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PREFACE
(Executive Summary)

This is the final report of the program on State Agency Remote Sensing
Data Management. The purpose of this program has been to plan-the development
of a Missouri Natural Resources Information System (NRIS) that combines
satellite-derived data and other information to assist in carrying out key
state tasks.

The major contributions of this work are:

i) A systematic choice and analysis of a high-priority
application area,water rescurces management, for a LANDSAT-

based information system in Missouri.

i1) A system design and implementation plan, based on Missouri,
but useful for many other states.

jii) An analysis of system costs, component and personnel
requirements, scheduling, and management.

iv) An assessment of the deterrents to successful techno-
Togical innovation of this type in state government and
a system management plan, based on this assessment, for
overcoming these obstacles in Missouri.

We arrive at conclusions and recommendations which underscore the
need for NASA's LANDSAT technology transfer efforts to take full account
of states' information management practices. LANDSAT can play key roles
in the system we have designed. However, to be useful to the state, the
system must combine LANDSAT data with information from other sources. To
demonstrate this approach, we choose a natural resources application of
highest priority in the state, water supply management, and assess both
the role of remctely sensed data and how that data should be combined
with other types.

As a first result of this assessment, we conclude that system

design should focus on four key water management problems: (1) dam

safety, (2} saline intrusion in groundwater caused by overuse,
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(3) sporadic municipal water shortages,. and (4) Tlong-term depletion of the
Missouri River Basin supply. Statements by the Governor and our inter-
views with state personnel reveal that these four problems are likely to
be the major water-related concerns arising over the next five years.
Furthermore, they are significant, visible, compiex and probably Tong-1ived;
they form a sound framework for system development and continued support.
Finally, they form, in the order Tisted, a Togical sequence for system
design, because that order is both the chronological sequence in which
they are 1ikely to become important and the order in which their information
management neads increase in complexity.

LANDSAT data are an important information source in this system,
when they are combined with valuable information of other types already
in use in the state. In the first application, dam safety, LANDSAT
2 or 3 data can assist in annually locating new impoundments to assist in
monitoring a dam permit program. Additional data needed include infor-
mation on dam permit applications, construction, engineering, and safety
inspections. For the second activity, groundwater use monitoring, LANDSAT
will probably be useful in categorizing crops so that their water needs
can be inferred; irrigation is the major source of groundwater demand. Other
data types not derivable from LAMDSAT but useful for this application
include soils, well yield, precipitation, and subsurface geology. The
final two applications, municipal water shortages and basin modeling, will
combine more detailed classifications of LANDSAT D imagery (e.g., urban
land use) with demographic data and information on industrial use of
water.

A key accomplishment of this contract has been the creation of a

system design to serve these four applications that grows logically in
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complexity, hardware and software investments, skill Tevel reauirements,
and costs. We choose the system components wherever possible from existing
resources within the state, to minimize new investments. Costs grow from
about $71,000 in the first year of operation to a level of about $220,000
in the fourth (in constant 1978 dollars).

The key system components we choose are a LANDSAT informatign extrac-
tion system {hardware and software to classify raw LANDSAT data) and
computerized geographic information system (CGIS) sofiware (a set of com-
puter programs for combining geographically referenced data files). We
recommend that the state implement an NRIS based on NASA-Earth Resources
Laboratory's (ERL) classification software and USGS's GIRAS* system, the
CGIS provided with LUDA** data. The two software packages'are already owned
by state institutions, but not used operationally or ‘merged so that they,
can be used together. Moreover, the hardware to support both software
systems has been or will be purchased by the state for other uses, and
compatibility problems between the two systems appear minor. Most impor-
tantly, both systems match the needs and practical concerns of the state
very closely.

In addition to considering these visible system components, we also
investigate system management. We begin by assessing the imposing obstacles
to success that any such system faces in state government. We find that
primary barriers to state-initiated processing and use of remotely sensed
data are inherent in the institutions, politics, and attitudes that
determine the course of state government. Our system management plan

specifically takes these barriers into account.

*United States Geological Survey's Geographic Information Retrieval and
Analysis System.

**JSGS's Land Use and Data Analysis System.



After assessing four organizational alternatives, the management plan
recommends that initial system activity center in the Missouri Department
of Natural Resources (DNR), which has chartered responsibility for natural
resources management. We suggest that DNR initiate activities by hiring
a new manager to run the initial pilot project, to begin immediately to
build Tong-term political support, and to work toward cooperation among
the divisions of DNR and other Missouri agencies. 'In this Tatter task, a
valuabTe source of assistance is the Missouri Interdepartmental Council
on Natural Resources Information (ICNRI). Further, we recommend that the
NRIS minimize new purchasing and hiring until the value of initial system
information products convinces state decisionmakers of the system's merit.

With regard to system funding we recommend that development costs be
paid in block grants from DNR, using whatever appropriate federal funds that
are available. In contrast, we recommend that system operation be paid
Tor as much as possible by exacting fees for the services it renders. By
carrying out only those activities that users are willing to fund, the
system will gain value in users' eyes and its resources will not be
wasted. We note in the report, however, that this plan reguires a change

in state funding procedures.

In order Tor NASA to enhance the utility of LANDSAT data in states and

help to inspire widespread day-to-day use, the agency should involve itself

much more strongly than it has in LANDSAT-based state NRIS development.
LANDSAT can find enthusiastic acceptance only when it caﬁizgpveniently be
combined with other valuable data sources already on hand in states. The
need for efforts to realize this goal is great if the user base for LANDSAT
is to remain enthusiastic and continue expanding. Some specific steps

that NASA can take to spur the development of state NRISs are: (1) develop
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demonstration state NRISs in ASVTs*, designing the demonstration to provide
compelling evidence of cost effectiveness and proof that the system works
in a realistic agency setting; (2) cocordinate GIRAS CGIS developments at
USGS with ERL's classification software**, and (3) develop a procedure

for using LANDSAT data to classify crops in categories according to their
water needs. This classification could be a central input to groundwater

monitoring systems in many states.

*Applications System Verification Tests.

**Fleven states already own GIRAS, and the ERL system's popularity is
increasing.
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CHAPTER 1
INTRODUCTION

1.1 OBJECTIVES

The program on State Agency Remote Sensing Data Management (SARSDM)
was funded by NASA for the period January 1977 to May 1978. The primary
project goal was to plan the deveiopment of a Missouri Natural Resources
Information System (NRIS) to combine satellite-derived data and other
information to assist in carrying out key state tasks. The project was
executed in the Center for Development Technology (CDT) by an interdis-
ciplinary resesarch team whose members have backgrounds in engineering,
computer sciences, geoiogy, and public policy analysis.

The idea for this project was based on a principal conclusion of our
previous research. During the period from June 1974 to December 1976,
CDT carried out a study of Earth Observation Data Management Systems
(EODMS) for a five-state midwestern region* (1). The study focussed in
detail on information needs of state, local, and regional agencies and
considered alternative systems for delivering a variety of information
products, based on remote sensing data, to meet those needs. A principal
conclusion of the EODMS study was that there is a wide gap between the
digital format in which raw, sateTlite-derived information is presently
procuced by the federal government and the tébu]ar and map formats in
which natural resources information is currently of most use to states.
In order to study how this gap might be bridged, we initiated the SARSDM
study to destgn a system to put both existing state natural resources
information and data from satellites in a compatible format, so that they

could be used together.

AL PAGE I3
*111inois, Iowa, Minnesota, Missouri, and Wisconsin. Eﬁ?ﬁgggg,culAlifﬁ
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The formal project objectives, as stated in the contract, were to:

i. Identify in cooperation with NASA a few information
products which have been proven feasible to produce
in NASA ASVT's* and demonstration projects and which
fi11 a demonstrated, high priority need in state agencies
in the five-state region.

ii. Thoroughly inventory already-developed information systems
which might be applicable to the project.

i1i. Design or adapt an existing data base management system
for a state agency to combine the information contained on
one or more of the products identified in (i) with
other information required to carry out key agency tasks:;
to store, retrieve, and update this information; and to
produce it in forms useful to agency personnel.

iv. Describe how the product production and data base manage-
ment systems might be implemented within the constraints of
typical state government as determined through previous
research.

*Applications System Verification Tests.



1.2 PROJECT OUTCOMES

1.2.7 Contractual Qutcomes

Project objectives were tc be accomplished through the delivery of
two major products to NASA:

i. A data base management system design.
ii. A plan for implementation of the system.

The present Final Report contains these two products. The system
design and implementation plan emphasize one basic concept -- that to be
successful, a NRIS must produce and deliver products containing broadly
useful information with characteristics (e.g. formats, scales, and
update frequencies) appropriate to the capabilities of users. To achieve
this goal, the system is designed to serve a high priority application --
water resources management. Furthermore, the jmplementation plan is
constructed to build capabilities needed to use the system and LANDSAT
dédta.

Although the design and implementation plan are based on Missouri,
we have attempted to write the report to make its results more broadly
useful. The system is designed to serve applications such as dam
safety, irrigation, and water supply that are national in scope. Further-
more, we report on generally applicable methods for system design and
implementation, and we describe principles on innovation in state govern-

ment that are relevant nationally.

1.2.2 Qther Project Outcomes

During the course of the project we produced a number of additional
papers and memoranda, as well as three quarterly progress reports. In
addition, project staff gave a large number of presentations to NASA,

state government personnel, and other researchers in computerized
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geographic information systems. Our site_visits and other trips are
1isted in Appendix B, and the documents and presentations in Table 1-1.

Of the listings in this Table, three are especially noteworthy.

"An Earth Observation Data Management System for State, Regional, and
Local Agencies" analyzed key factors in state government that retard
faster acceptance of LAMDSAT technology. We presented this paper in
Washington, D.C. at a symposium of the American Association fer the
Advancement of Science's Annual Meeting on February 15, 1978, The
symposium, which focussed on the future of LANDSAT, attracted key speakers
from NASA, the U.S. Congress, USGS, AID, and private industry. The

agenda appears in Appendix C.

Two other noteworthy Tistings are speeches before state legislators
from Missouri and neighboring states. These speeches (numbers 4 and 6 in
Table 1-1) enhanced the Tegislators' knowledge of and interest in LANDSAT
systems. The December presentation was at a meeting that we organized
for Missouri legislators; the October talk occurred during a-NCSL*-organized
meeting that we were instrumental in pub?icizfng and bringing to Missouri.

Other, Tless, formal, project outcomes include the stréﬁgthening of
professional relationships between project staff and personne] in state
government. A letter to NASA Administrator Frosch from Missouri's
Governor Teasdale (see Appendix A) exemplifies this fact. We have
participated in the Missouri Interdepartmental Council on Natural
Resources Information. Former staff members have gone on to direct the
National Council of State LegisTatures' Remote Sensing Task Force and to
plan a California natural resources information system in the newly-

formed Environmental Data Center in that state.

*National Council of State Legislators.
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TabTe 1-1. SARSDM Project Publications
and Presentations

Papers:

1.

Eastwood, L. F., Jdr., et. al., "An Earth Observation Data
Management System for State, Regional, and Local Agencies:
Economics and Policy," presented at the ARAS Annual Meetfing,
Washington, D.C., February, 1978.

Eastwood, L. F., Jr., et. al., "Cost-Sharing Economies in Large-
Scale Resources Information Product Production," presented at the
Second Annual Conference on the Economics of Remote Sensing Informa-
tion Systems, San Jose, CA., January 1978.

Morgan, R. P. and L. F. Eastwood, Jdr., "Statement on Senate Bill
$.657," in Hearings on the Earth Resources and Environmental System
Act of 1977, U.S. Government Printing Oftice, Washington, D.C.,
1977, pp. 349-51.

Ballard, R. J. and L. F, Eastwood, Jr., "Estimating Costs and Per-
formance of Systems for Machine Processing of Remotely Sensed Data,"
Proceedings of the LARS Symposium on Machine Processing of Remotely
Sensed Data, Purdue University, Lafayette, Ind., June, 1977, pp.
208-14. IEEE Cat. No. 77CH1218~7MPRSD.

