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PREFACE
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ABSTRACT

In January 1976, NASA requested the Jet Propulsion Laboratory (JPL) to
conduct a study of the attempts at operational usage of the Landsat imagery
by non=NASA users. In this study, particular emphasis was te be placed on
profitable use of the imagery, as contrasted to those investigations coneerned

with research and development of a technology. The outcome of the study was te

of view of users attempting profitable use.

In suppert of this, four Applications Survey Groups (ASGs) were foried.
These four groups so defined are:
Mineral and Petroleum Exploration

. Inland Water Resources
. Land Inventory
. Agrieulture
Other pessible major interest areas such as Oceanography and Weather and

Climaté already have operating user groups. It was therefore decided not to

try to parallel or duplicate that effort.

The task for each of the four AGCs was defined as ", ....will provide to
JPL for OA/NASA a formal evaluation of Landsat follow-on c&pabilities from the
total community of users of NASA technolegy in its diseipline area.
' The specifiec end

The area of

concern will be limited te Landsat fellow-on activities.'
product was to be an evaluation of the functional capabilities of the Landsat

follow-on and ground systems designs in terms of user requirements and desiderata

for data measSurements, products, and parameters.
The members were drawn from all segments ef the user community: federal

agencies, state and local governments or agencies (or from associlatiens of such

constituencies), industry and universities.
te they would be able te adequately assess the state-of-the-art in their

They were selected so that in

aggrega
technical areas and represent this in the ASG deliberations.
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CHAPTER I
FORMATTON OF THE APPLICATIONS SURVEY GROUPS

In January, 1976 NASA requested the Jet Propulsion Laboratery (JPL)*
to conduct a study of the attempts at operational usage of the Landsat¥¥
imagery by non-NASA users. 1In this study, particular emphasis was to
be placed at profitable use of the imagery, as contrasted to those
investigations concerned with research and development of a technology,
The outcéome of the study was to be an evaluation of the proposed Landsat
follow-on effort as seen from the point of view of users attempting
profitable use.

Note the term "wrofitable use" as contrasted with "'quasi-operational
use' or "operational use'. This term is used to differentiate on one
hand that group of people for whom the development of technology is

their rg{ggqldfgtre, and from that group for whom technology is a toel

in the accomplishment of some other task. We have avoided the terms in-
voiving "operational” to avoid the questien of "when does a quasi-operational
system become operational?". The term "profitable" permits the possibility
of getting real use from the data from even a quasi-operational spacecraft/
data exrmination systein. We anticipate that thosewho have found the use
of such data profitable will continue and expand its use, thus in a
defacto way becoming operational, whether or not the formal definition
has been made.

In support of this, four Applications Survey Groups (ASGs) were
formed. These have been defined to have interest areas parallel to four
of the NASA discipline teams, as these teams have proven to have an
effective distribution of interest areas and could be used as technical

resources. These four groups se defined are:

s Mineral and Petroleum Exploration
e Inland Water Resources
e Land Inventory
¢ Agriculture
Other possible major interest aYeas such as Oceanography and Weather
and €Climate aslready have operating user groups. It was therefore decided

not te try to parallel or duplicate that effort.

* Pasadena, Califormia. JPL is operated under contract to NASA by the
California Institute of Technology.

#% Landsat 1, the first earth resources satellite, was launched July 23,
1972 and is still operating. Landsat 2 was launchedon January 22, 1975
and is also operating. (These are discussed in more detail later.)
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The task for each of the four A5Gs was defined as " ., . . will
provide to JPL for OA/NASA a formal evaluation of Landsat follow-on
capabilities from the total community of users of NASA technology in
its discipline area. The area of concern will be limited to Landsat
follow-on activities." The specific end product was to be an evaluation
of the functional capabilities of the Landsat follow-on and ground systems
designs in terms of user requirements and desiderata for data measurements,
products and parameters (see Appendices B and €).

To keep the discussions within bounds the discipline areas of each
group wete defined to have sub-applications as listed below. These were
felt to ineclude the major interest areas of each group. However, it was
left to each group to modify the list (keeping within the general frame-
work) as it saw fit,

Mineral and Petroleum Exploration

+ Mineral Resoutces Exploitation
¢ Enefgy Resource Exploration

o Hazards/Engineering Geology; Detection, Assessment,
and Monitovring

+ Mapping and Interpretation; Landform, Reck Type,
Structural

Inland Water Resources

e Snow Mapping and Runoff Prediction

e Lake Ice Monitoring

s Glacier Inventory

¢ Estuary Dynamics and Water Quality

e Subsurface Water Survey

« Water Use Survey

¢ Watershed Survey, Management and Modeling

e Surface Water Mapping

I-2
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Land Inventory

e Natural Resources Inventoty
. GCoastal Zone and Shoreline Mapping and Inventery
e« Wetlands Mapping and Inventory

e Surface Mining Extent and Reclamation Moni toring
and Inventory

e Wildlife Habitat Location and Lnventory

e« Urban and Special Environmental Area Land Cover
Inventory

e Mapping and Cartography
« Information Management Systems
e« Forest and Range
. Timber Inventory - Large Area
. Range Readiness and Management
. Forest and Range Renewable Resources InventoTy

. Wildland Protection and Damage Survey
Agrieulture

e« Crop Survey and Reporting (Identificatieon, Memsuration,
Location, Yield, Production, Signature Extensioén)

e Crop Stress (Insect Damage, Disease Damage, Crop Vigor,
Soil Meisture)

e Crop Management (Damaged Crop Ldentification, Quantification,
and Location: Field Operations Information)

The groups vary in size from 13 members (Agricultuke) to 46
(Land Imaventery), reflecting the variation in the number of sub-
application areas covered, Membership was by invitation from JPL,
drawn from tentative lists provided by the Federal Interagency Decision
Team, review of various lists of Landsat experimenters, participants in
such activities as the Earth Resources Survey Symposium and the National
Research Council study on practical applications of space systems,
personal knowledge of the organizers, and recemmendations from other
individuals. The memberskip was limited to recognized experts in one
or more of the fields covered by the ASGs. The members included beth
those who do and do not possess extensive hardware or space- related

training and experience. They were drawn from all segments of the
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user community: federal agenries, state and leoeal govermments or agencies
(or from asseciations of such constitueneies), industry and universities.
They were seclected se that in aggregate they would be able to adequately
assess the state-of-the-art in their technical areas and could represent
this in the ASG deliberations.

Two figures are shown herewith: (1) a map showing the geographical lo-
cation of the various members, and (2) a histogram representing the members’
evaluation of themselves on a scale from scieatist to manager and a member
classification distribution.

The survey was initiated at a combined meeting in early Mareh 1976, at
which briefings (primacily by NASA ﬁersannel) defined the spacecraft mission
and some of the concepts of the data dissemination., As much back-up material
as was availlable was distributed to the groups, both at the meeting and sub-
sequently. Under the genmeral direction of JPL, each group organized itself
and assipgned speecifie tasks for membexrs to be accomplished prier te the second
meeting. At the se¢ond meeting 6f each group the repoerts whieh had beén gen-
erated to date were reviewed and the cembined report begumn. The first drafts
of these reports were reeeived by JPL in mid-June, and after miner editing
were submitted to NASA in preliminary form om July 1, and after further polish-
ing, in fimal ferm on August 1. This edition is the material of the August 1
report, re—-édited to a more compact format. This is the second edition of the
August 1 version of the reports whieh econtains the same information but in a
slightly different organizatien.

This edition i$ published in the form of tweo velumes, a summary velume
plus one covering discussions of the discipline areas. Each of the individual
diseipline parts begins with a summary of the state-of-thezart of the appli-
cations, followed by detailed discussiens of the area. The fofrmat of the dis-
cussions follows general suggestions from JPL. Except for some chapter reor-
ganizations for unifexrmity of all the disecipline parts, these reports are
presented in esseptially unedited form. Thus the user theoughts and flavoers
are preserved as much as pessible; the editers take any respoﬁsibility for
damage done te them in the editiag process,

1t will be found that a number of the areas of discussien are multi-faceted
and therefore parallel discussions eeecur, both within seme parts and acress
parts, e.g., snow and ice melt mapping is of interest to Land Inventery im theix
censiderations of timber, range and wild land, te Inland Water in their con-

siderations of water supply, stream runoff, and the like, te Agriculture as

I-4
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a possible water source for irrigation, and to Mineral and Petroleum as it
affects shipping te the Polar regions and provides demarcation of geomorphie
land forms., Rather than attempt to edit out the overlap, we felt that a
better picture of some of the parallel activities and overlapping consider-
ations would be preserved if the overlap remained.

In summary, the study was designed to provide an opportunity for knew-

ledgeable and exnerienced users to express their need for data which might
be expected to be provided by space systems and te relate the proposed

capabilities of Landsat follow-on system te these needs, Although an attempt

has been made to provide a background dicecussien for each of the evaluations,

the study does net attempt te develop these in scientifiec detail, ner dees it

provide detailed economic amralysis, nor justificatioms for the expressed use.

1-5




FIGURE I-1 :

GEOGRAPHICAL LOCATION OF ASG MEMBERS
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Scientist Administrative
HISTEGRAM OF ASG MEMBERS
MEMBER CLASSTIFICATION DISTRIBUTION
FED. FED, STATE &

ASG WASH NON-WASH REGLONAL ENIVERSITX INDUSTRY TOTAL

MP 5 5 3 6 8 27

F LI 25 2 10 5 4 46

i
k A 3 1 1 3 5 13

TABLE I-1
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FEBERAL

USGS/GAP, WRD, LUDA,
Topo., Geol, Div.,
EROS

NSF

CERC

EPA EMSL/MOW

NOAA/Ocean Survey,
NESS, EDS, 0CZM

NPS/MSTL

USAC of Eng./Water
Resources, NCD

OCE
ETL

EMA Hydro. Gtr.

Bureau/Mines, Census,

Land Mgmt,, Indian
Affairs, Reclamation

ERL

USDI/Fish and Wild-
life Service

USDA/ARS/Forest Serv,
HUD/FIA

Dept. of Trans.

TABLE I-2
USER ORGANLZATIONS

STATE/REGI ONAL
Dept. of Water Res.
(Sacramento, CA)
(Denver, €O)

Area IV Reg. Plan.
(Ottuma, TA)

Nat. Weather Serv,
(Sacramento, €A)

Gt. Lake Basin Comm.
(Ann Arbor, MI)

Water Piv. Board
(Austin, TX)

Dept. of Conserv.
(Sacramento, CA)
(Nashville, TN)

State Ed. Dept.
(Albany, NY)

Dept. City Planning
(Les Angeles, CA)

Geo. Survey
(Lowa Gity, IA)

Dept. of Nat. Res,
(Atlanta, GA)

Kern Cty. Watar Agency

(Bakersfield, €A)

State Planning Agency
(St. Paul, MN)

Reg. Council of Govts.

(Denver, €0)

Res. Information Sys.
(Phoenix, AZ)

UNIVERSTITY
Texas A & M

University of Connecticut
University of Galifornia
University of Virginia

University of California
at Santa Barbara

California Tnstitute of
Tech. /Jet Preopulsion Lab.

Bureau of Econ. Geo.
Colorado State University
Cornell University

University of California
at Berkeley -

University of Delaware

Stanford University

San Diego State University

University of Maryland
Auburn University
University of Georgia
University of Wisconsin
University of Wyoming

Pennsylvania State Univ.

INDUSTRI AL
S5t. Regis Paper Company

Exxon

FME

Monsanto Company
Geoscience, Inc.

Coastal Eanvironments
Halbouty Alaska 0il
Bittinger and Associates
Ralston Purina
California Earth Sciences
Cargill Grain

Anderson Clayton

Chevron 0il Field

Metrics, Inc.

Trollinger Geological Assoc.

Geospectra Corporation

Upland Industries
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The next chaptet presents the results of the study in a condensed summary
form with references to the individual ASG discipline discussions. Chapters
III, IV, V, and VI present the key peint issues in each of the four disciplines.
The wording of these four chapters has been extraected from the four ASG disei-
plire discussions so that the Executive Summary could stamd by itself, thus a
certain ameunt of repeat wordage exists between the Executive Summary and the

di.seipline diseussions,
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CHAPTER 1T

SURVEY RESULTS SUMMARY

The general consensus of the users surveyed is that Landsat is an extremely

desirable informatieon gathering device which could be of limitless value if
a fully operational program would proceed, and that Landsat Fellow-on is
progress te that end, even theough it is ohly one of many teels utilized in
accomplishing their tasks. No attempt is made to outline all of the visible
tasks which Landsat may serve, Indeed, some 520 applicatisns have been
suggested in the June 1974 Technology Applications Centef report from the
University of New Mexieco. The general user consensus is that once an opera-
tienal pregram is effective, the uses and applications will centinue to
expand., This survey's intent is te expose the advance in benefits of the

Landsat Follow-on missien. This chapter summarizes the results.

A. APPLICATION AND OPERATION INTERACTION

Ne one particular application cam guarantee to reidburse the cost of a
satellite program (even though several uses may eventually de se). However,
in the aggregate, cests are moere jusktified, especially if the commenality
of applications is considered, This comménality is obvieus from reviewing

the needs of the major applications:

¢ Environmental Managing (foreecasts, studieés, urban planning, mapping...)
¢ Resourece Managing (ecreps, water, ener ;y, minerals, forests...)

e Transient Assessing (floeds, fire, earthquakes, crop disease...)

For example, seme of the ereoss utilizations which Landsat Fellow-on will
affect are:
- more accurate crop mamaging and preduction forecasting with
better estimates of water use, needs, and availability.

- jce flow patterns for offshere petroleum exploration as well
as commercial navigation.,

- s0il and rock type for crop studies and r.lneral expleration.

The operational requiremernts which Landsat Follew-on will advance invelve

the follewing interaction loep.

ATchiving -ssff—

e Quick Look

Consistency - —Jw Research & Experimentation
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33=803- Vol. I
Even though some applications may be operationally opposed, their commonality :
dictates a Landsat follow-on type system in that research and archiving could E
both be supported by one satellite, '%

B. BENEFIT ADVANCES FROM LANDSAT FOLLOW-ON

The folleowing items have been extracted from the four volumes of this sur-
vey as benefits which would be realized from the Landsat follow-on over and
above the current Landsat and Landsat C missions. The reference in parenthesis
is the discipline discussion.

B T S Iy | S ST L S

:
1. Shoreline changes can be detected with eritically greater precision .
(IW; LI) ;
; 2, Streets and rows of houses can be detected and can distinguish be- ﬁ
tween multi-family residential areas and single unit areas (IW) E
3. Addition of bands will help distinguish between snow/cloud and snow/ 3
rock (IW) f
4. Band 6 will provide details of estuarine circulation and surface
salinity charting (IW).
5. Detection of smaller lakes and ponds allowing more accurate surveys
to be made (IW)
6. High resolution thermal infrared band 6 should provide information 3
on rock types and soil moeisture patterns (¥W) ;
7. Band .45 - .52 um will provide better mori toring of lakes and reser- ;
voirs (IW) %
8. Appreciable increase in number of alteration patterns from 30 m resol- ?
ution, addition of 1.5 - 1.8 um and .5 - ,52 ym channels will aid in b
diserimination of alteratien patterns asseciated with hydrocarbon ;
seepage (MP) ]
9. Ratioing of the additional 1.55 ~ 1,75 pmm band in the TM with exist- E
ing bands will allow the sensing of carbonaceous materials and other f
rocks (MP) %
. 10. Landsat 1l and 2 can find geographie faults, but Landsat follow-on will 3
| be able to better distinguish active faults from inaetive faults due ;
to the inereased reselution (MP) ;
} 11, Inecteased resolution will help define hazards such as faults, land- ?
slides, subsidence and cave-ins (MP) ;

II-2
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33-803, Vol. I
Increased reselution means that shorter linears can be detected
which will provide maps of joint systems, and fine structure of
large lineaments may be made, (MP)
The 256 quantification levels along with the increased resolution
should broaden classification capability and advance pattern
recognition techniques. (LI)
The improvement of IFOV may enable the positiohing of off-shore
oil platforms. (LI)

€. COST BENEFITS WITH LANDSAT FOLLOW-ON

The general consensus ameng users is that it is very difficecult, if net

impessible, to assign net dellar gains of a Landsat system. For example,

new world-wide energy resources and foed préoductien forecasting may be

invaluable. However, other more specifie applications such as urban water

planning may cost more man hours te interpret deta if the data is net in a

quick and simple form. Some of the cost savings which can be foreseen are

as follows:

1.

For inventery and management of underground aquifers, the net
dollar savings from current Landsat is $.6 million and Landsat
follow-on is $1.7 milliemn/yr. (IW)

$2 million/yr. could be saved in defining sediment sources and
developing sites if satellite images are of sufficiemt gquality.
(W)

Estuary surveys could be done at a savimgs of 52-5 million and

5 years time. (IW)

Approximately $19 million/yr. ecould be saved im urban water
resources development, (IW)

Conservative $1 million/yr./mining company ceuld be saved in
expenditures for exploratery mining, (MP)

Trafficability and access information frem Landsat maps for
energy resource expleration ecan save $1.8 milliom/yr. (MP)

The air phote to Landsat costs are approximately $300 te $.50 per
10,000 sq. miles for meniteoring surface mining areas -- the
inereased reseolution from 80 to 30m will allow Landsat imagery te
be used instead of air photos. (MP)

Net savings in property damage from geologic hazards (earthquakes,
landslides, ete.) with foreseeable advances in loss reductioen
measures could be $1 billiom/yr. in Califernia aleome (30 yr. average).
A conservative 17 of this could be attributed to a Landsat systei
or $10 million/y¥. in Califernia. (MP)

II-3
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9. Cost bent it studies indicate that satellite spectral infoéormation
may give an overall economic savings to saline soil management
compared to alrcraft or photo interpretive information. (&)

10. The total cost of operation of twé survey vessels for straits and
passages, harbor approaches, harbors, sheals, reefs, etc,, was $9.1
million in 1973, Landsat could provide a partial, if not total,
relief of this cost, (LI)

11. An Ohio study reports the feasibility of using Landsat data te reduce

the costs of mapping and monitoring strip mining and reclamation to less

than ene-tenth the conventional techniques which cost about §7 per
square mile, (LI)

12. The Canadian government in 1973 assessed the benefits of a continuing
aircraft-NOAA-Landsat system to aggregate to $11-12 millioen by 1990
for Canadian Arctic exploration. (MP)

D. ORBITAL COVERAGE TRADEOFFS

The general user consensus is that cireular. sun-synchronous erbits provide
adequate repeat consistency in the data. Also, a 9-day repeat cycle (requiring
two satellites in an approximate 900 KM orbit) would be adequate for most
applications. Hewever, if cloudy weather oceurs, many applications cennected
with the weather would be heavily jeopardized. These include:

+« Snew accumulatioen

« melt-off measurements

+ ice monitoring

« crop changes

« landslides and other hazards

If a lower orbit (~700 KM) is utilized, the design data resolution of 30
meters would be attained. The orbit inclination would change from about 9'90
to about 98° to maintain sun-synchronism. This would increase pelar coverage
from about 83°F te about 84°N, Since resource exploration areas are extending
to 85°N, a Landsat lower ofbit would enhance this exploration, If the higher
orbit {(~900KM) is utilized, the reselution grows te about 40 meters. This is
adverse to most applications since 30 meters is already marginally adequate

and seme users would prefer 10 meter resolution.

The orbital time of day of Lamdsat coverage was considered to be 11:00 AM
for the felleow-on study. The tradeoffs for this time, compared te 9:30 AM are
showni below,

II-4
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5.

_11:00 AM Advantages

33-803,

Vol. 1

. 11:00 AM Disadvantages

Improve water depth mapping
biscriminate surface materials
if nighi coverage is also made
Detect crop stress (stress
increases duting the day)
Strengthen signal of reflected

ground

Better day-night thermal

diurnal effeéts

1. More cloud cover

2. Less enhancement of landforms

3. Sun glint would eliminate water
quality work and estuarine research.

4, Atmospheric haze will be 3 times
signal strength of the .45-52 m
band.

5. Atmospheric haze will be 3 times

signal strength of the .45-52 um
band,

Subsequert to the main study effort, the planned orbit time was changed to

9:30 AM. Most of the comments by the users concerning the 11:00 AM are left

in to show their preferences.

PFurther assessment of these orbitagl

parameters are given in the tables at the end of this chapter.

_E-

LANDSAT UTILIZATION LIMITATIONS

The following items limit the use of Landsat and will be eliminated to

various degrees with Landsat follew-on.

1., Psychological inertia

Lack of adequate training and information to potential users

3. Limited availability of di

users

gital processing by potential

4. High cost of digital processing

5. Spatial and spectral reselution of the products

6. Time delay of receipt of data after overpass

7. Lack of geometric agreement with map scales and diffieculty

in determining data element positions.

There are needs which are considered vital by many users and which Landsat

follow-on will leave unresolved.

Some of these are:

« Stereoscopic mapping could discriminate rock type and add

anether dimension and more insight to structural mapping

for the mineéral and oil explorationists and waterway

managers.

II-3

SRR

T

e Dt a1

s _." o PR . o =
Ak g e A T S e 3 ST et e

S I TN Tt L1 AN ;-

it e

I

B S ek el e et TR S e il e

o it s e L

iz




33-803, Vol. I

. A spectral band of 2,0 - 2.4ui on the T would enable discrimination E
between iron oxides associated with mineralization from moré cemmon 7

iron oxide occurrences. (MP)

+ Other bands would help distinguish other materials (1.e., an 8-9um

band for distinction between silicates and non-silicates).

+ An casy quick-look option needs to be perfected for the following
kinds of applications:

- forecasting snow-melt runeoff

lake research

resource management (water, crops...)

navigation (including ice pattern mapping)
hazards (fire, floods...)

F. PARAMETER ASSESSMENT

1. Reactiens te Thematic Mapper Proposed Technical Parameters

a. 30 Meter Resolution
» Strongly supported by all groups.

« Will aid inerease accuracy of boundary positiens of

all mapping and cartegraphy utilizations.

+ Will allew water and crop inventories te be made :
since the inventories depend te a significant extent i
on the aggregate of small areas to be accounted.

+ Will allow urban distinctions te be made.

+ Not necessary for a few applications, useful to %

essential for most; seme users want even better ﬁ‘

- A word of caution: data processing load goes up,
pessibly driving it out of reach (at least at full
reselution) for some users.

b. Additiomal .5um (Blue) Band

E Supported by all groups.

L Will allew natural-coler presentations -- useful for
’ some mineral discriminations.

' Water penetration aids underwater shallow water
feature mapping, suspended sediment menitoring.

Will aid diserimination of hydrocarbon-altered zones.
, . Caution: Haze will cause seme diffieulty but net

expected to be fatal,

hana Lol ol e
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€. Inecreased Signal/Nei

Reaction to Landsat Fol low-

2. Availability of bigital

33-803, vol. 1

Additional 1.5%m Band
Strongly Supported by all groups.
Allows
zones,
+ Allows

may be

Some additionsl discrimination of altered rock
Separation of some rock types not now possible,
cetection of some geobotanical stresges which

indicative of lack of Broundwater

s Presence of
minersl stressants, ot Plant disease.

Will aid snow melt mapping by better snow/eloud

Separation,.

Will aid in water boundary determination.
Thermal Band a¢ 120um Resolution

Strongly supported by a11 groups.

Will aid snow melt and aretic ice melting by better

ice/snow/cloud Separation.

Day-night Comparisons will aig roek/seil diserimination

based on diurnal temperature variations.

Will help iselate thermallyeaﬁamalous areas pessibly
indieative of geethermal interest.
Will aid in water boundary map.

ping and possibly
salinity,

se and More Quantization Levels
Supperted by all groups,

Will aid in the distinction bétween cr

op types and soil
and rock types,

Will ephance Pattern recognition techniques,

on Q-ne;rat_iqn_a,l____Fgals_l.t_-Fe_s_

Data Corrected to <1 Pixel
Generally Supported by all groups,

Minimal input internal distortions cr
in areas with no ground control,

Overlay capability eritical for all ch
problems (e,

itical, especially

ange detection
8., urban, geologic, agriculture),

Lack of this capability may eliminate Some uses of the

» Particularly eartographic and

II-7

data by small users,
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with cerrection parameters.
b. Data available at EPC in 48-72 hours
« Necessary for any applications which involve rapid
decision processes, useful for most,
» Necessary for water planning decisiens,
» HNecessary for crep management decisions.
. Necessary for navigation applications,

. Necessary for hazard and disaster assessments.

The tollowing tables shéw the user reactions in group form of the Landsat
Follow-on parameters and other comsiderations to each significant application
represented by the survey.* These reactions range from Geod (3) to
Detrimental (-3). The specific meaning of the numbers can be interpreted as
follows:

3: essential

2: very valuable

1: wvaluable

0: inconsequential

-1: degrades data utility or reduces probability of acquiring
=2: makes data very hard to use or generates low probability of
acquiring

~3: makes data useless

*NOTE: The Mineral and Petroleum Expleoration Group developed these kinds

of tables at their second meeting.

The comment column relates to the application needs and requirements
which will be improved to some degree by Landsat follow=om. Most of the
parameters in these tables ave seli-explanatory. "Better S/N'" refers to
better signal te noise ratio which would yield the 256 gquantization levels |
instead of the present 64. This increase in data is achieved by the strong %
reflectance from the mid-day coverage by the considered 11:00 am orbit as
well as reduced noise levels of the sensors. "Digital Tape CGorrected -
Registration <1 Pixel'" indicates the desirability to have the data elements
underge a correction operation te ruduce distertions se that data corre-
latien may be made on different repeat ¢ycles. '"Need for HDTA" reflects
the necessity for a High Density Tape of the uncorrected data with auxiliary é
data added.

i1-8
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Following these tables is a histegram (Figure II-1l) summarizing the
tables. This histogram shows the summation ef all the Application numbers
for each parameter im each discipline. For simpliecity, eaech Applicatien
was considered to have equal weight of importance. The total overall dis-
cipline is alse shown. Note that the three highest ratings are: Continuity
with previeus Landsats, 30 meter resélution, and Better S$/N. Some para-
meters received ne response indicating user ipdifferenee or non-considera-
tioen. (The celumns indicated with an asterisk (%) were added late in the

survey, and all users did net have a chance to respond.)
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TABLE II-1 GOOD DETRIEMENTAL

PARAMETER ASSESSMENT TABLES 3 2 1 0 -1 -2 -3

7 imprevéd'fnw R " 6perati&nal
_APPLICATION: oo f . Technical Parameters | _, Features

.1 Pixel

<

Data Ready
@ EDC in 48 Hrs
| Need for HDTA

iJigltal Tape
'Previous L's

'Thermal Bands
Corrected -

130 M Res.

| Blue Band
1.6um Band
' Better 5/N

 MINERAL & PETROLEUM EX.

