)

wich 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
data 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 obtalned 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 seunsing 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 alds
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 wae followed by mapping,

10



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 Arizonma 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

images be taken at the crest of the flood, because the near-infrared
spectral reflectance of wet ground after the flood has receded can indicate
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-1 aided in prevention

of floods in Salt River, Arizona, by quick relay of gaging
station data.

11
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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 land.

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

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

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

Abstract

ERTS-1 MSS images clearly chow two imporiant effecte of a large flcod
in southeastern Arizona - the extent of inundation and the arcas
affected ty severe sediment deposition and erosion - although the
iriages were rade a week and halj’ after the lood. On Ccetoker (0 and
21, 19872, the wpper Tila River had its third-largzst flcod on record.
Fea¥ flovs artained about 42,000 and 2,000 cubic feet a cezond at
Dunecn and Safferd, Arizona, res c+fvely. Two lives were “ost,
hundrede of pecple made homeless, and more than 10,000 acres of
eropland imedated.

The first ERTS-1 images after the flcod were rmade on Novcmber 1 oad 2,
The {rundated arca ie¢ best displayed on the infrared bands, particu-
lariy on band 7, wvherc it appears as a lelt along the river that is
distinetly darker than adjoining parts ef the flood plain., This

aars: r2lt does rot appear on ERTS images that predate the leod.
Fregwmably the lou infrared reflectarce of thisc Lelt ts cansed bi
still-meist soil and kJ Fleod-stressed veuetation. Imundation
lirits mapped frorm ERETS imagery agrec well with those cbtaired by
aerial phut@grapk during the flood and b Ly grourd surveys. Areas cf
severe sand and gravel depcsitior shcw best on band &, By comparing
befbra and after flood images in this band, a quick assessment can

be rade of the severely flood-ravaged Zand.
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Application of ERTS-1 Imagery to Flood Inundation Mapping
by

feorge R. Hallberg, Berrard E. Hoyer
Towa Geological Survey
Remote Sensing Laboratory

AlLert Rango
National iercrautics and Space Administration
Zoddard Space Flight Certer

Abstract

In Sertember 1378, heavy ralins z:ztzated major flocding in scuth-
western Towa, ccneentrated in +]b Fast and West Nishnabona Lasine.
The Fflrcd ercet roved davnstre L«iweﬁ) feptaorber 11-16. A co opcra—
tive rrogram to evaluate the gonu,bﬂl ty of mappirg fiocd {nuidation
using rermote gensing techniques was initiated Jointly By the Iowa
Geologieal Survey, Rermote Sewsing Laberateru (I/SESL), and the .8,
Heolmqfca? UAJMCU, Water hesourcece Divisicn,  dround Jat: and a
varicty cf’ low-altitude multispectral iragery vas cequived for the
st leknm?vtﬂa fiver on September 14-15.  This nxcccss*u7 e, jCPt
concinded thar w néar-visille infrared sensor cowld rap Triodat

areas th latc swwmer for at least three daus af‘cr JZoow recession.
LRTS-1 Imzporn oF tne area was oltained cn Septerber 18-12. AraZyﬂ
of MES Irmagery by IGSPSL, USGS, and JASA reinfceveed the conclusions
of the Zo“—a7,ziuzc strdy bhauc inereasing the time period critical
for Lﬁagtru aequictiion to at leas* sever days ;o llowing flood
recession. The Lapabtlitg of satellite iregery to map late surmer
flooding at a sculec of 1:250,000 (g exhititeld 1y the agreerent cf
Interpreted flocd Lowdaries chtalved from ERTS-I fregcry co bownd-
arice mapped by Lcw-altitude tmagery and arcund metnods, The
syncptic ecvurage of FEIS-1 alloved extevcica ¢ the flecd mapping
to the West [ishraletna River. Satellite imageryn al lows Papid
appratsal of thc areal extent of flood immdation for entire river
systers. This satellite flocd mapping chould preve valuable to
federal anc state agencics involved in regional floodplain managerent
and plaming.
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ERTS-1 Flood Hazard Studies in the Missiseippi River Basin

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

Abstract

The Spring 1973 Migsisaippi River flood was investigated using remotely
sensed data from ERTS-1, Both manual and automatic analyses of the
data indicate that ERT3-1 is extremely useful as a regional tool for
flood and floodplain maragement. Automatie digital analysis using

the GEMS system was employed to obtain quantitative estimates of area
flooded in small test sites 1225 km® in avea in St. Charlec Cownty,
Missouri, and the delta region of northwest Mississippt. In the

St. Charles County site 265 km® (21% of the total area) were caleulated
to be fleoded whereaa, in the northoest Misslgeippt elte, 480 km® (399
were inundated with an additional amownt of high forest sulmerged
beneath the cancpy. In the entire State of Arkansas, manual photo-
interpretatior indicated that 7300 km® vere imundated with cily

630 kr? flooded along the Mississippi River mainstem. The maximum
error of such flood area reasurements is congervatively estirmated to

be lese than five percent. Change detection aralysis indicates that
the flood had ma;or impacts on soil moisture, land pattern stabil-ty,
and vegetation stress.

