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Project Summary

The National Aeronauti¢s and Space Administration (NASA) has established

the Regional Remote Sensing Applications Progfﬁn to develop the institutional
enviromments and technical capabilities within state and local governments for
the interpretation and use of satellite remote sensing data in routine operations.
Under thic program, responsibilities are regionally distributed among three
NASA field centers:
o The Goddard Space Flight Center (GSFC) in Grgenbelt, Maryland

o The National Space Technology Laboratories (NSTL) in Ba¥ St. Lodis,
Mississippi ,

o The Ames Research Center (ARC) in Sunnyvale, California

The Regional Program is designed to accoﬁplish its goals through the use
of orientation programs, training activities, applicaticn demonstrations, and
technical assistance. Of these approaches, "démonstration projects are the
key element of the program, providing state and local governments with the
opportunities to become familiar with data processing 2#nd analysis techniques
in their own operational settings, aud to apply this knowledge to their own
information needs." Y

In August, 1977, Public Technology, Tnc. (PTI) proposed to the Eastern
Regional Remote Sensing Applications Center (ERRSAC) at Goddard Space Fligut
Center to coordinate and manage a 15 month experimental Local Governments
Landsat Applications Program. The purpose of the program was to formulate
policy recommendations for transferring remote sensing technologies to local

governuents.

1-1
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Local pljnncro from five jurisdictions were trained to perform digital
image analysis of Landsat multispectral imagery. The cities selected applications
based on local needs, priorities, and interests; and conducted application
demonstration projects under realistic operational conditions with minimal
technical assistance. Project costs were shared by the cities and NASA. The
cities commited personnel time and computer terminals, while NASA provided the
training, processing time, long distance telephone lines, satellite data and .
travel.

Description of Technologies

Remote sensing is the science and art of acquir}ng information about materiai
objects or phenomena from measurements made at a distance, withgut coming into
physical contact with the objects. The utilization of remote sensed data for

purposes of resource planning or management requires several technologies, each

-
- - e

involving its own theories, inst..muvnts, and technirues. These technalnefec are combin

in a total management information system. These technologies can be grouped into

three general areas as follows:

1. Data Collection - sensors, platforms, communications, and data
dissemination.

2, Data Analvsis - corruvction, enhancement, pattern recognition,
identification, measurement, cartographic presentation.

3. Data Use - data integration, information storage : ' retrieval,
modeling, decision support methods.

The Landsat earth resources satellites developed by NASA are a data collection
technoiogy. The ORSER digital developed by the Office for Remote Sensing of Envi-
ronmental Resources is a duia processing system used for data aralysis technology.
Several data use technologies have been developed by investigators and Landsat

users, many of them supported by NASA gran%s or contracts. Both Landsat and ORSER
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Table 1.1 List of Local Government Plfticipantn

Atlanta, Georgia

L4

Collier Gladdin, Director, uareau of Planning
Wistar Harmon, Assistant Zoning Mninututor. .

Steve Grilli, Zoning Assistant

Henrico County, Virginia

Robert J. Dahlstedt, Planning Director, County Planning Office
Cheryl Evans, County Planner

Lawrence 0'Keefe, Technology Agent

Minneapolis, Minnesota

Perry 11w vig, City Planner

Norman Yarosh, Technology Agent

Oklahoma City, Oklahoma

Norman Standerfer, Planning l'irector, City Planning Department
Roy Reynolds, Senior Planner
Gerald Johnson, Planning Assistant

James Carter, Assistant City !anager, Technology Agent

San Jose, California

John Berg, Planner, City Planning Department
Gary Zcuzoulas, Office of Science and Technology

Monroe Postman, Technology Agent
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2,3
have been described in detail elsewhere, but are briefly described below.

Application tochnologfu used by the local governments involved in the program
are described in Section 3 of this report.

Landsat Earth Resources Observation Satellice

The Landsat program to date consists of three expetiemental satellites devel=-
oped by the NASA Earth Resources Technology Satellite (ERTS) program &nd jointly
operated by NASA and the Earth Resources Observation Systems (EROS) Program of
the U.S. Geological Survey. Landsat-l was launched July 23, 1972 and operated

until January 6, 1978. Landsat-2 was launched January 22, 1975 and is still

. operating. Landsats 1 and 2 are identical in terms of the data they produce.

Landsat-3, launched March 5, 1978 has the same orbital characteristics as Landsats
1 and 2 but a slightly modified sensor system.

The primary image producing sensor onboard Landsat'is the multispectral
scanner (MSS). This electronic system collects radiometric data in four ’
spectral bandwidths (or channels) - two in the visible portion of the spectrum
at .5 - .t microns (green) and .6- - .7 microns (red), and two in the reflective
near {infrared at .7 - .8 microns and .8 - 1.1 microns. The Landsat-3 MSS has
an additional channel in the thermal (a) infrared at 10.4 - 12,6 microns.

The data are either directly telemetered to U.S. ground data acquisition stations
in Alaska, California, and Maryland or to foreign receiving stations, or stored
on tape until the satellite comes within receiving rangze of a ground station.

At the NASA Goddard Space Flight Center, the managing center of the Landsat
program, the satellite signals are converted into an Image format. For each
"scene" 0 image is produced of each of the four spectral bands (Figure 1.2),

A Landsat image c-vers 115 x 115 statute miles. The nominal spatial resolution
of the MSS i{s abour 80 meter AD feet), equivalent to a picture element

(pix- 1) of approximately 1.1 acres.

1-5
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\ Images of the individual MSS bands can normally be obtained as either

prints or transparancies at scales ranging from 1:3,369,000 (2 X 2 inches) up

to 1:250,000 (29.2 x 29.2 inches). Color images called "color composites" are
produced by combining three of the MSS bands in registration and sequentially '
exposing them through appropriate color filters onto color film (Figure 1.2).
By convention the colors are usually selected to give the same appearance
as color infrared photography. These are called "false color" because there
is no natural blue color. In these false color composites vegetation appears
red; water dark blue; and urban areas blue-gray. Resource information can
be interpreted from these single band or color composite images manually in
much the same way as aerial photographs are interpreted. .
The radiometric information from the MSS sensors can also be stored on
computer compatible tapes (CCT's). The data on these CCT's can be combined,

-

manipulated, and processed by computer systems to enhance certain image .
characteristics which are then recorded on film, or to extract thematic infor-
mation which is reproduced as maps or statistical tabulationms.

In late 1981, NASA plans to launch a fourth Landsat satellite incorporating
a new 7-channel multispectral sensor system called the Thematic Mapper, together
with a 4-channel multispectral scanner (MSS) similar to those on Landsats 1 and 2.
The Thematic Mapper will provide higher spatial resolution (0.2 acres) and
other improvements expected to result in better identification and classification

of agricultural and geologic resources.

ORSER Digital Data Processing System

The Office for Remote Sensing of Earth Resources (ORSER) of the Space

Science and Engineering Laboratory (SSEL) at Pennsylvania State University

1-7
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has developed an extensive computer software system for.ptoccllins and.anaiy:ing
Lgndnat and similar multispectral data. The automatic data processing equipment
ugeén;nvthe ORSER qystem is primarily located at the Pennsylvania State University
Computation Center. A Remote Job Entry (RJE) sys“em permits uni;;;;ity and
non-university users to use an IBM 370/168 com;uter (now an IBM System 30335 f;am

any compatible remote terminal, including equipment tied in by long-distance tele-
phone lines. -

No program card>decﬁs are needed to;opetateAthe ORSER system.A The MSS
data ptocéssing programs are kept in file libraries on the main computer.

MSS data are imput from magnetic tapes which along with "user-owned" working
tapes, are managed by the Computation Center. Combu;er'files for building
program control information or for storing output are available.to the user.
The preparation of program control specifications by a user operating from a
RJE terminal is accomplished by ébnversationaily editting a stored file
containing IBM job control language (JCL) statgme;ts. Each ORSER program ac-
cepté the input control sﬁecifications, processes the MSS data according to these
specifications,.and outputs the results to the user's RJE terminal, Tﬁe ORSER
programs are queued with the programs of other Computation Center users and are
processed in batch mode in order of entry and priority. Typical turn-afound
time from an RJE terminal is 2 to 10 minutes depending on the size of the
program and the number of other users on the system.

The ORSER system was developed for use by a variety of remote sensing re-
searchers; As such, the procedures for using the ORSER programs for specific
applications and type of data are established by the individual user. A
generalized processing procedure as shown in Figure 1,3 consists of the following

steps:
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SUBSETTING - an image area of interest is selected and
reformatted into a common ORSER program format.

GEOMETRIC CORRECTION - MSS data are resampled, rotated, and
scaled to register with a map.

IMAGE ENHANCEMENT - MSS response values are transformed by ratioing
channels, averaging channels, linear tramslationm, or
principle components of the chaunels (optional).
STATISTICAL TRAINING - multivariate statistics of MSS velues
computed for training areas defined from im.ge
brightness and local uniformity maps. .
CLASSIFICATION - an algorithm is used to assign picture elements
into categories based on the MSS response vilues
of the element and the multivariate statistics of
the categories.
OUTPUT - classification map is printed in ¢loor on a line printer
or formated for display on a plotter, film recorder,
or a color CRT. *
The outputs of the ORSER programs consist primarily of statistics,
-character,maps, and summaries which the user cdan store as computer files or
print on a RJE terminal. The programs are couched in a multivariate statistics
framework; i.e., each picture element (pixel) is treated as a vector of P
variable, where P is the number of MSS channels, and the vector endpoint
is determined by the MSS response values (gray levels). Many of the programs
cornpute the Euclidean distance between two vectors; i.e., the distance between
the vector endpoints.
The ORSER system of programs are available from the Office for Remote
Sensing of Earth Resources at Pennsvlvania State University for a charge of
$700. As of November, 1977, the complete system had been supplied to fourteen

other universities, federal agencies, foreign governments, and private research/

consulting firms.

1-10
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1.3 Summary of Conclusions

i All participating jurisdictions developed sufficient basic internal
capabilities to suggest that local planners could be trained tc process
Landsat data. Institutionalization of self-sufficien’. remote sensing pro-
grams would require an additional 1-2 years to complete. The PSU/ORSER
course was effective in training the local plinnera to.process Landsat data,
but continuous training mechanisms are required to develop sufficient pro-
ficiency. Forms of personal contact were most effective in training local
planners. Additional statistical training and/or assistance was needed to
provide the planners with stronger understandings of the Landsat processing
techniques. Also more extensive documentation which does nof assume pre-
vious computer or remote sensing experience was needed. .

Landsat data produces land cover information which cannot generally

be used as a substitute for urban land use information. Lack of proven

-

applications and decisions support models for using land cover information
in local land use planning were a major limitation in the participants'
ability to utilize the Landsat derived information. Other problems in-
cluded the resolution and uncorrected geometric errors in the Landsat data.

Landsat appears to be applicable for calibrating.urban hydrologic models
of stormwater runoff, flooding, and water quality; conducting vacant land
inventories and vegetation analyses; and producing regional scale Level I
land cover classifications. Landsat may also be applicable for monitoring
land use changes at the urban fringe but operational procedures for accom-
plishing this have not yet been developed.

Local planners can operate digital image information extraction systems.

However local governments' capabilities for supperting and maintaining these

1-11
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systems is limited. Exilting innge.infornation extraction systems are
dui;nod primarily for remote sensing researchers, and are not attuned to
the needs of local planning agencies.

Institutionally, the greatest issue inhibiting the transfer of satellite
remote sensing to local governments is the lack of a packaged methodology
for applying the Landsat data to solve a mnjoé prdblqn facing local officials.
Local nfficials could perceive that Landsat had much potential for helping
them solve local planning problems, but the technical process through which
the Landsat data would be brought to bear was ambiguous. The lack of a
packaged applications methodology was a major factor restricting the local
resources committed to the Landsat project by the local governments.

Within local governments, the scattered, uncoordinated nature of m&pping
and land use information functions, lack of "élack resources,"” and limited

data processing capabilities are major institutional factors which limit the

-

transferagility of satellite remote sensing technglogies. Development .
and transfer of geographic-based information systems (GBIS's) capable of
integrating remote sensing data with othe. data sources and local ad-
ministrative records would increase local governments' abilities to

utilize remote sensing data.

The remote sensing transfer process should emphasize well-defined benefits
of remote sensing applications; provision of sufficient technical assistance to
enable adaptation of the technology to local needs and constraints; inclusion
of top-level local decision makers in establishing local project goals, and
capacity building of sufficient local personnel to enable self-sustaining

program continuation.
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1.4 Summary of Recommendations

! Major policy recommendations resulting from the Local Governments Land-

sat Applications Program are:

1. Establishment of a Local Governments Space Technology Applications
Program to develop the awareness of local elected officials and
key decision-makers of the capabilities and benefits of space
technology including remote sensing, and involve them in planning
for future space programs.

2. Initiation of an Urban Management Information Systems Program to
research, develop, and test urban applications of remote sensing
for managing urban land resources. .

3. Support for the development and/or transfer of geographic-based
information systems enabling local go&ernments to better coor-
dinate, manage, and apply land use information. )

4, .Development of a Remote éensing Project Qanager's Guide and other -
user documentation to assist local managers to conduct remote sensing
projects and implement operational remote sensing programs.

5. Continue to provide local and state government personnel with remote
sensing and information systems training.

6. Package proven remote sensing applications for transfer. Two urban
applications of Landsat should be documented: calibration of hydro-
logic models and change detection.

7. Development and testing of low-cost operational user oriented infor-
mation extraction systems including utilization of digitally enhanced

photographic images, microcomputer based image analysis systems, and

integrated information extraction/geographic information systems.

1-13
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9.

10,

11.

Demonstration and asoensne&i of a variety of transfer arrange-

ments for utilizing satellite remote sensing in local governments.
Development of a structured process for local and state governments
to procure remote sensing services and products from private industry.
Utilization of a local project team approach in remote sensing
demonstration and transfer project.

Provision of technical assistance to local governments in adapting

remote sensing technolgoy to local needs and constraints.

GE IS
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Background

In 1974, PTI surveyed the technology agents in the 27 jurisdictions
participating in the Urban ?echnology System (UTS) on potential applicatiomns
of remote senling technology (Table 2.1). Twenty-four applications were
identified in seven general areas: land use, land use change, water resources,
water quality, environmental assessment, air quality, and updating population
information. Subsequently, under contract to the Iaform: tion Transfer Laboratory
(Intralab) at NASA's Goddard Space Flight Center, PTI formed a Remote Sensing
Applications Requirements Committee to study the feasibility of utilizing

NASA developed satellite remote sensing and digital image processing tech- -

nologies for these needs. The Committee consisted of technology agents and

management personnel from five jurisdictions: Atlanta, Georgia; Henrico

County, Virginia; Independence, Missouri; Minneapolis, Minnesota; and San

Jose, California.