9 Day Cycle

ol
P

Day:

omp to 18
Image Format

. @ 120 M Res,
S:ngis

: 1. Tectonies & Impact
Structure 1 3 0

[ 0% ]
3]
Lo
IEJ
S5 ]
1
[O%]
8>

2. S8Surface Materials &

Alteration 0 3 1 3 3 0] 0 3 1 o

3. Deposition & Erosien 1 i, 3 2 3 2 3 0 3

4, Vegetatioen 1 3 1 3 3

5. Greund Water 1 3 1 3 2

s i e ap Bgg s, tw

6. Coal 0 2 6] 2 2 2

o]
L

1
—
[

7. Shale 0il & Tar Sand

8. Petroleum (On-Shore) 1 3 1 1 2 0 1 3 -3 1 -3

9. Geothermal 3 3 2 3 3 3 3 2 1 0

16. Petroleum (Off-Shore) 3 3 3 0 2 0 3 3 -3 -3

11. Earthquake Damage 1 2 G 0 2 2 1 0 -2 -1
| - e ] o | i P | | R L

12, Landslides i 0 2 0 0 2 2 3 2 -Eml -1

13. BSubsidence & Cave-ins 0 2 0] 0 3 3 0 3 =3 -3

|
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3 2 1 0 -1 -2 -3

T e T e O SV S PO ST

improved ™ | ' Operational
iq T APPLICATION; . , Teehniea 1 Pa-rame-_Eers ‘ Eea-cur-es

[

Continuity with

| Previous L's
Need for HDTA

D w :9 Day Cycle

jComp to 18 Days

Image Format

11 AM Comp. w
0 AM

Thermal Bands

| @ 120 M Res.
1l.6um Band
‘Better S/N
Data Ready
| @ EDC in 48 H:rs

‘30 M Res.

-‘Blue Band

I Digital Tape

| Corrected -
jRegis < 1 Pixel,

MINERAL & PETROLEUM EX. (Cont.)

14, Volecanie Eruptions 0 2 0

L]
M2
[=]
[O%]
(=]
]
=

15. Foundation & Constr. Mt. 1 2 1 3 2 3 4] 0] i -1 3 :

16. Earth Meving 0 2 0 2 3 3 ‘ =3 j

17. Subsurface Water 0 2 4} 0 3

18. Drainage & Erosion 0 2 6]

19. Environmental Impaect of
Grading 0} 2 0] 0 3 3 3 3 =1 -3 2

20. Orthophote Mapping 0 2 2 G 1 2 0 3 =3 -1 1

21. Mapping Rock Types 1 2 1 3 3 2 0 0 1 0 1

22. Geomorphiec Mapping 1 2 3 i 2 2 0 0 ]-3 0 1

23. Structural Mapping 1 2

=]
[}
o]
e 4
=]
1 i
'—l
Ty Doy L P o (L EV T

24. Linears, Lineaments & Cir. 1 2 0 1 1 2 O 0 1-1 0 1

» S S N KN SN R i .hw._ﬂT N — " S . 3
| 25. Arctic Sea Ice 1|2 o {2 |1 o o {3 |lo [-1 |3 3

II-11
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TABLE II-1 (cont'd) 3 2 3 0 -1 -2 -3

ANCILLARY OTHER ‘

COMMENTS CONSIBDERATIONS PREFERENCES ‘

ASSUME DIGITAL FORMAT ! Rl T g 31 N o ;

G55 25w 5 o &l e :

& 185 Ko COVERAGE B4GD vodl = 1T b & 9 oaz o . }

somial &S — | g ®

T A . : P Qn Gl wuw d 2 e)a Vol 2 5 ;

m'NE-RAL'_ AND— PETROLEUM EXPLORATION (Con't d) . l_‘ — :_EJ QQ.T — ‘:..ﬂ"'L B 28 ,_m,gua_ it

| 1. Geeologiec Structures Associated with 3# 2 2
Mineralization & Aquifers ?

2. Overall Mapping, Hydrothermal Alterations %
1,6 for FE, 2.2um for Hydrous Sepins 3 3 :

3. Deposits of Economic Materials -
Allyvial, Playas

—~+

4. May Indicate Aquifers, Related to
Fracture Zone Mineralization 1 1 1

5. Geemorphie Patterns Showing Fracture .
System - Vegetation Habit from 3 1 1 :
Textural Character ‘

. Sh- —  — — —-L—, o NS r . e e :

3 310

LI SRPRECT SR Nt PR

10,

mt

11. Regional Seil Mapping, Unstable Slopes, ¢

Position of Ground Water Table | | | | g |3 ) joe]oe
12, Slides on Unstable Ground, Retreating 3

Cliffs (10 M Res. would be more help). _ 7 _ 7 2 | ] @1 2

:
13. Fawlés, Joints, Intersect Mine Werkings,
Tunnel Routes , . _ I N T | ot 2

P b AN e 5 i T L o

Ty OF TBE
FPRODUCIBILIY OF 4
j Rgfgqm pagy & FOOR
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TABLE II-1 (comt'd)

" IMMENTS

ASSUME DIGITAL FORMAT
& 185 KM COVERAGE

_ AVATILABLE
_ MINERAL AND PETROLEUM EXPLORATTON_(CONT'

14, Aetive Volcanoces and Distribution of
New Velecanic Products

DI TRIMENTAL

ANCILLARY

CONSIDERATIONS PREFERENCES

fpatibility ;
inding

Time
ters
Seme Map
tAdd 2.2 um

‘Reai Quick |
lada 8.2-9.4)

{Use fulness
|Look

of Tra

{Cen
iﬁegistra-

Data Com-
ftion to
S

‘Long
St eree

"

15. Landform, Colot, Associated Vegetation,
Bedding and Jointing, Drainage Pattern

16. Excavatien, Tunnelling, Reinforcing Costs,
Roek Consolidatioen, Linears, Porosity

17. Location and Evaluatien of Aquifers,
Pistinguish Sand & Gravel frem Clays

18. Areas of Construction Related Sedimenta-
tien, Filling of Reservoirs, Lakes

19, Disruption of Land Surface, Vegetation
Drainage System, Air & Water Pollutien

T S e s S P

20, Morphologic, Hydrolegic & Cultural
Features in Centrast

T SR

21. True Reflectanece in Spectral Bands
1.55-1.75 Band Max. Reflectance - Need
2. 2um

22. Ine. Resolution Impreves Cap. Need
Stereo and/or Shadowing.

N R T N I C L T

23. Folds, Faults, Lithologic Differences,
Short Lineats

24, Alined Merpholegiec Features, Tomal
Contrast Beundaries

e gt AL Gr e i

25. '"Real-Time" Identification of Floes,
Bergs, and Movement Directien

o

i Vo 2 Gk,
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TABLE II-1 (cent'd) 00D DETRIMENTAL
3 2 1 0 -1 -2 =3 g
Improved TM Cperational g
APPLICATION: 1o Technical Parameters | ~ Features =
i o i —— i D GEE—— e e e oo n.ﬁ - - e ;‘_i - g g
o -] I a < o
g - 1 Zm B al o
£ w , = wo| T | - a o @
) o = @ - - N - o &) E
o] - o £ < 2 T ) & g _ gt B
| ) 0 = L] w 7] Wy B O h " =}
| Axlae @ m _ ovVig~ 2 3)1931 8 O ol m :
| Eol ™ = g 3 38|83 = -
EQ| = @ 3 {a Sial e B3 E| Eol v @ af o0
; @ —t = O o G0l by R B © o G N Bl @ ;
3 : _ ﬁ =) - . [ Hogl @ @ Wit o} @ g| B
INLAND WATER RESOURCES (B &jea |=A } = |m | Akl fhnihd adiad Mot B Balocs Ma ;
1. Area Snowcover 1 2 0 3 2 1 3 3 -1 3 +2 ;
2. Snow Water Content 1 2] 3f o] 1 1|3 )3 }1]|1 |+
: . ]
3. Thermal Charac. 3 o] 3] 3] 1 113 |3 |3 [-2 [%
4. Reflectance Charac. 1 o o] 3| 1 1|3 |3 |3 -2 |+
# : ~ :
5. Thermal Detectioen 2 3 3 2 1 2 2 i
6. Land Use Classification 0 3 U] 2 0 2 1
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G. LANDSAT DATA DELIVERY SYSTEMS

1. Background
From the earliest beginnings of the Landsat (formerly ERTS) program,

efficient distribution of data to all users has been a firm program objective.

The cooperative program with the EROS Data Center (EDC) was established for
just this purpose. In the early stages of the program, however, much
frustration was caused by start-up and other problems. These unavoidable
problems are apparently still causing many potential users to hesitate before
making a significant commitment to operational use of the data.

The complete process of receiving a data request, ptoducing the
product, and delivering the requested data to a customer typically takes from
two to three weeks for film preducts. For digital data, the process is
considerably longer and generally requires from one to two months. These
delays are unacceptable to a major fraction of users and potential users.

The TERSSE study foumnd that approximately 37% of federal requirements for
Landsat data could enly be met with data delivery times of one week or less,
Sixty-one percent of the federal requirements called for data delivery in one
wonth or less. Data delivery neéds of the non-federal public agencies and

the private sector concentrated in the one week or under category.

Based on the above it can be seen that many potential users are
presently effectively denied acecess to the Landsat system since the data
delivery schedules do not meet their operational requirements. This serious
problem has not gone unnoticed, and substantial improvements in data delivery
are planned for inauguration at about the time Landsat-C is launched.

2, Improved Datammeliner‘us_stgm

A vastly improved data delivery system is proposed for initiation in
about two years. The new system will consist of satellite ¢ommunications
data links to expedite delivery of the data to users as well as additional
processing to provide better digital and photographic products,

Planned improvements in Landsat data delivery include:

1) Collection of the data from the Landsat satellite itself

via the tracking and Data Relay Satellite System (TDRSS),
2) Relay of the Landsat data to the TDRSS ground receiving

station,
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3) Retransmission of Landsat data to GSFC via a domestic

communications satellite (Domsat),

4) Initial processing of Landsat data at GSFC to provide
annotation data, system corrections, approximate

geographical reference data, ete.,

5) Transmission of "eleaned-up" raw Landsat data to EDC
via Demsat,

6) Rapid sereening of Landsat data at EDC to determine
those scenes which should receive additional processing,
and preparation of archival copies of high density
digital tapes (HDDT),

7) Preparation for users, onm demand, of GET's which have
been geometrically corrected and/or contain special

processing features such as a specific map projection.

The above procedures are estimated to ecut data delivery time (firom
acquisition te delivery to users) to 2-4 days, Obviously this is a
tremendous improvement over the current data delivery schedule. However,
it still fails to satisfy the users who want data within one or two days
of its acquisition. Also, depending on the exact nature of the customization

provided by EDC, it may or may not serve the user's needs.

For example, a problem which is discussed in more detail under the
management and informatioh sSystems tepic cenceins geometric corrections to
the data. To include Landsat data in a natural resources informatien system,
for instance, along with other data inputs, the Landsat data must be corrected
for geometriec distortions and accurately located with respect te the coordinate
system used in the information system. Furthermere, it is very useful that
the data be rotated to provide E-W line orientation.

Inland water resources is am area where timeliness is partiecularly
eritical for many applications. In fact, the timeliness of the data will
determine, in large measure, whether the Landsat data are useful at all in
some applicatiens. Histerical data and slow delivery times have served the
research projects needed to verify the usefulness of Landsat. If the use of

Landsat is to become operational in snow and ice surveys, flood mapping, and
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surface water quality studies, the data delivery systefi must be further

improved over that now proposed.

The next section will present proposed improvements in the data
delivery system, The effect of these chamnges on the aperational use of
Landsat data in inland water resources programs will also be discussed

in more detail.

3. Altemnative Data Delivery System for Landsat follow-on

The data delivery system suggested here closely parallels that
deseribed in the previous sections. However, there are important
differences which make the data delivery system more responsive to user
needs. The propc - :lternative system is the same as that described
previously througlh . zeipt of the Landsat data at an Image Data Processing
Station (IDPS),* However, significant differences appear in the types of
processing provided and in the functional roles played by IDPS and EDC,

The following changes in the data delivery are proposed for
consideration:

1) Processing of data at IDPS to provide all necessary
internal geometric¢ corrections,

2) Reformatting (rotation) of data te previde E-W pixel
lines,
3) Precise recasting of data te a preselected map
projection using ground contrel peints if necessary,
4) Transmission of the above data to EDC via Domsat one
band at a time instead of with bands interleaved,
5) Transmission of raw Landsat data to EDC via Domsat or
by mail with only annotations and registration data added.

There are substantial advantages to the above procedure to i
the revisions,

ustify
First, steps 1-3 above are very expensive preproeessing

* The IDPS may be located at the White Sands IDRSS Reeceiving Facility,
at Goddard Space Flight Center (GSFC), or elsewhere. The locationm
is not eritical to the argument providing that the processing is
accomplished prier to the Domsat link step.
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tasks that many users must perform if they are to aceurately register
Landsat data to other data in a natural resources information system,
for example, Performing these functions at IDPS to a standard map
prejection and te a known accuracy will help to standardize the nature
of information systems -- at least with respeet to the land cover

component -- and thus encourage data interczhange,

Providing a standardized, corrected format for Landsat data
is properly a part of data delivery teo users. While it is true that
many users have been providing their own geometric corrections, the
present effort is extremely fragmented. Furthermore it is probable
that the same corrections have been applied to a scene by multiple
users =- unaware that corrected data already exist. This is a wasteful
utilization of vesources which ¢ould more properly be applied elsewhere.
With the increase in the number and scope of users, the need for
Standardization at the earliest pessible point in the data delivery

system becomes more evident.

By its very nature, however, a standardized data format will
not satisfy all users. Customization of data preducts would take
place at EDC using the raw Landsat data with only the annetations added.
Providing these custom products from EDC would tend to inerease the
efficiency of data distribution to all users since delivery of standard
products by EDC would require little more than copying the data tapes,
Customizing the data preducts, hewever, would likely require additional
time and effort which might severely delay delivery of these products if
they had to compete with the standard processing for analysis time,
However, it is expected that customization would be required for only a
small fraction of the total data,

For those users who cannet wait an additional 2-3 days teo get
data from EDC, transmission of data band-by-band will enable direct
reception from the Domsat at minimum costs -- provided these users are

willing to make the additioenal investment in receiving equipment.

The primary benefit here is likely to result from transmission
of the data to EDC in a mode that makes direct reception from the Domsat

an attraetive possibility, Since data timeliness is eritical in many of
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these applications, direet reception of the data from Domsat may mean

the difference between acceptance and rejection of the Landsat data.

There are several specific a¥eas in the water resources activity,
for example, where the timely receipt of data is eritical; as discussed

in detail in other seetions of this report:
* Snew and ice surveys
* Surface water surveys
# Surface water quality surveys

Based on the above considerations, it appears that the proposed
data delivery system will better setve those users concerned with
transient or short lived phenomena. Certainly any improvement in data
delivery will aid the detection and mapping of nen-point pollution
sources, for example, Other applications, sucn as these discussed above,
may only be served by a rapid and efficient data distribution system

similar to the propesed alternative.

The current series of Landsat satellites has conelusively
demonsttrated the supériority of digital data products for most purposes.
The use of digital data is likely to continue to predominate as should
the trend toward inc¢clusion of Landsat data in natural resources information
systems. Therefore, it is worthwhile te give additional serieus

consideration te user-oriented data delivery systems,

Currently, a satisfactory delivery system exists to meet the
needs of only a small number of the major users of satellite informatioen,
We have not obtained a $ystem that is readily available to the vast
audience of users that can provide frequent, acecurate, standardized
information to the user at his own location, in a format he cam use at a

time he can use it,

A streamlined, rapid turn-around contact service for data from
EDC has yet to bée developed, It should reach the local level frequently,
provide geographically reférenced output, be available at low coest, with
suitable resolution, in a format that needs no further interpretation.

One can envisien a system operated on a nationwide basis, through

local contacts that would retrieve on demand the most recent available
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information for that locality concerning that particular area about any

activity, or resource condition, as requested by the user,

The present systems of data analysis are not yet capable of
preparation of data to these standards. Work must continue toward this
end if the goals of maximizing the benefits to be derived from remote
sensing are to be met. Although this may not be part of the NASA
activity, it needs to be considered in the total context of putting the
data into the users' hands in a timely fashion.
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CHAPTER III :

KEY POINT SUMMARY FOR MINERAL AND PETROLEUM EXPLORATION f

£

This chapter contains highlights of the Mineral and Petroleum Explox- f

| ation (Part 2) from the diseipline diseussion velume, These highlights é
| have been extracted from the more detailed treatments of each application, ;

The reader should consult the more detailed treatments for background
material, supportive information, and further development of arguments
and positions taken,

S O N

A. BRIEF PROBLEM OUTLINE

1. Minenal,Ex_Lﬂra;ign

There is increasing demand for raw materials fer industry. This
problem is made eritical by the non-renewability of these materials.
Proper management, therefore, requires complete and updated inventories.
Remote sensing can pessibly identify favorable areas and rule out less
favorable areas, thus, contributing to inventory information and making
exploration more cost effective.

2. Energy Resgurnes:Exglﬂraﬁion

Energy demand is obvious. Remote sensing can define alteration

patterns and thermal characteristics which may directly or indirectly E
i
indiecate petroleum, gas, and geothermal areas. Although most coal areas 3

are known, remote sensing can play a significant role in inventory,

téclamation, and ether management needs. Remote semsing ean also j
contribute to the knowledge of ice flow patterns and off-shore changes ,
(i.e., sand bar movements) for tanker navigation and oil platform i
pesitioening. -
3. Environmental Geology {
Because of the increasing awareness of environmental ¢encerns, %
| there is an increasing desire for information which remote sensing can

facilitate., These concerns invelve water drainage systems, surficial

material censolidation, sediment changes, retreating cliffs, landslides,

and active faults and volcanoes.

4, Ma:iiwﬁrand_Intenjpetatiap
The above problem statements indicate the need for a global
' remote sensing capability which can give the true positior of earth
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features with appropriate tonal contrast boundaries,

The future for remote
sensing

to extend the capabilities may include additional

spectral bands
and stereo proejections,

B. KEY POINT SUMMARIES

1. MipetalTEx'ln;qgign

Remote sensing shows promise in identifying areas favorable for the
location of mineral deposits, and in ruling

Before the information can be used effectively for

expleration, the relationship with a "target" -- an ore deposit, oil field,

concentration of construction materials,

or other extractable resources -- must
be established,

All degrees of relationships can exist.,

The need for these data is made even more critical by the fact that

our mineral resources are non-renewable and a complete and immediate inventory
—=a-renewable
of sueh resources is critical to their Proper management,

a. Surface Materials Co esition

The mest promising techniques for acquiring information about the
chemical and mineraleg: :al composition of surface materials from satellite-

borhe
instruments are based on measurem

ents of the following physical parameters:
1. wvisible and near-infrared spectral reflectance
2. thermal inertia

3. thermal~infrared speetral emittance

It is now clear that processing the MSS spectral radiance data permits

subtle distinctions among roeck and soil units that cannot be achieved through
analysis of unenhanced images or color photegraphs,
o In streteched-ratio image concentrations of iren-oxide
minerals cam be distinguished from other mineral assemblages.
This is important, not only because of the association of limonite
with seme hydrothermal alteration zones, but alse because it illus-
trates the potential for using spectral data for estimating surface
composition., With the exception of limonite, the MSS data can be
used with careful processing and analysis te Qigg;imigg;e some

materials, but it does not permit identificatioen.
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® Addition of spectral band$é near 1.6 pm and 11 pn and imaging _
at both 11:00 am and 11:00 pm with the Thematie Mapper would matkedly i'%
improve the capability to discriminate surface materials. Reflectance ;

contrast between broad categories of rocks is highest in the 1.6 I

region. Another advantage of the planned 1.6 pm band is that viporous

vegetation is darker im this region than most rocks, expecially hydroe- ;_§
thermally sltered rocks. This characteristic should allow discrimi- _j
nation of altered rocks in areas of denser vegetation cover thanm is j f
possible with present MS§S data. : ]
] Thermal inertia measurements permit discrimination of surface ;
and near-surface materials that camnet be achieved, using any other 2
remote sensing techniques. Mereover, the compositional information é
obtained 1s highly complementary, rather than redundant, toe techniques j
that depend on spectral reflectance differences. E
® Comparisen of the average reflectance spectra for rocks with the

proposed Thematic Mapper spectral bands shows that only the iron ab- 2

sorption bands and the 1.6 ym window are included in the sensitivity

range of thz Thematic Mapper. No radiation will be measured in the
2,2 pm region. Therefore, critical informatien pertaining te hydrous

rocks will not be available,

® The rationale for thermal-emissivity ratioing rests om the fact

that seme rocks depart significantly from black-body behavier in the

8 to 14 um region, resulting in an absorption (or reststrahlen) band.
This phenomenon is most prominent in silicates, and its wavelength
pesition can be related to the composition of the roeks. Multi-thermal
channels petinit a separation of compositional and temperature differemces
among geolegic targets. Two crucial questions can be answered by meni-
toring multiple spectral bands in this region: (1) is the material a
silicate or nom-silicate, and (2) if it is a silicate, what is its

general eomposition?

® The thermal-infrared band with 120-meter resolutien offers the
best thermal data yet available. Specifie applications for uranium
exploration will prebably center on definitien of lithelogic varia-
tioms in potential hest strata, especially where standard geologie

mapping is diffieult,

ITI-3
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Many of the important mineral deposits of the world are asso-
ciated with intrusive igneous bodies, Of Ereat importance are porphyry

copper depesits within igneous bedies of intermediate to f

elsic compo-
sition.

In the enclosing rocks commonly found peripheral to these
intrusives are deposits of base and precious metals.

Where igneous
bodies intrude carbonate rocks,

deposits of tungsten, silver, and
base metals may form within the surrounding zone of metamorphism.
® Discrimination of rock types or alteration associated with

mineralization can he made on the basis of spectral information

properly combined and enhanced, Study of satellite images thus

prevides a basis for identifying promising exploration areas in

which necessary field data can then be acquired to confirm or deny

mineral potential.
®

The principal contribution of the planned Landsat follow-on ko

the delineation of igneous intrusives will lie in the increased reso-
lution of the Thematic Mapper.
@ In desert areas, thermal data probably will serve to distinguish

many intrusive bedies from surreunding rocks, and will help to diseri-

minate among different types of intrusive rocks. .
® The added 1.55-1,75 #m barnd may aid in detining intrusives of

different iron-mineral content than surrounding rock.

The brecciated and fractured rocks below and around impact strue-

tures provide condui ts and traps for ore- forming fluids. Mueh of the

world's nickel and cobalt is produced from a probable impa

et structure
at Sudbury, Canada, and gold is

being mined in the Ishim ring structure,

anether probable impact structure in nerth-central Kazakhstau, The

Carolina bays in the Carolinas and Georgia,

long- suspected impact
struetures

» preduce much of the peat in that part of the U,S.

® Over 800 of these have been located on Landsat images,

Photography is an excellent toel for finding such circular structures,
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c. Tneteoniés

Geologic structures that influence the location of mineral de-
posits include faults, shear zones, joints, and other fractures. Many
of these structural features can be mapped effectively from space.

Using new concepts of "continental drift" or "plate tectonics",
many geologists postulate a relationship between major ecrustal breaks,
igneous activity, and ore deposits., Structural geologié information
extracted from data provided by space-borne remote sensofs is being
used to attempt to unify the "elassical" concepts and the newer plate

tectonics hypotheses.

Y The synoptic view is invaluable for regional geologic studies
because it providesa view of a much larger area and permits corre-
lation of structural features over much greater distances than by

using aerial photographs.

d. Eggiignal_aqdnmgpggipinna}fﬁga*yres

Depositieonal features of economic potential are features where
economic deposits of precious metals and/or nonmetallic minerals may
be concentrated by primary deposition or secondary enrichment.

Erosional features are important in mineral exploration because
they provide evidence as to surface condition, recent morphelegiec
history, and mechanisms of poessible redistribution of material.
® Both erosional and depositienal features are identified from

aireraft or satellite images, mostly on the basis of surface pattern

and tepoegraphy.

® Three image characteristics are of prime importance in identi-

fication and mapping of these features: (1) a reliable presentation
of normal tonal values ard/or colors, (2) stereoscepic presentation

of the scene, and (3) a regjonal perspective.

@ Digital analysis can be useful in enhancing surface textural

features.

Although vegetation masks soils and rock outecrops, it can be

used as an impertant indicator of the underlying geologic terrain.
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Many ore depesits are concentrated along fractures in the Earth's
crust. Where such fractures are water rich, they are ofter marked
by healthier and more abundant vegetation.

Variations in vegetative cover also indicate differences in
soils which reflect differences in the underlying rock units (such
as in the Powder River Basin, Wyoming) and acereting shorelines (i.e.»
those along the east ceast Bf the United States where valuable titanium
deposits were found). Local, anomalous vegetation patterns may also
serve as indicators of anomalous concentrations of heavy metals in
groundwater (metal poisoning) or nutrient-deficient parent rocks

(such as serpentines and other ultrabasics).

® The proposed system will offer some improvement over the presemt
Landsat by the addition of the 1.6 pm band and improved resolution for

use in vegetative mapping.

f. Economic Considerations

The use of Landsat data te their fullest potential for minerals
exploration should ptoduce the following economic advantages:

(1) Savings during the reconnaissance exploration stage.

The savings will be proportional te the decrease in amount of ex-
ploration effort (and cost) for this first stage of exploration.

(2) Savings during the expleration of individual prospects.

This function would be to help eliminate unfavorable ateas and permit
zonecentration of the more expensive exploration procedures on the

most faverable areas,

o Actual monetary savings are difficult to assess and virtually
impessible to document, An expected inecrease in efficienmey of 20
per cent through the use of Landsat imagery in ruling out unfaverable

areas and selecting the most promising areas is not unreasonable,

® Another important consideration for mineral exploratien and
development is more efficient planning that might result from accele-
rated discovery of ore bodies. For example, in Georgia, recent dis-
covery of a carbonaceous clay (an excellent light-weight aggregate)
depesit was made near a rail line that was abandoned and dismantled

only two years age. These deposits, currently uneconomie¢, would

I11-6
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have been economi¢ had they been discovered in tife to save the line.
Re-establishment of the rail line now would involve unacceptable costs,
® Additienal savings cam be expected by the use of Landsat follow-on
data during the developrnent and operational stages of mineral extraccion.
These savings will come from more efficient operations resul ting from
_ better site selection for processing faciliﬁ,as, waste dispesal areas,
? and other development associated with & major mine. 7
i i3
ﬁ 2.  Energy Resources Exploration %
:. k. - f
: - a, Petroleum (On Shore) E
; 1. Structural Studies ;
Petroleum exploration and preduction typically folleows six :
states of activity for companies that have begun using satellite 3
data: :
1) Regional geologic reconnaissance of large areas are §
used to recopgnize sedimeéntary basins and major structural E
o
features within the basin, 3
® Landsat images compiled into mesales have proven valuable 2
to many companies for this exploration phase. ;
2) Surface geologic mapping and sampling of outcrops.
e Enlarging Landsat images ecan aid in locating areas suitable E

for these studies.

3) Aerial magnetic surveys and ground-basea gravity surveys

are the initial geophysical reconnaissance, é
e Trends of lineament and structures for Landsat interpretation ?
of regional reconnaissance ¢an aid in lecating and erienting i
these surveys to obtain eptimum crossing of the structural ;

pattern,

® Base maps derived from Landsat ean be valuable aids to the

aireraft navigators and field party chiefs.

4) Seismic surveys are made over promising anomalies located

in the previous 3 stages.

- T RN e R R

e Trafficability and access informatior from the Landsat maps

can save several days of crew time each menth at a typieal
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cost of $5,000 per day in isolated foreign areas,

5) Drilling of prospects that have been targeted by
activities 1 through 4.

6) 1If the 1 to 20 odds against success have been evercome
and an oil field discovered, the final stage is to preduce and
Eransport the oil to market,

® Preliminary pipeline route studies can be made fEom Landsat

images and environmentsgl impacts assessed.