Flood namard identification ({.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
dowm te 1:100,000 scale. The flood-prone areas delineated on these
tmages correspond to areas that would be inundated by signifieant
floodirg (approximately the 100-year flood). In addition, in north-
west lligssissippl, the feasibility of objective detection of floodplain
features related to flood susceptibility was confirmed using the GEMS
system. Flocd prone area boundaries obtained from ERTS-1 were generally
in agreement vith flood kazard maps produced by the U.S. Army Corps

of Engineers and the U.S. Geological Survey although the latter are
sormewhat more detailed becausc 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 Miesissippi 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 1s,3. 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
varicty of multispectral color composites enhancing floodplain
details. One of these, a 8-color composite of near infrared bands

€ and 7, vas enlarged and registered to 1:250,000-scale tcpographic
maps ard used as the bastis 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 interpretation of the data.
The extent of the flooding was vividly depicted on a single image

by 2-color temporal pre-flood band 7 images. (m May 24, when the
floodvaters at St. Louis receded to bankfull 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 Emergemcy Preparedness, Soil Conwcrvation
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 Ariasona
by

Herbert H. Schumann
U.S. Ceological Survey
Phoentx, Arisona

Abstract

The Earth Resourcecs Technology Satellite (ERTS-1) Data Cellection
Systerm (DCS) was used to relay hydrologic data (streamflow rates,
precipitction amounts, sotl and air tcmperature, and snow-rcigture
content) from remote eites in Central Arisona to those recrove’kble
for reserveir managsment. Three U.S. Geolcgical Survey utrcamflcu
qaana stationg, 1 metecrological station and 2 snow-rolsture content

stallaticns were equipped with EITS-1 Data Collecticr Piatforrme
(DCP"').

By mid-Mareh 1372, tac high motsture levels on the Sa’t anc Verde
Fiver vatersheds, reduced reserve reservoir storage caraceity, and a
large potemtial for flooding in the Salt Fiver Valley preasented a
eritical water mavagerment of tuation. Begirning on ”'r'n 16, 1873,
the ERTS-LC0 vas wtilized to furmish near-real time O crmaticn on
snow-rictetire covtent audl s:rcawflov rates to the Salt Fiver I'mcjeet
for use in the rumagerevt wil operation ¢f veserveirs cn the Salt
and Verde Pivera. The Salt P*rﬂr cmjgap, atded by near-real time
hydrologic data Jurni"had Ly both rmicrovave and EPTS-t0 /FWCCPJ, uas
successful in predicting the volume of rmmoff intc the reservcirs.
Serious fluoazng in the dounstrean Ineenie metropelitan area was

prevented Lty prudent water managerment.
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Earthquakes

vescription

An extensive research effort has gone into the methods for
predicting earthquakes and inte 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 tbe 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 ai 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 1s of assistance in
post-earthquake planning for reclamation and resiting. The ERTS data,
however, are not useful in detziled 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 evert 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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I'igure

-- Lineament patterns in the carthquake-prone arca

I

of Managua, Nicaragua, arc mapped on an LIFTO
image. Manapua is in the southeast corner of
the image, which was taken on becember by, 1972,
twelve hours after a magnitude L.6 earthquake
had destroyed much of Managua and the surround-
ing area. The ERTS image and repgional linecament
map allows an assessment of the regional geology
that can be related to the earthquake and used
for future planning and siting of developront,

Sceale 1,000,000, Jmage 1150-15385.
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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 Alagka
by

Larry Gedney and James Vankormer
Geophysical Inetitute
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 tmagery. Often these lineaments prove
to be tectonic faults which have been mapped in the field. But equally
as often, existing geologic and tectonic maps show no evidence of these
features. The remoteness and inaccessibility of most of Alaska is
responsible, in large part, for the inadequacy of the mapping. ERTS-1
imagery is filling aq vital need in providing much of the missing infor-
mation, and is pointing out mary areas of potential earthquake hazard.

Earthquakes in central and south-central Alaska result when the north-
eastern corner of the north Pacific Lithospheric plate (roughly
enclosed 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 occurring
on lineaments, and frequently at intersections of lineaments. South

of Mt. MeKiniey, the setsmicity is generally deeper and is associated
with the subduction of the Pacific plate. The shallower events, how-
ever, still tend to align themselves with lineaments vigible on the
imagery. These two areas are separated by the Denali fault.

Offset along the Denali fault has long been a matter of congjecture.
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 (Turmer, Smith, and Forbes, 1974). In south-
central Alaska, a prominent lineament which is truncated by the Denali
fault separates K-Ar dated metamorphics of mid- and latest-Cretaceous
ageé. In Yukon Territory near Kluane Lake, another strong lineament

on the opposite (north) eide of the Denal: fault separates metamorphics
of 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-lateral offset along the Denali fault gince
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 cn December 24, 1972,
one day after the central part of the city of Managua was Jevastated

by a majecr carthquake which measured 5.6 on the Rickter seale. ERTS-1
tmages reveal four sets of lineaments (whick may reflect fault systeris)
along any ore of which movement could have taker. place. me set,
trending N 50° W, includes a line cf active volcanoes that parallels
the coast and corstitutes the southuestern edge of the Nicaraguar
Deprecstor, a regional graben which cuts olliquelu across the Central
American isthmus. This trend is offset approximately 10k in a right
lateral georetric sense just west c¢f the city of Managua. A parallel
lireament, noth of Lake Managua, rmarks the northeast cdge cf the graken.
A gecond set, trending due N-S to N 25° W, extends northuard to north-
westward from the mouth cf the Rio Grarde (Viejo) north of Lake Maragua
and car be projected southward across the lake to Managua. It is this
set along which geometrie offset of the voleanic lineament appears to
have taken place. It is paralleled by a belt of young pit craters at
the west edge cf the eity. A third set cof lirears trends approxi-
mately Il 50°-€0° E across the Nicaraguan trench. The fourth sct,