Eastwood, L. F., Jr., et. al., "An Operational, Multistate, Earth
Observation Data Management System," Proceedings of the 12th Annual
Conference on Earth Resources and Environment, University of Michigan,
Ann Arbor, 1977, pp. 659-~70.

Eastwood, L. F., et al., "A Comparison of Photointerpretive and

Digital Production Methods for Four Key Remote-Sensing Based Infor-
mation Products,” Proceedings of the Conference on the Economics of
Remote Sensing Information System, San Jose, CA., 1977, pp. 213-28.

Reports:

1.

Crnkovich, G. G., "Remote Sensing Data Management Systems for Crop
Inventory and Vegetation Cover Mapping," Technology and Human Affairs/
Center for Development Technology, Washington University, St. Louis,
Missouri, August, 1977.

Eastwood, L. F., Jr. and E. 0. Gotway, Program on State Agency
Remote Sensing Data Management, Quarterly Revorts, 4/18/77 (51 pp},
7/17/77 (60 pp.), and 12/30/77 {78 pp.).

Huisinga, J., "Private Sector Short-Term Grain Information Needs and
Potential Delivery Technologies," Technology and Human Affairs/Center
for Development Technology, Washington University, St. Louis, MO:
May, 1978,
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Table T1-1. SARSDM Project Publications
and Presentations (cont.)

Invited Speeches:

1.

Eastwood, L. F., Jr. and E. 0. Gotway, "Plans for a Missouri Remote
Sensing Based Natural Resources Information System," speech before

Missouri's Interdepartmental Council on Natural Resources Informa-
tion, February, 1977.

Eastwood, L. F., Jr., "The EODMS and SARSDM Programs at Washington
University," speech before Conference on NASA-Marshall Contractors,
February 1977.

Eastwood, L. F., Jr., "Results of the EODMS User Survey Relevant
to the Design of Geocoding Systems,” speech at Conference on Geo-
coding, U.C. Santa Barbara, CA., May, 1977.

Gotway, E. 0. and L. F. Eastwood, Jr., "Combining LANDSAT and
Currently Used State Data," speech before National Council of State
Legislatures' Regional meeting, Clayton, Mo., October 1977,

Eastwood, L. F., Jr., and E. 0. Gotway, "Remote Sensing at

Washington University: Activities and Plans," speech at NASA
Headquarters, November, 1977.

Gotway, E. 0. and L. F. Eastwood, Jr., "The Washington University-
Missouri Cooperative Project for Planning a Missouri N.R.I.S.,"
speech before the Missouri State Legislature, December, 1977.
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We have also advised NASA and other federal agencies on LANDSAT
matters. Prof. Eastwood led a panel of experts in producing a report
advising NASA on preferred LANDSAT D raw data formats. He also advised
Presidential Science Advisor Dr. Frank Press' FCCSET committee on the
amount and quality of LANDSAT D coverage needed to serve priority data
needs in our region,

Private industry has also found our work useful. General Electric,
ESL, and other firms have sought our advice on the design of LANDSAT-
based information products and processing systems for state agencies.
IBM is using our work on sizing and costing computer systems for satellite
data processing (see paper #2 in Table 1-1) as an input in the design of

a LANDSAT D data processing system.



1.3 PROJECT METHODOLOGY

The SARSDM project has been organized around three major tasks:

fask 1:

Identify and analyze a focal application area for a
LANDSAT-based NRIS that is both of critical priority to
Missouri and amenable to LANDSAT input.

Task 2:

Design or adapt information extraction and management systems
to process LANDSAT data and combine it with other data useful
in the above appliication.

Task 3:

Plan implementation of these systems, considering both
their physical and institutional components.

We accomplished Task 1, identifying an application area, by presenting )
a 1ist of candidate application areas for LANDSAT 1 and 2 data -- derived
from our EODMS analysis and assessment of NASA ASVT's -- to Missouri's
Interdepartmental Council on Natural Resources Information {ICNRI). Two
agencies responded with proposals to cooperate with us. The Department
of Natural Resources (DNR) indicated interest in water resources manage-
ment; the Office of Administration (OA), in LANDSAT applications in
updating their recently purchased USGS Land Use and Data Analysis (LUDA)
data files (2). Two later evenis shifted our interest more strongly
to the water resources application. Missouri's new Governor Teasdale
stated that the priority of water resources management would be very high
in his Administration, (see the Governor's letter and statement in
Appendix A). Furthermore, NASA and USGS initiated an ASVT dedicated to
evaluating LANDSAT's utility in updating LUDA (3), reducing the need for

oun efforts in this area.



Identification of the application accomplished, we analyzed agency
information management practices currently being applied in managing water
resources. We accomplished this analysis by an extended series of visits
and discussions with DNR personnel, and by reviewing documentation such
as a data users inventory carried out by the state (4) and our own
inventory of state data management practices (5). Details of this analysis
appear in our guarterly reports (2), (6), and (7}, and its results form
the foundation of the system designs in this report.

Work on Task 2, system design and adaptation, took many forms. We
initially reviewed the capabilities of various available LANDSAT infor-
matioa extraction and computerized geographic iaformation systems by
Titerature review of NASA ASVT's and other demonstration projects; by
trips to installations such as NASA's Earth Resources Laboratory (ERL),
the Louisiana State Planning Office's pioneering USGS LUDA installation,
and the Texas Natural Resources Information System (see Appendix B for a
compiete Tist of our site visits); by conferring with system manufacturers
and university researchers at conferences (see Table 1-1 for a list of
conference papers and speakers); by acquiring and impiementing various
image processing and data base management systems on the state's computers
or at Washington University; and by studying system costs and performance
both analytically and experimentally on our computer. Especially note-
worthy results of these efforts were the implementation of MINIS and CMS II
geographic data management systems on state computers. State and state
university personnel also initiated implementation of USGS's GIRAS* software

from the LUDA program and a LANDSAT information extraction system developed

*Geographic Information Retrieval and Analysis System.
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by NASA-ERL. The results of this task formed the basis of hardware and
software choices in this report's system design.

Task 3, the construction of the system implementation plan, continued
throughout the project. The nature of the problem required that we employ
two different approaches simultaneously. One approach focussed on putting
together the pieces of the system, that is, planning the growth of
system data files:; choosing, scheduling, and costing hardware and sofiware;
and identifying personnel and training needs. The other approach took a
broader view. It constructed a system management plan by assessing the
institutional environment in which the system will operate, and
recommending appropriate centers for system control, funding, development,

and implementation.

The major contributions of the SARSDM project are:

1. A systematic choice and analysis of a high priority
application area for a LANDSAT-based information system
in Missouri.

2. A system design and implementation plan, based on Missouri,
but a useful model for many other states.

3. An analysis of system costs, component and personnel
requirements, and scheduling.

4. An assessment ot deterrents to successful technological
innovation in state government, and a system management

plan, based on this assessment, for overcoming these
obstacles in Missouri.

The major task that we leave unfinished, a task for which we were
not funded, is the implementation of our plan. The need for such efforts
is great if the user base for LANDSAT data is to remain enthusiastic and

continue expanding.
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1.4 PLAN OF THIS REPORT

Chapter 2 briefly reviews major conciusions and recommendations of
this project. Taken together, the Preface, Chapter 1, and Chapter 2 con-
veniently summarize the project's objectives, methods, and results.

Chapter 3 analyzes Missou}i's water resources information needs. It
assesses four, high priority, water management probiems on which we Tater
base our system designs. The information management needs of these four
problems range from relatively simple to quite compliex. Thus, they form
a natural progression on which to base system growth. The chapter also
Tists other less critical applications to which a LANDSAT-based water
resources information system could be put.

Chapter 4 plans, schedules, and costs the acquisition and implementa-
tion of the components of the Missouri Natural Resources Information
system. These components include not only hardware, software, and
digitized data files, but also personnel for operation and management and
training programs. The pian is scheduled to allow systematic development
of skills and capabilities, focussihg first on less complex, pilot appli-
cations and only Tater on more general or intricate problems.

Chapter 5 describes the institutional environment in which the system
must operate and suggests how the system might best be made to it 1t. This
topic is a factor of primary importance 1n designing an acceptable, useful
system. The chapter begins by analyzing the obstacles faced by such a
system in state government. It then recommends a management plan to over-
come these obstacles. Finally, it considers major NRIS policy questions,

A final section 1ists references, and appendices present supporting

documentation,

ORIGINAL PAGE 18
OF POOR QUALITY
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CHAPTER 2
PRIMARY CONCLUSIONS AND RECOMMENDATIONS

This chapter highlights conclusions and recommendations of pri-
mary importance. HMore detailed resuits and suggestions appear in the
chapters to follow. We present conclusions on how to begin serving
some key state information needs by a LANDSAT-based NRIS, on how much
the system costs to implement and operate, and on managing the system to
avoid the obstacles to success present in any state government. We
also present recommendations to both NASA and Missouri on how to provide
the resocurces and impetus for system 1mplementation and how to enhance
its Tong-term viability.

In the text to follow, each underiined sentence summarizes a con-
clusion or recommendation. The indented text underneath each such
sentence briefly explains it.

1. The Missouri Natural Resources Information System should focus
on a single theme, water resources management.

Focussing a geographic information system on a single theme,
such as water resources, enhances its prospects for success.
Furthermore, water resources is one of the two natural resource
areas of highest priority in Missouri's current administration.

2. Four key water resources problems likely to arise between now and
1985 are, in predicted chronoiogical order: (1) dam safety,
(2) saline intrusion in ground water caused by overuse, {3} sporadic
municipal water shortages, and (4) Tong term depletion of the
Missouri River Basin supply.

Administration statements and our discussions and inter-
views with state personnel reveal that dam safety is of
current major concern, while the other three are likely to
be the major state water resources problems arising over the
next five years. -

ORIGINAL PAGE IS
OF POOR QUALITY
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The system should focus en the four key water management problems, and

address them in the order in which they are listed above.

The probiems are significant, visible, compliex, and long-lived,
characteristics that make them appropriate vehiclies for informa-
tion system development. Moreover, their analysis is 1ikely to
create sufficient user demand to support a computerized information
system in state government.

Chronologically, these probTems are Tikely to become important
in the order they are listed above. In this same sequence, the
information management needs of these four problems range from
relatively simple to quite complex; thus the sequence forms a
natural progression on which to base system growth. '

The system should not be based solely on federal reporting programs

(e.g. EPA 208), although it may eventually grow to serve these needs.

Federal programs may not be perceived with the same immediacy
as actions demanded by the state's electorate.

LANDSAT will play a key role in a system focussed on the four key

probiems. However, to be useful to the state, the system must

combine LANDSAT data with information from other sources.

A LANDSAT-based computerized geographic information system
could play a key role in the dam safety application by annually
locating new impoundments to assist in monitoring a dam permit
program. New impoundments can be Tocated by multitemporal
comparisons of LANDSAT CCT's to help in planning inspection by
airplane and on the ground and in updating the dam inventory
for dam permit administration. Additional data needed for dam
inventory/permit system includes a file of permit applications and
information on construction, engineering, and safety inspection.

For groundwater use monitoring, LANDSAT can contribute to
assessing both the demand for and supply of groundwater.
LANDSAT may be useful in categorizing crops so that their
watering requirements can be inferred. If it is not, it can be
used to differentiate cultivated from pastureland, a useful
first step. Either application is a significant contribution,
because the primary demand for groundwater is for irrigation.
LANDSAT can also contribute to water supply assessment by the
impoundment inventory mentioned above.

Other data types not derivable from LANDSAT but necessary
for groundwater use monitoring are data on soils, well yield,
subsurface geology, and precipitation.