2. Direct detection of Hydrocarbons

Although many of the detailed geechemical processes and
interactions are poorly understood, some general pathways of
petroleum miecroseepage are known. The surface manifestation
of these processes can be used empirically in the search for
new oil and gas deposits and, given the proper conditiens,

they are amenable to remote detection.

e Feasibility studies have suggested the practicality of
using Landsat data in certain areas to reconnoi ter for
different kinds of surface alterations, Landsat follow-on
should appreciably increase the number of such alteration
patterns that can be detected, owing prinecipally to its
30-meter resolution.

e Addition of the 1.5-1.8 pm and 0.50-0.52 pm channels will
2id in the discrimination of alteration products associated
with hydrocarbon seepage.

There are several offshore explov~tion problems that Landsat
data can be helpful with, though most of these uses are just beginning
te oceur. The most rudimentary is ice flow and ieeberg mapping, which
is particularly important te the lncreasing petroleum exploration and
tanker transportation in Arctic waters.

® Landsat 1 and 2 repetitive coverage would be useful for this

purpese if newly collected images were available on a timely basis.

® The thermal IR capability of Landsat C and follow-on should

help somewhat in dizcriminating ice from snow and clouds,
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Since seismic exploration in shallow shelf seas is cofihonly

L e
PR e

hampered by uncharted underwater obstructions, such as coral reefs

and sand bars, Landsat imagery and computer-enhanced images can

Hrli s

be of important use for bathymetric mapping.

® The addition of the 0.50-0.52 um band on Landsat follow-on is ;

B!
expected to increase water penetration by approximatély 30%. Sea- :
bottom structural features (lineaments, salt domes, etc.) inter- .

preted from Landsat data can lead seismic teams to likely regions !

of favorable structure for shallow petroleum deposits,

SR R NI

® The new blue band of Landsat follow-on will be quite helpful,

though the later time of day may be harmful in that more sungling %

from normal sea state wave action may be expected. ?
In general, domest.c exploration for coal has not operationally i

utilized Landsat imagery because U,S, coal deposits are knewn. Thus, é

industry's interest in remote sensing for coal deposits involves re- }

source assessments, reserve determination, mine planning, geologic

hazatd$ evaluations, land inventorying, and reclamation and environ- :

mental surveys.

® The principal improvement in the present Landsat (1, 2, and Q)

imagery which would encourage active utilization of Landsat remote

sensing by the coal industry weuld be to significantly increase the E

resolution from which their op:rational maps ave being derived. The E

planned 30-meter resolution of Landsat follow-on will undeubtedly en-

courage the coal industry's utilization of Landsat follow-on imagery
in domestic coal operations.

® Anderson cites a cost comparison between air photo and Landsat
menitoring ef surface mining areas per 10,000 square miles of $265 -
360 versus $0.30 - 0.60, a cost factor of 880/1 to 600/l in favor of
Landsat imagery.

@ A major improvement will be the addition of the 1.55 = 1.75 g
band. This band can be ratioed with the shorter wavelength to better
sense carbonaceous material, specifically coal, because of its high

absorption compared to most other rocks and vegetation,
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d.  Shale 0il and Tar Sand CORIGINAL PAGE

The extensive deposits of oil shale and tar sands in Wzstern
U.S, and Canada could provide a potential future source of petroleum,
Unfertunately, the current technology of extracting this valuable
hydrocatbon source does not make it economically attractive at this
time.

When this hydrocarbon seutce becomes operationally and economical ly
feasible, Landsat data will be invaluable in menitoring the envirenmental
impact of the mining process and Landsat follow-on, with its improved
spatial resolution, will greatly inerease our ability within this
applieation area,

e,

Geobotanical anemalies (e.g. vegeta.ion-stressed areas) are often
associated with surface temperatures, some of which are 2° ¢ ox mere
warmer over geothermal resource areas than over the surrounding terrain.
Aerial surveys of geothermal anomalies have outlined the extent of
thermally active geothermal resource areas about as well as shallow

ground surveys and required oenly 6% of the time and cost.

® Landsat follow-on will have the potential of detecting these

areas because of the inclusion of Ehe 1.5 - 1.6 pm band.

Indirect evidence of geothermal resource areas manifested by
volcanism, tectonism, or high heat flow is provided through the flow

of hydrothermal fluids and surface alterations,

o The visible and near infrared bands, when ratioed, have been used
to identify some hydrothermally altered areas.

® Landsat imagery is useful for locating fracture systems that allow
hydrothermal fluids to circulate,

Thermal inertia maps outline contrasting features associated with
the different physical characteristics of near-surface geologic materials
(e.g moisture content, density, speeific heat, thermal conductivity),
This provides a photogeologic aid for locating faults and hydrothermally

aitered materials found in association with geothermal resources.
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® Day~night temperature differences determined from 10.4 to 12.5 um
infrared radiation, messured twice daily on Landsat C and follow-on
satellites, could be useful for thermal inertia studies. Some areas
with surface isotherms above the surrounding areas may contain ex-
pleitable concentrations of hydrothermal fluids at temperatures near
200°¢ and depths from 1/2 to 3 km. These hydrothermal fluids discharge

along faults, fractures and channelways. This raises the local isothefms,

increases the vertical temperature gradients and transfers heat partly

by conduction, but mostly by cenvection te the surface.
® Landsat nighttime thermal imagery is expected to outline the aerial

extent and thermal enery patterns over geothermal areas with surface

isotherms 1 or 2°¢ and 3 to 10 GC or more above surface ambient.

3. Environmental Geelegy

This section addresses the application of Landsat follow-on te
the selection and evaluation of sites for engineered structures in
terms of geoleogic hazards, earth materials for engineering usage and
environmental impact (exclusive of mineral and mineral fuel extraction).
Remote sensing data are typic¢ally used in site investigatiens for dams,
power plants, flood control struectures, towns, airfields, bridges,
tunnel locations and high-rise buildings. These data are also applied
to corrider surveys for highways, railways, canals, pipelines and
powerlines, as well as in exploration for stone and aggregate and fill
material.

® The synoptie view of the project region available from Landsat
follow-on will depict conditions existing at a given time and provide
data relating to the relationships between climate, geology and
cultural factors that are of particular value in evaluating the impact

of a new engineering facility on the environtent.

@ Evaluation of sequential coverage of the Landsat follow-on will

provide a method for noting changes in the landscape and its environment.

® The system's greater resolution capabilities will be an improvement
over the present MSS system in Landsat 1 and 2 for numerous applications,
such as linear delineation, landform analysis, rock and soil identifi-
cation, and recognition of potential hazards such as landslides and

sinkholes,
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® The greater spectral range of the TM will permit better discri-

mination of soil and roe¢k types and vegetation cover,

® The 9-day coverage frequency of Landsat follow-on, coupled with
the resolution of the TM, will allow it te be utilized to moniter
such post-construction changes as landslide activity, erosion,and

veservoir leakage occurring over large areas,

Both active and inactive faults present potential hazards for
engineered structures. During earthquakes, structures astride the
fault trace are subject to rupture, and structures within the area
of significant ground-shaking are affected by ground acceleration and
secondary ground failures associated with the ground-shaking (lique-
factioen, landslides, lateral spreading, soil collapse). Inactive
faults present a hazard te certain structures, such as dams, because
fault breccia zones are generally highly permeable to fluids moving
parallel to the fault.

® Because of its improved resolution, Landsat follow-on will permit
the identification of many faults carable of generating damaging earth-
quakes, especially useful in areas where limited serial phote coverage
is available.

In contrast to the great potential for locating pessible active
fault zones by remote sensing techniques in the arid United States,
location in the eastern United States is one or twe levels more
difficult. Location is hindered by the thick seil and vegetatier
cover, and by the generally lower level of seismicity. Ground inves-
tigations have revealed several small post-Cretaceous faults, some of
which may be as young as Holocene. These do not appear promifently on
Landsat 1 and 2. The higher resolution of the Landsat follow-on might
permit better identification of pessible fault zones through the recog-
nition of aligned vegetation and land use patterns, arnd anemalous land
use patterns resulting in identifiable lineaments.

Cross-strike lineaments may be identified with seismieity in some
parts of the eastern United States. The preparation of regional frae-

ture~lineament maps to accempany the growing number of Yegional seismic
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networks throughout the United States is an important step in consi- ; é

deration of nuciear power plant siting. Landsat 1 and 2 iinages are
currently being analyzed with respect te cross strike linears th roughout

the eastern seaboard, and possible correlations with seismicity noted.

® Landsat follow-on images will improve analysis of cross-strike linears
because of the better resolution; however, the higher sun angles will be

detrimental.
b. Landslides

Monitoring landslides is one of the more significant potential
applications of earth-orbiting sateliites in the earth sciences because
earth movements are one geologic preocess which proceeds on a relatively

short time base. Little use has been made of Landsat 1 and 2 in the direet

identification of landslides because the 80m resolution is insufficient,
® Improvement to 30m resolution with Landsat folleow-on should permit ?
larger landslides to be identified; however, the vast majority of land- E
slides are much smaller and will still be below the resolution limit. :
™ The planned higher sun angle and lack of stereo are detrimental 2
to landslide identification. F
¢. Subsidence and Cave-ins
— = ;
The hazard of cave-ins and sinks in limestone terrain has been :

identified by observing alignments of the larger sinkholes on Landsat
1 and 2 images. Knowledge of the areas where limestoneé sinks were
most likely to be encountered permits significant savings in highway
construction,

° Landsat follow-on, by permitting smaller sinks to be identified,

will sharpen the ability to predict sinkhole hazards.

d. Vgl;ean;ig _Eruptions

The hazard from volcanic eruptions is one that is typically
menitored at a variety of secales from ground observations te satellite
reconnaissance. The greatest value from satellit observations is in

remote areas.
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® Landsat monitoring of Iceland has revealed the potential to
quickly map néw flows and tephra falls.

e, Foundation and Construction Materials
=—=—ut L aNc LonStruction Materials

The physical preoperties characterizing a foundation material are
dictated by the composition, degree of consolidation,and structure {e.g.,
the presence or absence of planes of weakness), The occurreince of con-
struction materials (quarry rock, sand and gravel, and clay binders) is
closely related to associated landforms. Landform analysis, therefore,
is the conmmonly used approach to the search for construction materials,
Examples are alluvial deposits (sand and gravel), sand dunes (sand), and
residuval depoesits (lag gravels and ecinder cones),

Although large-scaleée color photography has been noted to be best
for the location of comstruction materials, the clese relationship of
material type to associated landforms provides the opportunity for the
use of Landsat follow-on for this purpese.

£. Cost Benefits

Available data de not make possible a definitive evaluation of the
cost benefits that can be realized from utilization of Landsat follow-oin
data. Toward this goal, however, a recent study exemplified the losses
asseciated with geologic hazards in Califoernia. Losses in property
damage, life,and mineral resources from geologic hazards in California
are estimated to be $55 billion for the period 1970-2000. An estimated
$38 billion of this could be saved by application of current state-of-
the-art reduction measures at a cost of $6 billion. Foreseeable advances
in the gtate-of-the-art loss reduction measures could result in near-zero
loos of life and a 90 percent reduction in property damage.
® Landsat follow-on data can reasonably be expected to play a

significant rele (conservative <~ 1%) in this reduction because

of its ready availability, frequency of coverage, and low cost
to the user.
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4.  Mapping and Interpretation :

Geologic mapping amd interpretation include all mapping of the : %
geometry and composition of the earth's surface materials, i.e. é'f
lithologic and structural mapping (the two basic facets of the stan- ! f
dard geologic map), as well as special purpese mapping, such as geo- i ;

morphie (landform) maps, surficial deposits maps, ete. Also ineluded

in this context is planimetric base mapping, since the geologic infer- }

mation must be plotted on an adequate base, and since Landsat imagery

itself has proven to be a near-perfect Orthophote base map medium for

e =LY

this purpese.

The importance of geologic mapping and interpretation for dineral :
and petroleum exploration (and hazards/engineering or envirenmental : é

geology) cannot be overstated. The geologic map provides the data
base from which the fundamental interpretations are made to reconstruct

the chrenology of geolegic events affecting a region. Then, and only

then, can a comprehensive and efficient exploration program (0¥ hazards
assessment) be effectively carried out.

® Generally speakiny, the overall quality of the geclogic maps that
can be produced using Landsat follow-on imagery will be significantly
improved, prineipally as a result of the three-fold increase in spatial

réselutior of the Thematie Mapperx.

® The veduetion in shadows will reduce the ability to interpret sur- ;
face morphologic features. Distortiems, both radiemetrie and geometrie, %
caused by the wider angle of instantaneous "yiew" of the sensors will i
adversely affect many applications to an unknown degree. ;
a, Orthophoto Map Preparation ?
A very useful product of Landsat 1 is the oxthophoto map, a number i f
of which are already available as federal and state publications. These ;%
are printed halftone reproductions of Landsat mesaies of individual states i é
or smaller regions. They may be menochrematie, made from a single spectral : %
band, or polychromatic (false color) combinations of twe or three bands. ?
They a¥e “photegraphie" renditions of landscape reality rather than man-
made maps, and as such are extremely useful inm regional struetural amalysis.

Cultural information is easily overprinted on these maps.
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Additiqn of the MSS band lhiiﬁj:l,2541mhigtthgﬂfThgmatig_Ma er',

In the region of L.6pu m there is a Ereater range of intrinsic

reflectance for surface materials than at any other wavelengths in the

With the exception of playa materials
values of surface materials in the 1.6 pm band range from 1
versus 8 to 407

0.4 - 2,5 range, s reflectance
0 to 75%
in the present Landsat spectral bands.

] The 1.6 gm band will provide a unique capabilit

y for measuring
vegetation stress by reflectin

g the underlying soil compesition in
addition to other factors.

® Analysis applied to 10 classes of materials includ

ing basalts, lime-
Stones, altered ma

terials and others showed the 1.6 pym band te be

the most
important band for separation of these classes,

® The inereased signal- te-noise ratio,
of 64 will allow subtle tenal features ass

ociated with facies changes of
all kinds te be displayed,

® Addit;agﬁnﬁ:ghaflﬂj

Thermal inertia is generally correlated with density,

but moisture
content is also an important factor,

linder reasonably dry conditions,
distiuctions such as limestone and gra

nite vs. dolomite or quartzite,
shale and marl vs,

limestone and granite,
ultramafic rocks, should be achievable bec

density differences, Also, some su

and basalt and amphibolite vs.
ause of mineralogically related

rface materials are distinguishable
because of their different meisture retention property,

Studies empleying the thermal inertia approach have not beeh speci-
ficelly ditected towards altered rocks, but consideration of mineralogical

and porosity changes during alteration indicate that some altered rocks

might be distinetive. 1in general, thermal inertia might be expected to
increasing alteration intensit

and inereasing quartz content.

increase with y due to decreasing perosity

® This will be most useful for geologic a

pplications, if night-time data
can be obtained,

Although the 11:00 am and 11:00 pm acquisition times are
not optifwm, and 9:30 AM time is even worse, thermal inertia naps can be

created which will provide information complemer
the reflective region,

11i-16
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e. Ma__in _of Geomorphic Features

™ The nearly three-fold inerease in reselution (frem 80 m to 30 m)
in the Thematic Mapper will significantly improve the capability te map
glacial, fluvial, desert, and permafroest features, which are marginally

observable or below the limits of detection on earlier Landsat imagery.

Coastal mapping will inerease our knowledge of dynamie coastal pro-
cesses in both a fundamental way and in the solving of practiecal problems

of coasts and harbour engineering. Such applications ineclude mapping

T kg T B R gt s e e e e L

seasonal changes along beaches, mapping erosional and depositional ﬁ
changes aleng coasts, measuring rates of constructienal and destruetional ?
processes, mapping the changing geometry of land both above and below 3
water level, mapping subagueous bedreck structures, shifting sheals, i
monitoring the effects of coastal engineering, providing guidance for ;
dredging operatioens, menitoring (and ultimately predicting?) coastal §
landslides based on the mapping of seoil meisture and the arcuate devel- é
opment at heads of slides, E
e The water penetrating capability of the .45 — .52 p#m band will alse ?
permit the mapping of suspended materials and the caleulating of settling ?
rates after sterms. Reserveir filling patterns and rates ef reservoeir f

filling might beceme mappable and hence measurable.

® An inescapable shortecoming of this waveband is that atmespherie haze
will be about three times the signal strength, but digital enhancement of

the data will hepefully diminish this disadvantage to a significant degree.

d.  Structural Mappir

Structural mapping inecludes the delineation and amalysis of all visible
folds (anticlines, synelines, moneclines, structural tetraces, ete,) and
fractures (faults of all types, jeints, ete.) revealed on the imagery.

Most of the structural infermation derived from Landsat to date has been
in the form of "linears'" as well ascurvilinear and arcuate features.
These phenomena have been strikingly discernible on the Landsat imagery
to date due te the shadowing effect of the low sun angle (9:30 am time
of equatorial cressing). The change of time to 11:00 am will result in

a higher sun angle, fewer shadows and hence, diminished visibility of linears.

II1-17
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® Unfortunately, effective and comprehensive structural mapping is
not possible to achieve in the "moneecular" mode .© the present Landsat
imagery. Stereo vision is needed to determine the inclination of dipping
strata, the presence of fold structures and the direetion and magnitude

of oeffset (if any) aleng the faults (or linears).

e. Linear and Lang Lineament Mapping

Earlier Landsats have demonstrated the value of MSS imagery for the
detection and delineation of tens of thousands of kilemeters of hitherto
unknown lineaf, eurvilinear, and eireular features. Many of these are
now being investigated on the ground, by both conventional and peophysical
metheds. The goals of these ground investigations range from basiec map-
ping and research into fracture pattern geometry amd brittle deformation,
te the search for indicaters of petroleum and mineral depoesits.

The preparation of tregional fracture-lineament maps is vital te the
growing need te ascertain which fractures are related to current earth-
quake activity. The proliferation of regional seismic networks (e.g.,
California, Missouri, the Nertheastern States) is already providing a data
bank of fault plane solutioéns. Companion brittle structure maps are now
needed. Applications te nuclear power plant siting are obvious and com-
pelling in view of the Natioenal goal ef emergy independence by the late
1980's.

Y The nearly threefeld inerease in resolution (from 80 m te 30 m) will
provide at least twe additional new contributiens te the mapping of linear
features: 1) the detectability of shortet linears which, in the extensive
plateau areas of the givbe can be expected te provide maps of joint sys=
tems; 2} a look at the "fine structure" of large-scale lineaments which
are already mapped, but which have very complex surface expressions and

origins,

Attempts to prediet new mineral-rich areas have been made by relat-
ing the distribution of knewn mineralization to three tectonic concepts:
1) classical geosynclinal theory, 2) plate tectonics, and 3) cerustal
bleck tectenies. A1l three relate mineralization te linear elements

in some way.

® The synoptic view of Landsat has permitted the recegnition of a per=

vasive system or systems of leng lineaments, many of which correlate with

the erustal zones already pestulated, and many of which represent new
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alinements. Research on these lineaments, and their relation te tectonie
linear features, to crustal block boundaries, and te mineralized areas,
has presented persuasive evidence that Landsat long lineaments do reflect

crustal features that have centrolled mineralizatien.

® Once werld-wide, multi-season coverage is obtained, repeated views
are not necessary. The value of repeated views to take advantage eof sur-
face changes (denudation, fault eoffset, ete.) will be felt in structural
mapping and shert linear study, directed to lecatien of areas meriting de-

tailed study, sampling, geophysics,and drilling.

f. Cireular Features

Recognition of unsuspected cirecular features is perhaps the mest
unique immediate return from Landsat. The value of this phenomenon is
readily apparent. Some represent buried velecanic centers, alined aleng
earth fractures characterized by progressively offset eruptien, and help
in the prediction of progression of veleanie activity. Most outline
calderas, ring dike systems, impact craters, or subjacent plutenie bedies,
features known te have mineral depesits aleng their periphery, or contained
within them, or which provide indiecators of high temperature aetivity
nearer the surfacé thah elsewhere, and hence possible source areas of geo-
thermal power. Others suggest basins, or demal structures in the sediments

of those basins, guides to oil and gas, or saline depesits.

® The qualifications with respect te the value of Landsat fellow-em

deseribed for long lineaments apply te circular features as well.

° The addition of capability for first approximatien thermal inertia
maps will be of additional assistance for exploration for geothermal
power, although the data will probably be insufficiently detailed for

mere than correberatieon eof the potential of areas,

g. Are

tic Sea Icé Mapping

Sea ice monitoring and forecasting impact transportatlen ef expleratien
and development materials te the site and products from the site, providing
knowledge of present cenditions for navigation and predieting future condi

tions for route selection. This invelves location and extent of navigable

I1I1-19
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leads, bergs, floes,
and old ice.

R T HE"

Pressure ridges, and areas of weak and new or strong
Marine seismic exploration is similarly affected.
ing use of on~ice winter seismic methods re
leads,

Increas-
quires similar knowledge of
melt areas, pressure ridges, ice islands,

and surface roughness,
Installation of off-

shore platforms and loading facilities ig impacted, :
as well as construction of between-island pipelines and overland pipe~ T
lines at land-water interfaces,

® Ice wateh and forecasting, begun by surface metheds,

surveillance, has been.signifieantly advanced by the meteo
Minimum reselutien on these,

and later aerial 5
rolegy satellites, J
however, is about 1 km (NOAA 3=4).
and MSS diserimination of near-

Landsat
. reselutien of 80 m,

IR, has provided addi-
tional benefit,

® The Canadian government in 1973 assessed the benefits of a remote %
sensing system ineluding sustained Landsat data (based en Landsat 1). They f
estimate an aggregate of $11-$12 million in benefits by 1990 for all phases ;
of Aretie exploration (Canada only), assuming an aireraf t-NOAA-Landsat ;
continuing system, é
® The greatrer resolution, ineréased speetral bands, and inereasad repe- é
tition of viewing will enhance the eapability te identify and locate aceur— :
ately floes, bergs, leads, new and old iece, pressure ridges, and melt

water areas on ice, improving both exploration and development activities ;
in the Arctie. ;

The sun angle of the Proposed 11:00 am flight will be of iittle bene~-

fit or detriment, as the sun angle isg universally low im the Arectie.

® The inerease in atmespheriec attenuation and disturbance generally

experienced in the middle of the day may be deleterious.
. ®

As pesitioning is of great importance in the ice, the inecrease in

viewing angle producing geometric distortion of any significant amount
is detrimental,

On-ice reldief 18 minimal, but position is abtained

locally cemmonly with respect teo high relief 1z 4 areas.

e e meodeby ey

® For effeetive use, geometric distoriions should be routinely and

3
7
rapidly removed before imagery is supplied to the user. E
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® As potential resource areas extend north te about 850, expleration

will be enhanced by a more pelar orbit due to the imelinatioen change re-

quired to maintain sun-synchrenism for a lower orbit.

C. CONTINUING ISSUES

1. The (I.asfe, for Stereo

Landsats 1 and 2 have not yet had the striking impact needed to meet
the growing world-wide demand for energy and minerals resources. Although
Landsat C and fellew-en, as designed, will have imperta ! imprevements to
their forerunners, they will not square up to the needs of the exploration
geologists, particularly the eil explorationist. In the view of many
geolegists, the greatest need is the capability for steree viewing.

Regional geologic mapping includes at least ﬁﬁo basie facets, i.e,,
(a) lithologic mapping (discrimination of rock type coempositien) and (b)
stfuetural mapping (folds, faults, ete.). This basiec geolegic map becomes
the data base interpretation and determination of the chronelegy of geo-
legic events, from whiech effective petroleum (and mineral) exploration
begins.

Discrimination of Rock Type is the first phase of the basic geologic

mapping process. The experienced photogeealogist is able to routinely dis-
criminate between the basiec rock types to a remarkable degree of aceyraey
when the imagery 1is viewed in the stereosecople perspective, because the
lithelogic character of the badrock produces unique land forin and textures
that can be readily recognized using stereo visiom, The "form" and '"tex-
ture" of the terrain, and the asseciated drainage patterns provide remark-
able clues to underlying lithologies, even in heavily vegetated areas and
in areas with a thin veneer of surficial deposits.

Structural Mapping includes the delineation and interpretation (eval~
uation) of éli visiblé folds (antielines, synelines, monoclines, structural
terraces, ete.) and fraetures (faults of all types, jolnts, eéte.) rewvealed
on the imagery. Tt is impertant to perceive and delineate the small and
large structural fearmres alike, since the smaller features are products
of movements of the larger elements,

Effective and comprehensive structural mapping cannet be achieved in
a "monecular" mode. Stereo vision is needed te determine the ineclination
of dipping strata and the direction and magnitude of offset (if any) aleng

the faults (or linears). Most of the structural informatieon derived from

I1I-21
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Landsat to date has been only twe dimensional while in faet they represent
Prefound three-dimensieﬁ@l elements to the geolegic puzzlé. Their correet
Ilnterpretation holds the key to uniocking the chronology of g
responsible for the implacement of petroleum and m
subjeét area,

eologic events
ineral deposits in the

2, Addition of a Band Near 2.2 pm
The 2,2 un region is particularl
Pertaining te hydrous rocks.

Mapper will have the consequen

y lmportant for Providing information
The lack of a 2 - 2.4 pm band on the Thematic

ce that (1) limonitie (or hematitic), but
anhydrous unaltered recks, such as ferruginous sandstone afid tuff, will

net be distinguishable from limonitie altered rocks,

anhydrous rocks that are highly reflective in the 1.6
similar to iren~poer hydrous altered rocks,
portance, the a

and (2) unaltered

region will appear
Thus, a problem of majer im=
bility to separate iren oxide assoeeia

ted with mineralizatioen
frem more commen fren oxide oceurrences,

will remain unselved.
Additional support for the impertance of the 2,2 um band comes from
analysis of $~192 spectral radiance data by Marrs and his assoclates cop=

cerning sedimentary rocks in Wyoming., Of the visible and near-
spectrdl bands

}, contrast ameng the units was fou
2.2 pm band, although centrast

infrared
nd to be highest in the
was also high in the 1.6 um region. This
observation is eondistent with tha p

tesence of hydrous (shale), anhydrous
(sand

stene) and carbonate (limestone and delemite) rocks in the sedimentary
Sequence.

3. Themail F‘?nds

There is a need for dual thermal bands of 8.2 = 9.4 um and
19 - 12 ym. The ratioing

of these bandg will alleow the determina
of the nen-black-

tioen
body emissivity necessary to thermal

measurements,
particularly in silicates

» thus Permitting a separation of cempositional
differences concerned with silicate materials, A dual thermal band

would alse have built-in redundancy,

I11-22

R I L S

s

T et s bR T T

n

T O O o ]

1y



33-803, Vol, I

D, SUMMARY AND CONCLUSIONS

5L 2 o as

Table III-1 gives a summary of the subgroup evaluations, The
last colwin of the £able gives a grand average of all four sub-
applications. The evaluation numbers range from -3 (Detrimental)
to #3 (Good), with zero being Neutral. These numbers are relative
te the best attributes of Landsat 1, 2, €, and follow-on for geoleg-
ical remote sensing,

0f the three lowest rated line items, two were ground station

functions. Low contrast images were considered worst by users, although E
high contrast stretched single channel images are available commereially g

by several data processing firms. To correct this ground function would :
place the government in direet competition with existing firms on existing
products. Slow data delivery, on the other hand, is a Low-graded ground
function which, if corrected, would help everyone. The lack of stereo

coverage is the most down-graded satellite function listed in the table,

and stereo will not be included even on Landsat follow-on.

