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SURVEY OF USERS OF
EARTH RESOQURCES REMOTE SENSING DATA
by
G. E. Wukelic, J. G. Stephan, H. E, Smail, L, Landis, and T. F. Ebbert

Battelle Columbus Laboratories

BACKGROUND

In response to a request by the Space Applications Board (SAB) of the Assembly of Engineering (National
Research Council of the Academy of Sciences), the Director of NASA User Affairs - Office of Applications
requested that Battelle's Columbus Laboratories (BCL) undertake a study/survey to clarify and document the
application and effectiveness of the use of Earth resources survey (ERS) data by the user community., The
Office of Management and Budget (OMB) expressed an interest in the survey and assisted in preparing the survey

questionnaires.

The scope of the study was limited in "data used" to only high~altitude aircraft (>60,000 ft: RB 57 and
U-2 type aircraft) and satellite (primarily LANDSAT) data; but, in terms of '"data user', the scope was
to be comprehensive and include all data user communities (i.e., industry, government, educational, and
non-U.S. or foreign users), Further, study emphasis was placed on the private sector/industrial user

(see Figure 1). The study involved approximately a one person-year of effort over a 6-month period.

In order for the survey results to be of maximum value, specific primary and secondary objectives were

established. The primary objective was descriptive in nature, and included identifying who is using

ERS data, how they are using the data, and the relative value of current data use. Secondary objectives

were in essence exploratory, and involved efforts to obtain user views as to possible ways of stremngthening

future ERS data use. Thus, the study was not a market survey to identify new markets but rather a user

survey to determine current ERS data use/user status and recommendations for strengthening use. The survey
results documented in this report should be of interest to the SAB and the OMB and provide relevant decision-
making information for NASA Office of Applications appropriate for developing future programs of maximum

benefit to all end users of satellite Earth resources survey data.
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SURVEY METHODOLOGY

The Earth resources data use survey basically involved a two-phased research procedure (see Figure 2).
The first phase of the survey focused on identifying, obtaining, and reviewinginformation from both
direct and indirect sources that related directly and explicitly to ERS data use/user status. Direct
information sources included (1) information obtained during visits to three ERS data centers (EROS Data
Center, Souix Falls, South Dakota; USDA Data Center in Salt Lake City, Utah; and, the NOAA Satellite
Data Services Branch in Suitland, Maryland, (2) structured and unstructured personal and telephone
interviews, (3) tailored and comprehensive questionnaire surveys, and (4) selected ERS user
presentations/publications. Indirect sources of relevant information included primarily (1) other con-
temporary surveys (E.G., General Accounting Office, LANDSAT Principal Investigator Survey}, (2) interviews with
NASA personnel, (3) NASA and NASA contractor reports, (4) attendance at remote sensing symposia, (5)
selected domestic and foreign remote sensing publzcations, and (6) special ERS studies (e.g. Space

Applications Board).

The second phase 6f the survey involved the aggregation and analysis of the information and data according
to the following user groups: (1) industrial users, (2) state, regional (substate) and local government
users, (3) federal government users, (4) Academic/Educational users, and (5) non-U.S, /foreign users.
Within each user group an effort was made to determine who are the current users, how they are using the
ERS data, what is the current significance of their ERS data use, and lastly, how can ERS data use be
strengthened, An ERS data use summary and outlook assessment for each user community as well as for the

total study were prepared using all direct and indirect information sources.

To obtain the best inputs possible, all participants were promised that the confidentiality of sources
would be maintained throughout the survey. Accordingly, a h confide e b

survey's extensive information base. However, the reader is reminded that this is only a survey of

representative ERS data users and, as such, does not constitute a complete inventory of ERS data use. Also,

because of the dynamic nature of remote sensing technology, the status of ERS data use and users is con~-

stantly changing.

Specific survey activities conducted and results obtained are described in the sections that follow.
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SPECIFIC ACTIVITIES ACCOMPLISHED - SURVEYS CONDUCTED

A concentrated effort was initiated to become as informed as possible relative to all potentially relevant
information/data sources which could help establish the ERS data use/user status and assist in interpreting
the significance of the survey results generated. Highest priority was given to developing survey mechanics

and conducting the actual user surveys. Three separate, but structurally related, surveys were conducted:

(1) Houston ERS Symposium survey, (2) user interviews, and (3) mail survey. Table 1 provides an overview of

the statistics for all surveys conducted by user group.