A six month pilot study was conducted using San Jose as the lead site,
A local planner was trained to interpret Landsat data with the ORSER system
via a remote computer terminal which was instaliled in the city planning
department. The results of the pilot study showed that this approach was
technically feasible and the Committee recommended the program be expanded
to all five sites so they could evaluate the applicability of the Landsat

data and digital image processing techniques to local ;roblems.1

2-1
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: URBAN REMOTE SENSING APPLICATIONS IDENTIFIED
UTS TECHNOLOGY AGENTS, ‘1974

LAND USE

® Reduce Time and Cost to Prepare Land Use Maps

e Map Generalized Urban Patterns ?
® Provide Non-Site Specific Land Jse Information
® Urban Form Analysis/Urban Blight -

LAND USE CHANGE

® Agricultural To Urban Land Conversion
¢ Monitor Urban Expansion
® Determine Effectiveness of Growth Control Technigues

WATER RESOURCES

e Map Inland Wetlands
e Flood Damage, Channel Changes .
® Floodplain Mapping
e Drainage Patterns and Networks .
e Ground Water Resources and Usage in Arid Regions
WATER QUALITY : :
& 'Early Detection and'Tracking of Red Tide .

® Identify Point and Non-Point Water Pollution Sources
® River and Lake Water Quality

ENVIRONMENTAL ASSESSMENT

® Environmental Change Due to Development of Large
Facilities (Reservoirs, Recreation Areas)

® Environmental Impact of Power Generating Plants

@ Existing and Potential Open Space

e Inventory of Trees

AIR QUALITY

@ Map Patterns, Densities, and Flow of Point and Vehicular
Created Emissions
® Impact of Power Generating Plant Emissions (I'ly Ash)

UPDATE POPULATION INFORMATION

® Population Estima tes
® Monitor Urban Growth
® Land Use Densities
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2.2 Purpose and Objectives

2.3

3
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The overall purpose of the Local Government Landsat Applications was to

formulate policy recommendations for transferring Landsat technology tc local
and state governments. Particular emphasis was placed on identifying and |
understanding the institutional factors within the users' organizations and
within the users' environment which will influence the potential transfer-
ability of Landsat and its related technologies. Issues to be evaluated in-
cluded:
1. Can local governments develop an internal capability to understand
and utilize Landsat data? )
2. For what applications important to local planning is L%nd-ac suited?
3. Can low cost digital image processing systems be used in cperational
local government remote sensing programs?

-

4, What are the organizational and institutional issues influencing the
transferability of Landsat?
5. What methodr can be used effectively to transfer L ndsat technology

to local governments?

Aggroaéh

In order to develop the internal capabilities of local governments to
handle and evaluate Landsat data, it was recognized that the participants
would require: (1) training of local personnel; (2) a low=-cost digital
imaging processing system; and (3) technical assistance.

Remote Sencsing Training

Training was provided by the Office for Remote Sensing of Earth Resources
(ORSER) at Pennsylvania State University. Each jurisdiction sent one

-

representative to a twvo-week Remote Sensing Short Course. The first week of

2-3



2.3.2 Digital Image Processing System .

-
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the course dealt primarily with the principles of remote sensing and the ORSER

programs, and the second week with applying the ORSER programs to Landsat
scenes of each city. The format of the course involved both lecturas and ;
laboratory exercises. Duriné the first week the laboratory exercises used a

Landgar. scene, aerial photographs, topographic maps, and ccllateral data of a

test site selected by the Office for Remote Sensing; during the second week

each participant worked with Landsat imagery selected by NASA-ERRSAC of his

or her jurisdiction.

The ORSER digital data processing system was selected for the Program
because it could be easily installed in each of the participantq' plannfng
departments; required minimal special equipmemt to uae;.software and data
files could be maintained at a central facility and would not have to be
installed locally; and the ERRSAC staff had previous experience in using
the system. The ORSER system operates in remote batch mode on an IBM 370/

168 at Pennsylvania State University. Access is through keyboard teleprinter or
CRT display terminals connected to the computer via low-speed dial-up

telephone lines. System capabilities include data formatting; merging,

scaling and rotation; data transformation; training site selection; statistical
signature extraction; canonical analysis; thematic classification; and map
comparison. Classification can be performed using Euclidean distance, angular
separation, parallelepiped, or clustering algorithms. Principle outputs are
statistics and line printing character maps, although film recorder, line

plotter, and color CRT displavs are also possible.

R NT T TR TR r—
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TABLE 2.2

SCHEDULE FOR PSU/ORSER SHORT COURSE
ON
REMOTE SENSING, OCTOBER 31 TO NOVEMBER 11, 1977

Activit
Introduction and purpose of course
History of remote sensing .

Electromagnetic spectrum, energy/matter
interactions, spectral signatures
Landsat MSS sensors and products

ORSER System computing environment
Linear algebra
ORSER programs SUBSET, TPINFO, RJE

ORSER programs NMAP, UMAP, STATS, USTATS
Pattern recognition '
ORSER program CLASS 5

Applications: Urban, Agriculture, Forestry,
Land Use
ORSER program CLUS -

Geometric Correction
ORSER programs GMCLASS, SUBGM
Practicum using city data (open lab)

Photo sensors, stereQscopy
Photoanalysis, photogrammetry

Digital dispiay devices and equipment
Open lab

Ground truth support, mission planning
Data bases, multistage/multidate sampling
Open lab

Ordering Landsat data
Processing costs

Open Lab

Legend: L = Lecture

P = Practicum

L]
U
o
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2.3.3 Technical Assistance

Technical assistance was provided by PTI's Project Coordinator and
ERRSAC's support contractor Computer Science Corporation (CSC). Principal
means of assistance was thtqugh regular telephone contacts. Computer termi-
nals at both PTI and ERRSAC were used to analyze problems with ORSER
programs. A series of technical notes was established to notify participants
about common questions; a total of ten technical notes were prepared during
the Program. Finally, participants could request on-site assistance with
training, project organization, or problems which could not be resolved via

the telephone or remote terminal.

2.3.4 Other Characteristics of Approach =

Other key characteristics of the Program methodology included:

e Cost Sharing -- in order to provide for a more realistic market

test of Landsat data applications, the local government partici-
pants committed staff time and the cost of the computer terminals
to the project. NASA contributed the training, computer processing
time, telephone charges, and travel.

~

e Program Management and Coordination -- provided by PTI which has

extensive experience in managing user needs assessment and
technology applications programs with local governments.

e Networking -- to enable the participants to share their experiences,
provide for aggregation of common needs, and allow potential expan-
sion to other cities and counties. The project utilized the existing
technology network of the Urban Technology System and PTI subscribers

who were kept informed of the progress of the project through network

U]
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2.4 Sthedule and Milestones

The schedule for the Local Governments Landsat Applications Program is
shown in Figure 2.1. The eighteen month project was organized in three
broad phases each lasting approximately six months. First was the capacity
building phase during which local persomnel received training, remote computer
terminals were installed in each city, demonstration project objectives
established, demonstration plans developed, and resources and collateral
data obtained and organized. The second phase was the demonstration projects
phase during which the Landsat data were analyzed and applied to local planning
issues. The last phase was the evaluation and report writing phase during
which the cities were surveyed regarding the results they had oﬁﬁained, the
impacts of the project, the problems encounteréd, and the requirements needed

to proceed to a transfer phase. )

Majof project milestones were: .

® Remote Sensing Training Course, October 31 to November 11, 1977,
given by the Office for Remote Sensing of Environmental Resources
(ORSER) at Pennsylvania State University.

e First Project Review Meeting, March 28-30, 1978, at NASA's Goddard
Space Flight Center in Greenbelt, Maryland. Capacity building phase
essentially completed; application demonstration phase under way.

e April 1978, inputs made to the Intergovernmental Science, Engineering

and Technology Advisory Panel (ISETAP) Natural Resource and Environ-

ment Task Force study on State and Local Government Perspectives on

)
a Landsat Information System.“

e Second Project Review Meeting, September 28-29, 1978, at NASA's Earth Re-

sources Latoratory in Slidell, Louisiana. Demonstration pr-jects comple:

Tl
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o” near completion; evaluation and report writing phase begun.
November 1978, Atlanta, Oklahoma City, and San Jose submit recommenda-
tions and requirements to cont‘nue program-into-transfer phase to the

Eastern Regional Remote Sensing Applications Center.
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3.0 LOCAL GOVEhNHENf EXPERIENCE

Five local governments - Atlanta, Georgia, Henrico County, Vriginia,
Minneapolis, Minnesota,Oklahoma City, Oklahoma, and San Jose, California -
agreed with NASA and PTI to commit local resources and time to test the applicability
and feasibility of Landsat gatellite remote sensing and digital image pro-
cessing technologies for local land use plannihg. "Local planners from each
jurisdiction were to receive training in remote sensing and operation of a
computer image processing system. Each jurisdiction was to develop an internal
capability for processing satellite data and conduct demonstration application
projects for a 15 month test period.

In this section the experience of the local gov?rnement participants is
discussed. To provide background for the Landsat applications Ehe characteris-
tics of each jurisdiction are discussed, including: the organization, size,
and mission of the local planning departmentsi purpose,  history, and land use
planning processes; and the planﬂ;ng information needs and methods. The objec-
tives, approach, results, and assessments of the local Landsat demonstration
projects are discussed.

In Section 4 a longer case study of Oklahoma City is presented. Oklahoma
City with its large geographic area (621 square miles) and large amounts of
undeveloped land is tvpical of local government jurisdictions which could
best utilize Landsat remote sensing. lMoreover, the institutional arrangements
established during the Landsat project suggest several factors and issues
important to transferring satellite remote sensing applications to local govern-
ments.,

~
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3.1 Atlanta, Geo;gig

In January 1974, Atlanta's city government was restructured under a new

charter from the Georgia General Assembly. The new charter enacted a atrong—

mayor form of government and provided for members of the policynaking City

Council to be elected by districts rather than at-large. Through a companion

Reorganization Ordinance, the administration functions of 26 departments were

‘- » - .- . [P S

consolidated into nine departments. Each department ie headed by a Commissioner

- . — ———. —

appointed by the Hayor and confirmed by the City Council.

One new agency created by the adminietration s consolidation was the Depart-

ment of Budget and Planning. The Department is mandated with preparing the Compre-

hensive Development Plan and the Executive Budget, administering the zoning ordin-

ance, and preparing special studies for the Hayor and Chief Admiqietrative Officer.

——

" (CAD). The Department is divided into two bureaus, each headed by a Director,

~

TAE Bureau of Budget Policy and Evaluation and ,the Bureau of Planning.

The Atlanta Bureau of Planning is organized into three divisions - Socfial
and Economic Planning, Physical Planning, and Zoning Administration - plus
administrative support and research and information support groups (Table 3.1);m
The two planning divisions are further broken down into“nine program sectione )
corresponding with elements of the Comprehensive Development Pian. The Bureau
of Planning is responsible for preparing the Comprehensive Development Plan,
implerenting the neighborhood planning process, preparing special studies and
reports for the Mayor and City Council, and administering the City's zoning and
subdivision ordinances. In fiscal year 1978, the Bureau had 64 positions and
an operating budget of $674,873.

The 1974 Atlanta City Charter mandates that planning be an integral part

of the City's administration. The Charter mandates the Mayor to "have a Compre-

hensive Development Plan of the City of Atlanta prepared and maintained to be

3-2
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used as a guide for the growth and de&elopn;nt f the City." The Comprehensive
Development Plan must "set forth the comprehensive development goals, policies |
and objectives for both the city and for individual geographic areas and
communities within the city, and ... identify general location, character and
extent of streets and thoroughfares, parks, recreation facilities, sites for
éublic buildings and structures, city and privaicly owned utilities, transporta-
tion systems, and facilities, housing, community facilities, future land use for
all classifications, and such other elements, features and policies as will provide .
for the improvement of the city ... over a 15, 5 and 1 year period." The CDP is
annually presented to the City Counci. for adoption before budget preparation
begins in July. Charter provisions stip.late that th? approved Plan "shall

be used as guilde for preparation of the C'.ty's Capital Improvemeqt Program and
Capital Budget." The CDP is, therefore, the legal guide for formulating budget
policy and allocation of resources. Each operﬁting City department contributes
input in cﬁe form of goals, polici;s, objectives, suggested programs and projects,
-and projected funding sources.

The Charter also mandates that citizens be provided an opportunity for
involvement in the planning process The Neighborhood Planning Ordinance, enacted
in 1974, directed the Bureau of Planning to establish boundaries for the designa-
tion of 24 Neighborhood Planning Units (NPU). An NPU is defined by the ordinance
as a "'geographic area either with distinguishing characteristics or in which
residents have a sense of identity and a commonality of perceived interests."
Under the ordinance Neighborhood Planning Committees (NPC) advise the Department
of Budget and Planning in t. » preparation of each year's CDP. The NPC's are
assisted by NPU Planning Teams consisting of two planners each from the two

planning divisions of the Bureau of Planning. The Neighborhood Planning Process

mAnT I
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was initiated in 1975. First year ob}octiv;s were the formation of the 24
NPC's; second year objectives, development of "sketch plans" for each NPU; third

year objectives, prrepare "definitive" plans to be phased into the Comprehensive

Deve.opment Plan and Capital Improvement Plan Process for fiscal year 1978-79.

The purpose of the Atlanta Landsat program was to "examine ways to utilize

Landsat information to improve the performance of city q.pattnentc without '
incurring large data collection costs.”" Several potential applications were
identified: .
o Preparation of land cover maps to indicate existing land use conditions
in the Neighborhood Planning Units. These could be used to aid in the

determination of future planning objectives.

e Monitoring land use changes upstream of the city limits to predict
run-off and flooding potentials. .

e Land cover inventory of Atlanta's proposed Great Park. °*The Great
Park is currently a long stretch of vacant freeway right-of-way.
The ground cover inventory coul: potentially aid in the design of the park.
e Tree cover inventory of forested and wooded areas in Atlanta. This
information could potentially be used to schedule leaf pick=-up trucks
in the Autumn. -
The Landsat Project was assigned to Wistar Harmon, Assistant Zoning Ad-
ministrator, in the Zoning Administration Division of the Planning Bureau.
Initial efforts were planned to focus on developing procedures and a gereral
familiarity with Landsat and the ORSER processing system by preparing landcover
maps of selected NPU's. Progress was inhibited, however, by the lack of time that
Harmon was free to devote to the project -- about 2 to 4 hours per week. In May, two
additional persons were hired in the Zoning Divisicn, enabling Harmon to spend
more time on the project. One of the new zoning assistants, Steve Grilli, had

a good understanding of statistics which speeded up the process of developing

proceaures for selecting multispectral signatures.
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The final results include the NPU land cover map for the Buckhead, Lenox-

Phipps area shown in Figure 3.1. Categories are: Residential (yellow); High

density residential (tan); commercial/industrial (red); public open space and
institutional (green); undeveloped (white); and water (blue). The Laudsat map

compares closely to the Five Year Land Use Plan shown in Figur; 3,2, Major

differences are in the specific residentisl density values used in the Five Year .
Plan and the detail in commercial ard industrial uses. When ground-truthed with
existing land cover, the Landsat classification was estimated to be 90 percent .
accurate but no confidence levels were estimated.