The mid-day coverage of Landsat follow-on was rated approximately
neutral fér geelegical remete sensing, because improvement in signal-
to-noise (enly partially due to mid-day ceverage) was better received

(average rating of 42.2) than the high sun angle (rated -0.5) was de-

R T I e T L 0 L T P R

graded. Quite clearly, the most meaningful imprevement inm Landsat

fellew-an ever previous Landsats is the improved 30 meter spatial re-

solution (rated +2.5). Program continuity (me time gaps in data eol-

lection by Landsat l-type scanners) was surprisingly high-rated (+2.1) 3
by the panelists. It sheuld alse be noted that the addition of a 10.4 = T
12.5 pm thermal channel on Landsat C was received rather ceoly (rating é
of only #0.8), but that the addition of day-night coverage by the same ;
channel received a high rating (+2.0). NASA should strengly consider ;
adding day-night thermal coverage to Landsat C. The new reflective IR é
band near 1.6 Mm was rated highly (+1.7) on the average, but especially -é
high (+3.0) by the minerals exploration subgroup. i
k.
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As important an improvement as Landsat follow-on promises to be for
geology, the members of this Applications Survey Group felt it neces-
sary that NASA be made aware of the shorteomings of all the planned
Landsats for geelogical remote sensing. The second page of Table IIT~-1

lists some of the properties that are needed from satellite systems

that are not available on any Landsat. The twe highest-rated line i

items are better than 30 meter resolution and day-night thexmal IR , E

coverage at optimum times for making thermal inertia measurements Q

(when the day-night temperature differences are maximum, which are |

prédawn and early afternocon for mest cases).

Next most impertant was stereo coverage, which might better be

accomplished by an inexpensive satellite designed prinecipally for

stereo (low sun-amrgle, changeable orbits, one or two channels wi. th

excel lent spatial resolution, etc.). Of the new spectral regions

that held impertant new information for geolegical problems, radar

was ranked highest, followed by a 2.0-2.5 pm channel (in conjunction

with a 1,55-1,75 pm channel), and an 8.2-9.4 pm channel (in conjunction

with a 10-12 ym channel). The radar channel would permit better :
sStructural amalysis of tropical terrain and might even be an acceptable é
substitute for stereo if low depression angles and overlapping coverage %
were obtained at high spatial resolution. However, it probably would ?
have to be borne by a satellite espeeially tailered for radar. The é
2.0~2,5 ym and 8.2-9.4 pm infrared channels, in conjunection with the ?
1.55-1.75 um and 10-12 um channels already provided by Landsat follow-on, %
weuld provide sigrificant new mineral, roek, and soil compositional ?
information that simply cannot be obtained by Landsat follew-on in any %
other manner, Note that all three of these highly~-rated channels are §
outside the wavelength regions that the eye or phetographic film can ?
detect, Hence, these data have a higher than average probability of é
performing totally new tasks. ;

In sumiary, Landsat follow-on v_z_i_ll_l__:)c;a___ marked Ampro ent oy %

previous Landsats in terms of solving geological problems with remote
sensing, though it is indeed unfortunate that we will have to wait *
}Qn _ﬁgr hhis ;mfpgygm;m;._ Landsat fellow-on will net, however, meet i
many of the peeds of geological remote sensing, Ag;ﬁgmfpgggwﬁh;e
XLesourees grow more im oLtant every year on a world-wide scale, the

I1I-24




:
|
r

satellites desigged_pximapil, for zeolo igal_nemqte"agg§img would a

33-803, Vol. I

need for one or mqremaggel}itgafdgdiﬂagﬁgltﬂ,ggolggical remote semnsing

becomes increasingly compelling. If the histuty of science teaches us

anything, it shows us that new information breeds far more applicatiens
than these for which the informatfon was sought. Because little ex-
perimentation has been conducted applying the above desired satellite
characteristics to other scientific disciplines, especially those
invelving vegetation, it would appear likely on a historical basis

that satellites designed principally for geology would significantly
improve remote sensing in several other disciplines, including those
for which the Landsat series were "optimally" designed.

Finally, NASA must bear in mind that one of the agency's ma jor
tasks outside of Earth resources would be greatly aided by the develop-
ment of one or more satellites designed principally for geeology, namely,
extraterrestrial exploratien. Unlike satellites designed principally
for vegetation, geological satellites can vield significant information
about Mars, Mercury, several planetary moons, and the asteroids, Thus,

esr

to be cost effective in avgrlapping both Earth resources and extraterres-

gyial exploration missions.
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TABLE MI-]
SUMMARY OF GROUP EVALUATIONS
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CHAPTER IV

KEY POINT SUMMARY FOR INLAND WATER RESOURCES

A, KEY POINT SUMMARIES

The purpose of this section is te summarize the key points raised in the
detai led discussions of the Inland Water Resources (Part 3) from the disci-
pline discussion volume. As in that discussion, issues in specifiec problem
areas zre treated successively.

l. Snewcover and Runoff Forecasting

& éppligat;gn of Gmrxgnm_Lan¢SatmEnﬂg£am

Preliminary investigatiens indicate that smowcovered
areas have petential fer use in an independent procedure for upda ting
oY correcting water supply foreecasts as the spowmelt season progresses,
as well as in seme aspects of modeling snowmelt runeff. Snowcovered
area from satellite imagery, however, constitutes only one source of
input data for water supply forecasts and updating.

At present it is diffieult te put a dellar value on

using snowcover im runeff ferecasting. However, the petential benefits

in terms of more efficiemt use of water are of such magnitude that even

a 1 or 2 percent imprevement in the forecast schemes as a result of
using satellite data should offset the costs invelved in adding the
satellite information te the forecast schemes.

» An add-en benefit te the use of satellite imagery 1is
in the area of being able to ascertain if farmers and ranchers are
indeed cutting back dvring low water years amd adding on during big
years.

b. Anticipated Impact of Landsat Follow-on

Rapid throughput of the $satellite data te the USER is
essential for eperationmal snewcover mapping and smew runeff forecasting.
The satellite data must be available te the forecasting ageney withim
48-72 hours after satellite passage. It's impessible right new te
establish the value of having satellite data arrive quickly, but its
i value in foreecasting becomes zero if delayed very leng.
| Nine-day ceverage frequency may be adequate for routine
b snowcever observations in many areas of the western United States
t during the period of snew accumulatiom, but it is not adequate anywhere
during the peried of snow melt-off. If two or more cleudy days eceur
in a row at each nine-day pass during melt-off, then the satellite
imagery has lost its value.
- Landsat imagery probably has more tham adequate reselu-
: tion for snow mapping, mere acecuracy in fact than an interpreter is
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capable of, So long as the imagery is operator-interpreted it remains
interpretation dependent, and its aceuracy is dependent upen the
interpreter. But the high vesolution of Landsat doesn't "hurt" the
snow mapping effort,

The additien of Band 5 (1.55-1.75 micrometer wavelength)
on the propesed thematic mapper should be valuable in helping te distin-
guish between snow and clouds, or between snow and expesed white reck.

. Thermal imagery, to be provided by Band 6 (10.4-12.5
micrometer wavelength), should previde a poteatial for deterinining
portiens of the snowpack that are melting,

+ GChanging the equatorial cressing time to 11:00 am will
have varying effects on snowcover determination.

The build-up of excessive cloud cover over meuntain areas
is apt te be greater in mid-day than in the mefning during the snowmelt
season when Snowcover observations are the greatest value.

. The lesser shadow effect of a mid-day vs. early morning
crossing is not a sigiificant facter, but could impfove the determination
of smow under trees.

The wid-day crossing will mean a2 more proneunced
difference in reck temperature vs, smow temperature, which may provide
more contrast in Bands 5 and 6 of the thematic mapper .

Also, snowmelt will be mere advanced at mid-day and
perhaps easier to detect.

The lower orbit and higher pewer of the Landsat follow-on
would net have a significant effect on determining snewcsver, other than
each RBV frame would cover less area (182.4 X 98.2 km vs, 185 X 185 km of
Landsat 1 and 2), and the grain of enlargements may be better,

€. Continuing Issues

.+ A quick-look optien in the throughput system would be a
great advantage in forecasting rumnoff.
Besides snowcover, though, it would be desirable if
auxiliary ingtrumentstion aboard the satellite could record "semething"
(such as albedo, or attenmuatiom of electreomagnetic energy) which relates

te water content of the snowpack,
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2. Hydrologic Impact of Coniferous Forest Cover Changes

. The proposed Landsat follew-on parameters are apparently
designed to obtain the maximum information pessible on forest vegetation
and snow. Accordingly, they would find direct application in describing
many key features of the hydreologic processes, There is currently a
need for infermation of the type which will be available from Landsat
fellow-on in water resource problems associated with forest management.
At least one federal ageney is utilizing remote sensing procedures im
assessing the multi-resource impacts of forest cever changes., There are
large sums of money being spent on these activikies, Mereover, these
activities will continue to have an ever expanding rele in day-to-day
operations.

3. S@il_M@isture

Remote semsing of seoil moisture has and will continue to have a
high relative benefit.

At the present time there does mot appear te be a satel-
lite system capable of cellecting all the seil-moisture data desired.
However, the Landsat € and follew-on pregrams with the thermal band will
give tremendous advantages. Even with this the major limitation im any
operational system appears to be the lack of ability te '"'see threugh'
the vegetation., The vegetation preblefs should reeceive research
attentien to help meet operation requirements.

. Attentien sheuld be given te the various estimatioen
techniques so that these can complement the satellite obtaimable informa-
tien. Similarly, some reliance should be placed on satellites other
than the Landsat series--if they have instrumentatiom that would comple-~
ment the soil-meisture program, then it should be used insofar as pessible,

. All possible seureces of information should be utilized
toe help selve a preblem such as remote sensing of seoil meisture rather
than attempting to combine all requisite elements into one package,

4.  Groundwater

a. Application of Current Lamdsat Pregram

.+ Lamdsat data presently is being used to detect lithe-
logies amd structures faverable for groundwater occurrence, to delineate
at least parts of the limits of aquifers, and te obtain information onm

the operation of aquifers.
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. About eight Federal Bureaus, 20 State geolegical-survey
or water reseurce agencies, 30 universities, and several consulting-
engineering firms are using Landsat data for the study ef problems
inveolving or impacting groundwater preblems and resources. The use of
Landsat data for groundwater studies is inereasing, but this use
presently invelves a relatively low level of effort,

+ Total present use of Landsat data for subsurface water
problems is estimated at 10 man years per year. In erder to properly !
utilize the information comntent of Landsat data in groundwater studies
that are underway at the present time, this effort would have to increase
te about 30 man years per year.

The main reasens for a reluctance to fully utilize Land-
sat data are (1) psycholegical, (2) lack of adequate training, (3)
limited availability of digital processing, and perhaps (4) high cests
of digital processing.

. Im the Western United States, moest groundwater recharge
cames from melting of the mountain snowpacks in the spring menths. The
bloeming desert at this time of year reflects the relatively high soil
meisture conditioms, which acecompany the recharge process. The rapidly
growing and relatively demse stands of vegetation produce subtle but
distinctive hues om celer compesite Landsat images.

b. Anticipated Impact of Landsat follow-on

More detailed interpretatious of tones, textures, and
patterms of vepetation and soils. Detection of numereus smaller patterns,
Develeopment of mere information on the significance of the patterms for
groundwater oceurrence, recharge, discharge, and water use,

If sun illumination amgles ate equal, detection of mere
topographic detail, detection of smaller and more numerous geologie
structures, and detectien of many more hydrologieally significant

landforms.

Detection of more detail in snewmelt and 501l meisture
Patkerms. Detectiom of more hydrelegically significant featutes in

these patterms.

Detection of smaller lakes and pends and mere patterns

formed by shapes and alinements. Mere acecutate measurements of water

area and a better understanding of aquifer recharge. k
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. Delineation of water in small streams in headwater
areas and location of more areas of aquifer discharge.

. Detection of more and smaller lineaments. More poten-
tial loecations for large well yields in comsolidated rock terrains, A
better understanding of the patterns formed by dominant lineaments, trends,
and by intetrsecting lineaments.

. A better definition of drainage patterns, of the geo~
logic structures indicated by these patterns, and of the hydrolegic
significance of the patterns.

. Mere accurate measurements of drainage density and
thus of surface permeabilities in unmapped areas.

. Easier detectiom and classification of drainage textures
in arid regions,

. More accurate measurements of stream-channel width and
thus better locations of reaches of streams where aquifer discharge
OCCUurs.

A more accurate determinatien of the types of outerop-
ping rocks and a mere accurate interpretation of the water-bearing
characteristies of the recks,

- A more acecurate determination of crop type and thus
better estimates of water use and water heeds.

. Detail by which hydrologically significant surface
features can be distinguished more easily from those that are not
significant.

. A better definition of aquifer limits and a better
undetstanding of aquifet operatioms,

. A greater variety of formats for manual interpretactien,

. Improving the capabilities and results of digital
processing.

. An additiomal impetus te the trend for digital precessing.

. The high reselution thermal infrared band 6 on the
thematic mapper should preovide information om rock types and seil meisture
patterns.

. The higher sun-elevation angles of Landsat follow=on will
produge less emhancement of landforms, the interpretations of which have

a relatively high degree of confidence for groundwater information.
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» An increase in coverage frequency will increase the
chances of obtaining goed quality, e¢leud-free Landsat images at times
that are impertant for greoundwater interpretations. Alse, it will
shorten the time needed te obtain a sequence of Landsat scenes showing
emerging and developing patterns of vegetation and soil meisture.

- About 175 man years per year at a cost of $7 million
are spent on the inventory and management of underground aquifers,

. The costs of using data from Landsats 1 and 2 are
estimated at 10 man years per year and 0.4 millien dellars; the
benefits resulting from this use are estimated at $1 million. Thus
the present level of effort results in g net cost savings of $.6
millien per year,

. Costs of using Landsat data (ineluding data from Land-
sat follow-on)are expected to inecrease to $0.8 millien (at 1976 costs)
by 1985, Benefits should inerease to about $2.5 millioen. Cost/benefit
ratios will be higher than this for about twe years after launch of
Landsat fellow-on, however, as scientists learn te use these new data
efficiently,

Remote sensing generally will met provide the informatien
eh subsurface water supply thet is needed for watershed modeling and
systems management; the enly exception is the deteectiom and delineation
of some aguifer limits, which alse form medel limits,

5. Lake and Reserveir Mapping

a.  Application of Current Landsat Program

. Studies in the Net thern Great Plains on agsessing the
volume of stored water in Prairie pothele lakes have foumd that lake
areas could be used te account for up to 89% of the variatien im lake
watet velume in the shallow prairie lakes. Therefore, an assessment of
stored water volume with time is feasible using remote observations of
area. As the trophic status of these prairie lakes is primarily depen~
dert on the depths, the ability to assess the potential of eutrophication
is at hand.

. A study of the prairie pethole lakes in South Dakota
using visual inl.rpretation which employs the additiomal advantage of
interpreting photographic textural and pattern properties found that
recognition of nen-vegetated lakes 1.5 hectares (3.7 aeres) and larger

could be accomplished at 1060% acecuracy,
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. Even with the partial pixel approeach applied in a stag- i{
nant ice region of North Dakota, enly l4 to 18.5 percent of the total i'b
ponds and lakes were recorded because of the large numbers of small ;-ﬂ
ponds which were not detected. f

. Various water resources agencies have the need for ? :
total-area invencories, but in the Great Plains Regien the existing 5 g

Landsat capabilities are no t suitable for the inventery purpeéses.

b. Aq;ieipgtedrlmpagg;omeanisa£ £Qlle:Qn

- The proposed spectral bands with shorter wavelength
intervals should be more specific for discrimination of subs tances : j

suspended in water. Presently, suspended particulate matter ecan be

detected. However, there is little predictien eapability as te its
composition, The 0.45-0.52ym spectral region because of its penetra-
tien petential will previde an advantage for menitering lakes and

reserveirs,

. Sensitivity te depth variations should alse be improved

due te the higher incoming radiance associated with the higher sun ' é
angles at -the time of data aequisition. Bathymetric mapping has been -5
effectively demenstrated in clear waters using the existing sensor f
capability and this imptoved eapability will be of imper tanee. p

. The instantaneous field of view (IFOV) of the Landsat g
follow-on at =30m will perhaps be of the greatest advamtage for use in 5

lake and reservoir opetdations. The existing System provides reliable
information for recogmition and quantitative measurements for large
lakes but is limited for small lakes., The IFOV of the present Landsat

system in terms of grouad coverage is approximately .45 hectates (1.1

ageres). The minimum possible dimensions which should always be detec-
table are twice the directiomal ground coverage or would correspond to
the area covered by four pixels (=!.8 hectares or 4.4 aeres}. The
Landsat follow-om IFOV in terfis of ground coverage is =0.09 hectares
(0.22 acres). The minimum detectable area would be 0.36 hectares {0.88
acres).

. Inereased reselution is required before operational
Surveys can be reliably conducted. The small lakes because of their
nunibers and physical characteristics in many regions are of impertance,

The Landsat follow=on will provide this required spatial reselution.

1V-7




:f‘
E
!

R A Rl U i e B e e e R M et B R L O S R g e B gt R T o b o

33-803, Vel. 1

. Lake bathymetriec mapping in any but elear waters,éven
in the better spectral window,will probably not supply these maps
except for near-shore areas. However, for the loecation of sedimentation
patterns, these nmear-shore regions are of greatest importance. In
addition, the impreved spatial reselution will allew the updating of
shoreline conteurs as the guage of the reservoir fluctuwates.

. As with any develeping toel, a considerable time lag
exists between the develepment of the teechneleogy and its aetual use
and implementation. These time lags espeecially oeceut with local users
in comntrast te the large, well-structured users. The Army Corps of
Engineers ugse of Landsat data for the natiomal dam inspeetien »>regram
is perhaps the best illustration ¢f a large-effeirt, coordinated use of
the techiolegy. The lecal water development board ¢ water resoutrces
agency will, in general, censiderably lag behind in time for the opera-
tienal use. These small agemcies may use traditienal aerial photegraphy
at great expense for resources assessments which could be easily and
less expensively conducted using space-acquired data, Many reasens fer
this may exist. The educatien in uses and effective precedures may be
the mest crucial defieciemey. The ceomplications invelved in maintaining
the technelegical pace of the space program amd its investigatien products
are tco demanding feor small ergamizatiems. This definitien ef small
erganizatiens may even traverse intéd state goevermmental agencies, The
illustrative uses to the publiec generally alse invelve very complex
data analyses systems which are not gemerally available and which may,
for certaim applicatiems, be ecost prohibitive for the smaller agency.

When these users have available the nermal interpretative products

provided with the existing Landsat pregram, they are at scales anmnd
resolutions umcommen to the interpreter. The patterns easily recegnized
on the traditiemal aerial photegraphy of high reseolutien may now be
textural variations o¥ tenal variations er may be non-existenmt en the
satellite imagery. The synoptic view, multispectral data, repetitive
coverage, and other desirable characteristics may be overlooked. There-
fore, an increase in resolutionm of the satellite system as propesed in
Landsat follow-on will definitely imerease the user aceeptance in their

nermal eparati.nal pregrams.

REPRODUCIBILILY OF 11t
IV=8 CRIGINAL PAth 13 7t

T Db e

T Y DR Sy T P

her o wen i L

e tTad et s




?
}
E
/

33.803, Vol, I

6. Watey Qua}i;y

a., Application of Current Landsat Program

Many investigators have demenstrated that it is pessible
to estimate Secchi dise transparency using the Landsat MSS data.

. Landsat can be utilized to measure water quality by
measuring the conecéntratien of suspended seolids in water. Tt has been
shown that Landsat M55 data can be used to estimate suspended sediments
in Kansas reserveirs with a 67% confidence interval of acecuraecy of 12
parts per millien (ppm) ever the range of 0-B0 ppm and 35 ppm ever the
range 0~-900 ppm.

1t is apparent from the findings of many Landsat inves-
tigators that the detectiom of large turbidity plumes and turbidity
related patterms in lakes is easily accomplished usimg MSS imagery.

. The detection of algal blooms is a straightforward pre-
cedure with Landsat MSS data.

In lakes where imerganie sediments have not masked the presence of
chlorephyll, it has been possible to show a good correlation betweer
MSS data and echleorephyll a.

The feasibility of classifying lakes accerding te trophic
state has been demenstrated by several investigaters.

The Landsat MS8S bands are optimized for land studies,
The emergy return from water is very low and although the four bands
contain information whiech is related to water phenomena, it is im a
very small range of digital number levels.

. The time between satellite flyover amd receipt of the
MSS data by the user is amether problem area. In mamv cases, data
processors have te wait for many weeks and even several moenths for the
CCTs, The long turn-arcvend time hinders lake resegrchers and discourages

resource mamagers.

b. Anticipated Impact of Landsat follow-onm
The impreved spatial reselution of the TM will permit
the mere accurate mapping of turbidity plumes, demarcatiemn ef sherelines,
pletting of currents, and delineatioen of large beds of aquatiec macro=
phytes. It is anticipated the smaller pixel size will result in the

inelusion ef small lakes inte surwvey programs.
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reflecting but "lacy"
characteristic of "rotten"

tures.

fied from Laadsat 1 MSS8 images of Lake Erie amd Lake Ontario (N
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The band selection is an lmprevement and should permit

better estimates of parameters such as chlorophyll 2. The additien of

the blue band may add a new dimension to the remete sen

sing of water.
Work by Piech, et al

+» (1975) has shown the value the blue in water-

related studies, Hoewever, it ig likely atmoespheric effeects will be

severe and that corrective measures will have to be taken. The thermal

band (10,400 - 12,500 Ranometers) will be of value in the determination

however, it will be less effective in
monitering lake theemal plumes because of its 120 tmeter reselution,

of lake surface temperatures;

The inerease of quantization levels from 127 to 256 may
be of value if this means that the dynamic range of the sensor has
aetually been inereised.

Benefits will be more readily derived from the Landsat
follow-on than from Landsat 1 and 2 if NASA reduces significantly the
time delay between data acquisitien by the satellite and receipt by the
users,

The insertion of two satellites so as to provide repeti-

tive coverage on g 9-day basis is anm improvement over the 1

8-day simgle
satellite concept,

However, as is evident from the experiences derived

from the tandem Landsat 1, Landsat 2 coverage, temporal coverage of

the latusirine resources will still he fragmentary.

Still another problem is that of sun glipt.

If the
Projected equatorial crossg-

over time of 11:00 am ig used, sun glint

is likely te make the satellite of little value in water

guality related
work,

Water quality depends highly upen volume reflectance which ip
this case will be masked by the specular reflection {(sun gli

nt).
7. L@k@.@@g

a.  Application of furrent lamdsat Program

Landsat 1 MS§ bands 5 and 7 have been used to idemtify

melting snow. Similarly, Landsat 1 MSS images over Lake Erie were

examined for melting ice. The ice field in bamd 5 exhibits a highly
appearance resulting from many thaw heles, s
ice, i.e,, deteriorating under warm tempera-

The following ice features have been tentatively idemti-

ete that
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ground truth is net available for verification): Shuga, light and dark
nilas, fast ice, icefoet, ice brercia, brash iece fracturing, ridging,
rafting, sastrugi, thaw holes, rotten ice, ice floes, dried ice puddles,
hummoeked ice and leads,

. The best technique new available fotr icge study is a
combination of Landsat data, the current NOAA operatienal emvirenmental
satellite, and aerial recomnaissanee using SLAR amd short pulse radar.

For monitering ice conditions, Landsat 1l's 18-day
revisit eyele again presemts prrblems as ice formation, mevement,and

breakup may all take place within a very short time, thus pessibly go

b, Anticipated Impact of Lamdsat follow-on

. The 9-day revisit cycle will be a great imprevememt aver
the previeus cycle.

landsat fellow-on, with its much improved spatial
resolution and the increased spectral respomse of the thematic mapper
will generally impreve monitoring distribution of ice en the Great
Lakes and in the identification of the cendition of the ice.

The meotre rapid turm-around time asseciated with the
Landsat follow-on eoutput will facilitate the use of the data by shippers
and improve the predictioms of ice build up and movement.

The Landsat follow-on data, with imcreased spectral
response and improved spatial resolutiom,will be used fot Lake Ice
menitering for input imte the Navigation Seasom Extensien Program.

Landsat fellow-en will not eliminate the need for con-
ventiomal monitoring techniques, but it will, whem available, provide a
regional assessment of ice conditions, at a much lewer cost than cemven-
tional metheds. A comprehensive lake ice monitorimg preogram must utilize
several meams of monitoringdata cellection and analyses including
airborne SLAR, shert pulse radar, NOAA emvirenmental satellite, VHRR datia,
and Landsat data,

No single teol would be ef more value te ice forecasters
than a quick-look Landsat image of the Great Lakes, especially if it

could be available much more frequemtl tham every 18 days.
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8. Sgﬂ;ment

a. Application of Current Landsat Program

. The multispectral scanner (MSS) imagery previded by
Landsat 1 which has a ground resolution of about 70 meters is highly
useful.

» Qualitative deseriptions of surface curreats near river
mouths can be derived from Landsat bands 1 and 2 from the shapes, sue-
cessively observed at various tidal stages, of river plumes where
fresh water enters an inlet.

Dredging amd harboer maintenance are centinually required

in all major harbors. As many as 5,000 man years may be invelved at a

tetal annual ecost of as fmuch as $0.2 billien per year. It is coriceivable

that savings of $2 million per year could be achieved by imprevements in
selecting dumping sites amd in defining sediment sources from satellite
imagery of sufficient guality.

b. Anticipated Impact of Lamdsat follow-on

Regional amalysis of tidal flats is quickly and cenve-
niently accomplished by comparing bands 4 and 7. Detailed analysis is
limited by the 70 meter reselution. Improved resolution will greatly
increase the usefulpess of the Landsat MSS imagery for this purpese; at
least ome meter reselution is needed.

The spectral bands available are sufficient for needs
at presemt insofar as sediment detectien is concermed. Refinement will
depend upen detailed comparisems and research during the next five te
ten years to recegnize the relationship between sediment tvpes and their
spectral signatures.

The Landsat C MSS imaging device is identical te that en
the twe preceding vehicles except for a fifth spectral channel covering
the thermal IR (10.4-12.6 microns). Resolution of this band, however,
is expeected te be about 200 meters, about three times peorer than that
of the other four chamnels. Nevertheless, this band is expected te be
very useful. It should aid in defining amd characterizing water masses,
confirming and extending che interpretations that have been described
as possible from bamds 1 and 2,

Taken in the aggregate, the improvement over Landsat 1
and 2 offered by Landsat C and Landsat folleow-on for this applicatioen
is imsignificant except for the addition of the thermal IR channel., The

increment of improvement represented by this addition is urknown and, I
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believe, ecannot be very well estimated at this time. It is unlikely

to significantly affect any of the activities asseciated with remeval

and contrel of sediment and sedimentation, respectively, However, the
potential for improving the management of fisheries mav be great.

¢. Contipuing Issues

. Impreve the provision for techmolegy transfer within

user agencies and organizations, and te the institutions from NASA.
Additional research and development is required to

facilitate the use of the required imagery in digital form, bypassing
as much as pessible the necessity for hard copy prints as the format of
cheice.

. Research is needed to develop and optimize the imaging
processing and enhancement techniques required for this application.
This includes the develepment of algorithms and humeriecal models that

can aceept the data on sediment.