HOUSTON ERS SYMPOSIUM SURVEY (ALL PARTICIPANTS)

Because of the coincidence of the timing of this activity with the first comprehensive symposium on the
practical application of Earth resources survey data (held by NASA in Houston, Texas in June, 1975),it
was considered opportune to conduct a questionnaire survey of all conference attendees. Hence, a simple
one-page (both sides), primarily multiple-choice questionnaire*, developed in concert with NASA, SAB, and
the OMB, was included in the ERS Symposium packet distributed to all participants. The questionnaire
contained six major information categories, viz., User Description, ERS Data Description, Data Use Des-
cription, Data Evaluation, User Recommendations and Symposium Effectiveness, and over 20 subcategor.es,
Of the 1337 registered participants, 373 (or = 28%) completed and returned the questionnaires. The

user community distribution, for those questionnaires returned relative to user attendance distribution,
is shown in Figure 3. A graphic summary of the overall results of this particular survey is contained

in the addendum. Only selected results associated with current ERS users are included in the report

findings.

%

Sample questionnaire contained in the addendum to this report.



TABLE 1. TOTAL SURVEY CONTACTS
HOUSTON
opmestos [ LT QUESTIONER [urcayicus
USER UZSS‘ USER u:g:- USER u'\éf-:’:' USER Sgg; contacts
FEDERAL 63 14 106 24 169 38 56 18 280
Sgﬁg%ésEG. 39 11 66 | 105 | 52 83 47 287
UNIVERSITY 95 h 72 | 11 167 | 25 36 9 237
INDUSTRY 98 15 62 (17 160 | 32 107 |24 323
NON-U.S., 2~ | 0 U 2t | o 10 |-- 3l
TOTAL 319 | s& | 306 93 625 | 147 291 98 1,161 **

USERS of ERS data were identified as individuals who are currently using the data,

NON-USERS were defined as individuals who are not currently using the data, but

Jeke

who may become a user in the future;
data users, such as NASA-funded investigators.

they also represent past ERS

No questionnaires distributed to Non-U.S. users at NASA's request,

An additional 126 questionnaires were received too late to be included in the
statistical tabulations use¢d in this report, but these responses were reviewed
for relevant user comments,
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USER INTERVIEWS

Much of the effort expended during this survey activity related to conducting interviews with the more
freauent/experienced ERS data users. User "interview targets' were carefully and systematically selected
from the following information sources, in descending order of priority:

e Most frequent users of ERS Data Centers

® Questionnajres returned on which respondents explicitly identified themselves as users

e NASA and NASA contractor reports of prior surveys of users and potential users
(e.g., Ambionics and NASA TAC studies). Unfortunately, extensive personnel
changes have occurred since these earlier surveys.

The number of actual interviews conducted in each of the higher priority user communities was a function

of the quality of the information provided by those contacted and not a pre-established, statistical

quota., That is, interviews concentrated on "informed' experienced user opinions rather than on a broader
statistical, somewhat random survey. Thus, interview findings are considered to have more qualitative than
quantitative significance, Quantitative results were provided by the broader questionnaire surveys.
Approximately 400 user interviews were conducted between July and December, 1975. The distribution among
user groups was as follows: 1industrial sector - 131 contacts (34% of total); state, regional, and local
governments - 130 contacts (33% of total); federal government - 73 contacts (19% of total); and educational

and foreign users - 55 contacts (l47% of total), (see Figure 4),

In all cases, the interviews were semi-structured in that basic questions common to all users were asked,

In addition, other general questions were tailored to the specific user community involved. Generally, the
length of each interview varied from 15 to 45 minutes., The extent of detail discussed during the interviews
depended upon the familiarity and interest of the interviewee., As a minimum, the following information was
explicitly solicited during the interview and subsequently recorded: user status, discipline area(s) of
application, ERS data bases utilized, user data relevance assessment and evaluations, user ERS data analysis
cost and capability information, geographical area of operation or interest, and general comments relative
to user needs and recommendations. Information obtained from interviews was considered to be of higher
information value than that contained in questiornaire responses, and accordingly had more impact on con-

clusions drawn and recommendations made in this report.
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MAIL QUESTIONNAIRE SURVEY

The third survey conducted was planned to be extremely broad and was aimed at soliciting inputs from the
total user community, both current as well as potential. For this broader survey, the Houston ERS
questionnaire was modified to include more information relative to potential data use relevance and

benefits.*

In this survey questionnaires were mailed to attendees of recent remote sensing symposia, LANDSAT I and!
IT investigators, members of professional remote sensing societies, individuals identified from NASA Head-

quarters, JSC,and GSFC mailing lists, and others from ERS Data Center Information,

Individuals who returned questionnaires from the Houston ERS symposium and non-US users were not

included in the mail survey. Statistics relating to the number of questionnaires distributed and returned

during the mail survey are shown in Figure 5. 1In brief, some 1200 questionnaires were mailed and 389 were
Yk

returned for a 32,5 percent response rate, which is quite acceptable for a mail survey. Returns were

fairly evenly distributed among user groups.