One advantage of Landsat digital mapping is that large areas can be classified
once an initial area has been interpreted. The Landsat multispectral signatures
used to classify the Buckhead, Lenox-Phipps NPU were also used t? produce a
city-wide lan(. cover map (Figure 3.3). There is no city land use or cover map
to compare with the Landsat classificaticn. The Landsat -map gives an accurate
regional overview of urban develoﬁkent in Atlanta. It was not possible to obtain
land cover area tabulations for either the NPU or city, because the ORSER system
has no practical mechanism for specifying the irrcgular boundaries of the NPU or
city limits.

The Landsat research had a direct effect of focusing atiention on the Bureau
of Planning on its need for greater data coordination. Interest in developing
an automated data base and mapping system was revived as a result of the Bureau's
involvement with Landsut. Also, Bureau personnel developed a greater understanding
of computer precessing techniques and equipment, enabling them to make recommenda-
tions for developing an automated mapping system. In November, 1978 the City Council
created a new position of senior cartographer in the Bureau of Planning with respon-
sibilities for assisting in the development of an automated mapping system and in-

vestigating additional Landsat applications, and the City has prepnared nronosale

seeking funds to support these two objectives, ORIGINAL M GE IS
. v AL
OF PCOR QUALITY
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Figure 3.1

Landsat Land Cover Map of Buckhead,

Plannine Unit (NPU B)
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NOTES

1. Stoff Roswell-Wieuco F ire
2. Define ona instigote buffers between exist-

tion 10. Establish on odeguately stoffed police pre-
cinct within NFU-B,

ing residentiol areos ond odjacent com- 1. Change traffic signals in Buckheod to free.

merciol areos. stonding poles, when utiiity poles are re-
3. Provide for more year-round utilization of moved,

public school focilities. 12. Expand services ond progroms of the Phorr
4. Encournge oll office and residential high- Rood C.inic.

rise construction to be as self-contained o3 |3, Resurface existing roodwoys ond porking

possible. Maximuen height, é foors, areas within Bogley Park ond odd bathroom
5. Restrict high-rise multi-family residentiol facilities,

bulldings 10 the Lenox node and the Lindbergh 14, Add genercl purpose ployground equipment

node. in Bogley Fark odjocent to the grill

6. Widen Roxburo Road from Peachtree Rood locations.
1o the Southern Railrood. 15, Improve sorth-south troffic from 1-85 ond

7. Support on  effort to  undertoke © Lenox Rood to Roswell-Piedmont inter-
BUCKHEAD DEVELOPMENT PLAN. section past the Phipps-L enox area,

8. Iniviate ond complete a comprehensive traf- 16, Feplaoce existing gymnasium in Peachires
fic engineering study of NFPU-B ond the Hills Park with modern facility.

areas NPU.B \mpacts.,
Enlorge ond repair the Ida Williams Library.

NEIGHBORHOOD PLANNING UNIT B -

FIVE YEAR PLAN

datn Sources used in preparing this plon:
. All population figures are from "1976 Age,

v g g Race, Sex Estimates”, Atianta regional Com-
! o -~ *  mission, 1976,
alp o R 2. All household figures are from R.L. Polk and

Co., "Profiles of Change”, 1974,

LEGEND
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Morris F inley, District § =T
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George Cotsakis, District 7 _
Richard Guthman, Jr., District 8

Arthur Langford, Jr., District 9 _
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Figure 3.2 Five-Year Land Use Plaan for Buckhead, "enox-Phipps Neighborhood

Planning Unit (XPU B)
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Henrico County, Virginia, is & rapidly urbanizing suburban county.
Between 1950 and 1960 its populatio.. increased 105 percent, and between
1960 and 1970 it increased 32 percent again to 154,364. Its share of the
region's population has increased from 16 percent to 30 percent in twenty
years. By 1990 Henrico's population in projected to exceed that of the
City of Richmond and all of the other jurisdictions in the Richmond SMSA.
The portion of the metropolitar work rorce working in Henrico is predicted to
increase from 16 to 25 percert. This growth will mean 86,000 new people and
48,000 new dwelling units. .

To deal with the clanging character of the County and to plan for ef-

ficient growth, the County in 1974 published a Land Use Plan as a guide for

developmeqt through 1995. The Plan has three parts: (1).Goals, Objective Areas,
and Policies indicating the intent of the Plan; (2) the Plan Map delineating.the
extent, size, and general location of each land use; and (3) the Phasing Plan
proposing the appropriate timing of development in the county. The Land Use
Plan is one element of a Comprehensive Plan as required by Virginia Commonwealth
law and Federal funding regulations.

The 1974 Plan calls for 21,677 acres of new development. Most of this new
development would be residential areas. The biggest percent increase, however,
would be for the accuisition of a sys-em of county parks and open spaces (1,346
percent). According to the Plan, Henrico County in 1955 will be 37 percent urban
or built up, 12 percent will be held in conservation and 49 percent will be vacant
or used for agriculture. Development is to be phased in four Objective Areas:

Developed, Transitional, Expansion, and Outlying.

3-11
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TABLE 3,3

Henrico County 1974 Land Use Plan Land Use Change Projections, 1973-1995

Residential

Commercial

Industrial

Public & Semi Public

Active Recreation

Environmental
Protection

Agriculture and
Vacant

TOTAL

1973

21,462
(13.7)

2,011
(1.3)

3,002
(1.9)

8,614
(5.5)

192
(0.1)

19,450
(12.5)

101,570
(65.0)

156,301
(100.0)

(acres and percent of County)

Acres Percent
1995 Changed Change
34,893 +13,431 62.5
(22.3)
3,946 + 1,935 96.2
(2.5)
5,179 + 2,177 72.5
(3.3) *
10,164 + 1,550° 18.0
(6.5)
2,776 -+ 2,584 1345.8
(I.8)
19,450 ——— -——
(12.5)
79,893 -21,677 -21.3
(51.1)
156,301 21,677 13.9
(100.0)

The Henrico County Planning Office was responsible for preparing the

1974 Plan and background studies which support the plan. The Planning Office

has major responsibilities in the implementation of the Plan policies through

the administration of the County zoning ordinance and subdivision codes;

preparation of other elements of the Comprehensive Development Plan

(C vy "".{"'

Salts

1 Space): assistance in preparing
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capital improvements budgets; and preparation of an annual State of the

Land Use Plan report. The Planning Office is organized into two functional

units and an administrative unit under a Planning Director appointed by the
County Manager (Table 3;6). » The Current Planning Section has responsibility
for daily administration of procedures for tezohing. subdivision of land,
places of development, use permits, and zoning appeals, as well as the
enforcemer.t of the zoning and subdivision or ordinances. The Advance
Planning Section prepares land use, transportation, open space, public
facilities, and housing plans; conducts small area studies and special
~studies for the County Manager and Board of Supervisors; and provides data
monitoring. In fiscal year 1977-78, the Planning Office had a staff of 29 -
12 planners, 10 technicians, 7 clerical; No increase in staff was approved in
fiscal year 1978-79. The goals developed by the Henrico Planning Office\fOt

the Landsat Applications Program were:

e To familiarize County personnel with Landsat capabilities

e To acquire a working knowledge of Landsat data processing

e To produce a land cover classified map of the County

e To evaluate the capabilities of transferring Léndsat land cover

to drainage basin model and/or computerized data base systems.

e To evaluate other applications of Landsat data to the County.

Responsibility for the Project was assigned to Cheryl Evans a planner
from the Advanced Planning Section responsible for the Office's statistical
monitoring. Initial processing efforts were hampered by a problem with the
County's computerized PBX telephone system which tended to disconnect the
connection with the PSU Computation Center. This problem was solved by

1y T

: 1 3 14 § | S T Tl sy e gy in tha
installing it telerhone line for the iter terminal it 16
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Planﬁing Office, but diagnosing the problem involved the efforts of the tech-
nology agent and personnel from the PSU Computation Center, computer termi-
nal vendor, telephone company, and County Data Processing Office. A period
of four months elapsed beforé the problem was solved. During that time a
number of small analyses were performed, and working knowledge with the

ORSER processing system increased.

The Planning Office monitors land use changes and prepares annual land

use acreage inventories using Building Occupancy Permits. A technician
.monthly records land use changes in a Land Use Profile Notebook and updates

the Counties subdivision plat maps, plan of development (POD) maps, land use
section maps and 1" = 200' scale planimetric maps. Acreage and other infor-
mation are recorded by magistrial gistrict, traffic zone; census tract, and
enumeration district for ten land use categories: single family residential,
multi-family residential, commercial service, offices, light industriai,

large industrial, public usage, semi-public usage, prime vacant, and conser-
vation vacant. Between 1971 and 1977 the average annual rate of land use change
for the county was 950 acres. This land use change monitoring is partially
funded by a $2,000 per vear contract from the State Department of Iransporta-
tion. The contract is to provide land use acreage statistics annually by traffic

zone as part of the Continuing, Coordinated, Comprehensive Transportation Planning
Process (3C Process) required by the 1962 Fedeial Highway Act to update

Regional Major Thoroughfare Plans. The data are also used by the County Planning
Office to prepare population estimates and projections, prepare an annual

State of the Land Use Plan report, and estimate the availabi.ity of land

For future develonmen 1sine 2 Land Consumnrion Model
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' A six category Landsat landcover classification was prepared by the
County using the ORSER system in about four months time, once the telephone
line problem was resolved. The categories derived include: residential,
commercial, heavy vegetation, light vegetation, agriculture, and water.

About three weeks of a planner's time, and 63 hours of computer connect time,
and 42 minutes of computer processing time were required. Computer charges
were about $342, computer terminal costs, about $500, and WATS telephone
line charges, about $1,100. Total cost was about $12,00 per square
mile for the 244 square mile County.

In order to produce land use or land cover acreage statistics it was

necessary to be able to input to the computer the map coordinatee of the
County boundaries and tabulate the number of Landsat picture elements
classified into each category. The ORSER processing system does not have the
capability to process the large nuﬁber of map coordinates required, so .
NASA's Eastern Regional Remote Sensing Application; Center (ERRSAC) agreed

to provide technical assistance in this matter using an interactive digital
irage manipulation system (IDIMS) and a geographic data entry system (GES).
These systems utilize a digitizing table to enter map coordinates defining
the boundaries of the magisterial districts, traffic zones, census tracts,
and watersheds into a computer. The Landsat image classified by Henrico
County was resampled to register with the digitized map coordinates.

The picture elements within each district, zone, tract, and basin were then
tabulated, and the digital image of the classified Landsat scene and digitized
maps were recorded on film to produce a color land cover map (Figure 3.4).

Several difficulties were experienced in trying to digitize the maps and

prbduce the land cover statistics. First, the IDIMS and GES svstems had
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not yet been accepted from the systems vendor and frequent hardware and
software failures occurred. Second, the ERRSAC personnel were still learn-
ing to use the systems and ﬁad to develop procedures and correct systems
documentation as they went along. A total of three months time was required
to produce the land cover statistics, however, under operational circum-
stances the time required should be much less.

B L;nd cover statistics weré produced for magisterial dist;icts, traffic zones,
census tracts, and watersheds from Henrico County's Landsat classifications.
Table 3.6 compares the land cover statistics produced from the Landsat/ORSER/

IDIMS-GES procedure and the County's current procedures. Meaningful comparisor of
the two inventories are difficult because the categories are dif{erent.

Also the accuracy of neither system is known (in such cases the County's
estimates are generally assumed to be correct): It can be seen in Table 3.6
that in this case, the Landsat cla;sification greatly overestimates the z
residential area (.0,908 acres versus 24,614 acres). This was probably

due to drought conditions wirich affected the appearance of agricultural
fields at the time of the Landsat image (July 14, 1977). Also, the digital
nrocessing technique overcountea the County's area by about 3,200 acres.

This is probably the result of errors in the geometric correction of the
Landsat imagery and errors in the digital registration of the county maps

to the classified image. Looking at Figure 3.4, errors in the registration
of the maps to the classified images can be seen; for example, the County

boundaries along the southern side shown follow the James River, but do not

in the digitized overlay.

3-19
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TABLE 3.6

Comparison of Land Cover/Use Acreage Statistics for Henrico Coiaty by Landsat

Digital Image Processing Techniques and Conventional Procedures, July 1977

County Landsat
Single Family Residential 22,756.48
Multi-Family Residential 1,857.18 ’
24,613.66 - Residential 40,908
Commercial Service 2,005.71
Offices 503.24
Light Industrial 474,30 .
Heavy Industrial 2,929.50
Public Usage 6,495.53
Semi-Public Usage 2,496.07 Commercial/ .
14,904,35 === Industrial 20,003
Heavy Vegetation 74,989
Light Vegetation 9,669
' Agricult 12,11
Prime Vacant 96,932.58 griculture
19,450.09 Water 1,765
Conservation Vacant 116,382,67 -====- 98,594
TOTAL ACRES 156,301 159,505

A second application of ‘nterest to Henrico County was the use of
Landsat landcover infcvmation in a hydrologic model. The County Public
Works Department was evaluating implementation of the Massachusetts Institute
of Technology C:tchment Mcdel (MIT-CAT). The purpose of the model is
to identify areas where floods may occur and provide a tool by which the water
resource impacts of future development, capital improvement projects, and

zoning and land use changes can be predicated. Changinz 1and use from
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natural state to one of development means more and faster water runoff due
to increased imperviousness and investment in drainage systems. As a result,
flooding problems increase, less water recharges the étound-water supply, water
contamination due to sediment and street residues increases. Remedial action
involves investment in flood control, storm sewers, and waicewater treatwent
facilities. Preventative measures include land use controls to limi*
development to those types and areas that will minimize increased flooding
and keep pollucants from stream channels.

Traditionally, functional land use information has been used in hydro-
logic models as a surrogate measure of the actual surface cover of the ground

and such characteristics as imperviousness. The landcover information

derived from Landsat is more closely related to the character of the ground sur-
face and therefore can potentially be used as input to hydrologic models. The
‘Landsat landcover derived by the Henrico Planning Office was not actually used

in the MITCAT model, however. The Public Works Dep;rtment had not at the time

made the decision to Implement the model. In addition, modification of the model
would have been required to calibrate the model to the Landsat data and develop

a methed for zutomatically inputting the Landsat digital information into the

model in the network format required. An analysis was made of Landsat spectral
values (gray levels) and a '"C-Factor” map prepared for the MITCAT model. C-Factors
are a hydrologic parameter related to imperviousness aad derived from interpreta-
tion of land use and zoning maps. Figure 3.5 shows the relationship between the
Landsat gray level values in two band widths compared to a sample -f C-Factor values
picked off a map. The relaticaship is generally linear, suggesting that a ratio

of the two Landsat brandwidths could be used to estimate imperviousness,

- gy
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The County did use the Landsat landcover information in the preparation of an
environmental assessment of a proposed park site (Figure 3.6). The Landsat
information showed the location and area of various types of vegetation and
land uses on and around the proposed site. This information which was fea-
tured on the cover of the environmental assessm;nt report was used in applying

for state and Federal recreation funds to acquire the site.