9, Estuarine Dynamics

a. Anticipated Impact of Landsat follow-en

Modeling of all the nation's estuariec has mevei been
done, amd Landsat follow-on aleme will not be able to meet the task.
It will, however, permit synoptic coverage of the estuaries so that
natural tracers such as sediment, turbidity, foam and debris lines, and--
at last--120 m thermal wapping, will previde details of estuarine eir-
culatien, and surface salinity charting (where thermal/salinity relaticems
permit).

. It may be possible to characterize the estuaries by

salinity structure using Landsat follow-onm data, e.g.,

(a) the highly stratified estuaries, salt-wedge type,

(b) the highly stratified estuaries, fjord type,

(e) the partially mixed estuary,

(d) the vertically hemogeneous estuary

With the presently propesed orbital crossing time (11:00
am) suL glint will megate the blue band's imcreased penetrating
ability (on the TM) as the glimnt will "eoverpower" the sensor. Only
surface phunomena will be observable most of the time. This problem
will be disastrous to the water resources community. Unless it is
changed, this one preoblem will eobviate the WM for mest estuarine re-

search (other than surface effeects),
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The improvement over prior satellite sensors will lie

chiefly with the impreved resolution (120 m) in the thermal channel.
Though this resolution is important in the quest for basic data en
estuarine dynamics, the thermal data tepresent only a partial, interim
"step" toward the goal of acecurate numeriecal medeling of U. §. estuaries.

. Use of the TM thermal and visible chammels will save
money, chiefly by permitting the installation of in~situ instruments in

the optimum leocatign. This is especially true of current meters and

temperature/salinity measyrements. Ground truth Eiil be required and
will supplement the satellite data.

. The generalized circulation dynamies of all mederately
Sized estuaries can probably be charted by MSS and ™ data. It is in
the natiomal interest to do so, If suecessful, it would represent a
savings of at least 5 years amd $2-5 millien over the cost of a preli-
minary ground survey of these estuaries.

+ Additienmal research and facilities would be helpful in
the area of estuarine research to augment the Landsat follow-on data.
State ceastal zome institutes would be able te handle the effort with
modest expamnsioen. The primary Federal research effort would imnelude
interests of NASA, Interier, NOAA, Navy and Coast Guard interest, at
least.

10. Inundated Areas and Sherelines

a. Application of Current Landsat Program

During recenmt years, satellite data have been used te
delineate inundated areas.

The main problems concern low resolution, timing of the
floed event with a satellite overpass,and overhead clouds.

The present delineation of flooded areas, based upon
Landsat 1 and 2 data, probably would provide products of semewhat
similar purpese te that of the "flood:prone maps." The delineations
using Landsat data generally have been at 1:250,000 scale, although
other (smaller amd larger) scales have been used .

b, Anticipated Impac t of Landsat follow-on

» The spectral data of the thematic mapper planned for the
Landsat follow-on mission should be g big imprevement over the Landsat 1,

2 and C systems with respect te spectral selection and spectral and
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spatial reselutien. ‘The 1,55 to 1.75ym and 10.40 te 12.,50um bands
should provide additional imformatien useful te identify the boundary
of water-land interfaces.

. The 30 meter ground reselution of the Landsat thematie
mapper (120 m for the thermal band) should provide the basis for a map
produced at an accuracy comparable te fleed-prene maps .

. The problems of cloud cover and vegetative everstery
may interfere with the delineatien of certain fleeds and stream reachess
respectively. Thus, the applicatien of Landsat te provide a basis for
delineating floed-prone areas appeats feasible but the randem nature of
floods as teo timing amd location may mean that it will take many years
to complete a matiosmal pregram.

The delineation of flooding areas from Landsat follow-on
data probably will be g hit—otr-miss process, except for conditions of
bread area fleoods such as these resulting from hurricames.

¢, Continuing Issues

It may be advisable to recensider the propesal of the
11:00 am equater crossing time te assure that the data will net be
affected by seolar specular reflection during midsummer .

An effort should be made to quickly process the data
for field use to aid in disaster re}ief and permit easy field verifica-
tion of the delineated areas of inundation. High water marks deteriorate
quickly with time.

+ Althoeugh Landsat data are available at relatively low
cost, there are problems (time, meney, and equipment) of reducing the
cata wintoe quantitatively meaningful products. Fer example, the reformat-
timg of digital tapes to obtain accurate geemetric positioming for tem-
poral comparison of picture elements is time consuming and costly,

Also, the equipment needed to process those digitized data are not
readily available to most lonvestigaters and are expemsive to use. The
development of remote sensing techmnolegy into operatiomsl programs
proiably is constrained because users may have difficulty precessing
the data.

11, River Foregasts

Because of the "real-time! mede required for the operatiom of a

river forecast center, the survey type of data available by remote

Iv-15

e T N g g e T e s e f L

iy

"




gt 4 k2 ! Eh iy gt s oo SR et MR SRR ST o S b
=T » . R T DA T R A e e L
T o A P Y g L SR - :

33-803, Vel, I
sensing is of a significantly lesser dceuracy than that which is
economically necessary in consideration of potential damages from

floed circumstances or the use of water as a valuable resource.

12, Data CgmmuniééyiQQQ,Sgsgem

- In coeperation with NASA, the New England Divisien of
the USACE has constructed a ground receiving station at Waltham for

direet data sequisition from the satellite. This will remeve all

ground transmission problems that can oceur with teletype relay between

NASA and Waltham (teletype relay suffers a 45 minute time lag between

R g o (g

the initial data measurement and data reception at controel center),

g The system is undey operational eondition. .

% . The Jacksonville District, in cooperation with the
J$GS, has been receiving Landsat relay hydrologic data for almest 3
years from 9 different locations in central and southern Floridj.

. The launching of NOAA's Geostationary Operational
Environmental Satellite (GOES) makes both periedic and réal-time data
Eransmission closer to reality. At present, the Lower Mississippi
Valley and Nerth Pacific Division are planming to undertake experiments :
in relaying hydrologic data using the GOES sSystem. E

- The investigations indicate that cests for data relay

by satellite can be less than these for ground-based Systems, For ;
example, the Neouo England Division's ground-based Autematic Hydroelegic
Radio Repeorting Network had an initial cest perfstatien in 1969-7Q of
$20,000. This includes all equipment for the total system (i.e,,

transmitters, antennas, 4 relays, 12 repeaters and the centtal contrel

R S

facility with an IBM 1130 computer for data readout and processing).

The division estimates the initial cest of an operational orbiting

ERL L

satellite data collectien system to be between $5,000 and $10,000 per

data cellection platforin location. This figure is based on 2 satel-
lites, 10 grouni receiving stations and 2,000 platforms nationwide.
t The cest per platform would be lower if more were installed. Cost
estimates are net yet available for a GOES Sys tem.
A questionnaire sent to g1l Corps offices in July 1973
' found that, over the next 5 years, rearly 4,500 dats collection leca-
' tiens will be needed Corps-wide for the relay of hydrolegie informatien

for water management activities.
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13, Streamflow Modeling

a, égg}iggtignmgfﬂthrganLandaar,Brgg;am

+ An experiment with Landsat data (Blanchard, 1975) has
shown that the coefficient for the simple empirical watershed runoff
medel used by the soill conservation service cam be estimated by using
réflectance of visible and near-infrared light from the watershed
sur face,

» The classification ef surface reflectance using Landsat
data has been used to identify and map the impervious areas within a
watershed.

Another appieach te hydrelegic modeling invelves predic-
tion schemes based on the physical dimensions of watershed characteris-
fies. Such measurements as stream length, stream channel classification,
and length-teo-width ratio of the drainage area can more readily be
acquired from multispéetral scanner data when large areas are inmvolved.
In most imstances, these measurements can be made .

b, Aniigipaﬁgghlmgggt79E;Land§at ﬁal}gg;ﬂn

. Develepment of new applications ef remete sensing in
water resources models should inecrease rapidly with the ihereasing
availability of data and training of persennel.

. Constant development and testing will allew the full
benefits from the addition of spectral bamnds, the assuramce ef available
temperal data and coencurrent improvement im mathematical modeling,

. The current resolution of Lamdsat is adequate for use
in watershed planning where empirical equations are used, The improved
resolucion and band wavelength of the thematic mapper is likely to
inerease the value of classifiecation schemes and will therefore open
opportunities to measure variables for the more complex studies,

14.  Urban Hydrolegy
a. A

2lication of Current Landsat Program

. It is estimated that $27,580,000.00 is expended an-
nually on inventory and parameter estimate studies associated with urban
water resources developmenmt. It is estimated that this figure could be
reduced te approximately $8,000,000,00 by shifting from cenventional to
Landsat technelogy.
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Studies conducted with the $CS Model using lan
delineations ebtained froi aireraft, compare very well with those
obtained from Landsat using an abbreviated land use table.

. Landsat is now being used in a number of 208 studies
which are developed for determining nen-peint sources of pollution
in urbanized areas.

A major limitatiom in the use of Landsat data is the
lack of geemetric agreement with map scales and g difficulty in deter-
mining the position of a Landsat element on the ground,

b. Antiﬁipaggd_lmpagt of Landsat fallgw-an

The 30 meter resolutien will alleow seme utilizatien
of air phote interpretation techniques of the hardcopy products for
some of the urban hydrelegic tasks.

- The geometric cerreections that will be ineluded in the
produet will be extremely impertant in urban hydrologie problems., The
eurrent preblems associated with skew and distortien make it extremely
difficult te interface Landsat data with other infermatiou rrquired
in hydrologic studies. By overlaying the Landsat preducts onte tepo-
graphic maps, it will be much easier to develop parameter estimates

for medels and to develep inventery studies.

The ineclusion of a thermal band, even thmugh the reselu=-

tien is in the vicimity of 120 meters, will de a great deal inm reducing
the confusion between classes. TFor example, the thermal band should
easily discriminate between a shopping cemter and g large area of bare
sell. The same is true with the shadow effect in urban complexes
ereating a confusion with water in the eurrent Lamdsat package. It is
believed that the thermal capability will be a very impertant factor
in diserimimating between natural features and those develeped by man,

¢, Comtinuing Issues

. Presently, many petential users find that machinme
processing ecapabilities are Presently available at only a few locations,
Systems that can be opetated by -comsultants or agencies from the remote
termimnals that they presently use te aceess a gemeral purpose computer
net would aid im the utility of Lamdsat data,

. More work needs to be done onm developing the mechanics

for efficient interfacing with auxiliary data needed fof water reseurce

Iv-18
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studies. The correction of the geometries will go far in alleviating

this preblem. Still, the large quantity of data invelved and the need

for multi-layered randem aceess storage encompasses problems that the

routine programmer with a small orgamizatien eannot handle. It would

probably be a good idea for NASA to develop and distribute the software :

to accomplish this interfacing funetioen. J
. Most of the models used to estimate the guantity or

quality of water were developed long before the launching of Landsat,

The parameters were designed to be derived from readily available data.

Generally this readily available data centers on topographic maps. é

Much of the data required as input te these existing models cannet be
defined even with Landsat follew-en. Since there is nething sacred
about the parameters of these existing models, there is no reason that
alterpate parameters cannot be developed that could be identified with
Landsat., It is impertant that extensive research be undertaken to
develep such models.

. The numerous municipal and 3069 county governments who

administer mest of the $12 billien dellar annual expepditure om urban
water resources constitute a large potential user of l.andsat data.

5till, most of these govermmental organizations probably spend less

T R R

than $3,000.00 per year for their inventory and parameter estimating

respensibilities that could be accemplished on Landsat. Thus, it is
not very attractive for them te traih personnel, visit browse eenters,
sereen Landsat seceneés, and purchase tapes as part of am alternate

effert to acecomplish their respensibilities. Thus, the establisument

o eaada g e R R S

of regional, or perhaps state, centers that would routinely classify
the land eever withi. their jurisdictions should be considered., In 3
this way, the smaller goveramental orgamizations could simply request 3

information within a watershed boundary, census tract, or other geo-

P TR

graphiec area. The potential annual saving by shiftimg frem traditional

e

te Landsat cover amd parameter estimating approaches cannet be achieved

unhless there is some sttractive mechanism by which the lceal governments

can participate.

3. CONTINUING ISSUES

There have been impertant advancements in remote sensing technelogy

Juring the past 10 years. Although Landsat data are available at
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relatively low cost, there are problems (time, money, and equipment)
of reducing the data quantitatively leading to the ptoduction of

meaningful products. For example, the reformatting ef digital tapes
te obtain aceurate geemetric pesitiening for temporal comparisen of
picture elements is time consuming and costly. Also the equipment
needed to process these digitized data is not readily available to

most investigators and is expensive to use. The development of remoete

sensing technelegy inte operational pregrams probably is cemstrained
because users may have diffieulty precessing the datag.

As with any developing teol, a considerable time lag exists between
the development of the technology and its actual use and implementatioen,
These time lags espeeially oceur with lecal users in contrast to the
large, well-structured users. The Army Corps of Engineers use of
Landsat data for the national dam inspection program is, perhaps, the
best illustratiom of a large-effort, coordinated use of the technelogy,
The lecal water development board or water resources agency will, in
general, considerably lag behind im time for the operational use. These
agencies may use traditionmal serisl phetegraphy at great expense for
resource assessments which could be easily and less expeilsively cenducted
using space-acquired data. Many reasens for this may exist. The educa-
tion im uses and effective procedures may be the most cruecial deficiercy

The illustrative uses to the Pw

blic generally alse invelve very complex
data analyses systems which are net generally available and which may,
for certain applications, be cost prohibitive for the smaller agency.

The complicatioms invelved in maintaining the technological pace of the
space pregram and its investigatien preducts are too demanding for small
organizations. This definition of small organizations may even extend

into state governmental agenecies.

Mest of these governmentsl organizations probably spend less than

$3,000 per year for their inventery and parameter estimating responsi-

bilities that could be accomplished with Landsat data. Thus, it is ret

Vvery attractive fer them to Erain personnel, visit bBrowse centers,
sereen Landsat scenes, and purchase tapes as Part of an alternate effort

to accomplish their responsibilities. T a5, one alternative might be
regional or state centers that would routinely or on request classify

the land cover within their jurisdictions., 1in this way, the smaller

IV=-20
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governmental organizations could simply request information within a
watershed boundary, cemsus tract, or other geographiec area. Such cen=
ters could alse be responsible for short courses and other training

missions in the uses of Landsat technelogy.

1, Snowcover and Runoff Forecasting
. A guick-1leok eptien in the threuphput system would be a great
advantage in ferecasting runoff.
. Besides snowecover, it would be desirable if auxiliary imstru-
mentation aboard the satéllite could record "seomething' (such as albedo,
or attenuation of electromagnetic energy) whieh relates te water centent

of the snowpack,

2. Forest Cover

. Motre work on medels will be justified with the new datz.

3. Seil Meisture

. At the present time there does not appear te be a satellite
gystem eapable of coellecting all the soll-meisture data desired, However,
the Landsat ¢ and follow=en programs with the therimal band will give tre-
mendous advantages. Even with this the majoer limitatiem in any operatienal
system appears te be the lack of ability te "see through" the vegetation.
The vegetation preoblems sheuld receive research attemtion te help meet
operational requirements.

. Attention should be given te the various estimation techmniques
so that these can cemplement the satellite obtainable informatiom. Sim-—
ilatly, seme treliance should be placed on satellites other than the Land-
sat series == if they have instrumentation that would cemplement the
seil-meisture preogram -- then it should be used insefar as pessible.

. All pessible seurces of informatieon should be utilized te help
solve a preblem such as remote Sensing of seil meisture rather than at-

tempting te combine all requisite elements inte ene package.

4, Groundwater
. Remote sensing generally will not provide the informatiem on
subsurface water supply that is needed for watershed modeling and systeas
management; the only exception is the detection and delineation of seme
aguifer limits, whieh alse form model Timits.
The main reasens for a reluctamce to fully utilize Landsat
data are (1) psychelegiecal, (2) lack of adequate training, (3) limited
availability of digital processing, and perhaps (4) high costs of digital

Processing,
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; 5. Lake apd Kecerveoir Surveys 2
. « As with ﬁny developing teol, a considerable time lag exigts ';
between the development of the te@hnolagy and its actual use and imple- f
: : mentation. These time lags especially occur with local usgers in contrast f
? to the large, well=structured users. The Army Cotps of Engineers use of ,?
; Landsat data for the national dam inspection Program is, pPerhaps, the f
. best illustration of a large effort, coordinated use of the tectinology. E
The loecal water development boaid or water resourcas ageney will, in gen- ; é
eral, considerably lag behind in time for the operational uyse, These g

small agencies may use traditional aerial photography at great expénse
for resource assesgsments which could easily and less expensively be con- E
ducted using space-azguired data. Many reasons for this may exist. The é
education in uses and effeetive procedures may be the mest eruecial de- ;
ficiency. :
6. Watef Qualit.
T-_,;;:-;;;;;at MSS bands are optimized for land studies, The 5
énergy return from water ig very low and although the four bands contain ?
information which is related to water phénomena, it ig in a very small ?
tange of digital number levels, ;
7. Lake Tce *
. Ne single tool would be of mere value to ice ferecasters than 3
4 quick-loek ERTS image of the Great Lakes, especially if it could be ?
available much more frequently than every 18 days. f
. Landsat follow-on will not eliminate this need for eonventional -i
mendtoring techniques, but it will, wher available, provide a regional E
assessment of jce eonditions, at a much lower cost than econventional %
methods., A comprehensive lake ice monitoring Program must utilize sey- 3
eral means of menitoring,data ecolleetion and analysig ineluding airborne ?
. SLAR, short Pulse radar, NOAA envirenmental satellite, VHRR data, and %
f Landsat data. ?
8. Sediment d
. A.eontinuing isgsue that must be addressed is te improve the :
Provisions for technolegy transfer within user agencies and organizations, 3

Of course, this is primarily a Tesponsibility of thege inStitutiens, but
NASA should recognize their need to achieve a greater awareness and par- 4;
ticipatrion ameng the variousg units within their organizaticn. g
IV-22
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Estuarine Dynamics

9.

.  Modeling of all the nation's estuaries has never been dene,
and Landsat follow-on will net be able to meet the task. It will, how-
ever, permit synoptic coverage of the estuaries se that natural tracers

such as sediment, turbidity, feam and debris lines, and -- at last =

120 m thermal mapping, will provide details of estuarine cireulation, and

surface salinity charting (wherte thermal/salinity relations permit).

10, Inundated Areas and Shorelines

. Alth;ﬁgh Laé&éat data are available at relatively lew cest,
there are problems (time, meney, and equipment) of reducing the data
quantitatively leading to the preduction of meaningful products. For
example, the reformatting of digital tapes to obtain accurate geometric
positioning for temporal comparisen eof picture elements is time consum—
ing and costly. Alse, the equipment needed to process those digitized
data are not readily available to most investigators and are expénsive
to use. The development of remote sensing technology inte operational
programs probably is constrained because users may have difficulty pre-
cessing the data.,

equator crossing time te assure that the data will not be affected by
soelar specular reflection during midsummer.

use to aid in disaster relief amd permit easy field verification of the
delineated areas of inundation. High water marks deteriorate quickly

with time.

_amflgﬂlﬁgig;ig

Development of new applications of remote sensing in water

resource models should inerease rapidly with the increasing availabdility

of data and training of personnel.

full benefits from the additien of spectral bands, the assurance of avail-
able temporal data, and comcurrent improvement in fmathematical modeling.

. Testing new models and incorpeoration of data from the thematie

mapper can readily be dene on a university level while demonstration of

promising applications should be planned under an ASVT program,

Iv-23
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. Most of the models used to estimate the quantity or quality
of water were developed long before the launching of Landsat. The para=~
meters were desipned to be eagily derived from readily available data.
Generally this readily available data centers on topographic maps. Much
of the data required as lnput to these existing models simply cannot be
defined even with Landsat follow-on. There is nething sacred about the
parameters of thése existing nodels, they were simply derived to use in-
formation that was available at the time of model development. There is
ne reason that alternate parameters camnnet be developed that could be
identified with Landsat. It is important that extensive research be
undertaken to develop such models,

12, Urban Hydrology

. Presently, many potential users censider that machine process-

ing capabilities are available at only a few locations. Systems that can

be operated by consultants or ageneies from the remote terminals that they

presently use to access a general purpese computer net would aild in the

utility of Landsat data.

. More work needs to be done on developing the mechanies for
efficient interfacing with auxiliary needed for water resource studies,
The ¢correction of the geometrics will go far in alleviating this problem.
S5till, the large quantity of data invelved and the need for multi-layered
random aceess storage encompasses problems that the routine progroinmer
with a small organization eannot handle. It would probably be a good
idea for NASA to develop amd distribute the seftware to accomplish this
interfacing function.

- The numerous municipal and 3069 county governments whe admin-
ister most of the $12 billien annual expenditure on urban water resources
constitute a large potential user of Landsat data. Still, mest of these
governmental organizations probably spend less .hanp $3,000.00 per year
for their inventory and parameter estimating responsibilities that could
be acecomplished on Landsat. Thus, it is net vety attractive for them to
train personnel, visit breowse centers, screen Landsat Scenes, and
purchase tapes ag part of an alternate effort to accomplish their res-

ponsibilities. Thus, the establishment of regional, or perhaps state,
centers that would routinely ¢lassify the land cover within their j

dictions should be established.

urig=

In this way, the smaller governmental
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organizations could simply request information within a watershed boundary,
census tract, or other geographic area. The petential annual saving by
shifting from traditienal te Landsat cover and parameter estimating approeaches

cannet be achieved unless there is some attractive mechanism by which the

local governments can participate.

C. CONCLUSIONS AND RECOMMENDATIONS

The current Landsat pregram has shown that satellite remote sens-—

ing is important and will become am inereasingly impertant tool in inland

water reseurces.
Although some dollar benefits have been develeped
mic benefits of satellite tachnolegy is difficult

ime that satellite data has been avail-

the assessment of econo

at present because of the shert t
aracteristiec of mest applications.

ta source has the flexibility

able compared to the development time ch
. It must be emphasized that ne single da

necessary to meet all the data requirements associated wi
Thus, the utility of the Landsat follow=-en program

th an inland

water resources task.

is somewhat affected by its ability te interface with infermation frém

other sources.
4 te develop and optimize the imaging process—
This includes

. Reseatch is neede
ing and enhamecement techniques reguired for this application.

the development of algorithms and numerical medels that cam accept the

data and where appropriate, analyze it im conjunctioen with other corre=~

lative data.
. The increased resolution offered by Landsat follow=on will signi-

ficantly improve the effieciemey of many current tasks and will be very

valuable in expanding the list of tasks and organizations that can use

Landsat technology.
Cost and availability of digital processing equipment currently
The ability to make more

eliminate a number of tasks and erganizations.

use of the techniques of aerial-phote interpretation will expand

utilizatien.
. Additional tresearzh and development is required te faecilitate the
use of the reguired imagery in digital form, bypassing as much as pess-—

ible the necessity for hard coepy prints except when deliberately selected

for one reason or another, as the format of choice.
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. fmpteove the provisions for technolegy transfer within and be-
tween user agencies and organizations. ©f course, this is primarily
a regponsibility of these institutions, but NASA should recegnize their
need to achieve a greater awareness of space technology and to achieve
interchange and partieipatien ameng the various units within the
arganizations.'

- The inclusion eof the thermal band will significantly improve the
disecrimination capabilities of the system even though the 120 meter re-
solutien is large.

. Although the 9 day "fly-over" is an improvement, this relative
infrequency will still limit the utility of Landsat in many inland water
resource problems.

. The band selection of Landsat follew-on will improve the utility
of the system. In the past, too much of the data could only be used to
verify something that had happened months earlier.

. The geometric corrections in the data products should make
ground truth more "locatable." The lack of geometric corrections ser-
ftously limited the application of Landsat 1 and 2 in many areas.

. The decision concerning the 11:00 am crossing time should be re~
evaluated. The high sun angle will benefit a few tasks, but the lack of
shadow, increased probability of cloud cover, and the high risk of "sun
glint"” oh water surfaces may completely eliminate Landsat as a tool in
other tasks.

. There is a real need for a "quick-look" option in the data out-

put pregram.
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TABLE IV -]
LANDSAT PARAMETER ASSESSMENT (CONT'D)

Good {Neutral) Detrimental
3 4 1 0 -1 -2 -3
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TABLE IV -1
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Good (Neuteal) Betrirnental
3 2 1 0 -1 -2 -3

Floocd Plain
| Mapping

Data Collection

rhan
[Hyd rology

LANDSAT ! and 2
_ B0 m Spatial Resolution

._Signal/Noise - Moderate ...

= i

i
i
I
i
i
|

- _Sgectr_a_l,,ﬂ.an_ga,ﬂ 5 -1, ,L_ pin.

__-Repeat Coverage.

IBZ x_ISZ ke mi.. Fq:mat

_Mid-morning 9:30 a. m..

i 1tal. Ta pes - Raw_data —

T

|
-
:lL;:

* Data. Delivt:ry as. prenently exnenenced

* x Image. Qualxty Y p:esenuy.:availgbl& S _ -

HOP‘OI—QL—.

Incidental Sterea

L L LU DS e

| Geometry = Excellent,, — S -

LANDSAT C
Add* 10.4 to 12.5 pm. .

* Duunl Tapes, Corrected

LR V Eanchrom;nc

* Data Delivery, Ra u:l 48 hi. ). .7

LANDSAT FE)LLG)W_GN
5 30 ,m,Resolutiu n_(except thermal)

Add: _BluL_,Band {water henetration)

__Add: Near IR (1.6 ym - mineral)

__Prograri_Continuity _ —

Near-Neon = 11:

....ngnalZNmsv_-_ImEtuved —

. Geometty __Degl:aded at._ lowcr altttu.de_

LAf.g =125 pm Da

-Ni ht it.covetage ... ...

, Resolution ~_.better than 3oom___ . _ 3 - i:W - - N — 77
__Additional Spectral Bands . . SN N b - _
Bassive Microwave .. —— -3 . - — _ _ _
Radaz ] 2. -
— laser Topog. Profile . | |.3 1 | | _ i
_Eraunhoffer Line Ehscnm S . _.0 N N | =) -
__2_0_— 2. 5 prm fwith 1. 1_=_1 6. m). 1 - - =
8.2 -9, 4um(wnh 10 = 12 umj. N N N N -
mn;};m Variable Time of Day | ’If;' - I
] Very low .u.u;iangl . B -~ 0 1 , _ L 7
{ . Night (for thermal IR: R T _
Non=Sun. synchronous._._.. - . T_ N
Day. + Night IR (Max T) d ' e . .