The final two applications, municipal water shortages and
basin modeiing, will combine more detailed classifications of
LANDSAT D imagery (e.g. urban land use) with demographic data
and information on industrial use of water.

Ed
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For processing LANDSAT data and combining it with other state data
files, the state should implement an NRIS based on NASA-ERL's
ELLTAB LANDSAT classification software and USGS's GIRAS system,
which 1s the CGIS provided with LUDA data.

These systems offer attractive advantages. One they share
is that both are already owned by the state. ELLTAB will soon
be operational on a minicomputer-based image processing system
in the state university, and Missouri is one of a growing
number of states that have purchased LUDA data and GIRAS soft-
ware. Another is that the two programs work with nearly com-
patible data formats. GIRAS, although designed to handle
polygonized LUDA data, does the overlay operation using
gridded data. DBM, a program associated with ELLTAB, grids
classified LANDSAT data on a grid size that GIRAS also uses.

Further advantages of ELLTAB are that it is relatively
inexpensive to run and thrifiy with computer resources, com-
pared to other classification systems we evaluated. A mini-
computer system can support it, so it need not disrupt
activities on one of the state's Targe mainframes. Further-
more, the state university already owns the hardware necessary
to support ELLTAB. This hardware could be used for testing,
training, and initial smail-scale applications; only when
loading increases would state government have to purchase a
system specifically for NRIS use.

GIRAS serves the practical concerns of the state
well. Examples of these concerns are compatibility with
existing hardware, software, and data, ease of modification,
potential for future develcpment, and Tow incremental cost. GIRAS
matches many state needs with its economical storage structure
for conversion of state data to computer readable form, ability
to use several referencing schemes, ability to overlay struc-
tured files, ability to convert from one structure to another,
and ability to produce maps of varying scales. Moreover, it
is under continuing desvelopment by USGS as GIRAS II, and its
new capabilities will enable it to serve the more complex
systems needs that will occur Tater in development.

Finally, a NASA-USGS ASVT in Louisiana is considering
using LANDSAT data to update LUDA. It seems very likely that
this effort will attack the remaining ELLTAB-GIRAS format
incompatibiiities.

NASA should undertake two specific development efforts of great
utility to the proposed Missouri NRIS and to many other states as
well.

Coordinating the GIRAS and ELLTAB programs mentioned above
is the first of the two. GIRAS II, the second generation of
GIRAS, will work only with polygonized data. NASA should
develop software to convert the gridded classified LANDSAT
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output product of ELLTAB into a polygonized Fformat compatible
with GIRAS II.

The second effort is to develop a procedure for using
ELLTAB to classify Missouri crops in categories according to
their water needs. This classification could be a central
input in a groundwater monitoring system, and groundwater
supply 1s a key state concern. The effort could be a demonstra-
tion project, carried out jointly by Missouri and NASA.

8. Imposing obstacles have deterred routine state government use of
computerized systems to process and use satellite-derived data.

Systems for the computer-aided processing and use of
remotely sensed data may be characterized as being costly and
technologically complex; requiring a Tong time for planning,
training, and implementation; and having Tow political visibi-
1ity. Thus it is not surprising that few states make wide use
of these systems day-to-day.

Primary among the barriers to state-initiated processing and
use of satellite data are those caused by the institutions,
laws, politics, attitudes, and traditions that determine the
course of state government. For example, because political
appointees hold power in states, the political "punch® of an
innovation may be more important than its potential cost
savings. As a second example, employee-related pressures,
such as civil service constraints, union pressures, fear of
change, and the communication gap between technologists and
users, slow technological innovation in states.

9. In Missouri, astute system management can overcome obstacles to NRIS
SUCCEsS.

The Missouri DNR, which has chartered responsibility for natural
resources management, can support initial system development.
The DNR should initiate NRIS activities by appointing a Special
Assistant, reporting to the DNR Director and concerned full time
with the information system, to run the initial piTot project,
hire the first staff members, and control the system budget.
The person should be a leader who is politically astute and
alert to opportunity.

The NRIS staff should minimize new purchasing or hiring
until initial system success convinces state decisionmakers of
its merit. It should begin immediately to develop long term

.political and user support by giving users an early hand in
system design and the Tegislature an early view of example
results. In the Tong term, the system should support itself
as much as possible by exacting fees for its services.
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10. By making maximum use of existing resources, the state can limit
the amount of new direct costs it incurs for the MRIS to very reasona-
ble amounts.

We estimate that 1n the first year of operation, total direct
costs incurred specifically to develop and operate the NRIS
will be about $71,000, in 1978 dollars. This figure includes
expenses for hardware, software, personnel, data, and computer
time; it does not include “overhead" costs that the state would
incur whether or not it develops the system.

As system complexity and capability grow, so does its cost.
In its first year, the system contributes to only one state
probTem -- dam safety. In its second and third years, it
accomplishes both dam safety and groundwater monitoring, and in
the Tourth year, it adds a third application, monitoring munici-
pal water shortages. In 1978 dollars, second year costs are
about $150,000; third and fourth year charges, $220,000.

11. We recommeid that NASA assist Missouri in funding initial "NRIS
development as an ASVT.

Such an ASYT is justified because its focus would differ
substantially from previous demonstrations. Iﬂ the past,
NASA appears to have funded primarily “surface” applications
of LANDSAT, in which all the relevant effects appear on the
satellite image. The water resources information system,
in contrast, handles data both visible and invisible from
LANDSAT. To derive useful information, it must comb1ne_both
types. Because this need for data combination appears 1n
most practical uses for LANDSAT, we recommend that NASA
concentrate more funds on applications of this type.



-17-

CHAPTER 3

PRIORITY APPLICATIONS FOR A LANDSAT-BASED,
NATURAL RESQURCE INFORMATION
SYSTEM IN MISSOURI
3.1 INTRODUCTION

This chapter identifies and analyzes a focal application area, water
resources management, for a LANDSAT-based, Missouri natural resources
information system. The first part of the chapter briefly justifies our
decision to base the system on water resources management préb]ems. We
then review current!state programs for managing water resources and
analyze four, high priority, water management problems on which we base
our system design in later chapters. Finally, this chapter also 1ists
other applications for a LANDSAT-based information system.

For a number of reasons, we believe that a single-theme, Water
Resources Information System (WRIS) offers a high likelihood of success.
Our review of the elements of success in geographic information
systems (8 ) reveals that focussing such a system on a single theme
enhances its prospects. Furthermore, our interviews with the Director
of Missouri's Department of Natural Resources indicate that the two
natural resource areas of highest priority in this Administration are
energy and water, with energy currently receiving somewhat more atten-
tion (9 ). However, we focus on water because water data are wore
available than energy data from both state and federal sources, and
computer models for hydrology exist (10).

In a speech at the National Conference on Water (11), Missouri's
Governor Teasdale further supporied cur decision by identifying a Natural
Resources Information System (NRIS) as a means of dealing with Missouri's

increasing water problems.
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The area of water resources management has another property that
makes it a fortuitous choice for system design. In our estimation, four
key water problems are likely to arise between now and 1985 in the
following order: [1] dam safety, [2] saline intrusion in ground water,
[3] sporadic municipal water shortages, and [4] long term depletion of
the Missouri River Basin supply. The information management needs of
these four problems, 1isted in this same order, range from relatively
simple to quite complex. Thus, they form a natural progression on which
to base system growth.

Our plan for a system design centered on these four problems assumes
that all four, though now perceived with varying degrees of urgency,
will grow to be of such concern that they survive competition for state
funds. This prediction may be inaccurate. Even if it is, our plan will
remain useful as a guide for allocating the correct Tevels of time,
money, and effort for system development.

Before we describe the current and 1ikely future state water resources
management activities on which we base the plan, we 1ist involved
state government institutions. Three agencies play major roles: the
Department of Natural Resources {DNR}, the Conservation Commission (CC),
and the O0ffice of Administration {0A). Three divisions of the DNR are
particularly active in both water and energy programs. The Division of
Geology and Land Survey (DGLS) supplies much of the state's natural
resources data and administers most of the hydrological data collection
programs described later in this chapter. The Division of Environmental
Quality (DEQ) bears major enforcement and administrative responsibility
for state programs directed at upgrading or controlling natural resources
uses. The Division of Planning and Policy Development (DPPD) analyzes and

recommends new programs on the basis of data inputs from both DGLS and DPPD.
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From a systems point of view, DGLS is a provider of scientific data,
DEQ is both a user of scientific data and a provider of state program
data, and DPPD is a user of both types of data, as are 0A and CC.

Figure 3-1 depicts these interchanges.

BNR, CC, and OA cooperate in NRIS planning in the Interdepartmental
Council on MNatural Resources Information (ICNRI). This Council counts
as members representatives from all Missouri agencies with responsi-
bilities that impact the state's natural resources.*

We devote the rest of this chapter to analyzing Missouri's water
resources activities relevant to systems design. Section 3.2 reviews
current state programs, and Section 3.3 analyzes the four key probiems.

Section 3.4 Tisis some Tess critical areas of application for the infor-

mation system.

*Further information on state organization relative to NRIS development
is available in the quarterly progress reports of this project and of the
project now being performed for NASA by DGLS (4 ).
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3.2 REVIEW OF CURRENT WATER DATA COLLECTION ACTIVITIES

After identifying water supply as the initial focal issue, we studied
current state water resources data collection activities. Especially
since the upcoming crises are anticipated to be of supply rather than
guality (11), we directed attention to supply-related programs.

Funding for these programs falls into three categories: federal,
federal-state co-cp, and state. The Corps of Engineers supplies the bulk
of federal funds, exceeding all other sources combined. The United
States Geological Survey Water Resources Division (USGS-WRD) earmarks
certain funds for data coilection, usually by USGS-WRD personnel, on a
cooperative basis with the state, each partner contributing fifty per
cent of the total project costs. Funding for state programs derives
solely from general revenue budgets. State activities, Tess structured
than the federally funded programs, amount more to problem responsiveness
than government-initiated activity.

Water data collection programs in Missouri fall into two categories:
basic and specific. Basic data collection programs generally cover most
of the state. Analysis of historic patterns in basic data heips pre-
dict effects of proposed actions. Current basic data collection acti-
vities attempt to characterize water, ground water, and water'quality
dynamics. These programs develop data files on subsurface geology,
soil type, mineral deposits, and water well yield, to name a few.

In addition to these state~funded basic data programs, co-op funded
ones produce both surface and groundwater data. A network of stream
gaging stations collects the surface water, while specially equipped wells
distributed across the state monitor ground water levels and guality.

The state routinely examines these data.
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Specific programs, the second category of water data collection
activities, dea} with one-time problems and are usually narrowly focussed
geographically. An example is a program established to detect the causes
of salinization of the ground water supply in a four-county region in
east-central Missouri, the Audrain-Boone-Callaway-Montgomery group.

This project has arisen from a strong Tocal variation in groundwater
quality observed in the statewide basic data collection program. These
ﬁostly rural countries have experienced rapid increase of agricultural
intensity, especially by means of irrigation. DGLS reports a phenomenal
increase in reported bedrock well drillings. This increase naturally
raises questions concerning the limits of the underground aquifer as a
renewable source of water for continued use, and the data collection pro-
gram has recently been expanded to include the fifteen-county region
along a 1ine from Barton County in the southwest to Audrian in the north-
east (12).

The longevity of the data in basic and specific programs differs
markedly., While continuity is important in basic data, the value of
specific data usually decreases as the importance of the relevant pro-
blem does. Despite this difference, the two classes of programs are
strongly interdependent. The design of a specific program arises {from
basic data already accumulated, while the results of specific data col-
lection programs often cause modifications in an on-going basic data
program. As an example, the four-county study mentioned above has pro-
moted consideration of a more extensive study of the entire northwestern
half of the state which seems prone to the same saline intrusion. The
delineation of that area was based on a combination of information from

the basic data store, including soil type, mineral deposits and subsurface
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geology. The salinization problem is severe and probably permanent, so
this program will Tikely continue indefinitely and become a basic data
collection program.