which ic lesc conspicuous, is represented by only three identified
members within Nicaragua. Two others, which are subparallel, are
vieible on the image in the area of Honduras, to the northwest. This
set s rotalle jor the fact that it extends from the coast entirely
across the llicaraguan Depressicn., Its trend is Il 25°-45° F. Jerial
photographs and field studies in the city of Managua by other U.S.
Geological Survey personnel (Browm, Ward, and Plafker, in press) indicate
that this fourth set is represented by four currently cective, left-
lateral, strike-slip faults and a narrow kelt of afterchock eptcenters.
Instrumental data indicate that the aftershock earthquake foei are of
shallcw depth (<10.0 kilometers).
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Volcanic eruptions

Description

Volcanic eruptions affect many arzas 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
volecanic 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 eruptionms.

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 volcanses. Several
volcanic eruptions during the experiment were preceded by abnormally large
swarms of earthquakes several days before ecruptions.
Not yet proven that all volcanoces 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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ERTS MONITORS
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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 Volcan Fuego in Guatemala. This

data was relayed from the seismic 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 lNew 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

Abhsiract

The ERTS Data Collection System has made it possible for the first time
to collect significant data on the level of activity ut “1ueZq seperated
voleanoes and relcu thece data nearly Lr"iantanbcuuLy te one eentral
oijcc Jor analycts by a srall group of specialists. This new capalil-
ity creng a new era in levar(Zvyy wrere the hundreds Lj'vczwul(
quiescen. but potontially dangerouws veleances ncar ;<'u/r; regie
around the uorld san be CUCT)P'"QL‘J and rﬂ7‘“'!4 ronttored datiy te
warn when iy ove veleane is beceming aztive azain.,

A protetupe oleane survelllance syster voo estal liehed during the

latter part of 1070 and carly 1073 or 16 volemices (n ilaska, Hawair,
Fashingom, “uiif rnia, Trelvil, Tuateralu, L] Talvader, and KNoarame,
Mneteern soiorieo dotect re that eciot [Jowr Q17 cpont JT'.'Jt,.’F of carth-
guakes and oo Flawe Tl Foped e A e inp fRqt g o 30T od e

a regolid i D e e s T g L B e O
. - . - . . - . e . ‘4' . .
A B N O T LV o A T S R 2 N T B RS LI TS SO
t"""' 7;»-‘ .. R D N - R K e L " l s Lol
) I O T e el e e D oo Dok e par
T o van ~y g Al T, ; PN L . PR P .
a”ab 1u.,n. Shlh ger e Fold lata re 20 Liaots J P EAUSC L},( S /,(l..’t’
. . ] R . LT . T e .
Lecn *kLnﬁ. Dotre paet e Dullcate rogr vellalln tre Leve! of voleviie
;. . ; P
activt @l these el ofe mesared o tioely castlu 7tk rcﬂ TR trimen-
i A - NE A . . AT
tauzcn. T;rr'°r~f SJUPTHE P18 e, el u.“?nstrwtus te Jecetiiild Ly of
7
{

butlding bneay‘7u e, lov pever, re’lallc inotrrents that can be insial-
led in remote ZOCQV.CﬂS fg rmogt teclmiciane and can be caxpectad to run
unattended [cr o feu yecars.

‘.

Cempariser ¢ tne duts [rom thcge new carthquake counters vith Jata from
nearby stardard ceisrereters show that the counters dc norrally indi-
cate the level cf ceiomic cetivity., DNuring periods of hizh seisric
bacrground rotse there ray be a i VI fTeant rmber of spurious counts
but the exigtence and Juration of oduh notsy pericds are relially
indicated by other data sent Py the carthquake couwnters., The only

- . e 1 1 - ' N 4 b .
coon any op the veleanccs wouder ctudn was pre-

ertplzo to cecur fto Jdate
L1y large swarrm o) earthquckes several days tefore.

ceded Ly an aino e

This worx: cemonstrates tiw technical fecsikilit
survetllance system but rary details in the des
/

y of a glocal voleano
fan of eriaiZe ingtruments
still need to be worked cut. The primar: t in the future, hcwever,
needs to be the collecticn awdl unaZJ 18 of data jrom these dpJJerent
voleanoes to establish clearly thne zorfi”ic feasibility of this novel
and potentially revoluticnary angroac} to the surveillance of hazardous

volearoes.
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Establishment, Test, and Evaluation of a Prototype
Voleano-Surveillance System
by
Peter L. Ward, Jerry P. Eaton, Elliot Endo
Pavid Harlow, Daniel Marquesz, and Rex Allen
National Center fcr Earthquake Research
Imuted States Geclogical Survey
MHevle Park, Calijornia