__Stereo Coverale ,-,,comnletrfwl ‘ert. eXag.l

:'_._i\ddxtu?fgl_. P_::c:_: rocessing ¢ gli__ita},_data, o

* = Ground Station Function

1v-29




33-803, Vol. I

Lo

TABLE 1V-2 K
| Requirements Assessment Table j
. % g ?
: 3 = Essential & e 4
v o 4
j 2 = Very Valuable g v K] i
_ . @) to ﬂ’ g
1 = Desirable 2.l g o e § s
:; 0 = Inconsequential & ‘é‘ % o -.g HlEl ot 3 & ' ?1
:; 515188 (222|305 =if
Iy F?I =t~ @ Z‘_ | ~l=14a
: _ (d o] 1] v ] @) o g
=~ E & gl | El L €S E
s|lol|5E e|l®|l=]|Els({EI|E A
B a0 |- . v o ";9, 3] o 0 e o
Dlelgw 8| ®lal g5
Snow Water Content 3 131 |0 J1 31331011 %
Snow Cavered Area 31341140 |1 31313911 'f
= = f— E
i
Thermal/Reflectance Characteristics 3 2 2 1 0] 3 3 3 0 1 é
B e . D I N R L NS S ,é
Inland Waters 2 1211412 2y 212120 :
e e e S . J— .‘J
g — ey -— — E
Subsurface Water Supply 3|3 {212 ]2 31 21 2] 3| 1 §

R S 1 N N W | | S N B R N

Water Resource Management 3 0 1 0 2 3 3 3 3 i
T et e e e et | e e A e o s —+— e e e
Inland Lakes-Water Quality 3 3 2 0 3 3 2 3 3 2

Lake Tece Monitoring 1] 2 0|3 2{ 2 3

——— e I e R e o Lo e e e e e e e

Sediment Requirement Assessment 3 313 ¢+113 ) 37 3| 31 31 3

P o e T A e n e B

Estuarine Dynamics 313 113

SO e — R— B B B 5 e a A

Inundated Areas and Shorelines 3 3 2 0 3 3 2 2 0 2

Basin Physiegraphy and Land Cover 313121123 31 3] 1y 3] 2

S ) S S N | ) .?..#‘:err L o
I Runoff Modeling 3 321 2 3, 3 1 3 2

’.%
3
é
i
4

Iv-30




o~ | uoneiuessag u,.m,ve_zﬁ_umﬁm o | e M, | m | . 1 | |
S 'SR VR IS SIS S SRS S — ! Tll
afevaoaren TRUOSEDRG| ™ o | _ 1 1 1 : , ! i ,

o124n prdey| @ [

h spueyg amﬁnhuﬁbw o e | |

o
-
S S *

al :mz_\ﬁﬁmi_m o | o ._ P

ueniesay YSTH|

0219181 o |

I 5pis/ R g =| | | I
| o8eaoa0n) afewy yeuerSoy| ~ | ~ | | ., | | {

ert P B B B T A AT A w500 80 e e T i

jeture q m,m,ﬂyﬁﬁw i

Iv-31

T ¥ - - 4 g
yewIod 1ensSid] o | o | I

33-803, Vol I
TABLE IV-2 {Cont'd)

Requirements Assessment Table
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2 = Very Valuable
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CHAPTER V

KEY POINT SUMMARY FOR LAND INVENTORY

A. SYNOPSIS

The purpose of this chapter is to provide a more extensive summary
of issues relating to the use of Landsat satellite data for the land
invention-related applications mentioned earlier. Each application
will be discussed in the follewing manner:

1. Use of the Current Landsat Program
2. Anticipated Impact of Prapnsed_ggggsgf follow-on
3. Continuin _Issues

Information in this chapter was abstracted from the detailed reports
found in Part 4 of the discipline discussion volume,

B. NATURAL RESOURCE INVENTORY

1. g

e of the Current Landsat Program

Systematic methods for collecting, recording, and interpreting data

related to natural resource conditiens are inereasingly needed for planning,

develepments, or management decisions.

The Landsat program can fill a very important role as common deneminator

around which other data systems can be developed. Presently, Landsat systems

can be used with a high degree of confidence in performing simple functions
related to the description, mapping, and analysis of data relating te
general land cover types. Programs and laws which call for expanded
natural resource inventories and/or regional land-use inventery systems
aret
- Public law 92-500, sections 208, 303e and 404, for water quality
planning.

- HUD 701 program, for comprehensive areawide Land=Use Plans

- Soil Conservation Service, under laws 74-46 and B9-566 for
agricultural and land use-related decisions, and inventories

of water impoundments recreational developments, etec,
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- National Envirommental Policy Act of 1969 (91-190) for environ=
mental impact studies.

- in meiropoelitan areas for planning grants.

= programs for coastal zone planning, facilities siting, etec.

Somz advantages of Landsat data that could revelutionize development
-use data systems are:
* Landsat creates a uniform data base covering all surfaces of the

earth.

* Landsat allows monitoring and updating on a 9-day basis,
permitting. '

weather

* Landsat has a synoptic view not duplicated by any other imaging
system.

* Landsat data is computer-compatible, allowing interpretations to

be repeatable, inexpensive, unbiased, quantifiable, easily acquired
for relatively low investment.

#* Landsat imagery can be utilized by ¢onventional photo interpretation
techniques.

Among other uses, Landsat data:

% are being investigated by the State of Georpia as data inventory
for the 208 section of PL 92-500.

* have been used to update land use maps of the Washingten, D, C,

area at a cost significantly lower than by econventional techniques,

* have been used in the Multiple Input Laud-Use System {MILUS) to
prepare a base for land use inventeries successfully.

* have been used to provide basic maps and data documenting genetralized
land cover (eroplands, open space, urban areas, water, ete.). When
used in interpretion of land Cover areas to determine actual land uses,
Landsat information must be related to ground truth informa
aerial phetography, existing maps
checks,

tion such as
,» and reports reflecting actual ground
For monitoring purposes existing Landsat systems have broad
applications whieh can be made operational with the present
State-of-the=-art.
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2. Anp%gigaﬁedrlmgact of7Propgaedeandsat,Follow-ng

0f the several proposed technical changes in the satellite specifica-

tions for the follow-on, the following comments are offered:

* The proposed time of equatorial crossing (11:00 a.m.) fray well
cause a decrease of shadows to the point that it will make inter-
pretations of topographical features diffieult, as well as resulting
in cloud cover problems and high reflecting areas in deserts and

water bodies.

* Proposed lower satellite altituie and increased scan angle may
degrade uniformity of data and require expensive corrections;
may not be compatible with current Landsat. May also deerease
the amount of area in which ttaining samples for digital processing

will be accurate. This may well increase processing costs,

% 30 meter resolution plus blue and thermal bands should expand
the reliability of direct interpretation, number of applicationms,
and confidence levels.

* 9-day coverage, weather permitting, should give greater likelihood

of obtaining data to allow monitoring and updating of inventories.

3. Continuing Issues

In consideration of the existing and proposed Landsat specifications
and eriteria, the following are continuing issues which need to be addressed
if maximum benefits are te be obtained for Natural Resource Inventery
Applicatioens,

% Of all the facters influencing the use of Landsat, those relating

to decisions by NASA officials and Congress to make Landsat a
long=term OPERAi:ONAL program are mest important, As long as the
program is experimental, State and private agencies will hesitate
te invest,

* The data must be geometrically rectified and registered te some map

base before it is delivered te the user.

* Present delivery time of Landsat (1 and 2) is not reliable and must

be made more consistent.
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* Present 80 méter resolution does not allow keliable interpretations of

certain localized features for land-use planning purposes, Changes
in features such as shorelines, linear patterns of vegetation species

and small developments in urban areas are not readily discernible.

Very little coordination has taken place among agencies for data
collection and planning. Natufal resource and land=use inventories
must be integrated so that methods of cellecting, interpreting

and presentimg data may be standardized.

* Landsat should not be viewed as the total answer for all data

collection and inventory needs - some information requirements are

eurrently beyong the capacity of existing Landsat systems .
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€. FORESTRY, RANGE, AND WILDLIFE

1. Use of the Current Landsat Program

Although very few, if any, projects have been developed in an

operational atmesphere, results strongly suggest a significant centri-

bution by Landgat to overall forest, range, and wildlife resource mahage-

ment systems. The application of Landsat data in these activities has

primarily invelved stratification (vegetatien separation), or measuring

strata variatlon through the vse of Multi-temporal overlays (seasenal

changes).

From this, a meéthed for detécting and menitoring change has

been established. Stratifiecation has been demonstrated for the following:

% areas of ecultural activity, including delineation of:

clearcutting
conversion te other uses
Yegeneration

site preparation and improvement

% broad vegetative and density categories:

757 to 95% performance levels for discrimination of forest
and range from other land categeries; i.e. urban, agriculture,

barten land, water, ete.
overall performance of 76.57 when above 5 classes were

increased te 8 elasses.

85-87% and 85-96% performances in classifying conifers

and hardwooeds.

density measurement capability which relates to timber
production has shown overall forest land correlatiens of 93%.
satellite will be useful te more acecurately and effieciently
peiform volume inventories which will have economi¢ behefit

to the forest industry,

% evaluation of forest sttess and damage, caused by insects, disease,

fire, wind, ete. has been done. Using repeat coverage, density

stratifications invelving the viger or health of ferest stands

have been suggested.
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Use as a change detection monitor suggests an early warning

eye or camera (visible range).

* ¢lassification capabilitiés could ifprove materially

through the use of multi-temporal data.

* evidence indicates the pogsibility for diseriminating

areas of soil deficienecy.

* further evidence indicates possibility of determinin,
uiiderlying geclogic and soil characteristics as inferred

from vegetation.

* yalue indicated as the first stage of a multi-stage sampling
procedure (augmented by more precise photegraphic data sources).
Landsat used to stratify a multi-stage forest inventery showed
a significant reduction in sample variance as compared with

cenventional technique.

The ability €to geometrXicaliy rectify and register existing and
sequential images and the ability to utilize multi-stage sampling
designs with satellite data representing the generalized first stage
are the two most c¢ritical capabilities in rendering catellite data
operational. Turn around time for gemeral inventery is not eritical; but
for the anhual forest inventory and fionitoring, cutrent turn around
time is unacceptable for an operational program. This is especially true
for range management where an index of measurement and conditions need to
be correlated with the data immediately after the satellite flight.

2. Anticipated Impact of Propesed Landsat Follow-On

Of the several propesed technical changes in satellite specifications

for the follow-on, the following comments are offered:

* The thematic mapper as a second=generation MSS holds promise

for future data use from satellite sources:

30 meter resolution will be significant by allowing
more precise boundary and aecreage determinations,
higher accuracy of classifications (especially

level IIT and higher) and may allow one or more stages
of mulgirstage systems to be deleted, resulting in a

substantial benefit/cost improvement and more efficiency.
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256 quantification levels, along with increased
resolution, should enhance eclassification
capability, allowing higher statistieal
classification results and broadening the range
of features classifiable through pattern

recognition techniques.

* Applications dealing with forestry disasters, rangeland, and

wildlife will require data retrieval within days of the
satellite flight.

High density tapes/direct data access provide great
possibilities for large volume users,

Prompt (4 week) acquisition of formatted and geometrically

corrected data is essential for most foveczt applications.

¢ Maintenance of a multi-spectral scanmer (MSS) as proposed

will be valuable in maintaining continuity with existing

data.

: Proposed equatorial crossing of 11:00 a.m, should be bemeficial

by allowing improved correlatioms with underflight data since

both sources will not contain tree shadeows.

Two satellites with 9-day, as opposed to 1l8-day coverage,
should provide adequate ¢loud-free scenes to be useful for
monitoring, despite increased cloud coverage and

convectional build=up as a result of 11:00 equatorial cressing.

There is concern over 705 kilometer altitude if it results in
hon- compatible information with existing satellite data. This
should not be a problem for forestry provided skew, vignetting
and radiometric distortion are contrelled and corrected image

data provided.
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3, Continuing Issues

In consideration of the existing and proposed Landsat specifications
and eriteria, the following are continuing issues which need to be addressed
if maximum benefits are to be obtained for Forestry, Range and Wildlife
applications:

* Data as provided by Landsat satellites should be made
OPERATIONAL to give reliable expectations of obtaining
information necessary to efficiently manage forest and
range resdurces.

* Satellite data collection systems now and in the
foreseeable future are NOT STAND ALONE systems but will
rely on seme lower level ancillary data to reach the

level of user precisien required,

* Although many applications have been demonstrated, few if
any implementable and operational systems have been

decumented to date.

The key to a successful operational system required that:

being given to the user
* the user develop an INDEPENDENT PROCESSING CAPABILITY

* the satellite data be made available on a FASTER TURN
AROUND BASIS if data is to be used in an operational
environment,
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D. WETLAND MAPPING AND INVENTORY

1. Use of the Current Landsat Program

To date there are no documented operational programs using Landsat
for wetland mapping, the use of Landsat generally being still in the
experimental phase for this application. Coastal marshes have received
the most attention to date. Although little work has been done with
Landsat on inland wetlands, several experiments indicate a potential for
inland wetland inventory if spectral parameters are worked out and

boundary dynamics problems are solved.

Landsat data have been used experimentally for studies invelving
gross species composition related to salinity in coastal wetlands,
jdentification of relatively pure species and their relationship te
primary productivity, identification of man-made structures and spoil
dispesal sites. Depending on eventual resolution and pesitional accuracy,
Landsat data could be used as a systematic approach to enforcement of

wetland legislation.

2. Anticipated Impact of Proposed Landsat Follow-on

0f the several propesed technical changes in the satellite
specifications for the follow-on, the following cofuments are offered;
% 30 meter resolution and increased number of spectral bands
will improve capability to iap anhd inventory wetlands
according to present legislative requirements, but will net
suffice for conducting regulatory.functions eor serve as the

basis for litigatien,

% jimprovement should be seen in separation of different wetland
types through further research on additienal bands, seasonal

combinations, ete.

¥ Decrease in orbit altitude will cause multi-temporal
comparison problems with previeous data and may make
precessing more diffiecult and expensive,

# Although species diserimination may improve with 11:00 a.m.
equatorial cressing, water penetration may be hampered by glint and

¢leud cover may be a problem.

3. ggnﬁinn@g'mIﬁSneﬁ

In consideration of the existing and propesed Landsat specifications

and criteria, the following are continuing issues which need to be addressed
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if maximum benefits are to be obtained for Wetland Mapping and Inventory _;
Applications: i

* Efficient methods must be devised to extract information on
an operational basis to meet present legislative requitrements.
These wetland inventories for counties or individual project
areas could be accomplished with extensions of present methods
and improvad satellite parameters.

# Improvement in data systems, data interpretation and data :
processing is extremely desirable, especially given the

anticipated inerease in quantity of data.

#* Until research en methodology is complete, aitéraft data will

i T R T e S AT

still be needed to check aceuracy, evaluate analysis results,

and provide high reselution products for ongoing eperational }
programs. 3

* Questions still remain concerning format and availability, A
quantum jump in the number of browse facilities and
distritution centers will be needed.
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COASTAL ZONE AND SHORELINE MAPPING AND INVENTORY

Use of the Current Landsat Program

Landsat imagery has been useful in mapping and surveying coastal

features by state, federal, and private interests invelved in coastal

management activities which have beeén accelerated since the US Ceastal

Zone Management Act of 1972. Among the applications of existing Landsat

data are the following:

% Mapping of significant shoal features in the Caribbean has proved
the capability to map shoal features and depths with Landsat MSS
data.
# Surface cireulation and ecurrents have been mapped through traecing
of sediment and dye movement.
* Large scale regional features such as shoreline changes have been mapped.
# Hydrographic charting of reefs, islands and shoals by MSS data may
prove to be the oenly cost effective solution for producing aceurate

and inexpensive charts for mzrine navigation.

Existing Landsat is restricted in accurately measuring the dimensions

of cettain shoreline features and changes over time because of limited

spatial resolution. Sinee vast areas of ocean have not been suiveyed or

charted, the Landsat data could be used to presurvey these areas, verifying

navigational hazards, limited depths, etc. close to national map accuracy

standards. Changes in ceastal land cover can be monitored with existing

Landsat, as well as areas of high bioproductivity using ecolor indiecators

of chlorophyll content, thermal boundaries, and eirculatien patterns.

Techniques have been developed fer providing baseline data for

coastal landforms and land usé inventories. Models for computing shore-

line dimensiens and displaying changes due te storms, eresien, and man-

made causes have been developed from Landsat data. Previously uncharted

or undetected hazard areas may be located with Landsat. Depths of shoals

to 22 meters have been determined by Landsat and verified by ships on site.

2, égg;g}pgﬁgdyImgagt“gngEgggsgdeandsat Follow-on
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Of the several propesed technical changes in the satellite specifi-

cations for the follow-on, the following comments are made:

* Proposed 11:00 a.m. equatorial crossing is a very serious liability
for this application., Many preblems will be encountered, such as
exclusion of up to 757 of water penetration data, because of glint and
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reflection problems. If water targets are of any importance,
the sun=-angle's negative effects on the blue band must be

considered.

i # Increased resolution (30 m) will allow greater capability to

: measure shoreline dimensiens and changes following storms and
over large areas in an economical fashion. The follow-on
will be limited in its ability to aceurately measure the
dimensions of coastal structures (breakwaters, jetties, beaches,
groins) which are often 7-9 meters or major beach erosion
appreoaching 15 meters or less,

* Thematie mapper has high probability for enhancing coeastal
oceanic applications which will show ceoncentrations of
poellution, chlorophyll and sediments.

#* Inereased bands and resolution will inerease reliability of

data.

* 9-day coverage will allow adequatc circulation and dispersion

studies provided that rapid data delivery is available.

3. Cnntinuinr_lssnes

It consideration of the existing and proposed Landsat specifications
and criteria, the following are continuing issues which need to be addressed
if maximum benefits ake to be obtained for Cogstal Zone Applications:

% data should be made operational and available in easily used

formats, inexpensively with minimum response time.

# there is a need for precise reconstruction of the data
geometrically without resampling the pixels. This is
especially ttue wheh pushing the data to its limits of
resolution to locate platforms, wrecks, veefs, ete,

* thematic mapper shéuld be flown with existirg geodmetry
(sun-angle, crossing, orbit, etc.) for continuity with
existing data se as to allow continuity between the MSS and TM,

#* data formats should be inter+mationalized se that data
collected by foreipgn ground stations can be precessed

without reformatting.
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F, MAPPING AND CARTOGRAPHY

1. Use of the Gurrent Landsat Program

In general, the current satellite's use for mapping and cartographieé
applications is summarized below:

* current satellite is well suited to small-scale planimetric
mapping and revision, depicting landforms, vegetative

patterns, hydroleogical features and other gross patterns.

* positional acecuracy approaches 1:250,000 scale National
Map Accuracy Standavds for cartographic products,

* useful for recording land feature and land-water interfaces.

* repetitive coverage by electronic means is a basis for
automating the production of small-scale cartographic¢
preducts.

* appropriate for hydrographic charting and surveying for
planning and hydre surveys.

Further, a visually impressive and practical use of Landsat imagery
are the mosaics of the states of New Jersey, Florida, Arizona, and Georgia
as well as the entire United States. A nominal scene format has alse been
developed which forms the basis for the image format map series, This
system has no overlap, is adaptable to worldwide use and is comnuter
compatible.

2. AntiniggteQ;Imlact,nﬁ_EEQ_Qsed andsat,Eollﬂﬂ;gn

0f the several proposed technical changes in the satellite

specifications for the follow-en, the following comments are made:

* map accuracies can be improved with proposed resolution
of 30 m.

* 11:00 a.m. equational crossing will result in excessive sun

glint and will be detrimental to charting tasks.

% addition of thermal and water penetration bands may enhance

thematic and shallow sea mapping tasks.
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* if altitude is lowered to 705 km it may prove non-compatible
with exlsting satellite data.

* revision of cultural features such as roads, railways, towns,

etc. is not possible with existing or proposed satellite,

* desirability of inereasing gray scale to 256 levels is

questioned. A more desirable range would be 128 levels.

* required data such as topographic (elevation) or cultural
detail will not be provided. Topographic (elevation) data is
typically derived from stereo covetrage; current and proposed
Landsat do not have stereo, a major departure from traditional

mapping procedures,

In consideration of the existing and proposéed Landsat specifications
and criteria the following are continuing issues which need to be addressed
if maximui benefits are to be obtained for Mapping and Cartographic
applications:

* an operational Landsat must be supplemented by ether spaceeraft

and/or aitcraft programs.

* many needed experiments of cartographic value cannot be carried
out on an operational Landsat sihce an operational system would

constrain procedure variations.

* basic mission parameters of Landsat follow-on are unacceptable

for mapping and cartographic applications.

Cartographers, and those whose work depends on cartographic processes,

are requesting an operational system based on the following considerations:

. An economically viable system;
- Continuity with respect to Landsat -1, -2, & -C;

. Spatial and spectral resolution that is meaningful to them;

. Completely open access and availability;
. Near-real-time reception of data on a global basis;

1
2
3
4. A data flow that is manageable;
5
6
7. Suitability for automation;

8

. Expeditious dissemination in digital (tape) and optimum analeg

(image) form at a reasonable price.

Specific suggestiens for techmical revisieons are found in the appropriate

sectien in the Land Imventory discipline discussioen velume.
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G. SURFACE MINING EXTENT AND RECLAMATION MONITORING AND INVENTORY

l., Use of;thgueunrgn@_Lgndggt,Erqg;am

¢ b bt R 2o 4 TR BT

Although there are at present no operational uses of Landsat by
state or federal sgencies in monitoring surface mining activities, studies
indicate that a combination of Landsat and other remote sensing could be
a useful tool for this application. In dealing with small areas (several
acres or less), the limiting factor is resolution of the sensors. Some
research efforts to date include:

. * South Carolina project using Landsat as monitoring tool for surface
' mining had 99% correlation in a number of cases with planimetered
areas from aerial photos.

* 93% accuracy in showlng areas of strip mine affected acreages in

Maryland, including monitoring progress of back=filled areas,

* successful mapping in Ohio of (1) stripped earth, (2) partially
reclaimed earth, (3) vegetation, (4) shallow watet, and (5) deép
water; also in Tennessee for about 50¢/8q. mile, (one-tenth cost
of conventionazl technique) 1:250,000 scale, with accuracies
better than 907 in most categories,

* coal mining study in Pemsylvania showed Landsat data may be
quite useful for annual updates, although of limited value for
menitoring.

* Northern Great Plains study on evaluating Landsat data for
strip mining/reclamation was successful on 14 of 30 mines

considered,

Landsat has been successfully used to update geologic maps in

Tennessee and modify coal reserve estimates. Landsat also has been used
in the Western Coal Mining district to determine the map extent and
progression of mining activities, and to monitor mined land reclamation,
Coal mining in the Cumberland mountaing and phosphate mining in Florida
have also been studied using Landsat,

Potential usefulness has been indicated in demonstration and
research projects and the general conclusion is that Landsat gould be
a useful tool in providing monitoring and surfice classification infor-
mation to staté and federal regulatory agencies.
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Anticipated Impact of Proposed Landsat Follow-On.

Of the several proposed technical changes in the satellite
specifications for the follow=on, the following comment is
offered:

* the need of concentrating on the task of literally
leading potential users by the hand until convinced
of satellite imagery's usefulness overshadows any

considerations of concerh over Landsat follow-on

j; improved characteristics.
: ; 3. gontinuing Issues
> In consideration of the existing and proposed Landsat
i specifications and criteria the following are continuing issues
i which need to be addressed if maximum benefits ate to be obtained
{ for Surface Mining Applications:
; * more emphasis needs to be placed on the
} technology transfer aspect of remote sensing
i for operational uses.
* potential users need to be exposed more to
| ;‘ existing systems prior to considering more
- sophisticated systems.
f ? % question exists to what extent satellite data
é ; would replace or supplement cufrent monitoring
v procedures and what cost savings would be.
-
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H. URBAN AND SPECIAT. ENVIRONMENTS

Userf,ebe.Cunrent,Lanﬂsat.Pro T am

Landsat and Landsat follow-onr can have major impacts on the supply
of data for urban and metropolitan regions, although such data must be
accompanied by more detailed data such as aerial photography, census

data, etc.

Some uses of Landsat data to Aate are:

* 907 confidence levels in urban change detection.
* 75% accuracy in delineating Washington, D.C. urban boundary.
*

procedures developed to document land use change by census

tract.

* General urban categories have been classified to accuracies
over 807%.

* census urban atlas file interfaced with Landsat imagery.

* Landsat data classified into 15 classes and aggregated by traffic
zenes.

2. Anticipated Impact of Proposed Landsat Follow-on

Of the several proposed techmical changes in the satellite speci-

fications for the follow-on, the following comments are offered:;

% follow-o& spectral specifications are endorsed, especially thermal
sensors and 256 gray levels,
* certain urban applications such as the analysis of census tracts

will need the proposed increase to 30 M resolution

* proposed thermal sensors and increased grey levels have potential

for discriminating complex urban patterns.

* aircraft data will be required to satisfy data needs at parcel level

3.

In consideration of the existing and proposed Landsat specifications
and critiria, the following are continuing issues which need to be addressed
if maximum benefits are to be obtained for Urban and Special Environments

appiications.
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* fast data delivery and an operational satellite are essential.

* geometric reectification and registration is necessary if data is

to be useful,

* the cost of data processing is toe high for local goveifnments or
entrepreneurs to assume, Users need access to a center where they
ean have their products processed without inheriting equipment
costs.

* coordination among data users and producers is required. There

is a gross lack of coordination and direction at the federal level.

* a total geographically based information system needs to be

developed as part of Landsat follow-on activities.

I. PARAMETER ASSESSMENT TABLES

The following tables show the user reactions in group form of the Land-

sat follow-on parameters and other comsiderations to each signi ficant appli-

cation represented by the Land Inventory group. These reactions range from
Goed (3) to Detrimental (-3). The specific meaning of the numbers can be
interpreted as follows:

3:
2:
1.
0:
-1
-2
-3;

essential

very valuable

valuagble

inconsequential

degrades data utility or reduces probability of acquiring

makes data very hard to use or generates low probability of acquiring
makes data useless
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TABLE V-1
PARAMETER ASSESSMENT TABLE
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3 2 1 0 -2 -3
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TABLE V-1
PARAMETER ASSESSMENT TABLE (CONT'D)
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3 2 1 0 - -2 -3
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TABLE V-1

PARAMETER ASSESSMENT TABLE (CONT'D)

Good {Neutral) Detrimental
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TABLE V-2

Requirements Assessment Table
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CHAPTER VI

KEx POINT SUMMARY FOR AGKRIGULTURE

A, KEY POINT SUMMARIES

Applications presented here are consideted feasible and
productive when reviewed in the light of technical competency
reported for the Landsat follow-on satellite system. The following
material are excerpts from the findings of the Panel with respect
to the individual applications groupings considered:

1. Cro;

) _S;tr_e_;%-s

* If Landsat follow-on sensor resolution is
approximately 30m, limited areas of crop stress will
be detected.

* Accurate detection and identification of stress in crops
by image analyst will still require considerable

collatetral data.

* With respect to the capabilities of the follow-on system

to detect specific types of stress:

- Moisture stress; if sufficient collateral data is
available follow-on should be capable of providing

a erude estimate of meisture stress.

- Salinity; salinity maps and knowledge of irrigation
practices should permit limited detection of crop

stress due to salinity.

- Nutrient Deficiency; operational application could
potentially be achieved here for larger fields with
relatively homogeneous materials in areas where good

collateral data exist.

- Disease; follow-on may have sufficient resolution to
detect relatively large areas of disease.

- Insect damage; follow-on is expected te have limited
value here,

- Other cases; infrequent stress types such as those
caused by fire, floods or frest should be detectable

on follow-on imagery.
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. 1f Landsat follow-on is to be a practical tool for detecting

crop stress it must:

- Provide imagery to users within two weeks or much less

of date of imaging.

- Have at least 30 m resolutioen

informatien needed to properly interpret crop stress.
- Provide data (imagery, etc.) at a reasonable price.

- Be employed by interpreters familiar with the

management intricacies of modern agriculture.