Because interviews and questionnaire surveys concentrated on current ERS data users, the sample rcsults

obtained during this survey are considered representative of current users within each public and private

sector user community. In contrast, although, some twenty percent of the survey contacts are non-current
users and/or potential users only, survey findings are not considered representative of this group. Actually,

statistical data summarized are based on results contained in current users only questionnaire responses,

Non-user questionnaires were analyzed for relevant comments only,

* Sample questionnaire contained in the.addendum to this report.

*% An additional 126 questionnaires were received too late to be included in the statistical tabulations
used in this report, but these responses were reviewed for relevant user comments,

10



Mail Survey Questionnaire

e Modified/Expanded Houston Survey Questionnaire
with more emphasis on user assessment of ERS data relevance/benefits

® Mailing List Sources (Minus Houston Survey Respondents)

® Recent ERS Symposia (Tenth International Symposium on

Remote Sensing of Environment, Michigan, Pecora Memorial Symposium, etc.)
LANDSAT I & IT Investigators

JSC, GSFC, and NASA Headquarters Mailing Lists

ERS Data Center Information

Professional Society Listings

e Mail Survey Statistics

® Total Questionnaires Mailed =~ 1200
¢ Total Responses - 389
® Percent Responding - 32.,5%

(Approximately one hundred twenty-six additional questionnaires were received too late
for statistical analysis.)

Questionnaire Distribution Statistics

GOVERNMENTAL
550

L6%

STATE/REG.
& LOCAL
107

FEDERAL
120

3%

EDUCATION INDgggRY
300

25%

EDUCATION
83

21%

20%

INDUSTRY
79

29%

Questionnaires Mailed

FIGURE 5.

L}
Questionnajires Returned

USER MAIL QUESTIONNAIRE SURVEY
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SPECIFIC ACTIVITIES ACCOMPLISHED - NON-SURVEY ACTIVITIES

To assist in developing and executing the surveys and to provide background information for interpreting
survey results, a critical list of other activities was established and subsequently accomplished

(see Figure 6). Foremost on this list was the requirement to interact with the three existing national ERS
data centers to acquire as much user-oriented information as possible, especially that relating to
identifying the most routine/frequent ERS data users. Information obtained during visits to each of the
three .existing national ERS data centers (EROS, USDA, and NOAA) proved extremely useful for establishing

user interview priorities, providing ERS data use/user statué, and providing trends on ERS data use
information as viewed from the perspective of those currently involved in direct interactions with the ERS
data user community. Other non-survey activities, viz., interviews with selected NASA persomnel, analyses

of other ERS related study results and surveys, and attendance at selected remote sensing symposia (especially
the first William T, Pecora Memorial Symposium) were useful primarily in interpreting the significance of

the survey findings., Several of these non-survey activities require some discussion because the results are
indirectly utilized in this report., First, an analysis of the Houston ERS Symposium presentations was

made and statistics compiled relative to (1) the user community representation per application/diccipline
category, (2) the level of application/use described, and (3) type of data used. Secondly, the computerized
GSFC collection of NASA identified and evaluated LANDSAT I significant findings arranged according to their
scientific, economic, technological and applications impact was analyzed to obtain insight as to the historical
user status in the various application areas. This information, along with information available from other
user surveys, interviews, and contemporary studies, helped to establish the conclusions and recommendations

resulting from this survey itself,

12



ACTIVITY
VISIT ERS DATA CENTERS

INTERVIEW SELECTED NASA AND
NASA CONTRACTOR PERSONNEL

ATTEND SELECTED ERS SYMPOSIA

REVIEW NASA EARTH RESOURCES

SURVEY SYMPOSIUM INFORMATION

REVIEW LANDSAT-TI SIGNIFICANT
F INDINGS

REVIEW OTHER ERS SURVEY FINDINGS

;,'3&3%".
{cBBhes...