The next two subsections describe two water data collection programs

of particular interest in our plan.

3.2.1 The 1974 Dam Inventory

The state Department of Natural Resources, Division of Geology and
Land Survey (DGLS) conducted an inventory of dams for the Corps of
Engineers in 1974. Entirely funded by the Corps of Engineers under the
National Dam Safety Act of 1973, the program was staffed solely by
Missouri personnel. The procedure started with locating dams by visual
inspection of aerial photography, Skylab photos, and LANDSAT imagery, and
continued with aerial inspection of the 2315 water impoundments located
and surveys to establish ownership and other data on each dam. The
information was computerized into a sequential file and tabulated in
printed format, a sample of which appears as Table 3-1. This work is the
sole computer application performed on water resources data by DGLS. It
now serves simply as an administrative tabulation and is not yet a system
for geographic analysis. Since funding from the Corps has expired, no

further work has been done in keeping the inventory updated.

3.2.2 Well Logs

The second program is the voluntary collection of well log data
performed by the private well drillers across the state. Beginning in
1908, many well drillers began to store their well logs at the Missouri
Geologic Survey in Rolla. Though there is no Tegal compulsicn to do so0,

the practice continues, and about 30,000 records are now on file. A well
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fog is a written and graphic record of the various materials that the
drill bit encounters as it churns its way toward bedrock. Many of the
well drillers have devised elaborate pictorial records of their experi-
ence. Figure 3-2 is a facsimile of a typical well log. The information
contained is valuable both for well drillers, when they encounter problems
in drilling new wells, and to the public. The aggregate information
contained presents & picture of Missouri's geologic structure related to

ground water.
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3.3 EMERGENT ISSUES

Our review of current activity identified four significant water
supply related problems. At present perceived with varying levels of
urgency, they may soon grow into very visible public issues. These
problems, in the chronologic order in which they are Tikely to become
important (13) are: 1) dam safety, 2) ground water quality deteriora-
tion, 3) sporadic municipal water shortages, and 4) long term depletion
of the Missouri River Basin supply.

These problems share three properties that make them Tikely vehicles
for long-term development of an NRIS capability in the state: visibi-
1ity, complexity, and permanence. Each will command sufficient attention
that a substantial response will be required. The dam safety problem is
one case in point. One major newspaper has been carrying both a series of
articles on the potential for disaster and several editorial statements
urging the Legislature to act (14). This publicity may force Missouri's
legislature to pass a dam safety bill. Certainiy, potential saline
intrusion in half the state'’s ground water will result in similar concern
and TegisTative action,

In addition to being visible, each of the four problems is complex.
The result of a combination of social, economic, and natural factors,
they could each be dealt with in a variety of ways. As an example, as
sporadic water shortages become more frequent, a permit system to regulate
water usage will probably be suggesied as one means of dealing with the
probiem. Others will advocate water development projects that will
extend the resource. Planning for either of these approaches will require
basic data analysis of their relative benefits, employing demand and

supply, social and economic, and natural resource data.
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The third aspect of the problems is their permanence. There will be
no end to problems of water supply. Whether the basic policy is develop-
ment or conservation or a combination of the two, information systems
will be needed to design and monitor the solution programs.

We conclude that the four problems cited will create sufficient
demand for continued support of computerized information systems in state
government., A recent paper (15) prepared for NASA indicates that remote
sensing can serve as a significant input to a hydrological information
system. Thus, an information system serving these proB1ems is an
effective vehicle for the introduction of satellite technology into
state decision-making.

Sections 3.3.1 through 3.3.4 provide background on each of the-four
applications identified, discuss Tikely state responses to the issues,

and briefly indicate primary information system implications.

3.3.1 Dam Safety

Missouri is one of only eight states which do not require a permit
or license for the construction of a new dam and yet it is, with more than
2300, one of the top five in numbers of dams (16). Missouri has failed
to enact regulations on the construction of new dams and safety features
of older ones twice before, but the current attempt is given high 1ikeli-
hood of success (17). The new legislation anticipates a two-tiered
system of permits. One would cover construction, alteration, enlargement,
reduction, repair or removal of a dam or reservoir. The second would be
a safety permit to be required of all construction on dams of more than
fifteen feet in height or storing more than twenty-five acre Teet of
water. Safety permits would have a five year duration and reinspection

would be required for renewal (18).
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A key feature of the legisiation provides that an inventory of water
impoundments be maintained on an annual basis to monitor for new con-
struction (19). DGLS plans to carry out the annual update in a format
similar to the 1974 inventory (see Section 3.2.1). 1In a fiscal note
accompanying the bill, DGLS anticipates $100,000 annual expense, $30,000
for detection and information storage and $70,000 for inspection and
mailed surveys (19). In this financial estimate, the method of impound-
ment detection 1s assumed to be similar to the manual techniques used in
the 1974 inventory.

A LANDSAT-based computerized information system could play two main
roles in this application. It could Tocate the new impoundments annually
by LANDSAT-based techniques, increasing inspection efficiency, and it
could assist in monitoring the permit/inspection program by the use of

conventional data base management techniques.

3.3.2 Ground Water Quality Deterioration

A pattern of ground water quality deterioration is developing in
northwestern Missouri. This apparent problem of quality is a symptom of
a groundwater supply shortage. Overpumping the groundwater results in
pressure drops that allow more deeply buried saline water to intrude
into the lens of fresh water on top, degrading its quality. Overpumping
seems to be the result of two major factors: primarily increased irri-
gation and also increased municipal water use in the region. The
increased irrigation has been made possible by relatively inexpensive
new technologies. The situation is expected to worsen, with a 500% increase
in consumption use for irrigation predicted by 1985 (20). In the future,
large additional demands may be made on the water supply in the same

stressed areas by proposed coal gasification plants.
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The solution must be to achieve a balance between supply and demand
to a]]o@ the fresh water to renew itself. When withdrawals are made in
moderation, the overlying lens of freshwater recharges naturally by per-
colation of fresh water from the surface. If intrusion of salt water
continues, the fresh water supply can become completely and irreversibly
ruined. Control methods that are after-the-fact (e.g. flushing and
recharge) have been shown to be prohibitively expensive for use in
Missouri (12).

Missouri has the opportunity to take some preventive measures early
in the salinization process, rather than waiting for irremediable damage
to occur. A program of balanced water use management in northwestern
Missouri could alleviate this critical problem. Two current activities
indicate the 1ikely state response. DGLS has initiated a Co-op program
with USGS-WRD to study and model patterns of water use throughout the
state. Furthermore, the State lLegislature and the DGLS have been
investigating the Teasibility of a permit system to Timit agricultural
water use in critical regions (21).

Each of these activities gears on information system design. Though
the DLGS Co-op project is funded only for exploratory studies using
existing data sources, the long range water use study will require input
of socio-economic factors, land use patterns, and irrigation practices.

The information system response to ground water shortages should
occur in two phases. Phase I, to be performed while more accurate data
is being encoded, provides a state-wide assessment at the 1:250,000 Tevel.

Phase II extends this capability to allow more cetailled site analysis.
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3.3.3 Sporadic Municipal Water Shortages

The summer of 1977 saw severe water shortages in Higginsvilie,
Missouri and several surrounding communities in the western part of the
state and about forty km. (25 wi.) north of the Missouri River. Higgins-
ville had built a municipal reservoir several years ago and, assuming
normal supply conditions would centinue, had over the years agreed to
supply municipal water to about a dozen nearby smaller communities. In
1977, supply failed to meet expectations, necessitating a municipal water .
rationing program as severe as those instituted in the arid western
states. Higginsville called upon the state government for assistance (22).

Increasingly frequent industrial, municipal and agricultural water
supply shortages have inspired a committee of the Missouri House of
Representatives to investigate water rights legislation. Missouri has
not in the past suffered from water shortages, and sc there is not a very
extensive body of state Taw or precedent to serve as a guide. Surface
water rights in Missouri are based on the common-law doctrine of
"riparian" rights derived from ownership of adjacent land. Rights to
ground water are based on the informal principie of reasonable use by
the owner of the overlying land.

The state now Tooks to others, 1ike Texas, which have longer
experience with the problem and have developed methods of dealing with
it (see Appendix F). Imposing 1imitations on water rights creates the
need for more complete and more timely information to perform and
monitor the allecation of rights. Texas employs three hundred people to
administer this phase of water conservation.

The state can deal with supply shortages by conservation and develop-
ment. Conservation programs can either be voluntary or mandated by regu-

Tation such as water permits for drilling wells or diverting steam flow,



-32-

Timitations cf ﬁunicipa1 supply, or even rationed meter allocations.
Development efforts can decrease evapotranspiration losses by storage

of water in underground aquifers or surface reservoirs. Use of such
buffer storages for agricultural irrigation supply would have the effect
of decreasing séress on shallow aguifers.

An information system serving this application would require geo-
graphically based demographic data sources and software to permit point
and line structures. Demographic data will include population, housing,
industry, and both municipal and industrial usage patterns. Point and
line data structures can characterize municipal water use, which unlike

groundwater demand patterns are rather narrowly focussed geographically.

3.3.4 Missouri River Basin Depletion

Over half the state lies in the Missouri River basin (see Figure
3-3), and so the continued supply of water in sufficient quantity from
that basin is critical. Increased demand for the river's water comes
both from within and outside the state. Consumptive uses within the
state are primarily for irrigation and for coal~fueled electrical power
generation. Nuclear powerplant generation and coal gasification plants
portend increased consumption.

A recent study shows the significance of the energy-water supply
interaction to be a severe constraint on any energy cr water development
plan (23). A nuclear plant is currently being constructed on the
Missouri River about five miles from Jefferson City. Coal gasification
plants have been proposed both for centrally located Boone County and
for the town of Milan in north-central Sullivan County. Both of these
sites Tie in the region of potential salt water intrusion. Since coal

gasification is highly consumptive of water {on the order of 103 Titers



-33-

~ e
.,:.-".:.555‘.,_‘,- £ " gy n
I S TED o
3 % =
} ) \ S EANADA
, e P F _ UNITEDS RTATELS
5 ™, NORTH DA«OTA
£ Py . Laxr S, - »
5 2 FAXAXAWLL “-‘ 1
kL,
= MON - rots ree ) H
\5* “,F"‘ TANA ‘sanurm: ‘?ﬂ Py \._m_“' - \
= &
@ - L
f"‘ O 5:' 'l_ SCALE 1/1,300.000
(G, ¢f- D B oo 3 K 200
% APFRORIMATE  SCALE ™ MRLES
4|
“zy, A
% <
MINNESOTA f
}
ERL
B!
5t
&=
3
%
L{wrr augd
cetar Laxp
i >
T, vy NEBRASKA areed
b
——5 ! 4
U >
o ST p
~e= [ 3 M e
E’: 4 /
LN
L e,
R )% g S
e S e, A Y
COLORADO - St
KANSAS

LEGEND

Vpas5™ Diipgss  BALIR SOUNDIRT

N T e FATIIGIELAIS BEVEIISAN

Figure 3-3. Missouri Basin Map (20)

ORIGINAL PAGE 15
OF POOR QUALITY



-34-

(gallons) per minute in a typical plant) this use could put the entire
northern Missouri région in jeopardy when -superimposed on irrigation.'

Overshadowing the question of uses of the flow within the state of
Missouri is the viability of the source of the flow. Missouri occupies
the extreme downstream position in the Missouri River Basin and is
therefore affected by the uses and amounts withdrawn by all of the Upper
Basin states (see Figure 3-3). The issues are difficult interstate
questions of water rights. That there does not exist adequate data even
to indicate the extent and severity of the problem compounds the difficulty.
Estimates of flow into Missouri varied by 7.4 x 109 meter53 (5 x ]06
acre-feet) between the 1971 study by the Missouri River Basin Commission
and comparable estimates for the same period made by the National Water
Resources Council (20).