Abstract
A volearc-enrveillance system utilizing 25 multilevel earthquake counters
and £ biaxial lorchole tiltmetcrs is being installed and tested on 15
voleanoes in 4 stutes and 4 foreign countrics. The purpose of this system

is tc ptoe early varning vhen apparently Jdormant velearces are becoming
active,  The data are rvelayed through the ERTS Data Collection System to

Nenlo Paple fer analueie,  Inctallation vas completed in 1870 on the

volearocs St Aucnatine ond T ;

. rna in dlaska; Filauea tn Havaii; Baker,
Painter and Ut Helens 00 itshinaterw; Lassen i3 California; wmd at a
site ner Eewbigpis, Teeland, Irstollation continues and should be
completed v iprll 1077 o tie voleenses Santiaguito, Fuego, Agua, and
Pacaya . ‘fuctermala; Tnglec iv ET Salvader end San Cristeobal, Telica and
Cerre leare 1n {Jlcaragua,

The cvent cowiters develeped fer this use count earthauakes of four dif-
Jerent aplitwics.  in enrthquale is assurmed 1f 10 peaks of a full-uave
rectifiel scicric sipal cxeeed a giver threshold in 1.2 seconds and no
reaxs had crcccdod the threshelld in the previous 15 seconds. This
latter criterion inhilits Lhe ecunters < the ground noise is high for
lorg pericis ~f time, Inhilit times ave counted on scparate counters.
ALL data are printed on a wniique printer in the counter that provides a
cheak cn the reliai i1ty of the [VS,  The average power corswrption 18
onlu L millivatts, and the cownters are nov opcrating relially in a wide
range of eroiroarcnic.  Standard esciemometers are being placed mear most
event cowitere in thic initial program in orlder to verify that the
counterg are Jdiscriminiting earthquures as articipated. Local earth-
quakes are Pceing reccrded at nearly all sites.

The tiaxial tiltmeters are ¢ incles 1
decp. They are preving easy to insta
genaitivity ¢ akout ove mieroradian.

n aiameter and fit iv. a hole 5 feet
(1 ard are operating stably with a

Sinee this project was not funded until one month before the launch of
ERTS-4, much of the first year of satellite life has been spent building
and deplcying equipment. The data available to date show that the instru-
mentg are working quite reliably and show how the system can be tuned

to improve tie data and reliability. The primary objective--evaluating
the effectiveness cf the system--rmust awatit 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.

Agtist Bodvarsson
Icelandic Surveying Department
Reykjavik, Iceland

Sturla Fridriksson and Ingvi Thorsteingson
Agricultural Institute
Reykjavik, Iceland

Gudmundur Palmasorn and Sigurjon Rist
National Energy Authority
Reykjavik, Iceland

Hlynur Sigtryoqsson
Icelandic Meteorolicgical Service
Reykjavir, Tecland

Sigurdur Thorarinsson
University cf Iceland
Reykjavik, Iceland

Abstract

A binational, multidisciplinary vesearcn effort in Iceland is directed
at an analysis of MSS imagery from ERTS-1 to study a variety of geologie,
hydrologic, oceanographic, and agricultural phenomena. A preliminary
evaluation of available MSC imagery of Tccland has yielded several
significant results - some of which may have direct Trportance to the
Icelandic economy. Initial findings can Le swirarized as follows:

(1) recent lava flows can be delincated from older flows at Askja and
Hekla; (2) MSS imagery from ERTS-1 and VHEE visible and infrared imagery
from NOAA-2 recorded the voleanic eruption on Heimaey, Vestmann Islands;
(3) coastline changes, particularly changes in the positior of bars and
beaches along the south coast (e.g., rorth axd west of Ingolfhofdi), 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 aprears
dark where it is melting; (&) sediment plumeg from the discharge of
glacial rivers along the south coast can be delineated; (€) the area
encompagsed by glacial tce (ice caps, valley and outlet glaciers, etc.)
ean be mapped, including the new position of a surging glacier,
Eyjabakkajokull, and such related phenomena as nunataks and moraines;
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(7) the plotting of changes in position of rivers, changes in gize of
lakes, and the occurrence of new lakes are feasible; (8) low sun-angle
imagery, particularly of snow-covered terrain, markedly enhances the
morphologic cxpression of constructional glacial and voleanic land-
forme, 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 Icelandic economy.
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Envirovmental Studies cf Iceland
With ERTS-1 Imagery

by

Richard 5. Williams, Jr.
U.S. Geological Survey
EROS Program Office
Reston, Virgiria 22090

Agust Bivarsson
Icelandic Surveying Department

Sturla Fri“riksson
Agricultural Rescarch Ingtitute

Gumundur Palrnason
Nationnl Energn Authority

Stqurjon kst
National Energy Authority

Hlynur Sigtriyggsson
[ecelandic Mctecrologyical Service

Kristjan Summdsson
National Encrgy Authority

Stgurur Thorarinscon
University op lecland

Ingvi Thorgtelinsson
Agricultural Kegearch Institute
keykjavik, Iceland

Abetract

ERTS imagery has sufficient resolution to map, from MSS color composites,
areas of altered ground cauced by high-temperature geothermal activity
at the Namafjall, Torfajokull, and Reykianes geothermal areas. A small
area of intense thermal emigsion on the east side of the Namafjall
geothermal avea could also be mapped Lecause of the snowmelt pattern.