>
’%‘.no‘«‘
b '°~ -y »

SURvVEY

il

PURPOSE
TO IDENTIFY MOST FREQUENT USERS
AND DATA USER TRENDS

TO ESTABLISH OTHER KNOWLEDGEABLE
VIEWS RE DATA USE/USER STATUS

TO GET "FIRST HAND'" VIEW OF STATUS
AND ATTITUDES OF USER PARTICIPANTS

TO DETERMINE DOCUMENTED DISTRIBUTION
AND LEVEL OF DATA USE WITHIN USER
COMMUNITIES

TO ESTABLISH DIRECTION AND
SIGNIFICANCE OF PAST ERS DATA USE
ACTIVITIES BY USER GROUP

TO TEST CONSISTENCY OF SURVEY
FINDINGS AND EXPLAIN DIFFERENCES

FjGURE 6.»ACTIVITIES OTHER THAN SURVEYS
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY

From the historical perspective, the experimental LANDSAT program in less than 4 years has '
acquired and placed in the public domain repetitive data covering almost the entire Earth's land sur-
face. Much progress has been made in this short time period in the identification, evaluation, and

development of practical applications for ERS data.

When progress is viewed from any perspective (i.e., discipline, user community, or geographical area),
the result is an extremely favorable impression, considering the broad scope and sophistication of

the technologies involved. The LANDSAT program is now in the transition from an experimental to a quasi-
operational/demonstrational status. Once data collection systems and data analysis procedures and
methodologies are refined, many operational LANDSAT programs will be implemented. The extent of

LANDSAT program progress becomes even more evident when compared to historical accounts of other
technological innovations (see Table 2 for 10 sample innovations) which have averaged close to 20 years

from initial conception to realization of public use of the technology.

As impressive as the current record is, contrasting concerns continue to be expressed that:
(1) ERS data users and applications are not as extensive as claimed
(2) The ERS programs are moving too slowly, considering user needs and
technologies available
(3) ERS programs are progressing too rapidly to permit complete understanding

and effective adoption and implementation of practical applications, etc.

This survey has documented the current status of ERS data use as viewed from the perspective of
the user, and has attempted to provide some insight as to how users feel about the possibilities

of increasing ERS data use in the future.

14



19)*
TABLE 2. DURATION OF THE INNOVATIVE PROCESS FOR TEN INNOVATIONS( )

Year of Year of
First First Duration,
Innovation Conception Realization years
Heart Pacemaker 1928 1960 32
Hybrid Corn 1908 1933 25
Hybrid Small Grains 1937 1956 19
Green Revolution Wheat 1950 1966 16
Electrophotography 1937 1959 22
, Input-Qutput 1936 1964 28

Economic Analysis
Organophosphorus 1934 1947 13
_ Insecticides
Oral Contraceptive 1951 1960 9
Magnetic Ferrites 1933 1955 22
Video Tape Recorder 1950 1956 6

Average Duration 19.2

References at end of text.



A fairly accurate representation of the extent of current ERS data use can be obtained by aggregating

the business statistics from the three operational ERS data centers in the United States. Figure 7
depicts these statistics, which indicate a fairly substantial annual dollar volume increase since FY 1973,
and projected through FY 1976 (a total dollar volume of over 3 million dollars). These figures indicate
that the purchase of both LANDSAT frames and tapes continues to increase., For FY 1976, it is estimated

that 280,000 LANDSAT frames and 2250 magnetic tapes will be purchased. This would make a total of over
700,000 LANDSAT frames sold since FY 1973,

Figure 8 shows the overall results of the survey in terms of ERS data users and data applications. The
survey indicated the existence of a substantial number of current ERS data users. During this survey alone,
over 700 users of several thousands estimated were identified. Lists of principal data users in the in=-
dustrial, governmmental, and academic communities have been included in the text of this report. These ERS
data users include current experimental and routine data users, not planned and/or potential users. Based

on federal data center LANDSAT sales (FY 73-FY 75) of slightl& over $2 million and 500,000 LANDSAT fraﬁes,
industrial (private sector) users are the largest single user group (in terms of both dollars and items),
followed very closely by non-U.S./foreign data users, Federal governmental agencies and academic/educational
users are about equal but considerably less than that of the industrial sector. Very, very small in relative
comparison is the apparent degree to which state, regional (substate) and local governmental units are
participating directly in the purchase of ERS data., However, their actual purchasing record at the federal
ERS data centers may not be representative of their actual involvement, as university and private con-
sultants provide substantial support to state agencies in using ERS data. Also, data center records indicate

that approximately 25 percent of ERS data center use is by individuals of unknown organizational association,