Two examples serve to illustrate how upper basin uses affect the supply
of water into Missouri. The Pick-Sioan Plan, established by Congress fin
1944, authorized North Dakota, South Dakota, and Montana to draw off
enough water to maintain certain levels in six major federal reservoirs.
Extensive use of center pivot irrigation, with its high evaporation
factor, has resulted in additional consumptive use upstream. The net
effect has been a startling decrease in flow into Missouri between 1970
and 1975 and predictions of significant continued decreases. Using
consistent procedures for estimation, Water Resources Council figures
indicate that annual flow near Hermann, Missouri at the mouth of the

010

Missouri River, declined from 7.9 x 10'C metersS (53.6 million acre-feet)

10 meter53 (49.4 million acre-feet) in 1975. These

10

in 1970 to 7.3 x 10
declines will continue with a flow of 6.8 x 10 meter3 (46 million
acre‘feet) predicted for 1985, compared to the estimated free flow of

9.6 x 10]0 meter'3 (65 million acre-feet) (20). Voicing these concerns,
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Governor Teasdale made the following formal resolution at the Basin
Commission meeting in February, 1977:

"Be it resolved that the several States that together com-
prise the Missouri River Basin petition the Federal Govern-
ment through the Missouri River Basin Commission to develop
within the several States a cooperative water data system
adequate for assessing the current and future water uses
within the basin. This data base is to be used as a predic-
tive tool to evaluate effects of jndividual water development
projects in the basin as they relate to long range planning,
water use, and water needs." {(24)

The Commission has responded to the resolution by entering informa-
tion system planning into its priority schedule. Development of a pre-
Timinary information system plan has received top priority in its 71980
work plan. In parallel with the proposed overall basin flow information

system, Missouri may need to develop water accountancy systems for its

own uses. (25)



3.4 OQTHER NEEDS

The previous section chose four emerging issues because they currently
seem the most compelling problems 1ikely to arise through the early '80's.
This section suggests several lower-pricrity needs to which the system
could also be geared. Several will be included in the plan of Chapter 4
because they are components of the four major issues. Interest in using
the system for other applications should grow as its capabilities

develop.

3.4.1 Federally Mandated Programs

Much has been written about the potential of remote sensing in the -
preparation of water quality (EPA 208) plans. However, we recommend
against basing an information system plan on this program or other federal
reporting requirements. EPA 208 is motivated primarily by federal
requirements external to the state's normal pianning process, and
therefore it may not be perceived with the same immediacy as programs

demanded by the electorate.

3.4.2 0Other Possible Missouri WRIS Applications

We Tist without detailed comment other applications that were
suggested by state agency personnel.

1. Water Quality Monitoring

The system could provide daily, weekly or less frequent reports on

the status of water quality in any monitored water body.

2. Site Evaluation Studies

A program to use weighting factors to calculate an optimum site for

a particular facility or activity could be developed.
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3. Drought or Flood Monitoring

The system could update information on water levels or help in
assessing damage.

4, Reservoir Monitoring

The system could be used to watch changes in levels of water supply
due to changes in recharge or demand. -

5. Biotic Community Studies

The system could store data on environmental factors relating to
population levels of aguatic organisms.

6. Planning Public Drinking Water Systems

The system could supply data on quality, amount of demand, areas
of highest demand.
7. Fish and Wildlife Management Activities

1

A LANDSAT-based system could assist in mapping and assessing environ-

mental quality of wetlands which are prime habitats for wildlife.

8. Measurement of Potential for Flood Damage

The potential can be calculated from data on water bodies, topo-
graphy, ¢ivil structures, crops, industry, homes, etc., some of which
might be contained in the system.,

9. Mapping of Water Resources

The system could be instrumental in mapping any of above themes.
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CHAPTER 4
A PLAN FOR THE DEVELOPMENT OF A NATURAL
RESOURCES INFORMATIOM SYSTEM
IN MISSOURI

4i1 0BJECTIVES OF THE PLAN

This chapter plans development of the technical components of a
natural resources information system for Missouri. We 1list, cost, and
schedule procurements, hiring, training, software development, and other
elements required to construct the infermation system.

To describe the goals of this chapter more clearly, it is helpful
to delineate the scope and meaning of the words, "natural resources
information system (NRIS)." 1In the view of some, these words are syno~
nomous with "computerized geographic information system (CGIS)," that is,
a set of computer programs for managing files of geographically referenced
data. In our usage, however, an NRIS includes CGIS components and much
more. In addition to computer programs and data files, an NRIS com-
prises computer hardware and associated peripherals; personnel to plan,
adapt, and operate the computerized system and to relate system activity
to user needs; and training programs for these persons. Furthermore, as
important as these visible elements of an NRIS are the system's institu-
tional and policy aspects: the organizational structure for housing,
controlling, and funding the system; the policies of administration and
access; and the system's relationship to other state information management
activities.

Thus, planning an NRIS requires a design that includes all of its
elements, visible ones such as hardware, software, and personnel as well
as institutional and policy aspects. With one exception, this chapter

focusses on the visible systsm components, Teaving discussions of
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institutions and policy to Chapter 5. The exception is Section

4.2, which briefly reviews broad organizational alternatives for the
NRIS and chooses one on which to base the component planniﬁg in the rest
of the chapter. This procedure s necessary because, as Section 4.2
explains, the institutional organization of the NRIS strongly influences
the choice of its components.

Qur goals are to plan a practical, useful, and attractive system.

We achieve practicality by making full use of available resources -

e.g. existing state computer systems and skilled personnel. Utility and
attractiveness initially seem difficult to accomplish simulatencusly.

To be useful, the system must address high priority applications, such
as Chapter 3's problems. However, these probiems are also compliex, and
may require a complex information system. Yet past experience (8)
suggests that simpie systems, which can be implemented quickly,

and do not disrupt existing structures, are initially more attractive

to users.

We believe that our plan strikes a compromise between the apparently
conflicting goals of utility and attractiveness. The system proceeds in
manageable steps from an initial, fairly simple, pilot system, easily
within the reach of present-day state resources. The initial system handles
one water resources problem - dam safety. The final configuration,
achieved over time, is a water resources information system useful in all
the priority applications in Chapter 3.

This chapter contains three additional sections. Section 4.2 reviews
some alternative organizational frameworks for the NRIS. After choosing
one of these frameworks as a basis for our plan, we plan acquisition of
system components‘ (hardware, software, personnel, training) in Section

4,3, Section 4.4 schedules and costs the planned developments.
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4.2 ORGANIZATIONAL ALTERNMATIVES FOR THE MISSOURI NRIS

This section describes four organizational alternatives for the
Missouri NRIS: [1] Single Agency, [2] Hierarchical, [3] Linked Network,
and [4] Modified Linked Network. These four alternatives are not
original with us, having been first suggested by the National Water Data
Exchange {NAWDEX). The Texas NRIS was consciously patterned after
the Linked Network approach (26). In Missouri, the Information Systems
subcommittee of ICNRI, responsibTle for NRIS planning, has given the four

options some consideration but has not yet achieved a consensus (27).

4.2.1 Single Agency

This alternative grants a single (existing or new) agency responsi-
bility for all natural resources information processing. This agency can
require others to submit data to the shared information system. The
organizational structure of this alternative is the simplest possible
{(Figure 4-1). The other agencies of state government continue to carry
out their statutory responsibilities in the areas of data collection and
dissemination. but all use the sole computerized geographic data analysis
capability residing in the NRIS agency.

Systeé components in this organization would be chosen primarily to
serve the needs of the lead agency. For example, the CGIS would most
appropriately be designed around the computer system serving the NRIS
agency and new applications would be evaluated in 1ight of that agency's

priorities.

4,2,.2 Hierarchical Organization

As in the Single Agency option, this option requires designating
a single agency center as an "Analysis Center." The Analysis Center

possesses the most highly developed computerized geographic information
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processing capability. Unlike the Single Agency option, however, this
design calls for the establishment of several hierarchical levels of
"Access Centers," with technical capabilities, in various state agencies.

Agency personnel or other users submit a data request to a designated
Access Center, where it is fulfilled if it 1ies within that Center's
capability. Otherwise the request is successively referred to the next
higher center until it can bes met. Several levels of Access Centers are
theoretically possible, each increasingly generalized in scope of activity
as one goes up the hierarchy from mission agency to Analysis Center.
Figure 4-2 illustrates the general, multi-level structure. Due to
Missouri's current high degree of centralization, it may be considered
unlikely that more than one level will be required in our particular
case.

Components at the various Analysis Centers are likely to duplicate
processing or input functions performed in other Analysis Centers.
Duplication is generally undesirabie unless sufficient Toad exists to

require duplicate capabilities.

4.2.3 Linked Network

This option consists of several system centers, one in each of a
number of state agencies. Each center performs its own activities as man-
dated by statute and agency planning. A voluntary interagency task force
coordinates planning among the separate centers. IT ICNRI is considered
to be the coordinating/planning organization, this is, in effect, the
current structure in Missouri, Figure 4-3 depicts this structure,

This structure is agency-oriented rather than problem-oriented.
Though an advantage of this approach is minimal disruption of existing

agency organization, that 1is also its chief shortcoming. Division of
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responsibility for information system development among the various
agencies may result in a Tack of impetus to construct the system by
precluding the development of "critical mass" of talent and technical
capability within any single agency. Furthermore, this organization

also may suffer from duplication of effort and lack of coordination.

4.2.4 Modified Linked Network

A final alternative combines the preceding two. In the Modified
Linked Network, one of the agencies in the Tinked network acquires the
additional personnel, equipment and other resources to provide the
"critical mass® missing in the Linked Network. This unit, "System
Central" {(SC), becomes a resource to the other agencies, guaranteeing
that sufficient talent and equipment will exist in at Teast one point in
state government to provide the impetus for system development. Each
agency has access to that capability.

This option retains the advantage of the Linked Network. Existing
activities, particularly those mandated by statute, continue uninterrupted
in each of the agencies in the linked network. This option differs from the
Single Agency option, since the separate agencies are not obliged to use
the resources of “System Central". In fact, they would be free to develcp
their own geographic information system capabilities if they see fit.
Thus, a potential disadvantage of this system is that redundancy may
decrease system economy and efficiency. Figure 4-4 illustrates the
structure.

4,2.5 Choice of an Assumed NRIS Organizational Structure
for the Remainder of Chapter 4

We base the plan of Section 4.3 on the Modified Linked Network

Structure. The most compelling reason for this choice is that it appears
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to insure continuing impetus and budget support for system development,
while causing only minimal disruption of existing institutional structures.
We do not regard the potential duplication of effort present in this

option as a serious concern.
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4.3 A PLAN FOR SYSTEM DEVELOPMENT

This section presents a system development plan based on the four
water supply issues identified in Chapter 3. This plan describes, costs
and schedules acquisition of system components (data, hardware, software
and personnel).

Table 4-7 summarizes the information management processes needed to
serve the first three applications. The fourth, basin modeling, is more
a system design goal than a specific activity. The table's first column
Tists and dates the three other applications; the second lists sub-
applications, if any. The remaining three columns specify the system's
processing in each subapplication by 1isting the input data, the trans-
formation process, and the information products produced at output.

More specific tables on data files, hardware, software, and personnel
skill levels appear in Sections 4.3.1 through 4.3.5.

For dam safety, the first application, Table 4-1 Tists two sub-
applications: dam location and the dam inventory/permit system. The two
activities begin concurrently, but in different Tocations. Dam Tocation
using remo%e sensing requires hardware, software and expertise located at
DGLS in Rolla, while the administrative systems for dam inventory and
permits should reside at DNR headquarters in Jefferson City.

The groundwater shortage application (center of first column) is
also subdivided. Phase I provides a statewide problem assessment based on
readily available data and existing capabilities, while Phase II is site-
specific, requiring refined data sources and technical capabilities
developed during Phase I.