Climatigrlnﬁﬂnmat;gg

# Landsat and follow-on data are and will be useful and
effective as ancillary input to ground truth in assessment
of climatological parameters. It is available once every

18 days for coverage of the same area and will be reduced to
9 days with the Landsat follow-on satellite. This is in
comparison to daily reports from NOAA satellites. The
qualitative nature of the data, however, precludes its
consideration in development of statistieal erop/elimate
models. Until such time as Landsat can provide quantitative
climatological input, to the precision needed, in a timely
and cost effective manner, its expected use to NOAA's center
for climatic and Environmental Assessment(CCEA) will be
limited to a contributory, subservient role.

Research must address quantitative processing of the thematic
mapper information. Considerable computer resources are
necessary to achieve this. The spatial resolution is
sufficient for detailed moisture information on the cloud free
areas, but to provide continuous moisture {nformation, some
backup means should be considered in the event of persistent

cloudiness,

VI-2
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3. Crops - Groundwater and Stress

? ; % In this area considerable research has documented the

i ?E capabilities of current Landsat series data and leads us
to believe that the follow-oni system will improve

and expand our capabilities in this area,

4. ricultural Land and Water Resources
_ * Applications of remote sensing imagery in this area have
: been initiated by numerous universities with the
- feasibility phase of these studies being substantially

funded by NASA, Cooperation with potential user agencies
has maximized the return of this effort by providing
consultant review of the research programs and important
ground truth data. These investigations are bearing
considerable fruit and it is anticipated that an
extension of these initial investigations will be made
to utilize Landsat folleow-on data for world-wide iden-
tification, monitoring and prediction of agricultural
land and water resources. Table VI=1 is presented

here te illustrate the "state-of-the-art" of Landsat
remote sensing techniques applied specifically to

agricultural water resources investigations.

Glgpgl;and Unique Applications

% A considerable variety of these applications were exam-
ined and the consensus of our analysis appears in Table
Vi-2. Costs and benefits have been established for only
a few uses for satellite data, primarily because many
applications have not been fully developed, or experience
gained to the point where cost-benefits can be established.,
Hewever, examples of the value of the NASA-RSI effort are
presented in studies such as those in Pennington County,

South Dakota, Texas, and in Kern County.

VI-3
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TABLE VI-1
NASA - APPLICATIONS SURVEY GROUP
AGRICUL TURE

LANDSAT IDENTIFICATION CLASSIFICATION

STATE OF THE ART

EEACEINER [OutUF i A i Yt

S U gl e T A

TEMPORAL REQUIREMENTS g

__(With 80 meter resolution) _
Frequency Data E
Research  Coverage live ;
L ANcL LOVETAJE AR
WATER STORAGE é
Surface Reservoirs ;
Artificial X @ 9 days @ 1 week ;
Natural X @ 9 days @ 1 week 3
Water Quality ) e L X @ 9 days @ 1 week :
Subsurface Reserveirs 3
Recherge Facilities X @ 18 days @ 2 weeks £
Well Fields X @ 18 days @ 2 weeks = 3
Transmission Facilities X @ 18 days @ 2 weeks %
Wells X @ 18 days @ 2 weeks _;
3
VISTRIBUTION SYSTENS ff
(Canals) 7 _ ]
Lined X-mommoee X @ 18 days @ 2 weeks '
Unlined Xommmmememn X @ 18 days @ 2 weeks . 3
(Pipelines) é
Surface X-ommmmmcaeo e X @ 18 days @ 2 weeks
Subsurface X @ 18 days @ 2 weeks i
Natural Channels ) R e e X @ 18 days @ 2 weeks
WATER APPLICATION
Field Flooding ) SR @ 9 days @ 2 weeks
Ditch Peliveries X @ 9 days @ 2 weeks | ;
Closed Systems (Pipes) XevommwoooosaaX @ 18 days @ 1 month %
Irr. Need Recognition X @ 9 days @ 1 week | 3
Irr./Non-1rr. X @ 18 days @ 2 weeks !
Crop ldentification Xooommmome e - X @ 9 days @1 week |3
Areal Limitations
Perched Yater X Daily Daily
Saline Soils X @ 18 days @ 2 weeks
Maisture Deficient Soils X Daily Daily
Hard Rock ) LT | @ 18 days @ 1 month
Steep Slopes X-mommmecaoooX @ 18 days @ 1 month
WASTEWATER DISPOSAL
Evaporation Ponds Xormomoaomnan X @ 18 days @ 2 weeks
Surface Conveyance Systems XeoooososaaX @ 18 days @ 2 weeks




TABLE VI-2

AGRICULTURAL APPLICATIONS
Application State of the Art Users*

Operational Development Research

High Water Tables X = ==w=X CA,CSD, Db, F, FA, ID, SCS,
USBR, BIA

Salinity X==-=-=X CA, Csb, DD, F, FA, ID, SCS,
USBR, BIA

Irrigation Management XomweowaoaX CA, CSb, F, FA, ID, SCS, USBR

Seil Moisture X-=--~--X Ca, CSD, F, FA, ID, BIA :
Water Budget Xomo=o=- X  BIA, CSD, FA, ID, SA, SCS,

USBR
Ground Water Development X o ===a=X ¢sb, ¥, ID, SCS, SG, USGS, BIA

| Soil Survey--Reconnaissance X CA, CSD, F, FA, SA, SCS, o
j USBR, BIA -
; Seed Germination Requirements Xw====X CA, F, ID, SA S
- -
.o Crop Surveys--Acreage X===w-X CA, F, FA, SA, SRS, BIA <
Crop Surveys Yield X===-- X  CA, F, FA, SA, SRS, BIA 3

F
F

Range Surveys--Biomass X = ===~ X CA, F, FA, SA, BIA
F

Disease and Insects X === X CA, P, FA, SA, SRS, USBR, BIA

Land Erosiomn Potential X o m=awaoX CA, CSD, F, FA, SA, SCS, USBR,
BIA

Weed Infestations X ====X €A, F, SA, BIA

Fertility Needs X == === X CA, F, FA, SA, SCS, SRS,
USBR, BIA

*BIA-UNS. Burcau of Indian Affairs FA-Other Federal Agencies SG~-State Geologists
CA-County Agents ID=Irrigation Districts SRS-Statistical Reporting
CSD-Conservancy Subdistricts SA-~State Departments of Service
DD-Drainage Districts Agriculture USBR-U,S. Bureau of
F-Farmers SCS-50il Conservatien Reclamation

Service USGS-U.S. Geoloegical Survey
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6. Warldw%ge_crﬂ'_Enoduction_Es;imation

* We are well on our way to achieving a level of scientific and

technical know<how sufficient to accomplish the task of ; ﬁ
estimating the world-wide production of major food crops. ] f
The Landsat follow-on system will significantly improve our 51
potential for achieving this goal. Considerable research, g f
however, is still Yequired to operationalize the Proper mixes 3_{
of models which include a variety of typecs of remotely sensed i i

data coupled with collateral material (including field
sampling) to provide the locational spectral, spatial, temporal

and resolution components necessary to accomplish this task.

* It must be appreciated that these tasks g0 beyond the use of
Landsat er Landsat follow:

on data as the sole remote sensor o
input. Indeed, to accomplish our goal of global production
estimation for major crops we must be prepared to examine models
which employ complex mixes of data from a variety of satellite

and airborne sensor packages with collateral material from many
sources,

* The LACIE program addresses many of the Problems involved in

providing 2 world-wide ¢rop production estimate, In this

respect LACIE is eurrently heavily involved in the complex ;
modeling of a variety of important parameters. Results to date E
appear encouraging, and the Agricultusal Applications Survey :
Group considers it significant that 4 considerable committment '%
has been made to the LACTE Program by a number of agencies, f
* 1t is our opinion that there are strong indications that the é
state of the art will get us there from where we are in this j
area. ;
* Based on member expzrience and a survey of recent literacufe, ‘ 'f
the Agricultural Applications Survey Group feels that the ?
ability to use this technolegy for land resource inventory has f

VI-¢
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3 already been proven practical,. E
K % A key to the amount of use made of this technology and the 7 é
g speed at which it is accepted will be the cost associated ; g
é with the manual interpretation procedures or software and i é
; the computer processing associated with the above land use : §
¢ data. : :i
t =
¢ v
y 8. Adjunct Considerations :%
¥ * Under this heading the strong and definite need for ﬁ
: ' 3
classification systems designed for satellite sensor systems 3
i1s laid out. Only by associating the characteristics of the %
remote sensor with the classification system used for %
presenting the information can we maximize the information %
retrieval from the satellite imagery and insure its fullest %
possible use. 3
B
* The need for user education is stressed. , g
* The need to achieve a system capable of rapidly disseminating ’
follow-on data to the widest possible audience is considered
extremely important.
The Agricultural Applications Survey Group
recormends that NASA investigate the potential
for using the current USDA system of local and
county agents for this task,
9. Selected Applications

* In this section, the Agricultural Applications Survey Group
considered briefly a number of applications as to their overall
feasibility of providing meaningful data from the follow-on
system, These applications involved:

- Production Estimation - Feasible in simple landscapes;
difficult in more complex agricultural landscapes.
- Sgil,Exgs;qp - Actual erosion difficult to assess,

however, areas of potential erosjion are easy to identify.

- qushland, ?@mbgylgnd qu_Grasslanq_;g;erfﬂces - Good
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potential for delineation depending on sensor.

- Bare Soil and Rock vs. Vegetated Areas - Good to excellent
potential for delineation with Landsat follow-on system.
- Macro-

N PALrY

linear Identifiers

Desertline) - Good to excellent

I R | R

= Ran e;gnq and:pnnshlanquntetﬁace - Generally good.

- Earmsteads - Poor to fair. T

- Crop Species in_Fields One Acre_or_uore inmSize _T:ee_Cro 5
not Included) - Good.

< Encroachment =~ Desert - goed; Urban - good; Marginal

Production Areas -~ good.
* Honitoring World Agricultural Land Use - Will definitely 3
improve our capability to discriminate major land use :
categories.
- Survey of Irrigation Potential - Need ground truth at E
r;ﬁoﬁnaiséaﬁce Levéi”and at détailed level to 100 meters. :

- Irrigation Schedulihg - Fair.

- Watarrneficit Areas

_.Drou ht

)} -~ Good with minimum of ground data.

= Depth to WatermTable - Feasible in areas of very shallow water
depths where crop has considerable damage.

- Wate:,Availablllt

= Surface = good; depth - poor; quality - good; E
geology = good; recharge - fair. 4

Soil.Classification - Color - good; relief, shadows - poor;

vegetation dependent on resolution, growth stage and continuity. ;

= Rangeland - Good to fair, %
c:o_‘Peruccxan < Variable E
£ I (Water sup 12@9?5 ed) - Variable to good,

= S0t Qalinltx and Drainage - Good.

- Eg':g;:ide Crop ProductioniForecastin

_for Ma‘orwworld Food Cro_s -

Data needed to accomplish this modelxng includes but is not
limited to meteeroleogical satellite data, aircrafg data, field
sampling data, and other collateral information.

crog;Stagg ~ Poor to fair.

VIi-8
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= Crop Stress - Recognition and estimation of areal extents
is feasible, Stress type not feasible at this time.

CONCLUSIONS

The value of the U, S. agricultural production justifies continued
efforts to improve our information acquisition systems, from both
conventional and remote sources. Gross farm income has shown consistent
increases to 101.5 billions of dollars in 1976, Our exports (mainly in
the area of edible grains) have increased from about $12 billion in 1973
to over $20 billion in 1974, and have remained at or above this level
since then. Remote sensing products from the Landsat follow-on satellite
progran will provide valuable information for managing vegetative crop
production. The 1975 value of agricultural products that depend on
vegetative production was in excess of $74 billions (this includes live-
stock production). An improvement of even 1 percent in this figure,
through either increased production or by reduced costs of production
would be worthwhile.

Based on en analysis of the material prepared by group members and
as a result of our extensive deliberations the agricultural applications
survey panel also concluded that:

% Demands for information for the great majority of users at

the production decision making level in agricpltute are
frequent, and information must be timely, Degradation of
agricultural information is extremely rapid for a great
many users in the field of agriculture.

* Production applications, are extremely important and ¢an
be rewarding. They are best served by instrumentation
capable of detecting stress in plant materials, Effective
stress detection calls for the selection of spectral bands
that will respond to the physical condition of the plant,
but equally as important, it calls for a high sun cross-over
time that will record the stress condition and the use of
highly skilled image interpreters.

*¥ A 9-day, global coverage capability with less than 48 hour

data processing and dissemination "turn around time" appears
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to be the minimum feasible program that would allow

benefits to be derived from the management sector

of erop production in agriculture. It is recognized
that such a system would be capable of less frequent
data acquisition of speeific areas if a 9-day cycle

was deemed unnecessary (e.g. during periods of plant
dorinancy or snowWcover).

In retrospect, we have made significant progress in the last
decade towards an understanding of the application of spectral infor-
mation such as that aboard the Landsat follow-on System. There is no
question that further research and development will produce expansion
of improvements in the application of the information produced by future
satellite systems. In extensive discussions by the Group, a number of
parameters were evaluated for inelusion in, or ehéraeeeristic of future
satellite sensor systems. The following numerical evaluation represents
4 consensus of Group opinion, with a -3 representing a highly undesirable
attribute:

—Resolution - better than 30 m
Additional Spectral Bands

Pagsive Microwave
__Radar e
.. Laser Topeg. Profile

Fraunhoffer Line Discrim.

2:0-2.5; 5 (with 1,1 - 1.6 um) _

—Different Variable Time of Day
Yery low sunangle =

Night

for thermal IR) B

Non-Sun synchronous

In addition to these capabilities and attributes the Grou
that:

P teels strongly

* A specialized thematic mapping system is highly desirable;

* Development of a high reselutioen Peintable instrument

REPRODUCIBILITY OF THE
VI-10 LR VAL PACE IS POOR
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would be desirable, especially for sample design

and disaster or unique phenomena applications;
* A dedicated Ag-Sat should be consideted;

* Work must be promoted on development of low=cost
and rapid data processing and disseminating
techniques;

* Geometrically referenced imagery should be acquired
for a variety of temporal situations, to provide the
opportunity to interrelate a varicty of data from
different hours of pass-over, and points in time within
a phenological sequence;

* 1f Landsat follew-on is to be a practical tool for

detecting crop stress it must:
- Provide imagery to users within two weeks but

preferably within two days or less of data
of imaging;

Have at least 30 m resolution

- Be capable of being used in conjunction with the
variety of collateral irformation needed to
properly interpret crop stress;

- Provide data (imagery, etc.) at a reasonable price;

- Be employed by interpreters familiar with intricacies
of modern agriculture.

* Landsat data are useful and effective as ancillary input to

ground truth in assessment of climatological parameters.
The present qualitative nature of the data, however,
seriously hampers its petential for consideration in
development of statistical crop/climate models. Until

such time as Landsat series sensor systems can provide

quantitative climatological input, to the precision needed,

in a timely and cost effective mannef, its use to NOAA's
Center for Climatic and Environmental Assessment will be

limited to a contributory, subservient role.
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Much research wotk has been carried out, enough to convince many

involved in this area “hat it is now time to make the transition from
4 research effort to an operational program,

Although there are many steps that can be taken to favorably

influence the use of satellite information, there ave many steps nheeded

to meet the requirements and satisfy the basic premises discussed, It
appears that at the present, a satisfactory delivery system exists to
meet the needs of only a small number of the major users of sacellite

information, A system fust be developed to reach the vast audience of

users with frequent, dccurate, standardized information, in a format
and a time-frame sufficient to insure maximum data use. We feel that
there is a potential to use the USDA system of county and local offices

for 5CS, ASCS, Cooperative Extension, FHA, etc. With its great

experience and excellent record in maintajining rapport with, and
providing servi 3s to individual farmers, landowners, and local officials
the USDA

»
system appears to possess the only currenitly operational
delivery system capable of meeting the urgent needs of the satellite
program to reach the majer portion of the agricultural audience it hopes
to meet,

In con¢clusion, the Agriecultural Applications Survey Group feels

there are strong indications the state-of- the-art for interpreting remotely

sensed data will get us to an operational use of these data in agriculture
from where we are. TheTLanQSat_ﬁgllqgrgnrmissigqiwil}isi nifiggntl

iggneﬂgg our potential of,ge@g;gg there. To achieve this goal, however,

not only must sensor Systems and the models which go with thém continue
to be improved; but inereased communication and interaction musat occur
between remote sensing researchers and users. Appropriate educational

programs must be established to implement the transfer of technology to

the user commuanity. Rational, operational, institutional arrangements

which provide timely acquisition, processing, analysis, interpretation

and dissemination of data to potential users anywhere in the world must

also be established, All that has been said herein presupposes that

adequate funding is provided for research to advance the state-of- the-art

in those areas essential to the development of a global agricultural

information system. This System would provide accurate, timely

VIi=12
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g
: information te a variety of users. At the earliest pessible time, 3
E operational use of such a system should be demonstrated. Gperatienal j
. : imp)ementation should quickly follew. Only then can truly eredible é
' and quantjfiable benefits be deternined, ;
- €. RECOMMENDATIONS , &
After lengthy discussions, the Applications Survey Group for
Agriculture reached a consensus of opinion but net umanimeus
agreement on the following recommendations. Owing te the nature of
> the task given this group our recommendations are broken down into
those directed toward operational considerations; those recommendations
where research should be direet to maximize the utility of Landsat
follow-on data in the agriculture user community; and those directed s
towards management for potential implementation te insure optimum use ;
of follow-on data on a global basis in the agricultural decision f
making process. With respect to operational considerations we recommend: g
* The Landsat follow-on satellite be developed and put E
into operation at the earliest possible date. 3
* No greater than a 9-day cycle be considered (more 7
frequent coverage is desirable), {
% Data products have higher resolution than the 80 meters 3
curtently available on Landsat 1 and 2. 1In addition, }
: : inclusion of a higher resolution (1OM) peintable i
' imaging device in the Landsat folleow-on sensor suite ig E
hi.ghly desirable. ;
: % The high sun cross-over time be approved. This parameter 3
. ;
: is gxtgggglyriqgggggp@ te agricultural users interest in 7
? stress detection. i
: * Improved spectral sensitivity is highly desirable as is i
? the ability to precisely register images from different g
3 dates to a geographic coordinate system. ?
%c * Users should have the option to colleect thermal channel =
é_ imagery of a given area both day er night. é
4
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* Users must be able to have data within 48 hours of
acquisition if data is to approach optimum utility,
In addition, the data should include a higher order
of graphic, geographically referenced display and
statistically output data than is currently available
on Landsat 1 and 2 data.

The Agriculture Applications Survey Group feels strongly that

research should continue towards the following goals:

* Implementation of a rapid, efficient, ¢ffective data
dissemination system. Attention must be given to the
development of processes and systems that allow for
dissemination of data to the largest legical

audience of users in formats of their choosing,

* Development of low cost, rapid data processing
techniques including a review of computer efficiency
in light of the predicted 1980 state of the art.

* Integrating meteorological satellite, Landsat serles,
and data from high resolution imaging systems along
with collateral material into both crop production

and resource management models,

* Definition of classification theories and concepts

compatible with remote sensing products.

* Solving the problems associated with the spatial/locational

dimensiens of estimating a variety of crops worldwide.

* Determining the effects of emission and reflection
properties of a wide variety of physical and biological
parameters which influence the accuracy of crop type
identifications.

* Development of a coordinate referenced, rectified data base,

* Acquiring adequate multi-temporal data in a variety of
environments.

* Redueing the Paucity of remote sensing data on erop stress
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conditions in large field commercial settings.

Finally, to increase the level and improve the overall effective
use of remote sensing data in agriculture the following management

recommendations ate made:

# Formalize the Agricultural Applications Survey Group
as a standing committee dedicated to maximizing user
input to the NASA decision making process as applied
te agricultural applications of remote sensing. The

Committee should have co-representation from USDA,

USDI, NOAA, and advisory units or personnel from NASA.
In addition to the mem™ ws who worked on this report,

there should be repi.¢:.ation from the banking
community, transportation and marketing groups, from
plant physiology, plant genetics, as well as public
policy interests. The committee should net exceed
20 members, and arrangements made for rotation of
membership if deemed appropriate.

#* Better coordination between groups within the remote
sensing community should be promoted, especially

between govermment, university, and industry.

Formalizing an Agricultural Applications Survey Group

such as that recommended above could go a long way

towards achieving this goal.

# Efforts should be fmade to recognize the present
shortcomings of the relations with the potential
audience of users.

* At the user level it appears that--

- Too much emphasis on expensive equipment.

- Too little emphasis on applied remote sensing
techniques. This means that more attention
should be directed towards the user audience
that will have to depend for some time on some

form of manual interpretatien, or at best, a
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combination of mahual and mechanized
methods.
- There is a shortage of skililed interpreters. )

We need to recognize the need to have the
imagery interpreted by interpreters who are
familiar with the intricacies of modern

agriculture,

- Too few people know about the existence of
the data, The large audience of users should
be recognized. Maxifum benefits can only be
realized when we reach decision makers with
information. That persem is typically the
owner of the resource. Therefore, educational
programs, of both a general and a specific
nature, should be undertaken to familiarize
users with the capabilities of satellite
acquired information. This need not be only
for adult audiences, Various service
organizations, high school, science groups,
4-H, Scouts, etc. should also be approached.
Here we should consider the development of
cooperative assignments with existing agency
systems already prepared to disseminate
information to large or small audiences at
the local level.

- Overselling has had a damaging influence. We
should recognize the difficulty of the problem
we are dealing with and the continued need for
supplemental data. Satellite data will simply

not provide all the answers.

* Global applications should receive increased immediate
consideration, especially in view of population increases,

deereasing land resources, and inereased demand for food,

As part of this we must recognize the significance of
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satellite information to developing countries. It

may be the only souxrce of national data.

3
4
4
4

* Finally, NASA management should initiate preliminary ”: §

planning for the development of an Ag-Satellite to  ‘§ r
be programmed for the mid 1980's, g
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- APPENDIX A L
?: LETTER OF INVITATION e
o :
« JET PROPULSION LABORATORY California Institute of Technolagy « 4800 Oak Grove Drive, Pasadena, Califernia 91103
Dear._. ;
The National Aerenautics and Space Administration (NASA), in support of E
its Landsat follew-on and future mission objectives, desires an evaluation é
of the capabilities of the propes ed Landsat fellow=on system by the user =
community, Teo this end, Applications Survey Groups (ASGs) are being ¥
established by JPL te previde to OA/NASA a formal capabilities assess-
ment by the entire community of users of Landsat-type data. The initial
four ASGs to be formed are: (1) Agriculture, (2) Inland Water Resources,
(3) Land Inventery, and (4) Mineral and Petroleum Exploration.
You have been recommended Ly the Federal Interagency Decision Team for 2
membership in the ASG for Land Inventory. A charter for this ASG is en-
closed (Enclosure 1), Your demonstrated expertise in the use of satellite
remote sensing in this field assures us that you can make a significant con-
tribution to the development of this evaluation for the earth resources pro-
gram.
As you can see from the charter, the members of the ASGs are in a anique
poesition to express to NASA the value to their institutions (and, as experts,
the value to their discipline) of the propesed satellite remote sensing systemn.
This input will allow NASA te make better decisions on the propesed system
to plan future missions te meet the ne eds of the user community. :
The task of the ASGs is to provide knowledgeable input into the Landsat foliow -
on decisions. Enclosure 2 outlines this task., It is anticipated that permanent
survey groups will be established in the future as similar reguirements arise
when new sensors and/or platferms are considered. k
%
Most of the effort of the groups will eccur in twe two-day meetings to be held 3
in Washington, D. C., one each in March and A.p_ril. The first meeting will
be held 1-2 March 1976 at the Sheraton Iin in Reston, Virginia, starting at
8:30 am.
4
3
\ Telephone 3544321 Telex 675421 Twx 910-388-3294
A=1




e It b e e L e i I R N s ) R S T SN - el i bt S e Lt DR R Les i n i Sl il g gl

i Tt s (g on ALY S s | e pad s o s ane 4
33-803, Vol, I
]
: JET PROPULSION LABORATORY California Institute of Technology « 4800 Oak Grove Drive, Pasadena, California 91103
. _2-
- ’ We leok forward te your participation in the ASG. Please indicate as soeon

as pessible to eur Administrative Assistant, Mrs. Veroenica O'Brien, (Mail
address: Jet Propulsien Laborateory, Mail Stop 183-501, 4800 QOak Grove
Drive, Pasadena, California 91103) your desire to serve. Mrs. O'Brien
can discuss with you the anticipated financial arrangements. Her telephone B
is: commercial (213) 354-5672 or FTS 792-5672. Enclosure 3 contains ¢

additional travel infermatien. 1
I will be located at NASA Headquarters during this activity and can be 2
reached at;
Mail; Code EK

National Aeronautics and 3

Space Administration j

=
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Phone: (202) 755-8608

| Sincerely, 3
Fred C. Billingsley
Task Manager
Earth Observation Programs :
Jet Propulsion Laboratory 4

Enclosures !
(1) Charter 3
(2} Task for Landsat follow-on
(3) Travel Information
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APPENDIX B

TASK ASSIGNMENT FOR ALL
APPLICATIONS SURVEY GROUPS (ASGs)

Survey of User Requirements for Landsat Follow-on

An objective of the User Affairs Divisien of the Office of Applications,
in its Landsat follow-on activities, is te acquire a detailed study and
report, supplemented by preliminary reports, providing an evaluation
of the capabilities of the proposed Landsat follow-on system by a

comprehensive community of users.

The initial outputs from each of the ASGs will provide knowledgeable
user input to NASA for use in Landsat follew-on decisions. This infor-
matien will be summarized by JPL in the form of an Evaluation Docu-
ment to be prepared by 1 July 1976, which encompasses the final
Landsat follow-on reports prepared by each of the four Applications

Survey Groups.
The following schedule is established to meet the above output:

Initial ASG memberships will be complete by 2 February 1976,

and Chairmen protem selected,

Week of 9 February 1976- Telephone conferences will be held with the

ASG chairmen protem and the Discipline Panel chairmen to discuss and

clarify the procedures and meeting agendas.

Week 6f 1 March 1976 - First formal meetings of the ASG. Each ASG

will meet for two days, using the following agenda topics:

a. Briefing by NASA/OA on the purpeose, makeup, ete. of the ASG
effort, and its relation to other groups, the NASA discipline
panels, and other activities. Includes a description of the task

being assigned to the ASG, its urgency, and schedule.

b. Description by the Project Scientist of the various parameters
applicable to Landsats 1, 2, and C, and Landsat fellew=on., This
is to include products available, product schedule, etec. Handout

material should be available if possible.
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Task Assignment - page 2

Discipline everview describing the overall Earth Resources Pro-
gram, to acquaint the users with the wide spread of activities.
Overview of what future interfaces and assgistance users might
expect from NASA, EDC, related activities, etc.

Briefing by member of NASA Discipline Panel correspending to

technically and (b) who is currently active, (¢) present and plan-
ned ASVTs, and (d) other potential applications).

Each of the four JSC Panels is made up of NASA individuals well
versed in NASA technelegy, hardware/ sensors, and Thematic
Mapper applications in each of the four application areas repre-
sented by the ASGs.