Types of ERS data currently being used are also indicated in Figure 8. User questionnaires indicate that
more users are involved with LANDSAT imagery than with any other type of ERS data, The use of high-
altitude aircraft data follows a close second., LANDSAT digital data and Skylab data are being used in about
the same relative proportion (that is, by little less than 50 percent of users surveyed). Ground-

S
based measurements are being conducted primarily by federal government and academic users.
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As shown in Figure 9, current data applications among the various disciplines are fairly uniform with
the exception of the peaks occurring in land use and geological applications. The more extensive ERS
data use in land use and geological applications is most likely related to current national priorities
and the high compatibility of current ERS data characteristics with discipline applications requiring
a regional perspective, Likewise, environmental applications have lagged due to a combination of waning

national interest and insufficient data detail to meet environmental monitoring and regulatory requirements.

ERS data use for geologically related applications by the private sector accounts for the largest single
data use category. Estimates are that industrial use of ERS data for mineral and fossil fuel explora-

tion may be 10 times greater than other current applications., This type of use does not require much
repetitive coverage, however. Secondary industrial applications include: land use/land cover studies;
agricultural, forestry and other resource inventories; and facility siting assessments. Federal govern-
mental agencies are actively pursuing all application disciplines, with the most substantial effort
occurring in land use, agricultural, water/marine resource and geological applications. Because of the
availability of funds and expertise, this user group represents the key to the effective transfer of ERS
technologies to other governmental user communities, State, regional (substate) and local governmental
users have been slow in developing operational ERS data programs, primarily because of a combination of
funding and capability limitations, inadequate spatial resolution of LANDSAT imagery, and institutional
arrangements and policies which adversely affect the technology transfer process. To date, the most
progress made by this user group has been land use/land cover inventorying and mapping applications,
Academic users are providing some of the leadership in developing techniques for using ERS data. Often

the academic user is the means whereby geographically associated governmental and private organizations are
being made aware of the application potential of ERS data., Foreign users are currently involved at all
stages of data use from specialized, problem-solving experiments (such as general range condition monitoring in
Lesotho, South Africa) to completely operational programs (viz., sea ice monitoring in Canada), U.,S.
training and user assistance programs, private industry involvement, and international support (UNDP and

World Bank) are contributing factors to the growing impact of ERS data on developing countries.
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In general, survey results indicate that most ERS data users consider ERS data to be of high utility.

As shown in Figure 9, the largest number of questionnaire respondents indicating low data utility

were federal government users, In direct interviews, this user group also tended to be more critical
than other groups of the lack of data responsiveness to many of their data/information needs. Figure 10
shows the results of more detailed user responses as to the current and potential value of ERS=type

data according to individual discipline applications. Most users surveyed consider current ERS data and
data products in general to represent a complementary data source which have the potential of becoming an
important data source. Users feel that current ERS data products are of the greatest benefit to them
because they represent a unique/new data source and a cheaper data source. Also, most users believe that
ERS data systems have the potential of providing better data for most application areas. User assessments
by discipline show that current ERS data products are most relevant to geological applications, land use
activities and water resources interests. Most users feel that ERS data products will eventually be of
most value to land use, agriculture/forestry, and water resources. Future ERS data were also considered

to have high potential for providing unique data for environmental needs.

Although questionnaire responses from all user communities showed strong agreement that most current LANDSAT
data capabilities could be considered as adequate, with the exception of data delivery (See Figure 11),
interviews with representative ERS data users did not substantiate this assessment. A more accurate
representation of current user views relative to the adequacy of current LANDSAT capabilities and cor=-
responding user recommendations for improving LANDSAT data use are summarized in Table 3. Strongest user

concerns and recommendations related to the need to improve data delivery and spatial resolution.

Battelle's evaluation of user recommendations and their probable impact on each user group is summarized

in Tables 4 (LANDSAT 1 and 2) and 5 (future ERS systems). According to this assessment, the highest overall
impact on current LANDSAT data use would occur by improving data quality on user products, providing more
high=altitude aerial photography to be used in concert with LANDSAT data, and providing more user assistance/
training programs., For improving data utilization of future LANDSAT-type systems, the greatest user impacts
would result from significant improvement in data delivery (including a quick-look capability), more extensive
spectral coverage, higher spatial resolution, development of specialized satellites, and acquisition of user
data on an "as-needed" basis,
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TABLE 3, USER ASSESSMENT OF CURRENT LANDSAT DATA CAPABILITIES
AND RECOMMENDATIONS FOR STRENGTHENING DATA USE(2-7)

USER_VIEWS

Spectral Coverage - majority of users satisfied but
many strong views as to limitations

Spatial Resolution - Majority of questionnaire
responses indicated current spatial capabilities
adequate for experimental and large area uses. User
interviews (with exception of exploration users),
however, showed strong views as to data utility
limitations imposed by 80 meter resolution.