We do not subdivide the municipal water shortages application. A slower,
two-phase approach may be precluded by this problem's visibility and

population impact, which could demand immediate, site specific responses.



Table 4-1: HNRIS Planning Framework

Over Stressed Areas
Detailed Subsurface Geclogy
Detailed So1ls Data

Site Specific Projects

Subapplications
Application (If Any) Input Data Transformation Process Information Products
Dam Safety Dam Location Multitemporal LANDSAT CCT'S Computerized Image Registration Maps and Tables of New Water
1978-1979 and Classificatian Impoundments Since Last
Inventory
Dam Inventory New Dam Location File On-Line Information Retrieval Surface Water Inventory
Permit Adwinistration Data Construction Patterns
Safety Inspection Data
Dam Permit System Permit Apptications Data Base Management of Permits Permit Administrative Data
New Dam lLocation File Individual Programs Program Compliance Monitoring
Summary Reports
Groundwater Phase I Surface Water Inventory Data Base Management of Identification of Stressed
Shortages 1979-1980 Generalized Groundwater Hydrologic Supply Information Groundwater Areas
1979-1981 Characteristics and Demand Information Demand Projection Information
Irrigation Demand Surface Water Supply Reports
Phase II Stressed Groundwater Areas Combining Input Data to Assist in| Estimates of State Program's
1980-1981 Land Use and Crop Data Predicing Localized Effects of Effect on Supply Increase

Or Demand

Information for Determining
Location and Capacity of New
Agricultural Reservoirs

HMunicipal and
Industmal
Shortages
1981-1983

Demographic and Industrial
Data: Usage Rates,
Location

Econome Data

Stream and Reservoir
Locations

Combining Municipal and Indus-
trial Data with Geographically-
Referenced Hydrologic Supply
Demand Data Base

Information for Water Use Pro-
gram Monitoring

Information for Prediction of
Municipal Shortages

Information to Evaluate Pro-
posed Industry Water Demands

-617_
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The table also displays rough estimates of dates for each application.
Dam Safety, of current (1978-1979) concern, soon should be budgeted by the
state. Information on agricultural supply will be required for studies on
water use patterns and salinization progress in about 1979-81. Considera-
tions of municipal and industrial water use regulation should follow in
1982. Finally, we target technical capability for hydrologic modeling
for 1983-85.

Overall, this schedule fits our scheme of systematically increasing
system capability. The plan begins with a relatively simple remote sensing
application, detection of surface water from LANDSAT, and proceeds to
develop a compiex, satellite-based,ccomputerized hydrologic modeling
capability. In this way, hardware, software, and personnel can be acquired
gradually; data outputs of earlier applications can serve as inputs to
later ones; and Tater applications can employ skills that earlier ones
deveiop.

We should emphasize that this section reports only our implementation
plan., Our overall goal, to increase Missouri's ability to handle geo-
coded natural resource information, may not be obvious in the details of
the plan described here. In this section, the only users mentioned are
divisions of DNR, and the only theme addressed is water supply. We expect
that these agencies and this theme will eventually represent only a small
portion of state NRIS activity, once the word has spread.

As a final preliminary before presenting our pian, we consider
current relevant computer capability in the state and make some assump-
tions about future developments. A provision is being made for a DNR

computer system; curvrently the agency does not have one. The DNR is
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developing a data processing plan for 0A's Officg of EDP Centralization,
Wh‘iCi‘i will factor it into a state plan. As a result, DNR will either buy
its own hardware or use the services of one of the state's computer
centers., Because excess capacity exists in a recently expanded EDP-C
center, it is 1ikely that DNR needs wil] be assigned to an IBM 370/148
there. Our plan makes that assumption, but the plan should be easy to
modify if DNR acquires its own hardware. If it does, DNR hardware specifi-
cations must allow for System Central's loading.

We assume further that both DEQ and DPPD will have remote terminals
to the EDP-C system. The size and scope of DEQ activities will justify
Tocating remote terminals at the DEQ offices in Jefferson City. Though
DPPD is a smaller unit with no operational program involvement, DPPD is
housed in DNR headquarters, the likely site of-another remote terminal.

It is reasonable to assume that both terminals are justified entirely by
existing programs, independently of CGIS development. If DANR decideé to
acquire its own hardware, a Tink between DEQ and DNR headquarters will also
be necessary. This Tink could either be a remote terminal to computer
connection or a network of two minicomputers.

These preliminaries complete, the rest of this section presents our
implementation plan for a system to serve the four key water resources
problems. Section 4.3.1.covers the Dam Safety application; Sections 4.3.2
and 4.3.3, the two phases of the Groundwater Shortage application; and
4.3.4 and 4.3.5 cover respectively Municipal Water Shortages and Basin

Modeling.

4,.3.1 Dam Safety: An Overview

The Dam Safety application comprises two subtasks: [1] Tocating new

impoundments and [2] maintaining the dam inventory and administering a



-52-

dam permit system. Locating new impoundments begins with annual detec-
tion and mapping of all water bodies in excess of five surface acres from
LANDSAT digital data. Comparing two maps taken in djfferent years pin-
points new construction. A map of new impoundments is helpful in planning
an efficient sequence of Tow altitude, visual inspection overflights;
thus it assists in the second subtask, maintaining the dam inventory (see
Chapter 3) and administering the permit system. This second subtask forms
the basis for enforcing the pending new dam-safety legislation. Our plan
calls for computerizing permit administration, which will Tikely be
assigned to DEQ. Moreover, we recommend the inventory file be stored in an
on-line, retrievable mode for analyzing construction patterns, evaluating
the effect of the current legislation and recommending future medifica-
tions. These activities are of the type normally performed by DPPD.

Qur plan reflects the information interchange among institutions
depicted in Figure 3-1. Scientific data is collected by DGLS, augmented
by DEQ program data and evaluated by DPPD. In the system's initial stages,
the information interchanges are off-line using commonly formated tapes,
while later stages of the plan provide for automated interchange. The

next section plans the first subtask, new impoundment Tocation.

4.3.1.1 New Impoundment Leocation

Figure 4-5 illustrates new impoundment location. Currently available
software carries out classification (see the rectangles numbered (1) on the
figure). The product is a digitized image with each pixel containing
either a "1" or a "0" to indicate water's presence or absence. The
Tirst time the system operates, both the current and the previous year's

LANDSAT computer-compatible tapes (CCT's) undergo classification. After
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the system has become operational, it saves the output of this process from
year to year.

To detect change, the process numbered (2), the computer compares the
current classified image with last year's, pixel by pixel, to find new
water bodies. On the output of this operation, the data again appears in
pixel format, but in this case with four classifications:

0 - Not water this year, Not water last year;

1 - Water this year, Water Tast year;

2 - Water this year, Not water last year;

3 - Not water this year, Water Tast year;
Categories 2 and 3 indicate either changes or errors. If they are
changes, then Z is a possible new impoundment, 3 a transitory water
formation.

Listing the possible new water impoundments, the process numbered
(3}, can be done either by generating a map on a 1ine printer at 1:24,000
or smaller scale or by printing a table of the centroid locations of each
water impoundment. The map is better for planning flight paths; the
table, as a checklist on safety inspections. Finally, the process
forwards a digital tape of new impoundment locations in tabular form to
SC for the second subtask, updating the dam inventory.

Sections 4.3.1.1.1 - 4.3.1.1.5 discuss data, software, hardware,

personnel, and output products of the new impoundment Tocation subtask.

4.3.1.1.17 Input Data
Input data needed are the current year's LANDSAT CCT's from late

spring or early summer for the entire state. The system should also retain

last year's CCT's from approximately the same time of year. (For the

SRIGINAL PAGE 18
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first year of operation, the 1974 CCT's should be ordered, since that was
the date of the most recent statewide dam inventory.) Since nine images
cover the state, the first year data cost is $3600 and recurring annual

costs are $1800.at current prices of $200 per CCT.

4.3.1.1.2 Software Required for New Impoundment Location

As mentioned, the system detects impoundments by registering and
classifying LANDSAT CCT's. A set of programs available as a package
normally combines software for both steps.

Because of water's unique spectral response, detection of water
bodies is a simple classification probiem. Nevertheless, in view of
anticipated expanded future use, we consider only software packages
with more general capabilities.

We investigated three software packages capable of dam location:
LIMAP (28), the DAM package (29), and the ELLTAB (30) routines. Since
the first is operational at Washington University, we were already familiar
with its features. We made site visits to observe the operation of the
latter two.

LIMAP is a derivative system of the LARSYS system (31), developed
for NASA by Purdue University. Both systems use clustering and maximum
Tikelihood' classification, causing relatively high operational costs. We
have acquired LIMAP and implemented it on the IBM 360/65 system at
Washington University. In general, we have found practical implementation
difficult, even in the tolerant academic environment of Washington Univer-
sity's computer center. We have had to make special arrangements fo run
the system due to excessive extended memory allocations. Under one approach,

7

we required 3 x 10" bytes of disk storage while another, less efficient

impTementation calls for five tapes mounted simultaneously.
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These practicat difficulties do not bode well for successful imple-
mentation in a Targe, production-oriented state government computer center
whose main concerns do not lie in the area of remote sensing classification.
We have investigated the possibility of the state contracting with Purdue
for implementation of LARSYS, but have rejected the approach as too costly
in 1ight of current state priorities (31).

The DAM (Detection and Mapping) package has been developed by NASA's
Johnson Space Flight Center for implementation on a UNIVAC 1100 series
system., DAM is used by Texas for both Tand use classification and sur-
face water detection, and personnel are satisfied with its performance and
ease of operation. DAM also is adapted from LARSYS, but with more pro-
visions than LIMAP for ease of registration.

Despite the lack of availability of Univac systems in Missouri state
government, we have investigated two alternatives for implementing DAM here:
to adapt the system to one of the state's IBM systems, or to perform the
annual update on a non-state owned system outside of state government, at
Teast as a validation test. We have found that, due to extensive references
to pecuiiar UNIVAC operating system features imbedded in the FORTRAN source
code, to convert to an IBM environment would require over three programmer
man-years (32).

The Defense Mapping Agency, headquartered Jocally in St. Louis, has
assisted us in investigating impiementation outside state government. It
owns UNIVAC 1100 series computers and has acquired copies of the DAM system.
Agency personnel have tested the system on Missouri data but report such
difficulty in implementation that we reject this approach as well.

The Earth Resources Laboratory at S1idell, Louisiana has developed

the ELLTAB table lookup system, which offers significant economic advantage
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over the others due to increased classification speed and smaller hardware
requirements. The software applies maximum likelihood techniques to a
training sample to determine the shape of the classification regions. Then
the proper classification of each possible combination of four band spectral
responses (33) is stored in main memory. The compact table storage used

in ELLTAB requires only about 12,000 sixteen bit words of minicomputer
MmEmory .

Classification of the entire scene is a simple table lookup procedure,
resulting in time reductions of several orders of magnitude compared to
LARSYS (34). A second advantage is ELLTAB's transferability to various
minicomputer hardware systems, allowing a trial period on a rental system
before hardware purchase must be committed (30). This is an important
feature since Missouri, 1ike many states, is reluctant to purchase hard-
ware and until full operational loads have been demonstrated.

In summary, of the three software packages investigéted we find
ELLTAB the only feasible one for Missouri.

Once the system identifies water impoundments in both the 1974 and
current scenes, discovering the new water impoundments requires a change
detection algorithm. Detection of change can be done manually by produc-
ing two classified images on mylar, overlaying them, and manually noting
changes. However, to provide digitized inputs to SC, we recommend programm-

ing a change detection algorithm on the computer used for classification.