The major axes of the fallout vattern of tephra from the May-July 1970
voleanic eruption from Hekla Volomo e Le mapped where sufficient
depth of deposition was suffieient to seriously affeet the normal vege-
tation. Lava flows from the 1961 voleanic 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 (<10°) of snow-covered terrain has been particularly
valuable in mapping structural and voleanic features concealed beneath
glacial ice in the active voleantie acies 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 gemeration) negatives enabled planimetric revisions to be
made to the 1:100,000-scale maps 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 voleanic eruption.
Changes in extent of snow cover with time 2an be monitored on successive
images. The change in size of sediment plwnes 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 rates of glacters. Changes in area of lakes, particularly
glacier-margin lakes because of their powder-blue ccior, can be mapped
most easily on MSS false-color composites. The increase in surface
area of an ice-dammed lake was monitored until the occurrence of a
Jjokulhlaup, after which the surface area of the lake was reduced con-
stderably. 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 1:250,000-8cales
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 deglaciated terrain. ERTS imagery, acquired about 1 year apart,
ehows that the Eyjabakkajokull glacier, an outlet glacier on the north-
east part of Vatnajokull, has surged nearly 2 km. Some of the effects
of subglacial geothermal and voleanie activity under Vatnajokull can

be seen in the form of collapse features in the surface of the icecap,
after the occurrence of two jokulhlaups. MSS false-color composites
permit the mapping of at least five distinet 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 gide-lapping
ERTS imagery. Features with relief as little as 100 m can be discermed
stereogcopically. 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.

Williame, R.S., Jr., BoSvarsson, Agiist, Fridrikeson, Sturla, Palmason,
Gudmundur, Rist, Sirgurjon, Sigtryggsson, Hlynur, Szmundsson,
Krigtjan, Thorarinsson, Sigurbur, and Thorsteineson, Ingvi, 1974,
Environmental Studies of Iceland with ERTS-1 Imagery: in Proc.
Ninth Sympoeiwun on Remote Sensing of Enviromment, Univ. of Mich.,
Ann Arbor, Mich., v. 1, p. 31-81.
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Thermal Surveillance of Cascade Range Voleanoes Using
ERTS-1 Multispectral Scanner, Aircraft Imaging Systeme, 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. 8. Geological Survey
Bay St. Loutis, Migssissippi

J. Earle Painter
Goddard Space Flight Center
Greenkelt, Maryland

Akstract

A combination of infrared images depicting areas of thermal emission

and ground calibratior points have proved to be particularly useful in
plotting time-dependent changes in surface temperatures and radiance and
in delimiting areas of predominantly convective heat flow to the earth's
surface in the Cascade Range and on Surtsey Voleano, Iceland. In an
integrated experiment group using ERTS-1 Multispectral Scanner (MSS)

and aireraft infrared imaging systems in conjunction with multiple
thermistor arrays, volcano surface temperatures are relayed daily to
Washington via Data Comrmunication Platform (DCP) transmitters and ERTS-1.
Estimates of the magnitude of radiative and convective heat flow at
several surface thermal manifestations in Lassen Voleanic 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
migeions 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 whiech have
not been previously mapped. Interestingly, the major surface thermal
mani feetations at Lassen are aligned along these structures, particularly
in the Warner Valley. On Lassen Peak, and possibly at Mt. St. Helens,
emaller thermal anomalies are controlled by the contact margineg of
stlicic or intermediate extrusive plugs, and particularly at Lassen, 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 plotointerpretation 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 avea, 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 successfyl in helping to
relieve the major effects of large-scale drought.

Summary

Definition of the problem: Warning of impending drought, planniug
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
desertification, 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-
managed 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.

References: 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
1s feasible but has not yet been done. It would require continued
repetitive coverage of large arcas of the world and photo analysis Ly
interpretive teams. Supplementary meteoroclogical 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:
1. 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

Applications 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
Waghington, D, C.

Abstract

The primary resource management problem in Sub-Saharan Africa (the Sahel)
is inereasing aridity or desertification. Space observations of sand
gtreams, dune orientations, moisture and vegetation changes and other
factors associated with desertificatiun have been made. It is not yet
knowm whether the process is caused by human activities or climatic
changes or both.

A second major interest is graazing of cattle, sheep and goats which ig
assoctated 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 Inlard Delta) in spring and summer. These movements
(transhumance) pass through more settled cultivators and into regions
occupied Ly fishermen. The changes in available forage are being
obgserved. The loecation of the cultivators is also being mapped from
ERTS imagery -- for the first time. Field burning after rains is widely
practiced and has been observed and the extent measured in ERTS imagery.
In gome arcas of Mali, this measurement is an estimate of area to Pe
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 flocd tis
of particular interest. So far, good imagery of the maximum flcod
gtage has been obtained and assessed.

Geologic information on fault zones, sand dune formaticns, scarps,
tecconic basing and focal points of faulting (points from which frac-
tures appear to radiate) are all vieible 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 tiic 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 reveat time of ERTS imagery and the delay 1in 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. Filgure 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 rmap areas of wild
oats and blue gum crees which, in the dry season, are a great fire hazard.