Repetitive Coverage - Most users content with current
LANDSAT data coverage except those concerned with
environmental monitoring, snow mapping, flood
drainage assessment programs, etc. and areas with
extensive cloud cover.

Format Options/Product Quality - Strong user agree-
ment on adequacy of current data quality.

Data Delivery - Strongest area of user dissatisfaction
in both questionnaire and interview results especially
in considerations involving operational use,

USER RECOMMENDATIONS

Most recommendations are for (1) extending spectral
coverage into thermal and microwave regions, (2)
providing additional visible and near IR bands, and
(3) narrowing existing bands,

Most users commonly recommended 20-40 and 10-20 meter
resolutions. Some users (especially state and local
users) desire spatial resolutions in the 1-10

meter range., In contrast, geologists want to retain
large area (synoptic) perspective,

Strong recommendations related to other than
repetitive coverage. Industry (and foreign users)
in particular want more coverage of remote domestic
and foreign areas and stereo viewing opportunities,

Most recommendations relate to providing more
product options and better quality control.

User recommendations were many and very strong on
need to significantly improve this function. Desires
for quick-look capability and 2-3 days turn around
time were stressed.
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TABLE 4, BCL ASSESSMENT OF RECOMMENDED OPTIONS FOR
STRENGTHENING USE OF DATA FROM CURRENT

LANDSAT SYSTEMS
(By User Community)
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E /s /S /S
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DATA ACQUISITION AND PROCESSING
¢ _Shorten Data Delivery Time Betwcen GSFC & EROS | H T, M M L
o Improve Data Geometric and Radiometric Quality | H H H 134 H
e Provide more Data/Product Cptions
(Special made Photoscales, Composites) H H M H M
and enlargements/enhancement of portions
of frames)
o Provide more High Altitude A/C Data H H H H NA
DATA UTTLIZATION/TECH TRANSFER
e Provide more Education/Training including
"tlands on'' opportunities M H H H H
e DPrepare family of user guides (to data
availability, bardware/software available il H M L H
and application documentation.
e Provide more regional centers and browse
files to assist users M H L M NA
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develcpment and verification
e Commit federal user involvement L H M L NA
e Iusure LANDSAT program continuity M 1 M L L
o Establish center for cataloging and loaning H H M M H
software develeped for analyzing LANDSAT CCTs
o Organize more cooperative programs (viz. state M H M H NA
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universities, ectc.)
o Adopt economic/social descriptors for ERS data L M M L 1
use(s) rather than academic disciplines

Impact Scale

H
M
L
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High Twpact
Moderate tmpact
Low/Little Impact
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TABLE 5. BCL ASSESSMENT OF RECOMMENDED OPTIONS FOR IMPROVING
USE OF DATA FROM FUTURE ERS SYSTEMS

(By User Community)
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Remote~-Area Coverage
Improve Spatial Resolution:
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Microwave H M H M H
Blue Band M L H M L
Narrow Bandwidths Il M H M H
Increase Frequency of Data Collection L M i L M
Provide Stereo Coverage H M H M M
Provide Specialized Earth Resource H H i L H
Satellites (e.g., sea ice monitoring,
Geosat, Agsat, etc.)
Acquire User-Requested Data on H H H L 1
Near Real~Time Basis

Other industrial non-exploration users.