4.3.1.1.3 Hardware Required for New Impoundment location

The choices of computer hardware and software are interdependent;:
the ELLTAB software system requires specific hardware. Table 4-2,
taken from an ERL report (35), presents minimum and desired minicomputer
support system specifications for ELLTAB. Total 1978 system prices remain

in the range of $75,000 to $150,000,
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Table 4-2

Data Analysis System (35)

Characteristic

Requirements

Minimum

Desired

Central processor unit with
operator's console

Memory

Tape drives (computer-
compatible tape)

Disk (rotating memory device)

Line printer
Electrostatic printer
Card reader
Floating~point hardware

Microprogrammable writable
control storage

Operating executive system
FORTRAN compiler

Approximate cost {1975 prices)

Required

16,000 16-bit words

Two 7- or 9-track
drives

12,000,000
16-bit words

Required
Not required
Required
Not required

Not required

Not required
Required

$75,000 to $80,000

Required

64,000 16-bit words
(dual port)

Two 9-track drives,
3.05 m/sec (120 in/
sec), 315 bytes/cm
(800 htyes/in}

46,000,000
16=bit words

Required
Required
Required
Required

Required

Required
Required

$150,000
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The hardware listed suffices for dam location. A highly dgsirab]e
addition, however, is the image display system, which displays a portion
of an image (512 x 512 pixels) on the cathode ray tube (CRT) of 58 cm
(23") diagonal color television screen at a scale of approximately
1:43,000. The user can observe image classification and interact with the
system using this device. Purchase cost of the image display system 1is
about $45,000, including a necessary operator's console and channel ‘
interface (35). This brings the total hardware cost to the range of
$120,000 - $200,000,

The total costs in Table 4-3 assume minicomputer use, but another
option is to adapt the ELLTAB software to a larger state-owned mainframe,
1ike EDP-C's IBM 370/148. We recommend against this approach for several
reasons. Though ELLTAB is less demanding of system resources than LIMAP,
its installation would also disrupt operations at the state computer

center, The desired 4.6 x 107

bytes of mass storage (see Table 4-2)
requires allocating a dedicated disk drive. The image processing system
requires an additional hardware channel. Most important, the complex
scheduling procedures necessary in large production oriented centers 1imit
system accessibility.

The new impoundment location activity can realize a potential savings
of $30,000 in state operations (see Chapter 3). Therefore it alane does
not justify hardware purchase. However, the University of Missouri at
Rolla has recently installed a VARIAN minicomputer system meeting the
specifications of Table 4-2 and has implemented the ELLTAB classification
system as its sole application. Though the systems serves university
research and educational users first, the state can rent available time for.

approximately $50 per hour (see Chapter 5). Sufficient time will be availa-

ble since both the state's and the University's initial use will be Timited.
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As both classes of use grow, the state must eventually decide either to
acquire its own hardware or to find other sources. We anticipate this

contingency later in the plan.

4.3.1.1.4 Personnel Required for New Impoundment Location

ImpTlementing and operating computerized remote sensing classification
systems requires the full-time services of one scientific computer pro-
grammer with knowledge and experience in FORTRAN programming, minicom-
puters and geographic referencing and coding systems.

There is a shortage of personnel possessing these computer skills
within state government. The plan calls for hiring a person with the
necessary scientific computer programming background. Since the
programmer is not Tikely to have image processing and CGIS experience,
generous project time estimates must be allowed for learning. Running
ELLTAB and developing and coding the change detection algorithms will
assist in learning by giving the programmer detailed technical familiarity
with LANDSAT image data processing formats and procedures.

An additional personnel requirement arises from the needs for an
hydrologist's advice and for ground truthing. We recommend that this role
either be carried out by one hydrologist already employed by the state,
or better, if more personnel are available, that it be divided among
several state planners, geologists, engineers and surveyors chosen for
familiarity with the geographic region of interest. The second approach
maximizes exposure of state personnel to remote sensing techniques, gain-

ing early user involvement.

4.3.1.1.5 New Impoundment Location Output
The dam location subtask provides annually a list of new impoundment

tocations by latitude and longitude for impoundments of more than five
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acres in surface area. This output has two uses. In its hardcopy (map
or tabular) form, it is useful for planning inspection overflights. It
can be printed in checklist form for collecting additional information at
the site. In its computer-readable form, it provides an important link
to the dam inventory/permit system subtask, since the LANDSAT observed
impoundments file can be compared to the construction permit applications

file to monitor compliance with the regulations.

4.3.7.1.6 New Impoundment Location: Summary

In summary, this subtask provides fundamental hardware, software,
data sources and personnel skills for LANDSAT classification. In parti-
cular, it is a vehicle for on-the-job training of state employees in the
use of LANDSAT classification systems. These skills are nacessary inputs
to the next application. Table 4-3 1ists the hardware, software, data,‘

and personnel requirements for this application.

4.3.1.2 Dam Inventory/Permit System

The second and third rows of Table 4-1 detail the procedures of the
Dam Inventory and the Dam Permit System. Figure 4-6 illustrates this
annual process. These procedures should be performed on the SC computer
in Jefferson City to permit routine access to the information by DEQ and
DPPD.

Though DNR has previously had only minimal scientific computer
experience, the data proéessing required js of the kind normally performed
by state agencies.. A new development needed, however, is to provide for
updating the dam inventory data base {see Chapter 3) from two sources,
DGLS and DEQ, and allowing data base inquiry by DPPD., This development
calls for the use of a conventional computerized data base management

system (DBMS) at SC.



Table 4-3

Dam Location Requirements Summary

Data

Hardware

Software

Personnel

18
LANDSAT
CCT's

Minicomputer system of
Table 4-2:

Bisk storage: 12 x 106 bytes
Main memory: 16 K hytes
Display: Image display
subsystem (optional)
(total purchase price range
$75,000 - $200,000)

ELLTAB classification
system

Change detection
algorithm (to be
coded in FORTRAN)

1 person year
scientific programmer

1/6 person year
control point identification

hydrological advice
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The new impoundment subtask, described in the previous section,
provides as output a LANDSAT-updated file containing the Tocation of dams
by latitude and longitude and impoundment surface area estimates. The
dam inventory subtask requires additional information to update the dam
inventory (see Table 3-1). To obtain this information, SC will convert
coordinates from latitude-longitude to county, township, section, and
range based on tables supplied by DGLS. Though collecting supplemental
ownership, construction firm, and engineering data, and performing the
safety inspections will be a major departmental effort, encoding this data
into digital form at SC is a relatively small concern, amounting to only
105 characters of information.

The third dam safety subtask (see Table 4-1) is implementing a dam
permitting system. It provides the major motivation for developing the
DBMS and for updating and accessing the administrative and inspection infor-
mation in the system. In view of the pending legislation and past institu-
tional roles, it is 1ikely that DEQ will have operational responsibility

for the permit system.

4.3.1.2.7 Input Data for the Dam Inventory/Permit System

This section briefly discusses sources and formats of the categories
of input data in Figure 4-6.

The new impoundment subtask provides a LANDSAT-updated file of dam
location data. Latitude, Tongitude and surface acreage amount to 30 charac-
ters of data for each entry in this file. Administrative data, (name of
dam, ownership, names of contractor, date of last inspection, etc.) derive
from the dam construction permit application. The state estimates that
about 200 new applications will occur annually with about 150 characters

of data per application. The first year will require a more extensive
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effort to validate existing (1974) information and collect new information
on the 600 or so impoundments that have been made since 1974.

Engineering chafacteristics, e.g. length and type of spiliway, height
of dam, and impoundment capacity, must be collected at permit application
time, but may require a separate form te be filed by the engineering or
construction firm. We estimate 50 characters per fmpoundment.

Safety inspection data are collected by engineers at DGLS at the'
time of inspection. Safety data to be collected include current condi-
tion of the dam, current condition of the spillway, degree of risk to
property and persons. We estimate fewer than 100 characters of informa-
tion. A five year reinspection cycle for existing dams and 200 new dams

annually indicates 650 safety inspections annually.

4,3.1.2.2 Hardware for the Dam Inventory/Permit System.

Recall that we have assumed DNR (and hence SC) shares EDP-C's IBRM
370/148. The size of this data base management application does not pose
a critical hardware requirement on this system. Allowing for as many as
6000 dams and 400 characters of information recorded per dam, only 1.2
mitlion bytes of disk storage are required. The file updating and retrie-
val appiication” is compatible with other uses of EDP-C's system.

It is highly desirable that both DEQ and DPPD be able to access the
file on-Tine through remote terminals. Though the tevminals are not
Jjustified by this application alone, they may be installed to serve

department-wide EDP needs.

4.3.1.2.3 Software for the Dam Inventory/Permit System
I
An integrated set of computer programs is necessary to implement the
dam inventory/permit system; for example, programs to process permit

applications, to notify of permit expirations, to update changes in

IS
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ownership, and to detect unpermitted impoundments and other violations.
A1l of these programs will access the same inventory files, and hence
call for conventional data base management system (DBMS) techniques.

As the state's EDP-C office implements its computer system plans, one
or more DBMS's are 1ikely to be made available for other state uses, and
the NRIS might share one at no addition cost. Thus, availability of a
DBMS depends on policies to be established jointly by DNR and EDP-C.
Several such DMBS's are available on the market, including IMS, TOTAﬂ,
and SYSTEM-2000, the one used by the Texas Natural Resources Information
System {TNRIS) for all of its data files (36). A1l are available in
IBM 370 versions suitable for use on the EPD~C computer (37). DBMS
software typically costs about $10,000.

The chief goal of software design should be efficient permit system
administration, Efficiency is best achieved by providing a high degree
of DEQ and DPPD interaction with the DBMS through remote terminals,
particularly thea ability to peruse the file and select records according
to specifications. Thus, it must be possible for the DEQ Program adminis-
trator to type in the equivalent of the request;

"Print all the impoundments of more than 10 acres in Polk,

Dallas, Webster or Greene County, that are unpermitted and

awaiting a safety inspection."

Such capability is invaluable in planning efficient inspection programs.
Also, the experience to be gained by DNR planners and managers in using
conventional data base management is an educational step toward integrat;
ing satellite systems to Missouri planning decisions.

The chief product of this task will be of the form of Table 3-1,
the previous dam inventory. The sofiware developed in 1974 and used to
produce Table 3-1 4s sketchily documented and difficult to use, according

to DGLS. For this reason, and because software must be compatible with
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dam location file formats produced in the previous subtask, we recommend
replacing the software developed in 1974 with a reporting system based
on the selected DBMS and dam iocation program.

Compatibility between the LANDSAT-generated dam Tocation tape and
the SC DBMS also requires a coordinate conversion program. The dam
location tape specifies locations by Tatitude and longitude, but the
most useful form for permit administration is the public land survey
system: township, section, and range {38). Several programs for the
conversion are available at small cost (less than $7100). These programs
require as input a data file of Missouri survey coordinates. The State
Land Surveyar's Office at DGLS in Rolla can prepare this widely applicable

set of files, and SC Jefferson City can develop the conversion programs.

4,3.1.2.4 Personnel Requirements for the Dam Inventory/Permit System

Tasks for personnel are the detailed system design and the programm-
ing of the dam inventory/permit system depicted in Figure 4-6. The NRIS
manager, whose general responsibilities are described in Chapter 5, can
supervise system design. Programming the permit system requires skills
in setting up and accessing data bases. These skills include COBOL pro-
gramming experience, knowledge of and experience with modern DBMS techniques,
and experience with programming and design of remote terminal applications.
Further, it is important that personnel for this assignment be selected
with an eye to the future. The individual should have the potential
develop as a scientific programmer beyond his/her current knowledge of
business and administrative systems, because future work calls for

interactions between this empioyee and the image-processing effort at DGLS.
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4.3.1.,2.5 Dam Inventory/Permit System Output

The key outputs of this activity include weekly or monthly reports
on dam permit administration, dam safety reguiation compliance monitoring,
and a surface water impoundment inventory. This computer compatible
impoundment inventory will serve as. input to the next application for

estimating surface water capacity and supply.