>3.3 Minneapolis, Minnesoia

No demonstration project was initiated by Minneapolis. It dropped out of the
Landsat Applications Program shortly after a newly elected administration took
office in January, 1978. Under a City Charter amendment that also took effect
then, the City Planning Department, which was to have conducted the Landsat pro-
ject, was moved from the City Controller's Office to the Mayor's Office. A new

S

Planning Director was appointed by the Mayor with a mandate to prepare a new Com-
munity Development Plan for the Ciéy. The Community Development Plan had beend a
campaign issue in the election. In the resulting repriorization of work programs
and schedules, the decision was made not to pursue the Landsat project. The ex-
perimental nature of the Landsat program, and its connection with the previous ad-
ministration caused it to be dropped from the Department's list of prioritv pro-
jects.

As well as 1llustrating the political nature of technology transfer to cities,
Minneapolis has several phvsical characteristics which suggest circumstances wlere
satellite remote sensing may not be an appropriate technology. The incorporated
city limits of Minneapolis are onlv 58 square miles, thus the economics of scale

whicli make satellite remote sensing beneficial in large areas cannot be achieved.

Moreover, the city land area has been completely developed since the 1940's. 1lMost
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land use changes in the last ten years have been due to redevelopment or
abandonment, neither of which would be detectable from satellites. Lastly, the
Minneapolis-St. Paul area has a unique regional government, the Metropolitan
Council, which has responsibility for many regional planning functions including
transportation, water and sewer, and land use. Thus many regional concerns

that might utilize satellite data collection techniques are not the responsibilty

of the City Planning Department in Minneapolis' case.

Oklahoma City, Oklahoma

Unlike most cities, Oklahoma City was never small. Founded in a land
rush in 1889, it began with a population of 6,000 in a single day. Population

growth was slowed briefly by economic depression and drought in the 1920's,
but after World War II new industry brought new growth. Between 1940 and
1970 the city's limits increased from 25.9 square miles.to 649 square miles as

the city sought te gain control o% the region's water reservoirs and developable
land. The second largest municipal area in the U;ited States, Oklahoma City

is characterized by a large urbanizing fringe. Only about 25 percent of the
city is developed; 75 percent of the land area is vacant or is used for
agriculture.

Since 1977 The Oklahoma Citv Department of Planning has been a department
within the superdepartment of !lanagement Services. Planning is organized into
three divisions under a Planning Director: Administration Economic Development,
and Urban Design. The Department is responsible for housing and conservation
design services, select area planning, economic development planning and data
monitoring and research. Zoning, subdivision controls, special use permits

and other adminstrative functions are handled by the Community Development

Department. In fiscal vears 1977-78 and 1978-79 the Planninz Department had
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22 authorized positions and a budget of $444,378.

In 1977, the City Planning Department published a Comprehensive Plan
for Growth Management and Community Development. Two previous comprehensive
plans“had Been prepared by consultants in 1931 and 1949. The 1977 plan had
been initiated in 1975 when'the city realized that it severely constrained
fiscal resources might not be sufficient to cover the costs of providing
aeriices, streets, sewers and schools to uncontrolled future development.
The major objectives of the 1977 Plan are (1) to preserve the remaining un-
developed land in the city by reducing land consumption of new development by
40 percent, and to conserve the existing housing stock by revitalizing 27,200
dwelling units by the year 2000. The City has estimated it will save $250
million in capital improvements costs with tﬁis "conservation" policy during
the next 25 years. A

In order to implement and detail the long-range goéls and policies of
the 1977 Comprehensive Plan at the neighborhood and program level, the Select
Area Planning Process was established. Through the Select Area Planning
Process, citizens groups and the Urban Design Division of the Planning Depart-
ment prepare strategy documents recommending city actions and programs con-
cerning land use, zoning, capital and service improvements, c;mmunity development,
economic development for each of the city's 45 designated planning areas.
Once adopted by the neighborhoods, the Planning Commission and City Council,
the Select Area Plans are implemented by the cities 10 executive departments.

The Landsat Applications Project was undertaken to determine if Landsat
could meet the information needs of the Data Monitoring and Research Section
of the City Planning Department. This Section is responsible for maintaining
the City's physical, demographic, and economic data basg for providing data

support services to citv departments and other nublic and private grours.

3-27
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At present, the primary client is the Szlect Area Planning Process. For each
planning area, the Data Monitoring and Research Section prepares a Resource
Document containing an inventory of demographic, land use, zoning, housing,
business and industry, and Urban services and facilities.

The Data Monitoring and Research Section's data base presently consists
of population, economic, housing and land use information from several sources.
Maps are maintained at four scales: 1"=200', 1"=400', 1"=6,000" and 1"=12,000',
Black and white aerial photographs for 1968 and 1976 are also maintained. 1In
1979, the Department completed a three year project to prepare the first complete
city-wide land use inventory in 30 years. Approximately 20 man-years of
effort were required to complete the land use survey. Automated data base

services include the annual R.L. Polk Profiles of Change and address matching.

The City Planning Department with the comcurrence 6f interested officials
from the State, Conservation Commission, Soil Conservation Service, and r
University of Oklahoma, identified three potential applications of Landsat in
Oklahoma City: monitoring urban growth; monitoring watershed land use changes:

and developing an automated urban informaticn system (Table 3.8)., Growth

Monitoring was selected as the most feasible and most important for initial
demonstration. The objective of the growth monitoring demonstration was to
use successive digital Landsat images to distinguish urban from agricultural
land uses. Operationally, this information could be used to determine rates
of agricultural land consumption, monitor the effectiveness of the Comprehen-
ine Plan in conserving growth, alert officials about new growth, and assist
in ma.ntaining an up-to-date land use inventory.

From April through July, 1978, the OKC Planning Department used the ORSER

gvstem to analvze two tost areas within the city from a June, 1977 Landsat image

3-28
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Tb. analysis was performed by Gerald Johnson, an administrative aide, under
the supervision of Roy Reynolds, a senior planner in charge of the Data
Monitoring and Research Section. The result was a seven category land cover
map (Figure 3.7). Land cover categories were water; urban/residential; paved

surfaces/commercial; prnirié; wetlands; agriculture/prairie; bare ground/
fallow fields. Average accuracy of the classification was estimated by the OKC
Planning Department to be 78 percent. '

About 80 hours of computer connect time and 40 minutes of computer processing
time were utilized to derive the results in Figure 3.7. Cost of the computer
time (not counting telephone charges and the cost of the remote computer terminal)
was less than $400. In addition to the time spent ptocessing the Landsat
data on the computer, the Planning Department estimated that 80<100 hours of
personnel time were required to gather ground truth 1nf;rmation and interpret

the computer output. E
The time required to develop the land cover tnformation using the ORSE£
processing system was considered by the Planniﬁg staff to be too long to be
practical for operational use, For example, many tediovs hours were required
to hand color the computer map printouts before they could be interpreted.
Also,the planning staff did not understand the statistical processes being
utilized by the ORSER programs and, therefore, lacked confidence in the results.
Through a grant to the University of Oklahoma, the OKC Planning Department
was also able to try the urban monitoring application on a second image
processing system at NASA's Earth Resources Laboratory (ERL) in Slidell,
Louisiana. The ERL ERDAS (Earth Resources Date Anaylsis System) system is
different from the ORSER system in that it is interactive rather than remote
batch; processing results are displaved in seconds rather than minutes; pro-

cessing results are displaved on a color television monitor (CRT) rather thar
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a line printer; and different algorithms are used to extract the multispectral
signature statistics for land cover types and classify the image. Commercial-
ly available image processing systems similar to ERDAS cost $150,000-$250,000
or can be rented with operators for approximately $200 per hour.

Approximately a week was required to clais:l.fy two Landsat images using
the ERDAS system operated by NASA support pursonx}el == the June, 1977 image OKC
had previously classified on the ORSER system It.ld a July, 1974 image. Figure
3.8 shows the land cover classifications produced on ERDAS. The area covered
is approximately the same as that covered in the ORSER system classification
in Figure 3.7. The land cover catep.ries in the ERDAS classification were in-
terpreted to be: bare fields/commercial/industrial; residential; asphalt/bare
ground (1974 only); fallow fields (1974); agriculture (3 classes in 1974, 2
classes in 1977 image); water; and wetlands. Differences in the ERDAS and ORSER
classifiéation of the June, 1977 -Landsat image are caused by the use of dif«
ferent multispectral signatures and different processing algorithms.

The two ERDAS classifications were evaluated by the OKC planning staff
for their ability to indicate land use changes. The 1977 classification shows
more yellow (residential) and red (commercial/industrial) than the 1974 class-
ification, potentially indicating new development. However, both classifications
contain misclassifications which make it impossible to determine precisely
where changes have occurred. For example, in the 1974 classification the yellow
areas are generally residential but contain some agricultural fields as well.
In the 1977 classification, the residential category also contains misclassified
agricultural fields and an airport, which was separately classified in the 1974

image, has been classified residential. The 1977 classification also suggests

3-32



Figure 3.8 Land Cover Classifications of 1974 and 1977 Landsat Images of
Portion of Northwest Oklahoma City using ERDAS System
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a large increase in commercial and industrial land uses, when in fact, most
of the apparent changes are due to bare or fallow fields misclassified as com-

mercial land (red). .

The two ERDAS classifications illustrate several problems with using Landsat

data for change detection. First, at certain times of the year different land

uses may have similar land covers and therefore similar spectral signature '
values which will result in misclassifications. Second, classifications of

the same area from images acquired by the satellite at different dates, or

images processed using different procedures or classification algorithms

may result in maps with different categories; This may be partjcularly true

when an unsupervised cluster analycis algorithm is used to classify the images

.

as was done on the ERDAS system. Lastly, the accuracy of a change detection
determination made from two indep;ndently classified images will equal the
product of the accuracies of each of the individual classifications. That is,
two images each with an overall accuracy of 90 percent would produce change
results with only an accuracy of only 81 percent. While this last problem is
not unique to Landsat but would exist with any data collection.methodology,
the errors can be reduced if the images are processed together as a composite

rather than separately processed.

San Jose, California

Since the end of World War II San Jose has experienced dramatic economic
changes and rapid population growth which have altered the size and form
of the City. Th; structure of the city's economy has been transformed from
an agricultural and transpcrtation center to a financia{, office, and high
technology research and manufacturing center. This economic growth broucht

large inmigrations of young, highly skilled, highly paid workers and their
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families to the region. Between 1950 and 1970 the city's population grew
nhtly 500% from 95,280 to 459,913, San Jose's growth as a percent of Santa
Clara County's growth which was 33% in 1950, grew to 45% in 1970. Although
the greatest period of growth was the 1960's, the population growth has
continued in the 1970's. Between 1970 and 1976 San Jose was the fastest
growing city in the United States with a popul;tioh over 500,000, San Jose's
population increased 25Z in six years to approximately 573,000--an average
increase of 19,000 persons am:uially.

Along with the tremendous growth, San Jose, like many other California
cities pursued an agressive policy of annexation during the 1960's. The
City's incorporated area grew from 27.62 square miles in 1955 to 142.70
square miles in 1970. 1In 1970 San Jose adopted a set of Urban Development
Policies dealing with the timing and staging of development. The Urban
Development Policy and the related Annexation Policy were ammended in 1972
and again in 1974, The Urban Development Policy had three major impacts: *

1. Agreement was reached with the County-of Santa Clara and the
Local Agency Formation Commission (LAFCO) that urban development
requiring municipal services should not be allowed to develop in
the unincorporated areas of the County.

2. The City Annexation Policy was amended to be consistent with, and
related to the goals of the Urban Development Policy. Unincorporated
lands within the Urban Service Area were to be given highest priority
for annexation.

3. The concepts of Urban Service Areas and Urban Reserve Areas were
established. The Urban Service Area consists of existing urban

development areas and vacant agricultural land, either incorporated

1=-38
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or unincorporated, within the City's sphere of 1nf1;enc¢, which -
are served by existing urban “acilities, utilities, and services
or are proposed to be served by urban facilities, utilities, and
services in the City's adopted five-year Capita’ Improvement Pro-
gram. The Urban Service Area is divided into two categories:

Urbanized Area - This includes all déveloped areas within the
Urban Service Area.

Urban Expansion Areas - These areas consist of vacant and agricul-
tural land within the Urban Service Area proposed for urbanization
in the future and served by existing or proposed service and utili-
ties. Vacant and agricultural land within the urban expansion area
are categorized according to "commitments'" of uses; vacant public
committed land, vacant private committed land, vacant Williamson
Act Land (land under contract to the City through the California
Land Conservation Act of 1965), vacant industtial reserve land,

and vacant non-committed land.

The Urban Reserve Area consists of lands which are generally not readily
accessible to utility extensions or where development of community facilities
is not programmed. These areas generally contain no urban development and
generally no urbanization is expected in the next”l5-year period. '

In 1975 a Ceneral Plan was adopted by San Jose containing the following
state mandated elements: land use, circulation, housing, conservation, open
space, seismic safety, ncise, scenic highway, and safety. The General Plan
is the adopted statement of policy for the physical development of the communi-
ty. As such, it represents the City's intent as to the amount, type, and
phasing of development needed to achieve the City's social, economic and
environmental goals;

Growth was the central issue in the development of the 1975 General
Plan. The General Plan recognized that the amount of available land for
urban growth was finite. The Geaeral Plan estimates that by 1990 the City's
population will increase from approximately 542,000 in 1975 to approximately

' : ~ ] e
e © 1 uenci
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is projected to increase from 643,000 to approximately 780,000. San Jose's

share of Santa Clara County's population which was 45Z in 1975 was projected
to be 49% in 1990. This growth will be accommodated by development of about
7,500 units per year (this is a decrease from the 8,000 dwelling units
annual average authorized between 1970 and 1974). Land consumption over the
fifteen-year period was estimated to be about .1,600 acres per year compared
to 1,900 acres urbanized annually from 1970 through 1975. The General Plan
estimated that the 10,680 acres suitable for development in the Urban Service
Area was sufficient for 65 years of future growth.

The General Plan had five ~ajor recommendations:

1. Revision of the City Zoning Ordinance to copform with the General

2, Incorporation of the Urban Development Policies into the General
Plan. The Urban Development Policies are implemented through a
development review procé?s and the capitgl planning process. r

3. Appioval of new zoning for residential development to be based on
a finding that it will constitute a net benefit to the City. The
net benefit determination consists of economic, fiscal, social,
and environmental findings that demonstrate that the benefits of
a project to the community will outwéigh the disbenefits.