References: See abstracts 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. O0ld 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

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

by

J. M. Wightman
Forest Management Ingtitute
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 cxarple from northern Bctswana, indi-
cates that a fire consumed approximately 70 square miles of grass-
land over a 24-hour period. Another exarmple from western Zambia
indicates inerecased five activity over a 19-day period. Other
examples clearly definc the area of widespread grass fires in
Angola, Botsuoma, Rhodestia 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 cstimated and compared with estimates derived from
experimental burning plots in Zambia and Canada. 1t 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. 0.G. Malan, Council for Scientific and Industrial
Research, South Africa.

Conclusions:

This preliminary assessment has definitely proved the usefulness
of ERTS imagery in investigating precisely 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 detecting burn areas on the imagery is concerned, small
fires are more difficult to detect than large fires on the 1:1,000,000
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 satellite, 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

Agricultural crop disasters include a variety of applications,
because stress on crops may include lack of moisture, disease, insect
infestations, and storms. 1t has long been the hope that stressed crops
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 distinguishable 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 ground.

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: Sce 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 awalt additional experi-

mental results. If proven feasible, 1t could be highly beneficial in
stopping spread of crop disease at early stages.

43



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 Corporationr
Berkeley, Califormia

Al stract
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Impact of ERTS Images on Surveye of Forest Insect Infestations
in Cook Inlet Basin, Alaska

by

James H. Andersor. and John M. Miller
University of Alaska
Fatrbanks, Alaska

F. Philip Weber
USDA Pacific SW Forestry Experiment Station
Berkeley, California

Enzo Bectla
Alasba Departmert of Natural Resources
Anchoraae, Alaska

Roy C. Beckwith
USFS, Institute of Nerthern Forestry
Fairbanks, Alaska

Alstract

Aerial surveye conducted during the pust three gummers by the U.S. Forest
Service have tdentified a severe gprues Lectle (Dendroctonus olbesus
(Mann.)) ivfostation to a £00,000 qorve regton west of Cook Inlet near

itional aereages tdentd fied on the

]

the Tyonetr Imdiow hecervation, @il 2l
Kenai Peninsu/a i the Kenat Moose havge avd adiaeent ctate and private
lands. Fstirmatis haque Poen rade 5 otuo LI on Poard fee

; tof white
gpruce killed cr Jdumyged by o the sprmaee beotle; hovecver, trne large areal
extent of the spreading gtation presernte a IS oult task for main-

4

SURR TR & {
v J i . v 8 w
tatning sree T mee of the of the afiocted treee,

ENAR AR N
Techniquee have Leen frplemerited wsing Novembop 1978 ERTS-1 imagery of
the Cook Inlet bacin to stratifu Jarage to White gpruce into three
levels - healthy, newly killed, and old killed, The three step aralysis
was perferrcd on tac DR ircgery. A ecler eomposite vas ercated wsing
color vecombining of the bull 70-rm transparencice, an optirmuen color
ecompogit: was chogen for display onl interpretation at 28 timeg enlarge-
ment on a Variscean seanmer, and coene pali mice differences wvere analyzed
from micrcdens? termeter soans.

As of now we have been able to rap the pure epruce stands as being dif-
ferent frorm the rixcd spruce - hardwood stands, and we have been able to
map the cxtent of ~11 killed epruce ctands, Work g continuing with
other ERTS gcones taken cariier in the growing seasen where snow was not
a problem for the purpose of further stratificaticn of damage in epruce.
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S0y Damage to Forests Recorded by ERTS-1
by

Peter A, Murtha
Forest Manag 'ment Institute
Canadian Forestry Service
Ottawa, Canada

Abstract

509 fumes have tcen affecting the forests around Wawa, Ortario, since
1949. In one area the fcrect has been totally destroyed and only
exposed ground remaine. The affected forest has been wider aerial
survetllance for a nwnber of years and was recently covercd by high
altitude, 1:1¢9,000 aerial phctography for darmage asscsorment purposes.
The area was sclected as a Canadian Forcstry Service FNTS test site
ard was imaged on four successive ERTS passes during the surmer of
137 &,

Tmage interpretarion supporied ly electronic cclour enhancement was
uged to delincate on ERTS imagery threc darage nones (teial kill,

nequy ki1l and mediwn damage nonves).  The zones delineated on ERTS
tmagery are similar to the results of aerial sketch-rapring and air
photointerpretation. Fand & provided the arectest detall “or cases-
sing the darage to the forests, follewed fn successive order ty

bande 4, €, auwd 7. Comparison vith LECS irages chtaired in the

winter shoved that cven thowsh the total k417 could be separated [renm
heavy kill arage zones, total #i11 cculd not ke consigtently separated
from clear-cut logaing, burmed aveas, frozen lakes ond Loge.
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ERTS Surveys a 500 KM?* Locust Breeding Site in Saudi Arabia
by

D, E. Pedgley
Centre for Overseas Pest Research
London, England

Abstract

From September 1972 tc January 197&, ERTS-1 precisely located
a 500 km?® area on the Fed Sca coastal plain cf Saudi Arakia
vithin wvhich the I'esert Locust (Schistocerca gregaria, Forsk.)
bred successiullu cnd produccd many smail swarms. Growthn of
vegaetatior cheun by catellite iragery vas ccnfirmed from ground
surveys and rairaurge Jdata.  The experiment demonstrates the
Jeagilility of deteeling potontial lccuct breeding cites by
satellitc, awd shovs that an operaticral satcellite would be a
poverful tecl for routire survey of the 3 x 107 km® invasion
arca of the licgert Locuct inm Africa and Asia, as well as of
other lcoust species in the arid and sermi-arid tropics.
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Icelardic grass winterkill

R. §. Williams, Jt.gJU.S. Geological Survey, has reported that in
northern and eastern Iceland the condition of rangelands for sheep pasture
and forage is heavily dependent upon 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 during
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 o{f 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 tas 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 Canade and northern Norway.