Impact Scale

H = High Impact
M = Moderate Tmpact
L = Low/Little Impact



_ CONCLUSIONS

e An Extensive and Increasing Number of Explicit and Identifiable ERS Data Users Do Exist. They

include (1) users purchasing and analyzing ERS data routinely using their own resources (selected

private industry and most foreign=-country users, (2) users developing and testing systems for routinely
using ERS data for large-area, small-scale resource inventorying, monitoring, and modeling applications
(mostly federal, state, and regional governmental cost-shared programs), and (3) users analyzing the

data experimentally to evaluate the feasibility of additional ERS discipline applications and/or analysis
possibilities (research and educational programs supported by all user communities, but largely federally

supported).

e The Extent of ERS Data Center Use Varies Significantly Among the User Communities., The primary current

ERS data user group is private industry, with both end-users and service-to-users participating (major

use within the private sector relates to mineral and petroleum exploration interests)., The second largest

user community of ERS data is non-U.S./foreign users who are, in most cases, assisted by U.S. technology.
Federal governmental agencies and the academic community are roughly tied for third place in extent of ERS
data use, which involves all application interests. In last place are state, regional (substate) and

local users, who appear to be more involved than data center records indicate,

e Relative Discipline Use of ERS Data is Fairly Uniform. Although land use and geological applications

of ERS data appear to represent the largest current discipline application interests, overall data use
among most ERS discipline/application areas (by all users) is fairly uniform. The exception is environmental

use which has considerably less current user interest than the other disciplines.
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o ERS Data Utility Varies Among Users and Uses. Most mineral and oil companies are of the opinion that

current data use varies from important to very important in both domestic, and especially in foreign ex-
ploration, decision-making activities. They could not, however, provide specific dollar benefits, but

many expressed a willingness to provide written statements testifying to the need for continuing acquisition
of ERS data (with either current and/or improved LANDSAT systems). In contrast, most other users, although
positive, were not as strong or consistent in their views as to the effectiveness and value of current

ERS data products. User assessments by discipline show that land use and geology applications are the

most relevant current uses of ERS data, but land use, agriculture/forestry and environmental applications
will increase in importance in the future. In terms of overall benefits, users conclude that land use and

water resources areas will benefit the most from ERS data.

e Significant Increase in ERS Data Users, Uses, and Value Will Result From Planned and Possible Improvements

in Future LANDSAT System Capabilities. Extensive progress has been made in (1) linking users and user pro=-

blems with ERS data capabilities, (2) identifying and conducting experiments to assess technical and economic
application possibilities, (3) developing demonstration/quasi-operational systems (LANDSAT II and ASVT
programs) for using the data routinely, and (4) identifying and developing improvements to upgrade operational
uses of future systems. Planned, short-term improvements (e.g., LANDSAT C) will result in some use/user
increase, but more extensive improvements in data acquisition, data processing (on-ground and on-board),

data delivery and end-user experience and capabilities will be required before extensive, user-financed,

ERS data use occurs on an operational basis,
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RECOMMENDATIONS

Based upon information collected and evaluated during this survey, the following recommendations

are offered:

29

(1)

(2)

(3)

(4)

(5)

NASA should accelerate plans and programs to develop satellite ERS systems

capable of providing improved data which can be more effectively utilized

(technically and economically) by a larger cross section of private and

governmental end users.

NASA should develop and implement specialized technology transfer scenarios/plans to improve
ERS data utilization within each user community and within each discipline area, Establishment

of regional application training centers and specialized user workshops should receive high priority.

NASA 'should adopt economic and social use descriptors in describing remote sensing
applications (rather than technical/academic disciplines) in order to plan future programs
more clearly with the end user in mind, and, equally important, to justify such programs

according to user need.

NASA should implement a combination of user surveys to help strengthen existing uses of

ERS data and market—surveys to detect and promote new use/users of ERS data.

Representatives from all user groups should actively participate in both types

of surveys.

NASA should make more information available to existing and potential satellite data
users that will make them more cognizant of space plans, capabilities, and specific
data participation opportunities. In remote sensing applications; the following
information aids are very much in demand:

e More newsletters of the .GSFC LANDSAT NEWSLETTER type

e A users guide to availability of remote sensing data (high-altitude

A/C data as well as satellite data)



e A users' dictionary of remote sensing terms

e A users' guide to hardware/software for ERS data analysis

e A users' guide to remote sensing research and service industries and contractors
e A users' information hot-line so users can contact NASA relative to data

application inquiries
e User handbooks for individual ERS data application areas
(6) NASA should take another hard look at the technical, cost, and application
implications of developing specialized satellites (e.g., ice monitoring/
navigation, geological exploration, envirommental monitoring, etc.), especially
in view of upcoming Shuttle and Spacelab opportunities.
(7) NASA should review on-going technology development programs and plans relative to their
significance to future ERS systems and ERS data use, Programs having the highest potential
for significantly improving ERS data use relative to user requirements should be discerned,

and a determination made of the implications of accelerating their completion.
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SURVEY RESULTS INDUSTRY

PART 1. INDUSTRIAL USERS

General Description

Private industrial users of ERS data primarily include mineral, petroleum and natural resource
exploration companies, consulting firms, and data analysis equipment manufacturers. Private
industry is currently the most prominent user of LANDSAT data. During a 3-year period

(FY 1973 through FY 1975) industrial users purchased over 100,000 frames of LANDSAT imagery

(1)*

from the three ERS data centers at a cost of almost 0.5 million dollars. Figure 12 gives a

private industry profile for ERS data use.