4, Establishment of Urban Service Programs to identify service defi-
ciencies in developed areas and develop sequencing plans for pro-
viding services to developing areas.

5. Prepara*ion of Master Environmental Impact Reports (MEIR's) for

the City's 15 planning areas tc enable the City to evaluate cumula-

tive, area-wide effects of development.
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An annual review ard amendnéui pg%éiég was established to update the

General Plan. The annual review is timed to provide input to the Capital

Improvement Program and Urban Service Programs.

The San Jose City Planning Department's mission is to serve the City
Council, the Planning Commigsion and the Administration by recommending,
developing and administering policies, planmns, and programs that guide and
direct the physical, social and economic development of the City. The De-
partment is organized into three divisions: Administration, General Planning,
and Zoning--of which Zoning is the largest.

The Zoning Division is responsible for administration of land use regulations
through application review process including rezoning applicétions, plan de-
velopment permits, site development permits, tentative maps, co?ditional use
permits, variances, exceptions, and adjustments. In addition the division
drafts new land use regulations, revises exisging ordinances, and conducts
short-range land development poli&ies for the City Council, Planning Commission,
and C‘ﬁy Manager. The main activity of the General Planning Division is the

semi-annual amendment of the General Plan. Other tasks include: reccmmend

changes in the Urban Service Area boundary, develop energy conservation poli-
cies, prepare area plans, carry out the City's annexation program, participate
in regional planning activities, maintain land use/housing and population
estimates, and review pending legislation. Since 1975 the Planning Depart-
ment's administrative workload has increased 40 - 50% and the number of auth-
orized personnel has decreased 12%. To keep up with this increased work load
the review process has been streamlined, mid-year Ceneral Plan review has been
eliminated, other programs have been transferred to other city departments,

and staff have been transferred from general planning to zoning administration.
The Planning Department's $1,168,000 annual budget is o;e percent of the City's

annual general purpose budget.
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For planning purposes San Jose is organized into 15 planning areas.

These planning areas are based on identifiable neighborhoods and boundaries

and do not conform to Census tract boundaries. As of January 1, 1979 the

City Charter was amended to allow for elections by 10 councilmatic districts
beginning in 1980. These councilmatic districts will be based on population.
Henceforth, City Planning data will be collatéd by councilmatic district

rather than planning areas. City Planning data are also reported for 490
Traffic Analysis Zones for the State Highway Department which uses the informa-
tion in trip generation models.

The Landsat project in San Jose was begun in April, 1976 under NASA Con-
tract NAS5-22412 when a six month test of the ORSER system was made. Gary
Zouzoulas, a planner in the Zoning Division,.was given three days of ORSER
instructior at Goddard Space Flight Center and prepared a Landsat land cover
classification. At the time, the ORSER terminal was located in another‘city
" department. A June 28, 1974 Land;at scene was used; ground truth was obtained
from June 8, 1974 black and white aerial photographs (1:24,000 scale).

A ten mile square study area in east San Jose was selected as a demon-
stration. The study area was selected because the area contained a variety
of land uses--residential, commercial, industrial, open space, suburban de-
velopment, agriculture, urban fringe, and unurbanized hillsides--and because
the area has a high potential for future urban expansion. After experimenting
with several ORSER techniques, 29 multispectral signatures were derived repre-
senting 11 land cover categories: Mobile Home Parks, Industrial/Commercial
Buildings, Residential, Industrial/Commercial, Parking Lots, Golf Courses,
Riparian Habitat, Orchards, Rangeland/Open Space, Excavated Areas/Barren Areas,

and Water. As shown in in Table 3.1!1 the Landsat land cover claszification

contained a mix of functional land uses in each category. Major sources of
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TABLE 3.10 Maps and Map Scalcs Utilized by San Jose Planning Department

Scale Maps

1:62,000 Santa Clara County Base Map

1:48,000 Roads, Sphere of Influence, Generalized
Land Use

1:36,000 Planning Areas, Urban Service Area

1:24,000 Topographic, Alguist Priolo Hazards,

Functional Land, Use

1:12,000 General Plan Working Map, Planning Areas,
Holding Capacity, Hazards, Zoning (reduced)

1:6,000 Zoning, Land Use Changes

3-41
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errors were caused by confusion of residential areas and orchards and mobile
home parks and freeways.

A map of the eleven categories was made (Figure 3.9). A major problem
with the map was misregistration with 1:24,000 scale maps caused by insuffi-
cient CRSER geometric correction of the Landsat image. The map was estimated
to be 8C percent accurate. A total of 50 houfs of computer connect time and
$730 in computer charges was required to develop the map.

A second land cover map was generated by Zouzoulas for an Airport Vicinity
Area Study (Figure 3.10). This map shows the ability to define a polygonal
area with ORSER when the polygon is not complex. With this capability it is
possible to obtain area measurements for each land cever in the study area.
Area tabulations for the Airport Vicinity Area Study are given in Table 3.12.

In November, 1977 when the second PTI/NASA Landsat project began, Gary
Zouzoulas had transferred from Planning to the City Science and Technolﬁgy
Office. Therefore, a second planner had to be trained. It was decided by *
San Jose that the General Planning Division was 2 more appreopriate organiza-
tion to utilize Landsat than Zoning, so John Berg, the planner within Ceneral
Planning :responsible for maintaining the Department's land use inventory, was
selected to attend the PSU-ORSER Remote Sensing Training Course.

As a result of Zouzoulas' wc.k it was determined that Landsat might be
more appropriate for mapping land use changes than land use inventcries.

The demonstration project objective was to determine if Landsat could be
integrated into the Urban Service Area Annual Review.

As part of the implementation of the Urban Development Policies incor-

porated into the General Plan in 1975 is an Urban Service Area Annual Review.

The purpose of the Urban Service Area Review is to monitor and update annual

increments of developrent and land absorption. Through this analysis the amount
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San Jose Study Area

Figure 3.9 Landsat Land Cover Classification of East
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Figure 3.10C
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Landsat Land Cover Classification of Airport Vicinity Area Study
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TABLE 3.12 Landsat Land Cover Area Measurements for San Jose Airport
Vicinity Area Study

Land Cover Acres . Percent
Residential 1,433 17.7
Building/Vegetation 744 9.2
Fields 2,409 29.8
Dark Earth 135 1.7
Pavement/Industry 637 7.8
Open Space/Irrigated Land 513 ' 6.3
Orchard 575 7.1
Mobile Homes/Industry 272 3.4
Industry - 1,000 12.4
Unclassified 368 - 4.5
TOTAL 8,086 100

3-46
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and distribution of land available fsr dc&elopnont within the Urban Service
Area can be analyzed and amendments to the Urban Service Area boundary rec-
commended. This analysis is conducted annually as part of the General Plan
and Urban Development Policy review.

The two major components of the Urban Service Area Annual Review analysis
are the vacant land inventory and the land lviilability analyses both reflect-
ing conditions as of July 1 (Figure 3.11). A land use inventory was completed

in 1974 as part of the General Plan and has been annually updated since then. .

Black and white 1:12,000 scale aerial photographs are obtained each April,
from a commercial survey firm. Annual cost has been about $1,500 but went
up to $2,400 in 1978. New urban development is 1dengified and interpreted
from the aerial photographs, and used to update an Urban Area pr and a Func-
tional Land Use Map. The acreage of new urban development is manually measured
using planimeters and dot grid screens. The acreage statistics are then used
to determine the number of years ;f available 1an§ left in the Urban Service
Area and as input to a population mode. Vacant and agricultural land are
categorized according to present "commitments' of uses: vacant public committed,
vacant private committed, vacant Williamson Act land, vacant industrial reserve
lands, and vacant non-committed land. Finally, the data are tabulated by
Planning Area, and recommendations are made fof changing the Urbap Service
Area boundary. Between 1970 and 1977, 13,000 acres were urbanized and 3,000
acres was added to the Urban Service Area. Approximately 10 man-months of
labor is required to conduct the analysis.

The intent of the Landsat demonstration was to determine if Landsat could
(1) flag areas éf new urban development particularly in areas where the City
has not previously obtained aerial photographs and (2) identify the change in

land use. The first several months of the project John Berg spent familiarizing
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Figure 3.11 Urban Service Area Annual Review Process

POPULATION

GENERAL PLAN
WORKING MAP

MAP NEW
URBANIZATION

v

DETERMINE NEW
LAND USES

7

FIELD
CHECK

Y

UPDATE LAND
USE MAPS

v

PLANIMETER LAND
USE ACREAGES

Vi

MODEL

ESTIMATE
POPULATION

TABLE

CREATE URBANIZATION

\/

ADD TO URBANIZED
AREA

ORIGINAL PAGE I8
OF POOR QUALITY

AERIAL
PHOTOGRAPHS

]e

Vi

DETERMINE
COMMITTED LANDS

]

DETERMINE
LAND AVAILABILITY

Vi

3-48

l‘_"

REPORT URBAN SERVICE
AREA LAND USE ANALYSIS

LAND USE
INVENTORY



me-

T, ".‘"\,F V*;
ORIGINAL FAGE
OF POOR QUALITY

himself with the ORSER system. In A;ril, 3978, work was begun on the change
detection. The ORSER staff and ERRSAC were consulted about procedures for
obtaining change detection using the ORSER system. No procedures were known,
however, since apparently no one had ever done a change detection o the ORSER
system. Tour potential techniques were, therefore, suggested to San Jose:

(1) map comparison of brightness maps; (2) classification of two merged Land-
sat images (8 multi-spectral channels); (3) classification of transformed
merged Landsat images; and (4) !istogram trimming of multidate ratioed images.
All four techniques require precise registration of the Landsat picture ele-
ments from two images with each other, which requires precise geometric zorrec-
tions of the Landsat images not available in the ORSFR aoftwire. At the time
ERRSAC did not have an operational and image processing system Eapable of registering'
two images, so it was decided to proceed using the ORSER system.

After several weeks, the San Jose planners succeeded in registering two
images, however, with only the OREER character maP it was not possible to determine
how good the registration was. A change detection map made by comparing (MAPCOMP)
two normalized brightness maps (XMAP) was generated (Figure 3.12). The purple
and blue areac increased in brightness and the red and orange arcas decreased
in brightness. The large contiguous areas correctly identified changes, however
the several small, scattered pixels could not be related to known urban develop-
ments. Additional attempts to develop unique signatures for land use changes
did not produce any concrete results.

One other achievement of the San Jose project was to experiment with the
use of microcomputer technolcgv as an intelligent terminal to the ORSER system.
Instead of a keyboard terminal to the input and output from the ORSER cemputer,
San Jose connected a second computer with its own printer, keyboard, and storage

devices to the ORSER computer. The San Jose perscnnel wrote a program in BASIC
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language to enable the two computers to "talk". Potentially, the use of micro=-
computers as ORSER terminals could reduce data processing and data file storage
charges by performing some processing "off-line" on the microcomputer. The

San Jose personnel did not keep records to determine if in fact the microcomputer
was more cost effective. They did find, however, that there was no cost ad-
vantage in storing data files on the microcoméﬁter. To transmit a 500 line
file at 300 band rate would take about 20 minutes and cost about 60 cents in
computer connect charges and $6.00 in long distance telephone charges. The
same file could be stored on the PSU computer for 1 cent per file day. Thus,
unless faster communications were used or r..e storage charges were high, use
of a remote microcomputer to store ORSER files would not be cost effective.

The microcomputer did, however, enable the S;n Jose planners to,perform addi-
tional manipulations on the ORSER data. For example, the planners used the
microcomputer to display multispectral signatyres graphically using an ;ntelliv

‘ gent graphics terminal.
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Summary of Local Experiences

Four of the initial five planning departments originally in the project
developed internal capabilities to process Landsat data and conducted demonstra-
tion projects in an attempt to apply Landsat derived information to locally se-

lected planning problems. Minneapolis, the smallest site in geographic area and
the only site with a strong regional government with r;gional planning authority,
dropped out of the project without initiating a demonstration project when a new
administration took office and no potential applications could be identified.

In all of the jurisdictions the planning departments were selected to con-
duct the project. The planning departments function chiefly as advisory organi-
zations to appointed planning commissions, the chief’administrative cfficer, and
elected legislative or boards. Departmental organization varie&, but generally,
each department was organized into 2 to 4 divisions and several sections. All
of the planning departments (excé€pt Oklahoma éity) had responsibilities for both
zoning and subdivision regulation adminstration ("current planning") and policy
or project planning ("advanced planning"). In Oklatoma City policy and preoject
planning are handled by the Planﬁing Department and zoning by another departmenc.
Generally the zoningz divisions were larger than the éolicy or project planning
divisions (Atlanta is the exception). Personnel shortages or cutbacks were a
problem in all of the departments. Frequently, planning work program elements
were reduced in order to accomplish the adminstrative work schedule and objec-
tives with the available resources.

All of the uepartments have small research or information services sections
to support the advanced planning divisions. These sections are generally re-~
sponsible for maintaining planning data bases consisting of statistical infor-

mation, property files, and maps, and for preparing data summaries, projections,

(%)
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or forecasts. These research sections are not usually oriented to conduct
original or experimental research.

Responsibility for the Landsat project was assigned to these research
sections, except in Atlanta.whete the project was assigned to the then Assis-
tant Zoning Administrator.

Each of the jurisdictions have recent comprehensive plans which are
regularly updated in some fashion -- usually annually. The three cities'
planning processes were all organized around neighborhood planning concepts at
which level citizen input is greatest and specific program actions are recommended.
Henrico County's planning process is not broken down into subareas although

data are rerularly reported by magisterial districts, traffic zones, watersheds,
etc. Atlenta and Minneapolis did not have a recent city-wide
inventory of existing land uses. Atlanta is currently developing an inventory

on a neighborhood by neighborhood basis; Minneapolis' land use was last surveyed in
1953. Very large, time consuming efforts are :eq;ired to develop these inventories;
Minneapolis' and Oklahoma City's surveys both required three years to complete.

The land use inventories are by functional land use category using modified

versions of the HUD/BPR Starndard Land Use Code (Table 3.9). Only Henrico County

and San Jose had procedures for regularly updating the land use inventories.

Henrico uses permit applications and administrative records, and San Jose uses
black and white aerial photography flown annually. None of the planning departments
had automated geographic base information systems, although the Public Works
Departments in Minneapolis and San Jose had or were acquiring systems. Atlanta

and Minneapolis have computerized parcel information files, and Oklahoma City
utilizes automated files from R.L. Polk Co. The San Jose Planning Department

was the only department to have its own computer -- micfocompuCer used to store

and produce management summaries of permit applications.