The JSC briefing teams will bring to the ASGs during the meetings
of 1-2 March 1976 a status review of the current and future NASA
sensor capabilities and applications in each of the four ASG areas
of interest. Much of the final support for Landsat follow=on to be
derived from the ASGs may depend on the perception by the ASG
membership of the briefing given them by the JSC teams at this
meeting,

Description by JPL of the detailed expected activities of the ASG
and modus eperandi. This will assure uniformity of actions, re-
ports, ete., of the various ASGs and thus simplify the eventual
collation of the activities.

The ASG selects its permanent chairman.
The ASG settles on specific questions to attack, and starts in.

The chairman carries on, assigns action items, due dates, and
whatever else necessary.

Period 3 March - 16 April 1976 - Individual ASG members will carry

out assigned action iterns and prepare required documentation and reports.
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Task Assignment - page 3

Week of 19 April 1976 - Second formal meeting of the ASGs. Each ASG
will again meet separately. The principal action at the meetings will be
to prepare a draft final repert for each group. As such, these will be
working sessions devoted to discussions, writing, and identification of
problem items. These reports are due to be completed 1 May 1976.
These draft reports will be reviewed by members of the IDT and the

Discipline Panels and are to be returned with comments by 1 June 1976.

Period 1 June ~ 15 June 1976 - Group chairmen will revise and complete
the reports for each of the ASGs, using assisfance from group members

as desired.

15 June 1976 - Group chairmen will brief the IDT on results of their
activity at the June IDT meeting.

Period 15 June - 30 June 1976 - JPL will prepare with the assistance of
the ASG chairmen a final Evaluation Document incorporating the ASG

reports and an executive summary.
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APPENDIX C

APPLICATIONS SURVEY GROUP CHARTER

Estaplishment
The Jet Propulsion Laboratory (
entities covering the

within NASA.

JPL) is establishing a series of Appli-

cations Survey Groups (ASGs) as whole spectrum of

esarth sclences and applications

Objectives and Scope

The ASGs will provide to JPL for OA/NASA a formal evaluation of Landsat
s from the total community of users of NASA technology
to Landsat

follow-on capabilitie

in its discipline area. The area of concern will be limited

The discipline area will cover the following sub-

follow-on activities.
in the future or

applications, and others that may be defined by OA/NASA
identified by each group.
A§§iﬁgr,y}nega;mgpd_getrolgummExnlnratign (ASG/MP)

Mineral Resources Exploration

Energy Resource Exploration
Hazards/Engineering Geologys;
Monitoring

Mapping and Interpretation;

Detection, Assessment, and

Landform, Rock Type, Structural

*

ASG for In;andﬂWA£ex,Rgﬁonrges,{ASg/IE)
Snow Mapping and Runoff Prediction

. Lake Ice Monitoring

Glacier Inventory
. Estuary Dynamics and Water Quality
.  Subsurface Water Survey

. Water Use Survey
Watershed Survey, Management and Modeling

Surface Water Mapping

ASG for Land Inventory (ASG/LL)

Natural Resources Inventory

Coastal Zoné and Shoreline Mapping and Laventory
Wetlands Mapping and Inventery

Surface Mining Extent and Reclamation Menitoring and
Inventory

.
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. Wildlife Habitat Location and Inventory
- Urban and Special Environmental Area Land Cover Inventory
» Mapping and Cartegraphy
- Information Management Systems
. Forest and Range
- Timber Inventory ~ Large Area
: Range Readiness and Management
. Forest and Range Renewable Resources Inventoery
- Wildland Protection and Damage Survey
ASG for Agriculture (ASG/A)

» Crop Survey and Reporting (Identification, Measuration,
Location, Yield, Productien, Signature Extension)

. Crop Stress (Inseet Damage, Disease Damage, Crop Vigor,
Soil Moisture

. Crop Management (Damaged Crop Identification, Quantificatien,
and Locatien; Field Operations Information)
Specific objeetives are to:
(a) Evaluate the functional capabilities of the Landsat follow-on and ground
systems designs in terms of user requirements and desiderata for data

medsurements, preduets, and parameters,

(b) Disseminate to the various users information or the functional capa-
bilities and plans concerning the various NASA activities as these are
releagsed t« the ASG.

RASA Interface
The coordinater for the ASG activities and its interface to NASA will be

through the JPL Lead Engineer to a representative of the Division of User

Affairs.,

Membeay Shi )

A membérship of about 20 is anticipated for each ASG. The members will
be selected by the coordinator from lists of candidates preposed by (at least)
Department of Agrieulture, Department of Interior, Departmént of Commerce,
aad the Cerps of Engineers.

Membership in the ASGs is limited te recognized experts in one or mere
of the flelds covered by the ASGs; members may er may not possess extensive

hardware- or space-related training and experience. Specifically, such
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experts are te be drawn as representative users from other Federal agencies,
state and local governments (or from associations of such constituencies),
industry, and universities. It is expected that, in aggregate, the members
will be able to adequately assess the state~of-the-art in their technieal

areas and represent this in the ASG deliberations.

Int o)
The ASG will receive information from and submit informatien to at least
the following:
(a) The other ASGs
(b) FPederal Interagency Decision Team (FIDT)
(e) NASA Discipline Panels
In addition to servihg as personal experts, the individual ASG members will
serve as liaison to their tespeetive organizations when technical informa-

tien needs to be interchanged.

Hethod of Opexation

The ASG group members will elect the chairman for the group at the first
meeting. The prineipal business will be carried out during two meetings, and
reported in complete minutes of these meetings.

In addition, the ASG chairitan may call such additional werking sessioens
as he deems necessary. Summary minutes of these sessions are te be distri-
buted as appropriate.

Tasks, milestones, and other requirements for action for the ASGs will

be defined by the coordinater as appropriate.
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A
ASCS
ASG
CCEA
GCT
Domsat
ERG
EPA
ERGS
ERTS
FHA
FIDT
FOV
FWS
GOES
GSFC
HDDT
HDPT
HDTA
HUD
LDPS
IFOV
IR
I
JPL
L-1
L~2
L-C
L-Fo
LACLE
LL

APPENDIX D

ACRONYMS

Agrieculture

Agriculture Stabilization and Conservation Service
Applications Survey Group

Center for Climatiec and Environmental Assessment {NOAA)
Computer Compatible Tape

Demestic Communications Satellite

EROS Data Center

Environmental Preotection Ageney

Earth Resources Observation Satellite

Earth Resources Technelogy Satellite

Federal Housinhg Administration

Federal Interagency Decision Team

Field of View

Fish and Wildlife Service

Geostationary Operational Envirommental Satellite
Goddard Space Flight Center

High Density Digital Tape

High Density Product Tape

High Density Tape with Annotations Added

Housing and Urban Development

Image Data Processing Statioen

Instantaneous Field of View

Infrared

Inland Water Resources

Jet Propulsion Laberatory

Landsat 1

Landsat 2

Landsat €

Landsat follow-on

Large Area Crop Inventery Experiment

Land Inventery
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MILUS

MSS
NASA
NEPA
NESS
NOAA
0A
pPm
RBV
5GS
SLAR
S/
TDRSS
TERSSE
™

USACE
USACOfE

USDA
USDI
UsEs
VHRR

33-803, Vel, I

Multiple Input Land Use System

Mineral and Petreleum Expleoration
Multi-Spectral Seanner

Natioenal Aeronautics and Space Administration
National Envirenmental Poliecy Act

National Envirommental Satellite System
National Oceaniec and Atmeospherie Administration
Office of Applications (NASA)

parts per million

Return Beam Vidicoen

Soil Conservation Service

Side Looking Airberne Radar

Signal=to-Neise Ratie

Traeking and Data Relay Satellite System

Tetal Earth Rescurces System for the Shuttle Era

Thematie Mapper
B. S. Army Corps of Engineers

B. 5. Department of Agriceculture
U. 3. Department of Interier
U. S. Geelegical Survey

Very High Reselutien Radioemeter
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APPENDIX E
APPLICATIONS SURVEY GROUPS
MASTER ADDRESS LIST

# Croup Ghakzmen
W% Regource People
+ ASG Coordinators

ALEXANDER, Mr, Robevt . L1
Geographer
U. 5. Geological Survey
Hational Center
M, 5. 710
Reston, Virginta 22092
703=860=6345

ANDERSON, Mr. bantel G. v
Hydralogist
Water Resources Division
U. 5. Geological Survey
NHational Genter
M. B. 467
Reston, Virginia 22092
703=860-6071

ANDERSON, Dy. Duwayne M, v
Ghief Sclentist
Division of Palar Programs
Natlenal Sefience Foundation
1800 G Streec, N.W.
Washington, -D.€. 20550
202-652~4162

BAINBRIBGE, Mr. Robert J. LI
Staff Forester
Burear of Land Management
U. 8. Dépactment of Interior
Washington, D, G, 20240
202-343-4095

BARKER, Mr, G. Robknson LT
Asgistant Manager for
Technical Forestry
Southecn Tinberlands Dévision
St. Regls Paper Cozpany
Post Ofifice Box 18020
Jacksonville, Florida 32229
904-765-3511, ext, 397

BEKNETT, Dr. Johm Q. ME
Senior Research Mathematician
EZxxon Production Research
Bost Office Box 2189
Houston, Texas 7700L
713-622-4222 , ext, 2543

BERG, Mr. Demnis W. LT

ChicE, Evaluation Branch

Engineering Development Division

U. 5. Aemy Coastal Engbneering
Rusearch Centaer

Kingman Building

Ft. Selvoir, Vicginia 22060

202-335-7127

+ BILLINGSLEY, Mv. Fred G.
Member of Technical Staff
Cade EBK
National Acronautics and
Space Administration
Washlngton, B. €. 20546
202-755-8608

BLANCHARD, Pr. Bruce J. ™
Associate Professor
Agricultuval and Assoclate
Rescatch Engineer
Texas A & M University
Remote Sensing Center
Callege Station, Texas 77343
7113-845-5422

A = Agriculture
IW = Enland Water Resources
LI = Land Inventozy

&

Mineral and Hetrolcum
Exploration

BOLAND, Dr, Dale H. ¥, iy

Research Biologist

EMSL /MW

G, 5. Envircenmental Protection
Agency

Post OEflce Box 15027

Lay Vegas, Nevada 89114

702-736n 2969, ext, 341

BROWN, Mr. A. J. W
Chief
Snow Surveys Branch
Depactment of Water Resources
Best Office Box 388
Sacramento, Californta 95802
916-445-2196

BRUEGK, Mz, David A, A
Norcthern Trust Gompany
50 South Lasalle Street
Ohicago, Lllinols 60690

BULLAMORE, Mr. Bruce LT
Executive Dlrector of Planning
Area XV Regional Planning
Qommission
Bullding 46
Ottumma Imd. Alrport
gtturwa, Lowa 52501
515=934-5375

BURNASIE, Mr, Robert J. C, ji
Hydvologist in Charge
Sacramento River Forecast Center
Resources Bulilding, Room L641
1416 Ninth Street
Sacramento, California 95814
916-442-1201

CARTER, Ms. Virgiria P. L1
Binlogist, Remate Senstng
U. 5. Geological Supvey
sational Cencer
M. S, 467
12201 Sunrise Valley Road
Reston, Vicginia 22092
702-360-6071

CAULDER, Dr. Jermy D. A
Henager, New Produccs
Monsanto Agricultural Products
Gompany
800 North Lindbezgh Boulevard
5t, Louis, Missouri 63lc6
J14+694-3726

CCLVOGORESSES, Dr, Alden P, 11
Cartography Coordinator
EROS Program
U, 5. Geological Survey
National Center
M. 5. 522
12201 Sunrise Valley Road
Reston, Virglnia 22092
703-460-6285

GROOK, Mr. Lecnard T. W
Executive Dlrector
Great Lakes Basin Commission
3475 Plymouth Road
Post Office Box 999
Aun Acbor, Michiyan 48106
313-763-3590

4




e

k.2
: DANIELSON, Dr. Jeris A. ™ FOSTER, Mr. John 9. He g
) Deputy State Engincer Geologist ¥
' State of Colorado Geoseienee Dlvision b
- golorade Mvision of Petty~Ray Geophysical , f
3 Water Resources Post OFfice Box 36306 3
1845 Sherman Streat Houston, Texas 77036 E:
Room 308 713-114-7561
Deaver, Golorado 40203
303~892-3581 EREDRICH, Mr. Jay T
THR
DAVIS, Mr. George E, LT U, S, Army Enpkneer Inscitute j
Range Conscrvationist for Water Resources Ly
Burcau of Dndian Affaivs Kingman Bullding
M. 5. 220 Et. Belvoir, Virginia 22060 i
U, S, Department of Interior 700=325-7422
Washington, B. G, 20240
202~343~9177 GAY, Mt. Thomas E., Jr. HE
Actlng State Geclopist
DEL GRANDE, Mrs, Nancy K. HE Califomfia Division of Mlnes
Senior Physiclst and Geolopy
L-5825 Resources Building, Room 134l
Lawrence Livermore Labs 416 Winch Street
unlversity of Californla Sacramento, California Y5814
past Office Box 808 916-445- 1825
Livermore, California 94550 R
515-447-1100, exe, 7495 GOETZ, Dr. Alexander F. H. MR 2
Section Manager 3
DINKEL, Mr. Ted R, L1 Jet Propulsion Laboratory g
EROS Coordinator M. §. 183-501 ke
Mational Park Secvice Seience 4800 Cak Grave Drive 3
Center Pasadena, California 9L1103 B
Kational Space Technology Labs 213-354-3254 .
Bay 5t. Louis, Mississippl 39520
601~ 688-4131 CRABHAM, Mr, A. Luwrence LL
Physical Scientist
poLAN, br. Roberc LT NOAA/NESS SPOC Group 3
professor, Princlpal Investigator FD4, Room 3316 *
Depactment of Environmental Suitland, Mugyland 20233 i
Sclences A0L-763-7724
L0l Clark Hall
University of Virginia i GQRAYBEAL, Mr. Gary A
Charlottesvilie, Vicginia 22503 Building L7, Room 22D
804-924-380% Code TF4
Johnson Space Center
DONOVAN, Dr. Tecrence J. P Houston, Fexas 77058
Geologist 713«48)~6374
Geologle Division
U. 5. Ceological Survey GROAT, Dr. CGharles G. Mr
601 East Codar Avenue Acting Ditector
flagstaff, Arizona 86001 University of Texas, Austin
602-744-5261, ext. 1321 Burcau of Econumic Geelogy
Post Office Hox X
DUNCAN, Mr. Walter W University Station 3
Assistant Chief of Hydyolagic Austin, Texas 78712 3
Engineering Branch 512-471=1534 3
U. 5. Army Corps of Engineers s
HQDA DAEK=-CWE-Y HALBOGTY, Mr. Michael T, MP
Washington, D. G, 20344 Consulting Geolopist and
202-673- Petroleum Enpgincer
The Halbouty Center
ELBEREELD, Mr. allan LL 5100 Westheimer Road
chief, Planning Branch Houston, Texas 77027
ii. 3. Army Gorps of Englneers 713-622=1130
Huntington District
Post Office Box 2127 HALL, Dr. Warten A, ™
Huntington, West Virginia 25721 Elwood Mead Professer of b
306-529-2%11, ext, 2635 Enginecring, B329 3
Englaesring Rescarch Center
ESTES, Dr, John E. A Foothills Campus i
Associate Professer Colorado State University ¥
Depastment of Geography/ Fr, Collins, Culupado B0523 E
Remate Sensing 303-491-8451
University of Galifernia
at Santa Barbara HAMMACK, Mr. James C. LL
Santa Barbara, California 93106 Scientific Staff Assistant
805-965-3649 Advanced Technology Division
Gode PRA
FESHER, Hr, Pawl R. MP DHA Hydeogiraphic Center
Staff Geoloplst Washington, D. C. 20390
Diteetorate of Civil Works 202-763-1354
Office of the Chief of Enplneers
Jares Fozeestal Building HANSEN, Mr. Robetf L. 1
DAER=-CWE-G supervisory Physfcal Sclentist
Washlngton, D, €. 20314 U. S. Bureau of Reclamation
202-693-6723 Post Offilce Box 25007

AT T
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# HARDY, Dr. Ernestc E, A

Senior Research Asscclate
Fernew Hall

Department of Natural Resources
Cornell University

Tthaca, New York 14853
607~256-6529

+ HELTON, Mr. Michael R.

Senior Engimeer

Code EK

National Aercnavtics anu
Space Administration

Washington, D. €. 2054u

202-755-8610

HENPERSON, Dr. Fredevick B., TIT ME

Economic Geclogist/Geosclentist
Energy and Environment Division
90/2145

Lawrence Befkeley Laboratory
University of Callfornia
Betkeley, California 94720
415-843-2740, ext. 5363

HOYT, Mr. Charles D, LY

Agsistant Chief, State
Liaison Program

Hureau of Mines

colusbia Plaza Office Bullding

401 E Street, N.W.

Room 9006

Washington, B, C. 20241

202-634-1272

TSAGHSEN, Dr. Yngvar W. MP

Proincipal Geolaglist

New York State Geological Subvey

The Urnlversity of the Stace
of New York

State Education Department

Now York State Musewm and
Seience Service

Albany, New York 12234

518-474- 5819

JONES, Dr, E, Bruce eyl

Vice Prestdent

Morton Bittinger and Assoclates, Inec.
Pest GEflce Box Q

fr. Qollins, folorado 80522
303=482- 8471

s JOYCE, Br. Acmand LT

HatLlonal Aeronautics and
Space Administration
Earth Resources Laboratoty
Slidell Computer Complex
1010 Gause Boulevard
Slidell, Loulsiana 704538

RIOWELL, Dr. Aibect L. Mp

Senlor Heseauch Assocfate

Exxon Production Research
Company

Post Offlce Box 2189

Houston, Tuxas 77001

713-622-4222, ext, 2632

KLEMAS, Dr. Vytautas LT

Assoclate Prefessor, Marine
Studles

tHreccor, Center for Remote
Sensing

Gollcge of Marine Studies

University of Delarare

Newark, Delaware L971L

302-734-1213

KOTAS, Mr, Gerald F. ™

Water Resources Planner
Great Lakes Sasln Commission
Ppst Offlce Box 994

Ann Atbor, Michigan 48106
313-763-3590

LAMBOY, Dr. Victor
Environmental Protection Agency
944 East Harmon
Post Office Box 15027
Las Vegas, Nevada 89114

LANDINL, Mr, Albert I,
City Planner
Los Angeles Department of
ity Planning
5th Floor, Gity Hall
200 North Spring Strect
Los Angeles, California 90012
213-485-2478

LARRICQ, M. Emile B,
Hrector, New Business
Development
Ralston Burina Company
Checkerboard Square
St. Louis, Missouri 63188
314-982- 3637

LATHRAM, Mr. Ernest H.
Consultant
1532 Dominion Avenue
Sunnyvale, California 94087
40B~245-0939

LEA¥, Dr. Charcles F.
Hydreloglst

™

LI

IN

Morton Bittinger and Assoclates, Tnc.

Post Qffice Box Q
Ft. Gollins, Goloeado 80522
303-482-8471

LE COMPTE, Mr. Douglas
Heceorolopist
NOAN/EDS
Page Building 2
3300 Whitehaven “Treet
Washington, D. G, 20235
202-634=7346

LECONARD, Mr, Doug J.
U, 5, Army Engineer Division,
Nocth Gentzal
536 South Ghatvk Street
Chicage, Llkinois 60605

LUGAS, Dr, James R.
Rescarch Geolagist, Remote
Sensing
Towa Geological Survey
123 Norch Capltel Street
Lowa Gity, Lowa 52242
319=338- 1173

LUTHER, Mr. Edward T.
Chief Geologist
Tennessee Dlvision ¢f Geology
G-5 State OFfice Building
Hashville, Tennessee 37219
615-741-2726

LYON, Dr. Ronald 3. B,
Prefessor
Department of Applied Earth
Sciences
stanford Univetsity
Stanford, Califormia %4305
415-497-2747

™
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MARMELSTELS, Dr. Alian
Remote Sensing Coordinacor
office of Biological Services
' S, Fish and WildMife Service
Lbepartment of Interior
Washington, D. €, 20240
202-343-8032

MARRS, De. Ronald W.
Assistant Professor
bepartment of Geology
Untversity of Wyoming
Laramie, Wyomin,; 82071
307-766-2330

McCULLOGH, Mz, Samuel D,
Remote Sensing Sclentist
Texas Natural Resaurces

Informatfon System
Bost OFfice Box L3087
Austin, Toxas 78711
512-475-3321

McMURTRY, Dr. George J.
Co-Diraector
OEffce of Remote Sensing of
Earth Resources
219 Electeical Enginatring West
Pennsylvania State Unlversity

33-803, Vol, I

LT

LT

LT

Unlversicy Bark, Pennsylvanta 16802

814-465-9753

MERTGFTLELD, Dr, Paul M.
President
California Earth Science
Corporation
1318 Second Street, Sulte 27
Santa Manica, Californin 90401
213-395-4528

MELLER, br, Robext Ii.
Staff Sclentist, Kemote
Sensing Courdinator

U, $, Department of Agriculture
Agrleulturad Research Service
Room 1653 South Building
Washington, . C. 20250
202-447-6548, ext, 7157

MOGRE, Dr, Donald
Research Seil Sciencist
Remote Senstng Lavritute
Souch Diketa State Unlversity
brookings, South Daketa 57006
G05-688-4184

MOORE, Mr, Gerald K.
Hiydrologist
Appl lecblons Assistance
ERUS Data Genter
tioux Falils, South Dakora 57198
605-5%4-6511, oxt, L14

MPAZTK, Dr, Brian R,
Hydrolagist
Department of Housing and
Trbun Pevelupment
Eederal Ensurance Administroation
451 Tth Screet, S, W.
Room 2140
Washington, D, C, 20410
202-755-6776

UYERS, Mr. Vieter L.
Dicvcter
Remobe Sensing Lnstituate
itarding Hall
South Dakota State University
liroskings, South Dakoza 57006
605-683-4184

+ O'BREEN, Mrs. Veroalea M.
Administraclve Assistant
Jut Propulsion Laboratery
M, 5, 183-50E
4300 vak Grove Drive
Pasadena, Californin 91103
213-135425672

MP

W

OFFIELD, Mr, Terry W.

PLTT, Mr, Luewis A 2

Geologist

Sranch of Petrophysics and
Remote Sensing

U. S, Geological Survey

Federal Ceénter

M. 5, 964

Bost Office Box 25046

Depver, Coloradv 80225

303- 234- 2349

OTTINGER, Mr, Il LT

U. 5. Ar., Engineer Topographic
Laboracories

Ft. Belvoir, Virpinia 22060

703~ 644=3538

# PARRLSH, Mr, Gharles M., II1 LI

Executive Asslstant

Department of Hatural Resources
270 Washinpton Street, S.W,
Room 815

Atlanta, Georgia 30334

404~ 656-3500

EAYNE, Dr. Robere R. I

Environmental Procection agency
Environmental Rescarch Laboratory
South Fezoy Road

Narccaganset, Rhode Island 02882
401-73%-1071

PEARGE, My. W. R. A

Gargill Gratn

Carpi 1l Bullding
Minneapolis, Minnesota $5402
612-330-7360

PENECK, Mr. David L. L1

Operations Research Analyst
Office of the Chief of Engineers
DAER-CWP~5

James Forrestal building
Washington, D, C. 20314
202-693- 1003

PRELPS, Dr. Richard A, A

Director, Technieal Informatlon
Services

Andecson Clayron

Post Office Huox 2538

floustan, Texas 77001

713-224~ 6641

PLEKERING, Mr, Sam M., Jr. up

State Geologisc

Geolagic and Water Resource
bivision

Geotgla Depactment of
Ratural Resources

19 Hunter Street, S5.W,

Room 400

Atlanta, Georgla 30834

404=656=1214

PLERGE, Mr. Phillip C. L1

Envirommental Planner

U. 8. Army Corps uf Englncers
DAEN-(WP-7

James Forrestal Huildlng
Washington, D, €. 203L4
202-693-72¢0

Special Projects

Speclal Projects Office
Enviropmental Data Service, KOAA
3300 Whivehaven Sve- -, N.W,
Washinpoon, D, C. 20235
202-434-7 386

QUARLLS, Mr, [might L

Qutdoor Recteéation Planner
Directorute of Civil Works
CEfice of the Chief of Engincers
bDAEN-&WO-H

James Forrestal Boilding
Washington, D. C, 20314
20i-b93-7177
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RADOD, Mr. Bruce Q. L1 SHEPARD, Mr. James R,
Senior Resource Planper Givil Engineer
Ceorpta Department of U. S. Army Engineer Tepographic
Natural Resources Laboratories
Resources Planning Section Fe. Belvoir, Viegginia 22060
270 Washington Street, 5.W. 703-664-6828
Room 703-¢

Atlanta, Georgian 30334 *% SHORL, Dr. Richolas M.
404-656-5164 Earch Resuources Braneh
Goddard Space Flight Center

* RAGAN, Dr, Rabert M, m M, 5. 21-188

+

Professor of Civil Engineering Greenbelt, Maryland 20771
bepartment of @ivil Engineering 301-982- 6603
University of Macyland

College Park, Maryland 20740 SMITIL, Ms, Elizabeth J,

I0L-454-2438 Regional Planner
benver Regienal Council of
RECTOR, Mr. Michaelt R, A Covernments
Senior Geologist 1776 South Jacksen Street

Kern County Water Agency Sulce 200
4114 Aveow Street Post OEfice Box 494
Post O0ffice Box 58 Denver, Golorado B8020L

Bakersfield, GCalifornia 93302 303-758=5166
B05-393-6200
SPANN, Mr. 6, William
REEVES, Dr, Robert G. up Vice President
Staff Sctentistc Metrics, Incorpurated
U, 8, Geological Survey 290 Interstate North
EROS Data Center Sulte 116
Sivun Falls, Sauch Dakota 57198 Atlanta, Georgia 30339
605=-5%4-651E, ext, 542 404-433-0335
REB, Dx, Harold T. Mp STANG, Mr. Paul R,
Chief, Aerisl Surveys Branch Head, Technical Assiscance Group
Federal lighway Administration UGZM/HOAN

HNG~24, Room 3128

3300 Washington Streek, R.W,
Washington, D. €. 205390

Washington, D.€. 20235

202-426-02%94 202-634-4241

ROSINOVE, Mr. Charles J, LI SWANN, br. Gordon A,
Geologlst Geologist
U. 5. Geological Survey . LB, 5. Geslogical Survey

EROS Propram 60} East @edar Avenue
1925 Newton Square East : Flagstalf, Atizona 86001
Reston, Vircginia 22090 602-774-5261, ext. 1483

703~ 86Q=7880
TOWKSEND, M, Joseph E.
ROWAN, Dr, Lawrence A, My Manager, Systems and Laventory
Geologlist Fish and Wildlite Services

Geeloagle Division

U. §. Department of Lucerior
U. S. Geological Survey

Washington, D, ¢, 20240

National Genter 202-343-8032
M. §. 927
Reston, Vigginia 22092 TRASK, Dr. Newell 3.

703-B60-7461 Geologist
Geologie Division

SABINS, Dr, Floyd F,, Jr. MP U. 5, Geological Survey
Senlor Research Associate National Cencer
Chevron C&l Field Research Reston, Virgisnia 22092
Company 703-860-678%

Post OFfice Box 446

La Wabra, Galifornia 92633 TROLLINGER, Mz, William V,
2136912241, ext, 2370 President

Trollinget Geological

SALOMINSON, Dr, Vincent V. ¥ Assoeiates, Loc.
lydrology and Oceanography TGA Building
Branch 2150 South Bellaive Stecet
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