4.3.1.2.6 Summary of Dam Inventory/Permit System Reguirements

Table 4-4 summarizes the system requirements developed in subsections
of Section 4.3.1.2. The dam inventory appiication provides the first
use of interrogable data files by DNR. The experience gained by DPPD
and DEQ personnel in this application provides necessary training for later

uses of geographic information retrieval systems.

4.3.2 Groundwater Shortages Phase I

The state will respond o groundwater shortages hy attempting to
match supply with demand, as depicted in Figure 4-7. The figure iden-
tifies information needs in surface and groundwater supply and in agri-
cultural demand. Some information on surface water supply is available
from the impoundment inventory, described previously, but new surface
water information needs for this task are for precipitation, stream flow,
and reservoir level data. Much groundwater information resides in well
logs, which are currently only in handwritten and pictorial form. Agricul-
tural demand data are even less accessible. They do not now exist in any
one place, and thus they must be inferred from land use maps and known
irrigation practices.

Because the needed data sources will take time to develop, we plan
responses to groundwater supply problems in iwo phases., Phase I is a

statewide overview based on readily available data. Phase II achieves
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Table 4-4

Dam Inventory/Permit System Requirements Summary

Data Hardware Software Personnel
Dam locations
Permit applications Use of EDP-C
IBM 370/148 DBMS SC manager
Ownership v
Engineering characteristics Approx. six
Safety Inspection man months Business
COBOL pro programmer/
gramming effortt  analyst
Total on-line data storage Co-ordinate
requirements: conversion
5 program
107 bytes

i

-.69..




-70-

Supply Demand
Surface Groundwater Agriculture
“Tmpoundment Capacity So0il Permeability : Geographic distribu-
: Reservoir Levels Water Type tion of frequency
Precipitation Depth to bedrock and volume .of with-
Stream flow Hater Tevels drawals -
Subsurface geology

h ¥ A

Groundwater Supply/
Demand Model

N 4 ' A

Limitations on
use (Phase
II)

Identification
of stressed
regions

Reservoir Siting
(Phase II)

Figure 4-7

Groundwater Information System
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nigher specificity by converting the well logs to computer readable form
and updating Tand use files with LANDSAT D-derived information. The

state's response to groundwater supply shortages is 1ikely to occur in

these two phases.

4.3.2.1 Data for Phase I Groundwater Shortages

The surface supply data listed in Figure 4-7 are all available to
the state. Impoundment capacity is an output of the dam inventory.
Furthermore, stream flow and reservoir level data are collected by USGS-
WRD personnel in a co-op program and made available to the state on
digital computer tapes.* Precipitation data comes on computer tapes
from the National Oceanographic and Atmospheric Administration (NOAA).

Most of the groundwater supply data listed in Figure 4-6 are derivable
from the well logs. Phase II will use them as its main data source, but
coding of the well Togs should commence in Phase I. Well level data are
collected regularly by DGLS from strip recorders and stored manually.**

Phase I can obtain some subsurface geology data while the well logs
are being encoded; Figure 4-8 illustrates an approach. Three state- -
wide maps (39, 40, 41) covering bedrock topography, well yield, and water
types have been developed from well log data collected through 1962 and
published at the 1:250,000 scale. In addition, the Soil Conservation
Service in 1977 produced a 1:500,000 scale state-wide soils association
map (42). Though the bedrock topographical data are not totally current

and the soils data are small scale, both files could be digitized for

*USGS has been investigating the use of data collection platforms that
relay via LANDSAT to shorten time delays in this collection program (42).

**Groundwater levels are monitored reqularly by a network of forty-five
specially equipped wells DGLS has established across the state. Each
site empioys a Leopcld A-35 recorder to record daily water Tevels.

ORIGINAL PAGE 18



-72-
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Figure 4-8

Phase I Groundwater Supply Digitization
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Phase I's general assessment of geology relevant to groundwater. The
bedrock topography, well yield, and water type data will be updated
from the well logs in Phase II.

Phase I must deve]op‘new data sources to monitor agriéuItura1 demand.
No comprehensive ground-based system exists to estimate irrigation demand.
The ideal data source, direct observation of irrigation as it occurs, is
beyond present capabilities.

Under the logic that farmers will irrigate to supplement normal
rainfall, Phase I can infer irrigation demand as depicted in Figure 4-9.
The Agroncomy Extension Division of the University of Misscuri has
published recommended watering levels for various parts of the state as
a function of crop type, crop development stage, and soil type (44), and
farmers adhere to them. Soil types are available in the system from the
map digitization mentioned above, but crop type and maturation data
sources must be developed. Assuming for the moment that they have been,
subtracting the amount of natural rainfall (already available in the
CGIS) from these recommended watering levels gives an approximate total
irrigation demand on both surface and groundwater supplies. Surface
reservoirs data, also in the system, can then be used to infer the
groundwater portion of total irrigation demand.

The key missing element in this process is a source of crop identi-
fication and maturation data. Two options exist during Phase I. The
conventional source of such data is the planting survey conducted
annually by county agents (45). An alternate source is LANDSAT, but
we do not know whether Missouri crop types can be distinguished suffi-
ciently accurately from this source. However, there is reason to think
that it can be done. 1In Alabama, the difficult soy bean/cotton signature

distinction has been achieved by the ERL system that will be available
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in Rolla (46). Because of the potential of the irrigation monitoring
application, we recommend that NASA attempt to develop simjlar signature
distinctions for Missouri crops, according to major differences in
irrigation requirements. Success in this endeavor should accelerate
operational LANDSAT use.

If efficient and reliable satellite techinques cannot be made opera-
tional in Phase I, then crop information must be obtained from the annuatl
USDA survey of farmers' planting intentions. This approach has several
shortcomings. Farmers often change their minds after responding to the
survey. The information is not specific either with respect to time or
geographic Tocation. The survey indicates only the intention to plant a
particular crop, and hence inferences on crop maturity are subject to wide
variation. Geographically, the data indicate only the county and zip code
of the proposed planting. Missing, for example, is the river basin within
which the crop will be planted and on which irrigation demands will be made.

Even under this non-satellite based approach, a Timited use of satel-
Tite data is helpful. LUDA Tand use data do not distinguish between row
crop and pastureland. Al1 agricuitural uses are 1isted under category 21
"Agricultural Land” (47). Thus, even if Missouri crops cannot be delineated
by LANDSAT, it could be helpful in locating cultivated lands. The crop
type can then be inferred based on normal crop percentages in the various
regions of the state.

In summary, LANDSAT could play a key role in the proposed system as

one of the data sources for estimating irrigation demands.
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4.3.2.2 Software for Phase I; Choice of a CGIS

Phase I requires automatically integrating these diverse data sources.
Thus the need for Computerized Gecgraphic Information System (CGIS)
software first arises in this phase of the plan. In this section we
choose an existing CGIS for implementation at SC and describe related
software developments in RoTla. Here we summarize the considerations
that figure in our choice of a CGIS; Appendix D and the references (48,
49) provide more detail.

Table 4-5 summarizes generally desirable features of a LANDSAT-based
CGIS, and Table 4-6 1ists practical state considerations (8, 50).

We have reviewed a number of existing CGIS systems (see Appendix D} to
find one that matches these two sets of requirements. Our choice is the
Geographic Information Retrieval and Analysis (GIRAS) system suppiied

by USGS with the digitized LUDA data tapes (47, 51). Reference (51)
describes the basic capabilities of both the present USGS system GIRAS I
and the planned extension GIRAS II, now in the development stage. Table
4-7 (51) 1ist£ GIRAS I capabi]itief.

Comparing Tables 4-5 and 4-7 reveals a close match. The first five
jtems in Table 4-7 are important during Phase I; items 6 through 9 are
more advanced than Phase I requires. Items 1 through 3 provide the
ability to produce maps in several scales and projections, thus permitiing
manual overlay of dissimilar map files. (Compare with Ttems 2, 3, and 6
of Table 4-5). The ability to convert from polygon to grid structure
(Item 4, Table 4~7) is particularly useful in the interface with classified
LANDSAT data. (Compare with Items 4 and 5 of Table 4-5). The ability to
produce summary tables {Item 5, Table 4-7) is useful to state planners.

(Compare with Item 1 of Table 4-5). OA has already contracted to produce
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Table 4-5

Generaliy Desirable Features of A
LANDSAT Based CGIS

Structure and store the data in an economic and easily
retrievable structure, usually a specific form of the
two general classes grid or polygon;

Convert data from mapped to computer readable form and
structure for entry into the data base;

Geographically reference position by several coordinate
systems, including latitude-longitude, state plane
coordinates, public Tand survey, universal transverse
mercator grid, and convert between these coordinate
systems.

Overlay two or more structured data files covering the
same geographic area to produce a new data file in the
same structure.

Convert a structured data file to another structure per-
mitting overlay with files produced by non-compatibie
systems, e.g. polygon to rectangular grid.

Produce a map of any properly structured geographically
referenced file, including the ability to change scale,
projection and position from the stored data.
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Table 4-6

Practical Missouri Concerns

Compatibility with state owned hardware;

Fase of software modification;

Compatibility with existing data sources;

The producer's plans for future software development
and maintenance; and, finally;

Cost.
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Table 47
Current GIRAS Capabilities (51)
Rotation, translation, and scaling of coordinates;

Conversion from geographic coordinates to specified
map projections;

Restoration of original digitized map sheet from rec-
tangular coordinate projection;

Conversion from polygon structure to grid cells of
any specified size;

Production of area summary statistics from polygon or
gridded data;

Geographic interpolation;
Filtering of nominal spatial data;
Feature generalization; and

Accuracy estimation of nominal maps.
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summary Level II land use statistics from LUDA data by political sub-
division and hydrologic basin.

GIRAS also satisfies the state considerations in Table 4-6. The
system is a set of FORTRAN programs compatible with EDP-C's IBM 370/148,
and, because GIRAS is extensively documented, modifications to the FORTRAN
source can be made. Furthermore, the system is designed specifically to
handle the digital LUDA data files, which form the bulk of the state's
own computerized natural resources data. In addition, USGS's current
development of GIRAS II, and the care being taken to insure a smooth
transition (51}, should satisfy the state's need for continuing develop-
ment and maintenance. Finally, OA a]réady has rights to use of GIRAS and
so no additional software purchase is necessary.

To be able to mesh classified LANDSAT data with GIRAS at SC, the
ELLTAB developed software at Rolla requires parallel software modifica-
tions. The Data Base Module (DBM) in the ERL software (35, page 18)
provides an opportunity to Tink the GIRAS and ERL systems. DBM converts
and stores classified LANDSAT data in a reguiar 400 meter square grid.
The grid conversion capabilities (Item 4, Table 4-6) of GIRAS then permit
compositing LANDSAT-derived crop acreages with the hydroiogic basin data
stored as part of LUDA at SC. We recommend that the feasibility of this
important interface with LUDA structures be_demonstrated in the NASA-USGS

ASYT now being conducted in Louisiana (52).

4.3.2.3 Hardware for Phase I
The IBM 370/148 hardware to be available at the EDP-C will support
GIRAS. If DNR acquires new hardware instead of using EDP-C's, it should

consider GIRAS and GIRAS II specifications (51) in hardware design.
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Appendix E, on digitization, recommends that digitizing the soils and
bedrock topography maps be contracted to outsidé vendors. SC should con-
trol digitization quality and compatibility with its formats by careful
contract monitoring, Cost of digitization will range between $1,000 and
$6,000 per map sheet.

Digital plotters, which produce maps from computerized data, vary
in speed, accuracy, and special features 1ike multi-color plot capability.
They range in price from $10,000 for slow-speed, low-resolution devices to
over $200,000 for a high speed, four color device with precise cartographic
accuracy (53). At Teast one off-line plotter of about one mil resolution
must be available at Systems Central during Phase I. For $50,000, Calcomp
offers a multi-coior plotter system which should satisfy accuracy standards
and is driven by an o