3-53
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Generally, one planner in each city was assigned to work on the Landsat
project part-time -- usually 4-12 hours per week. In Oklahoma City a two-person
project team approach was utilized - a senior planner and an administrative aide

plus some University personnel.‘ After giving.the project initial approval, manage-

.ﬁént level of involvement consisted mostly of periodic reviews of the project
progress. The chief executive officers or elected officials were not involved
in the projects except to initially approve participating in the program. The
UTS Technology Agents did not become technically involved in assisting the pro-
jects. However, their role was very important in introducing the technology
to the cities, obtaining initial commitments of the planning departments to par-
ticipate, and in politically supporting the ptojects.as they progressed.

The project participants' utilization of the ORSER processing system is sum-
marized in-Table 3,10, On average, each site utilized under ZbO hours oflébmputer

connect timé; or about 15 hours a month. Three of the participants averaged

-

"~ about 130 minutes of computer processing time; San Jose used 300 minutes. Computer

costs averaged $1,000 for three of the sites; San Jose utilized $2,400 worth of
computer charges. In addition to computer charges, the national WATS telephone
line established for the cities to connect with the PSU Computation Center cost
an average of $1,000 per month, or 12 times the average computer charges. In
addition to NASA's costs for the PSU computer énd telephone line charges, each of
the cities committed about 12 man weeks of labor and an average $1,500 each for
the computer terminals.

Each of the cities were able to produce general land cover maps from their
applicacion demonstration projects, but these maps only partially fulfilled the
original objectives cf the cities' projects. The land cover categories derived

by the local governments using Landsat are shown in Table 3.11. Generally these
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categories compare in detail with the Level I Land Cover Classification Scheme’
proposed by the U.S.Gts. Compared with the functional land use categories pre-
sently used by the cities (shown in Table 3.9), the Landsat land cover categor-
ies provide much less detail in the built-up classes (residential, commercial,

and industrial categories) and more detail in .the undeveloped or vacant areas
(agriculture, forest, grassland, wetland, water). .

Two sites, Oklahoma City and San Jose attempted to demonstrate the_use of
Landsat for monitoring urban change. Oklahoma City used the approach of
independently classifying landcover types in two images using an unsupervised
cluster algorithm and comparing the two resulting maps. This approach suffers,
however, from inconsistencies and errors which exist in each of the maps when
prepared this way. San Jose attempted to combine two Landsat iﬁages into a single
composite image to identify unique spectral signatures qf changed areas,' This
approach has been used by other Landsat investlgators.l’z However, it was fo?nd
that the ORSER processing programs did not have the necessary capabilites to
successfully register, normalize, and difference multi-date Landsat images.

Despite the technical problems and limitations experienced by the four
sites, the overall impact of the program was positive.. All of the partici-
pants indicated that they had developed a much greater understanding of all
types of remote sensing and of computer data processing techniques as a result
of the program. This impact generally went beyond those individuals directly
involved in the projects to other members of the planning departments, and in
some cases other departments. The projects, in particular, highlighted the

need for greater data coordination and development of automated data bases in

most of the sites. In addition to providing valuable insights into the needs,
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issues, and poteatial for transferring Landsat technology to local governments,

the results of the applications projects demonstrated that satellite remote
sensing may require 2-3 years of further research and modification before it

is ready for wide adoption and transfer to local governments.
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4.1 History of Oklahoma City
Oklahoma City's inception occurred in one day with the "land rush" in 1889,

when the Unassigned Lands in Central Oklahoma were opened for settlement by
non-Indians. At noon on Ap?il 22, 1889, settlers were lined-up along the
boundary of the Unassigned Lands, and at the ﬁrenrrangeg signal of a gun shot
'ran' on foot, bicycle, horse, buggy, and wagon to claim their homesteads.
Each male adult U.S. citizen was entitled to claim one quarter-section (160
acres) of farm land or 6 town lots in one of the several previously designated
town sites. By nightfall approximately 6,000 people were camped along the
banks of the North Canadian River at the site of the Oklahoma Station of the

Santa Fe Railroad.

Oklahoma City grew rapidly as a trade and agricultural center. By 1900,
the population had reached 10,000. In 1910, three years after statehood, the
state capital was moved from Guthrie to Oklahoma City. The local economy ,
expanded rapidly and the population increased to ;1,295 in 1920. The discovery
of oil during the 1920's changed the economy and brought more growth. The
population doubled in size in te; years reaching 185,000 persons by 193C.
Economic depression and drought slowed the city's growth during the 1930's.
World War II and the miurw plant workers required by the war effort revived
the local economy. put it was not until after the war that another boom occurred.

Following the close of World War II, the increased availability of che
automobile permitted new housing to be constructed in areas apart from those
served by the traditional streetcar lines. To provided services to this new
growth the city began a program of annexation. Between 1940 and 1960 the city's

incorporated area increased tenfold from 26 square miles to 266 square miles;

and in the ten vears between 1260 and 1970, it tripled again to almost 649
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a
square miles. These annexations resulted in the city gaining jurisdiction

over three of the region's important water reservoirs, as well as much of ‘ts
potentially developable land.

Environment

Today Oklahoma City is 621.4 square miles’ in size, the second largest
municipal area in the United States. OKC is characterized by a large

urbanizing fringe and large undeveloped areas within the city limits. Onl,

about 25 percent of the city is developed; 75 percent of the land area

is vacant or used for agriculture. Oklahoma City is located in three

physiographic regions: wooded sandstone uplands kaown as the '"Cross

Timbers'; The "Reddish Prairie" underlain by shale and soft sandstone; and

the "Bottonlands'" consisting of the alluival floodplains along the Canadian

and North Canadian Rivers. ; >

Oklahoma City's climate is s;mi-arid; average rainfall is 30 inches per,

year and is unevenly distributed throughout the year. Extreme drought conditions

alternating with flood conditions are the result. The dissipation of storm
water is a major development problem. Most OKC scils are relatively unstable
and highlv susceptible to erosion from both wind and water when the native
groundcover is disturbed. The use of septic tanks is unsuitabple in most of
the community due to soil characteristics and the presence of bedrock.

Form of Government

Ckiahoma City has a Council-City Manager Zorm of gcvernment. One council
representative is elected from each of eight warde. The Mayor, who acts as
City Council Chairman, is elected at-large. City Council members, including

the Mayor, serve /-vear terms and may succeed themselves any number of times
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The City Council's responsibilities age legislative only. The City Manager
is responsible directly to the City Council, and is the Chief Administrator
for the city.

Major functions of thc.C1ty are divided among ten departments. Depending
on the size and scope of activity, the departments are further divided into
divisions and sectioms.

Fiscal Resources

General obligation bonds are issued by the city of Oklahoma City to
raise revenue for large scale capital improvements. These bonds irc repaid
out of ad valorem property taxes collecied by the four counties operating within

OKC city limits. Property assessment rates and tax revenue allocations are

set by the County Excise Boards rather than the city government. Federal and

state grants are used for specified types of approved municipal improvements

* (largely roads, parks and urban r;newal). In Cklahoma revenue bonds can only

be issued by trusts and special authorities to finance improvements such as
water treatment and distribution systems, airports, refuse collection equipment,
and recreational facilities whose debt can be retired through service charges

or entrance fees.

The cities general revenue fund for operafing and maintenance functions is
derived from a 1% sales tax; utility franchise taxes; water, sewer, and garbage,
service fees; and federal general revenue sharing and CETA funds. General
revenue sharing accounts for 12% of the city operatiny hudget. Less than 1%
cf the city's révenues come from ad valorem taxes. State funds amount tc less

than 47% of the obercting revenues and are usecd mostly for street maintenance.

4-3
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School districts are entirely dependcnt-;;_i;EQI property taxes to

finance capital improvements. Revenues for school eperations come from three
sources -- ad valorem taxes, state aid, and special federal programs. Over 3
70Z of the property tax collections are spent to support schools.

Land Use Planning History

In the face of the almost frantic growth Oklahoma City was experiencing
in the 1920's, a Planning Commission was organized in 1923 pursuant to new .
state enabling legislation. Also in 1923 a zoning ordinance was prepared,
approved by the Pl..aing Commission, and adopted by the City Council.

In 1931, a city plan for Oklahoma City, prepare? by a consulting firm,
was published.l!The plan recommended a coordinated street improYement program,
a Civic Center, a system of neighborhood and régional parks, and a new zoning
ordinance. The only proposal made in the 1931 Plan that was substantially

implementéd during the depression years was the construction of a downtown -
Civic Center.

By 1944, public officials, anticipating the pressure of growth after the
end of the war, hired a planning consultant firm to develop a new comprehensive
plan. The plan was published by the Oklahoma City Planning Commission in 1949§;/

The 1949 Plan was predicated on the assumption that predictable economic
growth Qnd development would form the basis for planning in Oklahoma City.

The plan called for the gradual extension of city limits and containment of
population within a distance of five miles from the central business district
(CBD), in order to prevent the city from outrunning its capacity to provide
necessary facilities and services.

In 1975, responding to impending fiscal crises, Oklahoma City undertook

a two year program to prepare a third comprehensive plan. Oklahoma City's

s el ta et il o)
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Figure 4,1 Oklahoma City Comprehensive Plan for Growth Management and
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outstanding debt had increased to 25X of its assessed valuation; debt repayment
accounted for nearly 30X of the city's fiscal resources. A consultant's report
concluded that if current trends continued the city's severely constrained
ability to raise revenues tQ provide capital improvements and services to

new development would bankrupt Oklahoma Cityflf

The Planning Commission published Oklahoma City's Comprehensive Plan for

Growth Management and Community Development in 19774/ The plan consists of

two primary documents: the Preservation Policy Plan which focuses on goals

and policies to guide growth to the year 2000, and the Preservation Action

Program that defines the steps to implement the Policy Plan during the

first ten years. In addition, 29 technical reports were ptoduced to provide
background data, analyses, and guidelines to support the final plan. These
reports include analyses of existing conditioqs and problems, growth forecasts,
alternative plan and evaluations.-financial analyfes. and implementation pro~
grams and procedures.

The 1977 OKC Plan projects that between 1975 and 2000 Oklahoma City's
population will increase 44% from 391,600 to more than 564,000, Oklahoma
City is expected to continue to capture about half of the population in the
three county metropolitan area. By 2000, metrépolitan employment is forecast
to total 305,200, an increase of 61% over 1975. Demand for new housing
between 1977 and 2000 is estimated to be 166,900 units - 196% increase over
the existing 157,000 units. This translates into an average annual production
of over 7,250 dwelling units.

The two kef goals of the 1977 OKC Plan are:

1. Encourage efficient and cost-affective growth patterns in regard

to land, energv conservation, and fiscal resources: and
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2. Preserve and revitalize existing neighborhcods and business areas
to arrest neighborhood decline and protect existing housing,
private and public investments.
Improved public maintenance, correction of service deficiencies, and public
assistance for housing rehabilitation are stressed in existing neighborhoods.
New growth is to be directed to be more geographically balance, located to
reduce service costs, located on vacant land served by existing utilities, and
located out of environmentally sensitive areas. Commercial and industrial
growth is to be located in the downtown or in existing activities. Transporta-
tion policies are to shift toward greater utilization of public tramsit.
The Policy Plan targets 27,200 existing dwelling units for .uhabil:ltation.
22,400 new inner-city units and 139,700 new suburban units by the year 2000.
A total of 60 square miles of suburban dcvologmcnt are estimated to be required
" by the Plan. By contrast, currenE trends if continued would require 84 square
miles of suburban land, an increase of 40% above ;he Preservation Plan requirements.
By reducing the land area of new development and conserving existing housing

stock, the Preservation Plan is estimated to save over $250 million in capital

{mprovement costs compared to the current trend projections,

. 18
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4.6 Select Area Planning Process

The OKC Plan sets out long-range, city-wide goals and policies, and
identifies short-range implementation strategies and actions for each of the
city's planning areas. The :job of implementing and detailing the OKC Plan
at the neighborhood and program level was left.to the Select Area Plan
Process. Through the Select Area Plan Process needs are identified and
priorities established for community and neighborhood improvement of each
of the city's 45 planning areas. Neighborhood groups present problems,
needs, and goals at city-sponsored neighborhood workshops. The city staff
provide background data; research; urban design, physical andvsocial planning
expertise to translate these identified goals ard needs into specific design
solutions, capital improvements, zoning concepts, economic programs, and

housing programs. The Select Area Plan consists of two reports:

1. The Resource Document -- prepared by the Planning Department's Data’

Monitoring and Research Section is a background report on the
planning area. It contains an inventory of demographic, land use,
zoning, housing, business and industry, and urban services and
facilities data summarized into findings and.yielding major issues
and problems.

2. The Strategy Document -- prepared by the Urban Design Division of the

Planning Department and citizens' groups deals with recommended city
for the planning area. The document is concerned with six major areas:
Land Use, Zoning, Capital and Services Improveoments, Community and
Social Opportunities, Economic Opportunities, and Future Urban Struc-

ture,
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The Data Monitoring and Research Section's primary products include:

Population data - derived from 1975 U.S. Census, R.L. Polk Profiles
of Change, National Planning Data Corp. estimates,

NTIS, and Oklahoma Employment Securities Commission

Economic data same sources as above .

Housing data

1979 U.S. Census, aerial photography, building
permits, R.L. Polk
Aerial photos = 1976 reproducible cronars and 1978 black and white

prints at 1" = 880'sca1e
1968 planimetric maps (1" = 2Q0' scale), zoning maps

Maps
(1" = 400'), census tracts (1" = 6,000' gnd 1" =
12,000'), base maps (1" = 12,000').

A primary source of OKC's Plgnning Department's data base comes ft&m the

R.L. Polk Profiles in Change service.éj Begun in major U.S. cities in 1974’

under a U.S. Department of Housing and Urban Development grant, the R.L.
Polk provides an annual canvas af households. The city purchases this
information annually for approximately $30,000. The R. L. Polk reports and
computer files contain five records: (1) structure ihousing supply), (2)
household (demographics), (3) commercial enterprises, (4) occupation and
income, and (5) neighborhood status and change. The OKC Planning Department
has developed ADMATCH programs to pull out the R.L. Polk data by geographic
areas, but has not automated mapping or graphics capabilities. The R. L.
Polk data are used in updating population and housing data, preparing
resources documentation for the Selected Area Planning Process, supporting
housing conservation and rehabilitation programs, and %n preparing the 1977

Land Use Inventory.

U~T anah 41D 4-11
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Table 4.2 Maps Maintained by Oklahoma City Planning Department

Activity Centers

Base Maps (1" = 12,000')

Census Tracts (1" = 6,000', 1" = 12,000')
Fire Protection

Flooding Maps

Housing Characteristics

Land Use (1" = 400')

Neighborhood Organizations

Parks and Recreation
Planemetric Maps (1" = 400")

Planning Areas -
Plan Maps (1" = 6,000")
Short Term Land Use Plan
State Highways

Streets

Subdivisions

Topographic (1:24,000)

Urban Services

Zoning (1" = 400')
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In 1979 the Data Monitoring and Research Section completed a three

year project to prepare the first complete city-wide inventory of existing land

uses in OKC since the 1949 Comprehensive City Plan. During that thirty year

period the city had grown in land area from 26.33 square miles to 621.49 square

miles, and in population from 226,000 to 391,000, The main sources of information

used in the inventory were:

1975-76 R.L. Polk data by address .