It would also be possible to use the NOAA metcorological 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 arca 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-1 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 bouadaries 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 glaciai
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 1ie
reproduced here as an example of the monitoring of glacial surges.
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Figure 8. Hai:? damage area

identified on an ERTS-1 image (negative print) is compared with the known
area of hail damage. The heavy sclid line indicates the area interpreted from the ERTS imagery;
the dashed line indicates areas of heavy and light hail reported by residents of the area. The area
analyzed from ERTS images corresponds fairly well to the area of heavv nail reported by residents.
(Interpretation and imagerv provided bv Dor Moore and Alvin Rusche, Remote Sensing Institute,

South Dakota State University, Brookings: Delineation on ground provided by Merlin Williams,

Department of Natural Resources Development, Division of Weather Modification, Pierre, South Dakota.)
Scale 1:750,000. Images 1349-16545 and 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 placiers 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 jokulhlaups. 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. Krimmel, Austin Post, and
M, F. Meier
U. 8. Geological Survey
Water Resources Division

ERTS Image 1354-05224

This image shows both surging and non-surging glaciers in the Pamir
Mountaine in Tadzhikistan in USSR, Most mountain glaciers move slowly
(a few centimcters 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 amounting to one or more kilometers per month. Such rapid
advances may cause lakes to be formed as tributary valleys are dammed
by the advancing ice, and later these ice-dammed lakes may suddenly
release causing a catastrophic flood.

In this ERTS image, the famous Medvezhii ("Bear") Glacier is showm 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

have been larger than 20 million m3 (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 werc 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 km (560 miles) over the Pamir Mountains shows a
vast region of de.p, 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
landa. Surges of the Medvezhii 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.
Thig 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 ummigtakable 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 interest in this image is the 77 km long Fedchenko Glacicr, the
longest in the continental USSR and one of the World's most studicd
glaciers. The parallel medial moraines on thc Fedchenko indicate that
it does not surge. Some non-surge related ice damed lakes are visible
at the rargins of the Fedechenko Glacier; these lakes ean also causce
floods.

As surges and related floods occur abruptly with little or no priop
warning, glaciologists in countries vhieh have surging glacicrs--such

as Iceland, Canada, Arv;gentina, Chile, USSR, and United Statog--ape
pooling information collected from intensive studics in order to locate
and map hazardous ¢l tuations, provide prior warning systems hen surgcs
and surge-related floods are capected, and, hopefully, to determine the
causes of these pemarkalle mooements.  Beeause murging laclers wwal ly
oceur in relatively inaccessible terrain, satellitos such ac ElTe-1 0011
be used more and morc for the requived monttoring.

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

Dolgushin, L. D., and Osipova, G. B., 1972, Pul'satsii lednikov problema
tkh prognoz irovaniia na primere lednika medveshch'ego (Zapadnyia
Pamir): Akademii Nauk SSR, Izvestiia Seriia Geograficheskatia,
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-1 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-1 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 1is 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 detect¢d 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.

Otterman, J., Ohring, G., and Ginsberg, A., 1974. Results of Israeli
multidisciplinary data analysis of ERTS-1 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

Aireraft 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 corrclates with
the vater quality pararmcter of turbidity, which in tu= wnder
specific circumstances, correlates to other water quality para-
meters such as suspended solids or apparent color. The advantaac
of aertal imagery is that 1t provides an overall viecw of turbidi ty
possible by no other means. One striking exarple of this potential
use is in Lake Supcrior where an 8,000,000 water intake was located
in turbid, unpetable water. The turbidity and ite location was
clearly visible on acrial and ERTS i{magern. Ancthey cxarple of Tts
potential use is wrere apparent reflcctance of varicus lakes in
northern Minnesota ae obtaincd from EKTS imagery correlates very
well with the turbidity, solids, and the U.5. Forest Serviee
classification of eutrophication for these lakes. For correct
analysis of aerial imagery for water quality, ore rmust wnderstand
light penetration into water and the corresponding lottom effects,
as well as sky light reflection from the water surface. I these
effects are understood and accourted for in a workable ard practical
manner, aerial 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 environment are affected.