The most prominent industrial users of the data, however, are major and independent mining and
petroleum companies, consulting firms, and services and equipment suppliers. These companies
and other identified private-sector LANDSAT data users are shown in Table 6. Companies prefixed
with an asterisk are considered to be the most frequent users, based on ERS data center user
records, telephone interviews, or user questionnaires indicating a current standing order or

frequent user status, Infrequent data users or companies only currently indicating a potential/

planned user status were not included in the table,

During FY 1973-75, over 2000 industrial users of the three data centers requested 24 percent
of all LANDSAT data by item and dollar value, If industrial requests for other Earth resources
data (such as Skylab and high-altitude aircraft imagery) are included, then requests by this user

group alone account for 34 percent by item and 30 percent by dollar value. It is known that the

industrial users utilize the data predominantly for exploration purposes. The intensity of activity
in the oil and mineral exploration area at this time may be appreciated from the fact that nearly
50 percent of all ERS data from the EROS center is being used for mineral and fossil fuel exploration

and geologic mapping activities.(l)

*References at end of text,
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TABLE 6,

PRIVATE INDUSTRY USERS OF LANDSAT DATA(1-%)

INDUSTRY

AAAS

American Smelting and
Refining Company

¥ American Society of Photogrammetry

* AMOCO, including:
Chemical Corporation,
International 0il Co.,
Minerals Company,
0il Company, and
Production Company

Anaconda Company

Anderson Clayton

* Argus Exploration Company

* Atlantic Richfield Company

* AVCO Systems Division

* Battelle-Columbus

% Battelle-Northwest
Bausch and Lomb, Inc.

% Bechtel, Inc,

Bechtold Satellite
Technology Corporation

b3

*®

®

¥

%

Bendix Aerospace
Systems Division

Burk and Associates, Inc.

California Earth Science

Cargill, Inc.

Casual Living, Inc.

Century 0Oil Management, Inc.

Chevron 0il, including:
Chevron Overseas Petroleum,

Chevron 0il (Field Research)
and Chevron Chemical Co.

b

CHZM Hill

Cities Service 0il Co,

Cities Services Minerals

Coastal Mining Co.

Columbia Gas System Service Corp.
Computer Science éorporation
Continental 0il Co. (CONOCO)

Cook Industries

e

%

t o

k3

%

I, E., Cramer Co., Inc.
Cyprus Georesearch Co.
Daedalus Enterprises, Inc.
Dames & Moore Engineering
DBA Systems, Inc.

Dicomed Corporation

Dow Chemical Company (0il and
Gas Division)

C. S. Draper Laboratory

Dresser Industries
(Olympia Division)

Duval Corporation
Earth Satellite Corporation
Eason 0il Company

EDCE D'Appolonia, Consulting
Engineer

EG and G, Inc.

Environmental Research
Institute of Michigan

*Most frequent industrial users.
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TABLE 6.

(Continued)

INDUSTRY

* Environmental Research and
Technology, Inc.

* ESL Incorporated

ESSO Production Research Co.

* Exxon Company USA
(Exxon Production Research Co.)

* Forest 0Oil Corporation
French American Metals Corp.
Garrand Corporation
General Crude 0il

* General Electric

Geoscience -~ A Division of Geosource
International

Geo Space Corporation
* Geospectra Corporation
Getty 0il Co.
Goodyear Aerospace
* Grumman Corp., including:
Grumman Aerospace Corp., and

Grumman Data Systems Corp.

* Gulf Oil

%

*

%

Honeywell, Inc.

Houston Light and Power

Hunting Surveys and Consultants, Inc.
HRB-Singer, Inc.

Institute for Storm Research
International, Inc,

International Business Machine Corp.
Itek Corporation

Kennecott Exploration, Inc.

Kerr McGee Corporation

KSTP Weather Service

Law Engineering Testing Co.

Lindsay Earth Exploration and
Mineral Resources Co.

Lockheed Aircraft Corp., including:
Lockheed Missiles and Space Co.

Lucias Pitkin