Planimetric maps at 1" = 200' scale (prepared from 1968 aerial photographs)
Sanborn Address Maps

1973-74 Urban Information System Property Maps

1977 Base Maps at 1" = 400' scale

1976 Aerial Photographs at 1' = 400' scale

1977 Field Survey

~

The inventory was prepared in nine major steps:

1.

Convert the Standard Industrial Classification (SIC) land use

information and housing information fro& the R.L. Polk files to a
modified Standard Land Use Code (SLUC), ani map land use information
for central urbanized area on 1" = 200' planimetric maps.

Color code land use information on 1" = 400' base maps, field check
urban areas for errors, and map rural area land uses from aerial
photographs and windshield surveys.

Prepare land use overlay maps and tabulate acreages of land uses by
quarter sections.

Prepare zoning overlay map and tabulate acreage of zoning categories
by quarter sections.

Compare land use and zoning acreages for each quarter section.

Compare land use and zoning acreages for each section.

e et et i et e A e



Figure 4.2 OKLAHOM. CITY 1976=79 LAND USE INVENTORY PROCESS
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7. Compare land use M%&RQWII for each of 45 planning : N

' areas and determine distribution of -vacant, park, open space and
public land by zoniug categories.

8. Prepare data summsries and interpretations for 45 planning areas.

9. A;grcgn;o land use and zoning information in to 9 subregions and city

total.
Approximately twenty man-years of effort were required to complete the inventory
and land use profiles. Primary products of the inventory include: .
® 76 color coded parcel-level land use maps at 1" = 400' scale (non-
reproducible)
e Land use acreages by parcel, quarter sectionz section planning area,
subregion and city total

e Zoning category acreage by zoning distiict. quarter section, section

planning area, subregion and city total

e Land use and zoning comparisons by quarter section, section and planning

area
e Land Use Profile Report
The data is current to January, 1977. At present there is no mechanism for

producing reproducible land use maps or updating the land use information.
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Residential
Single Family
2-4 Family
Multi-Family
Mobile Hcme

Total Residential

Commercial
Commer:ial
Office

Industrial

Industry
0il, Mining

Transportation, Communicaticn,

and Utilities

Total Industrial

Agriculture

Public & Semi-Public

Park and Open Space

Vacant
Railroads

Major Streets & Highways

Special Governmental Uses

TOTAL ACRTAGE

*]less than .57%

ACREAGE OF OKLAL.9MA CITY

S
% of X of
Develcped Total
Acreage Acreage Acreage
32,732 32 8
1,237 1 *
1,944 2 *
546 4 L
36,459 35 9
5,990 6 2
549 * . *
3,365 3 ) 1
889 v X *
3,420 3. 1
7,674 7 2
1,656 2 *
3,834 4 1
18,146 18 5
294,362 — 74
1,319 1 ®
15,375 15 4
12,335 12 ' 3
397,700 100 100_
4-16

120,504

5,989
979

25,790

193,429

(3,834)

(18,146)

(1,319)

(15,375)

(12,335)

297,700
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Landsat Applic_tions Project

Oklahoma City was not one of the five Urban Technology System (UTS) sites
vhich participated in the PTI/NASA hnot. S;cnung User Requirements Committee
(NASA Contract NAS5-22412), A Oklahoma City replaced Independence, Missouri
which dropped out of the URC when follow-on prbjcct proposal negotiations became
protracted. The proposal to participate in the Landsat Applications Project
wvas introduced and sponsored locally by James Carter, UTS Technology Agent, then
Assistant City Manager, and a physicist with previous infrared sensing and
signal processing experience.

Project participation was approved by Norman SC?ndcfcr, then Plannirg
Director, and incorporated into the City Planning Department's York progran for

the 1977-78 fiscal year., The overall objective of the project for the Department

was to explore the potential of Landsat and related technologics for improved

" urban analytical/rescarch capabilities. Roy Reynolds, Senior Planner in charge

of the Data Monitoring and Research Sectioa was selected to oversee the project.
At the time Reynolds had five years nf city planning experience, degrees
in architecture and city planning, and was a member of the American Institute
of Certified Planners (AICP) and the World Future Society.

The OKC Landsat Project w.ent through four identifiable phases:

l. Capacity Building Phase from the time of the Penn State Training

courses in November, 1977 to the first Project Review Meeting in

March, 1978.

2. ORSER Project Phase from March througt June, 1978,
3. Earth Resources laboratory Phase from June, 1978 through September,

1978.

4-17
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4. Conclusion Phase from August through December, 1978.

Capacity Building Phase
During the Capacity Building Phase staff of the OXC Planning Departuent

became familiar with ’"ie basics of the Landsat system; personnel were troined to

operate the ORSER system and conduct the Lnnd;;t analysis; necessary equipment
and ancillary data were obtained; demonstrati .. project objectives established;
and a cooperative network initiated of potential remote sensing users in the
OKC region.

During the first two weeks of November, 1977, Reynolds attended the Remote
Sensing Training Course given the project participants by the Office >f Remote
Sensing for Environmental Resources /ORSER) ;t Pennsylvania State University.

A weok after returning from PSU, a meeting was called tc begin building a

.~

¢ perative network of local remote sensing users, and establish objectiv:s

a.d Airections for City Planning Department's Lar@sat demonstration oroject .L).

In attendance at this meeting were:

Al Conradi - District Conservationist, Soil Conservation
Service;

Feith Vaughn- Area Coordinator, 208 Program, State Conservation
Commission;

Dr. Charles Barb- Associate Professor. University of Oklahoma;

James Carter- Technology Agent, Assistant City Manager, Oklahoma
City;

Norman Standefer- Planning Director, Oklahoma City;

Roy Reynolds- Senior Planner, Oklahoma City, in charge of Landsat

’ investigation;

and other senior planners in the OKC Planning Department. Two demonstration

projects were selectnd on the basis of the Planning Departments needs and
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interests, and Reynold's report from the PSU Training Course. The two projects

were:

1. Urban Growth Monitoring - Separate urban from agricultufal land uses

within the city's limits and determine the loss of agricultural acreage

between two pointg in time.

2. Watershed Monitoring - Monitor land use changes in the Atoka Reservoir
Watershed and relate changes in land use to changes in water quality.
The Atoka Reservoir, one of the sources of OKC's water supply is
located 80 miles from the city.

As the Landsat project progressed, the group represented at that first meeting
continued to help in meny ways. From the Soil Conservation Service came ground
truth information on crops. Through the State Conse;vation Commission contact
was made with James Dawson of the Oklahoma Research Foundation ;ho was setting-up
an image processing facility under contract to the State. The greatest- inter-
action, however, was with Dr. Charles Barb of ;he University of Oklahoma
Geography and Engineering Departments. As a back:up site for the City in the NSF
Urban Technology System experiment, the University had cooperated with the City
on 22 technology adoption projecfs; thus a strong working relationship existed
betwezen the City and Dr. Barb before the start of the 'Landsat Project. Dr. Barb,
an urban geographer/planner who was instrumental in establishing the Urban
and Regional Information Systems Association (URISA), had a grant from the Regional
Applications Program at NASA's Earth Resources Laboratory (ERL) in Slidell,
Louisiana, to develop curriculum material and conduct remote sensing courses

at the University. Thus, the sharing of knowledge and experiences between the

City's Landsat Project and Dr., Barb resulted in mutual benefits, Through Dr. Barb's

grant with NASA/ERL, the OKC planners were able to attend a two-week short course

at ERL and pr (ess their imagery on the EKL/ERDAS system; and through the City's
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p‘tojoct. Dr. Barb obtained case ltud.y nte‘rm- and ns.uunce in developing a remote
sensing curriculum. The net effect of all of -the organizational linkages among

these groups, all of whom were at the time in stages of considering, experimenting,
or developing remote sensing capabilities, was not so much technical assistance,

but rather a broadening of the support base (coalition building) of a local

"mass" of users.

By mid-December the remote computer terminal for operating the ORSER

system program, a DECwriter II, was delivered and installed in the Planning o ¥
Departmen:'s offices. Two other members of the Data Monitoring and Research
Section were assigned to work on the project: Rick Banister, a computer

programmer who was responsible f-. developing the section's R.L. Polk data base

system; and Gerald Johnson, an Admi. .strative Aide. Initial efforts concentrated

cr identifying sources of ground truth information.

In January, training of Bannister and Jo@nson on the ORSER programs was
begun by keynolds. The Landsat i;mge being used was a June 4, 1977 scene (ID
#2864-16085) with 10 percent estimated cloud cover which had been selected by
NASA Regional Applications Program personnel prior to the PSU Training Course.
Problems were encourtered with printing BAT files’over 500 records long, so
during the first week of February, PTI Project Coordinator Ned Buchman and
Beldon Bly from the Computer Science Corporation's (SCS) contract support group
at the Goddard Regional Applications Center were called in to provide on-site
assistance and training. Three days assistance were required, during which
Bly and Buchman demonstrated procedures for editing ORSER Job Control Language
(JCL). statements t; link BAT files, made recommendations on the procedures B |
for utilizing ground truth and excillary data, and taught the OKC staff techniques
for analyzing multispectral signatures from the ORSER STATS (statistical training)

and CLUS {cluster analysis) programs, Followiﬁg the technical assistance from
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B'ly and Buchman, work proceeded with statistical training (STATS) and uniform
mapping (UMAP) of selected study areas.

In March, a Landsat image browse facility was located at the Natiomal
Severe Storms Laboratory in Norman, Oklahoma. This depository contained un-
cataloged Landsat images on 70 mn'filn spools for August, 1972 through November,
1975. From these film chips a list of cloud-free, high quality images was
made for use in ordering additional Landsat images.

March 15th and 16th, Reynolds, Johnson and Barb attended a Remote Sensing
Applications in Resource Management Symposium at Oklahoma State University.
Two direct impacts of attending the symposium were to broadem the City's approach
to Landsat applications to include other available remote sensing sources in
combination with Landsat, and to expand efforts to obtain diffefent types and
sources of ground truth information.

By the First Project Review Meeting, Margh 29-30, 1978, Oklahoma City had
concluded the Capabity Building P%ase and was transitiocning into the ORSER
Analysis Phase. The project was fully staffed, trained and equipped, demonstration
objectives set, organization linkages established with other local groups interested
in remote sen-‘ng, and ground truth data collection initiated. Several preliminary
land cover signatures were developed and presented at the March Project Review

Meeting.

4,9,2 ORSER Analysis Phase

Between April and the end of July, the bulk of the OKC Landsat Applications
Project was devoted to analysis of iwo test sites utilizing the ORSER analysis
system. The two test sites were the Bethany-Warr Acres area between Lake Hefner
and Lake Overholser and the area around Tinker Ait-Force Base, and Lake Stanley

Draper. The procedure developed for extracting multispectral signatures and
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chuify:u;g land covers was to iteratively identify large spectrally uni-
form areas (UMAP) and statistically train on the uniform areas (USTATS), or
to perform a cluster analysis (CLUS) to indicate general areas for statisti-
cal training. After several spectral signatures were developed, one or sev-
eral classification maps would be prepared by fltcring the signature para-
meters (bandwidth, bandwidth mean, and critical limit). The results were
compared with aerial photos, existing maps, windshield surveys, and other
ground truth data tohidentify areas or categories requiring additional statis-
tical signature training.

Figures 4.4 and 4,5 show the land cover classification results obtained
after four months for the Bethany-Warr Acres and the‘Tinker AFB/Staﬂley Draper test
sites, respectively. Nine multispectral signatures were developed corresponsing

with seven land cover/use types:

LAND COVER/USE COLOR SYMBCL ’
Water blue L
Urban/Residential yellow $
Paved Surfaces/Commercial gray *
Frairie pink ) @
Wetlands green . ?
Agriculture/Prairie orange i

tan W
Bare gtound/Fallowlfields red "

brown G



|
|
|
|
i
]

e

Figure 4.4 Landsat Land Cover Classification of Bethany Warr Acres portion
of Oklahoma City. .
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Figure 4.5 Landsat Land Cover Classification of Tinker Air Force Pase
portion of Oklahoma City.
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The Bethany-Varr Acres test lit; was evaluated for classification ;
accuracy. Ninety-four percent (94%) of the 9,000 acre test site was classified;
average accuracy of classification for all classes was 78%.

Two kinds of problems were experienced with the classifications: First,
residential areas were found, to vary considerably with regard to differences
in density, building size, rooftop conposition;. landscaping of neighborhoods
making it difficult io consistently classify residential areas. Secondly,
multi-zspectral signatures developed for one land cover in one test area did .
not always classify well when applied to another test area. This problem may
have been caused by "target" differences in the character of the land covers
. which were not defined preciscly enough by the broad ?apping éategories used,
or by "background" differences caused by extending signatures across physio-
graphic boundaries (the Bethany-Warr Acres test site is in the Reddish Prairies
Physiographic Area and the Tinker Air Force Base test site is in the Cross
Timbers Physiographic Area). To éstain the "best".classification it would have '
been necessary to use different sets of signaturcs to classify different portions
of the city. A compromise classification was developed by averaging some
signatures from different test sites and redefining some categories. Thus the
resultant classifications do not contain the maximum n;mber of categories nor
the most detailed cover types that potentially could be derived from Landsat.

Other problems were found in trying to use the CRSER system, Development
of signatures required weeks due to the inherently slow nature of the ORSER

system's remote batch mode of operation and difficulties in interpreting the
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ORSER character map outputs. It was necessary to hand-color the character
-Inpa in ordu;' to use them--a process that was tedious and required temns of
hours. Lastly, the planners lacked sufficient understanding of statistics
to develop a sense of confidence in their ability to interpret and manipu-
late the ORSER programs. .

A total of 407 ORSER jobs were run duri.ng. 212 sessions connected to
the PSU computer. Total computer costs (not including the lease of the
remote terminal nor the long distance WATS line to the computer) were
$907.44. About 55X of the ORSER utilization occurred during the "Capacity
Building Phase". Between April and August, 82.63 hours of computer connect
time (78connections) and 39.92 minutes of computer processing time (206
jobs) were utilized to derive the multispectral signatures and produce the
land cover classifications of the two test ait;.el. Total computer cost was
$370.16 or about fifty-eight cents per square mile of city area. )

A lo'g of ORSER programs utilized was kept by the OKC staff. About ‘
three-fourths of the jobs run were logged (267 out of 360). About a third
of the programs in the system were utilized: the two training site selec-
tion programs (NMAP and UMAP), the statistical training programs (STATS and
USTATS), and two of the image classification programs (CLASS and CLUS).