Described in this parer arve the results of an analysis of ERTS-1
data for the New York Eight collected on 16 August 1972. Results
are presented which show acid-iron wastes, sewage sludge, suspended
solids, and major vater mass boundary features in the study area.
The potertial of satellite remote sensing for monitoring large
scalc events such as ocean cumping is discussed.
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Polluted and Turbid Water Masses in Osaka Bay and ite Vieinity
Revealed with ERTS-A Imageries

by

Kantaro Watanale
Kyoto Gakuen University
Kyoto, Japan

Abstraet

The heavy water pollution is one of the rmost serious problerms in
the Osaka Bay and its vicinity. However, the state of witer pellu-
tion there has ncver monitorcd in the scale of whole Osaka Buay
because the conventional point-to-point observations rake it
impossible to detect the periodical rmovement of watcr mass- 8 bu

the fairly strong tidal current,

ERTS-A took very valuable 1SS imageries of Osaka Fay and i{ts
vieinity on October 24, 1972, In the MNSS-4 and MS5-8 irmagerics a
complex grey pattern of vater massee can be geen., Thouih some of
grey colored patterrs seen in black awd white prints of the MSS-4
and MSS-5 wmagcrics are easily identified from their shapes as
eloud covers or polluted water musces characterized Ly their color
tone in longer vavelengthks in tne vicible rcaion, anp correct
distribution pattern of pollutel or turt’d vater macsic cav be
hardly detected separately frorm thin elow! covers 1v o quick look
analysis.

In the present Tnvestigaticn, a simple phetographic teohnique was
applied using the fact that reflected gun light from oloud irveluding
smog and inelined wvater surfaces of ave kave a certain corporent

in the near infrared region, that <s MS5 7, wvhercas the 1ight
scattered from fine materials susrended in the sea vater has rearly
no cemponent in the channel of MSS 7 vtut has only the grecev. and

o Moo

yellow component sensible in MSE 4 and MES & channels. That 1s,
combined prints werc made from a positive trmagery of MSS-4 or &
together with a negative irmagery of MSS-7 using a photographic
enlarger. In the combined prints arecas of cloude arnd srogs are
shown as white or lighter grey, whercas polluted or turbid water

magges are clearly represented with black or darker arey tone.
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ERTS-1 Observes Algal Blooms in Lake Erie and Utah Lake

by

Alan E. Strong
National Oceanic and Atmospheric Administration
National Environmental Satellite Service
Hillereot Heighte, Maryland

Abstract

During late summer when the curface 1aters of Lake Erie reach
their maximum temperature an algal bloom is likely to develop.
Such phenomera have been noticed on cther shallcw lakes using
ERTS-1 and charactcrize cutrophic conditions. The concentration
of the algae into lorng streamers provides additional infrrmation
on surface circulations. To augrment the EFRTS-1 MSS data of Lake
Erie an aircrafi was fleun to provide corrclative thermal-IR and
additional multitand photographs. Che algal Flocr is highly
absorptive in the vigible wavelengths but reverses contrast with
the gurrounding water in the near-IR bands. The absorption cf
shortwave encrgy heats the dark browm algal maes, providing a
hot surface target for the thermzl-IR scanner.



Red Tide in Ise Bay
by

Hivoaki Ochiat
Toba Merchant Marine College

Abstract

From Sth 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*ern coast of
Ise Bay. However, ship's ovservations ave sometirmes not so
eorrect because rost of chscrvation ships in Ise Bay are very
small fishing Loats not equipped with efficient navigation
ingtruments to get their position exactly.

So the author tried to find out the correct boundary of red tide
ag an envirorrmental pattern using several tmageries produced from
ERTS-1 data. The green band with 0.50-0.60 wavelength is expected
to detect the undervater circumstance where the transparency s

in good condition. Where the transparency ts not enough, the
undervater circumstance can not be detected Eut only the curface
eireumstarce.

The transparency distribution of Ice Bay as shoum in Fig. 2 shows
that the area along the western coast near Yokkatehi was in wo
good condition, while the green band imagery ns chowm in Fig. 3
shows the 1o black patterns aa pointed out with arrcus. They are
extended to the northeastern dirvection and the southcastern
direction respectively like as telt, wk’ eh are supposed the avea
of red tide on October 5, 1972, If additional ERTS-A tmagery
dated Feb. 8, 1973, is avatlable, the red tide spread over whole
area of Ise Bay could be detected as somewhat different patterns
on the bastis 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:

l. 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-1 (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 assesgsment, warning, or
planning studies.

In South and Central America, the Inter-American Geodetic Survey
(IAGS) is acting as a lead agency in applications of ERTS dat: and coordinates
most experiments and data use throughout the region. ERTS investigators
receive data from IAGS and, in addition, use the IAGS radio netwoik 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-1 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
monltoring. As an example of this sequence we can consider the Managna
earthquake of December 23, 1972, An immediate call to NASA elicited a
prompt response, and on the next available pass of ERTS-1 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
authorities. 1In 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 c¢ffects 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 characceristics
of an operationsl 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, thecre will undoubtedly be
increased reliability of system components and increased lifetime of
the satelliic, sensors, and tape recorders.
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Sudden Disaster Monitoring

Schedule of Events for an ERTS-Type Satellite

WEEK 1 WEEK 2 WEEK 3 WEEK & ~ MONTH 2
: T -

1. Notification of disaster . i g

2. éall for satellite coverage : .

3. Satellite image collection Lminimgm{_;__ maximum-—-—————*

«. Processing into photographs bninimqp{__________max;mum.________T

5. Delivery to interpreters ' ‘

6. Interpretation and mapping r—v—minimum } maxihum )

7. Delivery to affected countries JP ‘

8. Maps and interpretations ready

9. Maps Jelivered 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. 1In any case, however, some resuits

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 ;lans for disaster 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,
go 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.



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 feacible 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
sclentific 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
ERT5 images within the countries where they have responsibilities.
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