Use of the reformatting and subsectioning programs are not shown; these
functions were accomplished at the PSU Training Course. None of the data
pre-processing programs in the ORSER program were used, possibly because
they were not emphasized at the Training Course or because they require a
greater understanding of statistics to utilize effectively.

Earth Rescurces Laboratory Phase

At the invitation of Dr. Charles Barb at the University of Oklahoma,

OKC planning staff were able to utilize the facilities at NASA's Earth

427
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Resources Laboratory (ERL) in s1m.1.1. Lot;uhu. Dr. Barb had a grant
from ERL to develop Landsat training programs of the Univdrntty of Okla-
homa for undergraduate and graduate students; educators; and professional
resource managers, planners, and scientists.

This phasc of the project lasted roughly from June through September,
1978. Ground-truth data collection and other .prcp.ntory work were begun
in June. Ground-truth data collection included obtaining 35-mm color and
false-color infrared oblique transparancies from a light airplane flown
over test areas of the city. Three Landsat scenes were ordered from scenes
identified at the National Severe Storms Lab browse facility and a copy of
the Landsat scene used on the ORSER was ordered so that land use changes
between 1973 and 1977 could be detected. .

The bulk of the work of this phase was performed at the Earth Resources
Laboratory during a two week training course,, August 14 - 25, 1978, Dd.ring
the course the U of 0-OKC team conducted two projects in order to produce *
demonstration case studies for use in the University's training programs.
The objective of the first study was to develop general land cover classi-’
fications cf selected areas in and around Oklahoma City and Norman, Oklahoma.
The objective of the second study was to identify the extent ;nd location of
rural/agricultural land uses converted tc urb;n land uses within the city of
Oklahoma City.

To perform the Landsat analyses the U of 0-OKC team utilized the Earth
Resources Data Analysis System (ERDAS). ERDAS is a minicomputer-based,
interactive analysis system with color CRT display and electrostatic plotter
hard copy. The.ERDAS system was operated by ERL personnel for the O of U-OKC
group., Using the ERDAS system, two Landsat scenes were_GEOREF'ed to remove

the geometric errors and resample the picture elements to a 50 rmeter grid.
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One scene (June, 1977) had previously been analyzed on the ORSER system by | T
the OKC qun (see Section 4.9.2); the other scene was a July, 1974
image of Oklahoma City which ERL had had on file. The three szenes ordered
in June were not used; two were of the wrong city and one did not arrive in
time to be used. Both supervised and unsupervised training and classifica-
tion methods were tested. In the supervised ;ppronch,-tho planners selected
training areas from Landsat image displays on the ERDAS CRT. In the unsu-
pervised approach the computer automatically searches and selects suitable '
training sites. The unsupervised "SEARCH" approach was determined to give
the better results, and are discussed below.
Figure 4.6 shows the Landsat land cover map of pklahoaa.01ty produced
on the ERDAS system. The original of the map was produced at a scale of
1:62,500 by a Chromalin color process using electrostatic printer plots.

-

The categories on the map are: . .
Residential . « + « ¢« « s ¢ ¢ o » + o« Yellow ’
Commercial/Industrial . . . « . « + « Red
Asphalt . . « «.¢ ¢« ¢« o« o o o s s « » White
Agriculture . « . « « « « « o« o o « o Green (3 shades)
Rare Ground/Fallow Fields . . « .« . : Brown
Wetlands/Woodlands .+ . « « « « « » » Black
Water . « o « « ¢ o o« o o s o o ¢ o o Blue
The map could not be directly used by the OKC Planning Department,
because they have no other maps at the same scale. Also, the Chromalin
map requires several weeks to produce and was not available until October.

The classification, however, was judged to be accurate at a regional scale

(no quantitative accuracy test was made).

4-29



Figure 4.6 Landsat Land Cover Map cf Otlahoma City produced on ERL FRDAS
System
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l'mi'o 4.7 shows the ERDAS land cover ehu.tueathno of Landsat scenes

from 1974 and 1977. The area in both classifications is a portion of North-
west Oklahoma City where there has been extensfve conversion of agriculiural
land to residential development. The 1977 image correctly identifies several
areas of rew urban and residential development knowr o the planners. How-
ever, both classifications contain several ni;clasoificationa such that

an accurate acre by acre (or pixel by pixel) determination of the changes
can not be made. Much of the area classified as commercial (red) and resi-
dantial (yellow) in the 1977 image is in fact agricultural. To a lesser
extent this same miscategorization occurs in the 1974 image also. In the
1974 image the feature claseified in white is the runways of an airport;

the material in the runways was correctly 1d.¢nt1£iod as different from the
other covers in the study area. In the 1977 image, however, the airfield
has been misclassified as residential. )

Because of time limitations while at ERL, not all of the features of the
ERDAS system were utilized. No land cover acreage statistics for the city
were produced because there was not enough time to digitize and register
maps of the city's boundaries with the Landsat images. Also had more time
been available, more precise geometric corrections could havc‘been made which
would have enabled the OKC planners to merge the 1974 and 1977 Landsat images
together for a more accurate change detection.

As a result of working on two different image processing syctems--ORSER
and ERDAS--the Oklahoma City planners were able to make comparisons between
the advantages and disadvantages of the two systems. The design and opera-
tion of the two systems is quite different. The ORSER system operates in

batch mode from a keyboard terminal connected to a general purpose computer
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Figure 4.7 Land Cover Classification of 1974 and 1977 Landsat Images of
Portion of Northwest Oklahoma City using ERDAS System
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via telephone lines; outputs are from a line printer. The ERDAS system

operates interactively with a color CRT display and a minicomputer; out-

puts can be from the CRT, a plotter, or a film recorder. Figure 4.8 sum-

marizes the Oklahoma City planners' comparison of the two systems. The

ERDAS system was easier to use and produced results quicker; on the other

hand, the ORSER system does not require any cipcnlivo computer equipment

and can be used by a local planner from his or her office without having

to travel to a special image processing facility. .

Conclusion Phase

The Conclusion Phase began in August, 1978, when Oklahoma City and the
other project participants were asked by PTI to cvnl:.utc their results to
that point and estimate what additional time, action, and resources would
be required to achieve a complete transfer of the Landsat system (i.e.,
develop self-sustaining local programs utiliz}ng Landsat data or products).
At the end of September, Oklahom; City reported its accomplishments and
conclusions at the second Project Review Meeting held at the Earth Resources
Laboratory. Oklahoma City, Atlanta and San Jose submitted informal project
outlines to ERRSAC for continuing the transfer process in those sites in
November, 1978. In February, 1979, the OKC project participants--Roy Reynolds,
Gerry Johnson, 'im Carter, and Dr. Charles Bafb--spent three days with the
PTI Project Coordinator reviewing the project.

The OKC Landsat project identified three potentially beneficial applica-
tions of Landsat:

1. Land cover change detection

2. Watershed land use/water quality
monjitoring

3. Integrated geographic based
information system
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Figure 4.8 Oklahoma City Comparison of ORSER and ERDAS Image Processing

ADVANTAGES

DISADVANTAGES
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Systenms

Hardware costs $1,500 -
3,000 .

Outputs are 1:24,000
scale

Remote access possible
Special computer not
required

Processing Results
obtained quickly (min-
utes, days)

CRT display enables easy
understanding

Good geometric correction
Color outputs from CRT
Map boundary imput pos-
sible

Conversational language
easy to learn

Processing results ob-
tained slowly (hours,
weeks)

Line printer display
difficult to understand
Poor geometric correc-
tion

Line printer outputs
must be hand colored
Map boundary input not
practical

JCL controls difficult
to learn

Hardware costs $50,000 -
100,000 :

Outputs must be enlarged
to scale photographic-
ally

Must travel to facility
with system to use
Minicomputer required
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During the Landsat project the OKC Planning staff developed an internal
capability to process Landsat data and conducted a demonstration project
of the land cover change detection application. Landsat land cover maps
were produced using the PSU-ORSER system and the ERL-ERDAS cystin.

As part of the Landsat project the OKC planners also took several steps
to develop working relation;hips with other Landsat users in the central
Oquhoma area. This network included the Soil Conservation Service, Oklahoma
Conservation Commission, Oklahoma Foundation National Severe Storms Labora-
tory, Oklahoma State University and University of Oklahoma. In cooperation
with the OU Geography Department, the city planners helped to develop train-
ing course materials to be used by the University.

To achieve a complete transfer of the Landsat téchnology to Oklahoma
City the planners estimated would require an additional two years. The
program, as developed by the OKC planners, would need to focus on expanding
the awareness and support of local decision mékers for the technology, addit
tional testing and development of operational applications, and development
of information systems for integrating social, demographic, environmental,
and administrative data and records with remote sensing information. The
following transfer program outline was prepared by the OKC planning staff:
A. First Year Program

1. Outreach Program - To develop and implement a program of dialogue

between public officials and citizens regarding the benefits of
Landsat and geographic infermation systems.

Activities:

e Outreach program conceptualization and design

e Landsat/GBIS introductory presentations and workshops

e Documentation of first year OKC Landsat project

e Demonstrations of ORSER and visual image processing systems
e Maintenance and further development of the central Oklahoma

remote sensing network
Public awareness campaign regarding all such’ information
technolocies
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Staff training - To create an on-ioing role for one Associate
Planner to maintain knowledge and expertise in Landsat and GBIS

technologies for monitoring the physical, geographic development
of OKC.

Activities:

e Development of a training manual
e Attendance in an appropriate short course
e Assumption of duties relating to these technologies

Research - To contine investigation of potential urban data system
technologies to be transferred to Oklahoma City.

Activities: .

e Further investigation of Return Beam Vidicom, computer enhanced
imagery, aerial overflights, and other image-oriented products
of Landsat

e Initiate intensive investigzation into GBIS and related urban
development monitoring systems

e Investigate automated data base systems -

Cataloging - To develop a reference library of OKC coverage from
remote sensing platforms.

Catalogue aerial photos (slides and prints) of OKC
Catalogue literature searches ‘

Catalogue searches of Landsat scenes

Catalogue all related reference material

Second Year Program

1.

Liaison - To continue the dialogue and information networking
developed during the first year program.

Activities: :
e Periodic publication of a newsletter
e Maintaining personal commu-ication with interested individuals

anc groups

Demonstration projects - To initiate the institutionalizatjon of
Landsat and GBIS systems in OKC government.

Activities:
e Workshop/short course training sessions

e Selected demonstraticn projects identified by interested
departments
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3.

Implementation - To formalize into OKC government operations the
use of Landsat and GBIS

Activities:

e Guarantee of expertise availability through the appropriate
combination of in-house skills and contractual agreements with
private firms and/or universtiy services

e Use of Landsat products in city government activities and
operations )

"
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Hare and Eare, The City Plan for Oklahoma City, Oklahoma City Planning
Commission, Oklahoma City, Oklahoma, 1931.

Harland Bartholomew and Associates, The Comprehensive City Plan, Oklahoma
City Planning Commission, Oklahoma City, Oklahoma, 1949.

OKC Plan Team, Fiscal Impacts Report, Task 7.0 Final Report, Oklahoma
City, Oklahoma, ifarch, 1977,

OKC Plan Team and Oklahoma City Planning Department, The Preservation

Policy Plan, Oklahoma City 1977-2000, and The Preservation Action Program,

Oklahoma City 1977-1987, City Planning Commission, Oklahoma City, Oklahoma,

April, 1977.

R. L. Polk, Profiles in Chanze, “washington, D.C.
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The goals of the Local Governments Landsat Program were to address five
major issues regarding the transferability of digital Landsat remote sensing

technology to local governments, and to recommend policies for transferring

this technology. The five issues were: )

1. Can local governments develop an internal capability to understand and
utilize Landsat data? -

2., For what applications important to local planning is Landsat suited?

3. Can low cost digital image processing systems be used in operational
local government remote sensing programs? ’

4, What are the organizational and institutional issues influencing the
transferability of Landsat?

5. What methods can be used effectively to tranfer Landsat technology to

local governments?

This section discusses what was learned regarding these issues as a result
of this project. Recommendations based on these conclusions are discussed in
Section 6.

Capability Development

Four of the five jurisdictions developed a basic internal capability
among one or more local planners to understand and process digital Landsat data,
Minneapolis dropped out of the program too early to determine whether or not it
could have also developed an internal capability. This capability was not in-
stitutionally sufficient enough to be self-sustaining, but was sufficient to

demonstrate that local planners could be trained to process Landsat data.




Surveys of the short course plriicipahto indicated that the Pennsylvania
State University remote sensing course presented by the Office for Remote
Sensing of Environmental Resources (ORSER) was very effective in providing
the project participants with basic training. Criticisms were limited only
to the lack of urban plannigg application examples used in the course, and
a day devoted to photointerpretation techniques which the participants
judged not to be relevant to their digital processing projects.

Short courses are not in themselves sufficient to adequately train é.t-
sonnel, however. Mechanisms for additional learning after an initial training
course are needed to allow users to refresh their minds and cover subjects
iteratively as their understanding increases; and to train additional
personnel who cannot travel to and attend onc-to-:wc.unok short courses.
Personal contact including on-site visits, and workshops, was most effective
for continuing the training and training new personnel.. Telephone calls and
computer terminal-to-terminal conferences were effective in solving specific
problems, but not for training. Information bqll;tins had only limited
effectiveness.

Most problems encountered by the planners were with procedures, and in
making judgment or analysis decisions. The lack of comprehensive dccumenta-
tion on methods and techniques was an important limitation. Heuristic guides
are needed to assist users, particularly inexperienced users, with planning
projects and making interpretive judgments. Also, additional training in sta-
tistics was needed to develop stronger backgrounds in the specialized statis-

tics and techniques of image processing.

O:—vn[ﬂ" |
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Institutionally, the capabilities developed during the project did not
have‘qdcquatc time to bgcone self-fufficient, The cities concluded that
to institutionalize the capabilities initiated by the project would require
2-3 years total time. This time would be rcquired to adapt and engineer the

technology to local planning needs, demonstrate applications and benefits,

obtain the approval of political and management leaders, train sufficient

users, develop necessary organizational linkages, and acquire equipment and
systems.

Local Applications

The results of the project suggest that Landsat, or other digital multi-

" spectral remote sensing, potentially have several applications to local

planning. However, few ot these applciations has yet been developed to an
operationally ready status which could be widely transferred to local
governments. The technology for using Landsat ‘or other remote sensor

derived information lags behind the technologies fdr collecting and process£ng
data. Attempts to develop local applications during this project were hindered
by technical problems with the L .ndsat data and with the capabilities of the
data processing system used by the local planners.

The local planners found that Landsat data cannot generally be substituted
for the data presently used or required for urban planning. Urban planners require
current information on the demand for urban services and on the factors which
create these demands: land use, transportation, population, housing and eco-
nomic actlivity (employm..t). Frequently, local ordinances, state statutes,
and Féderal regulations require that this information be gathered and reported
in sjpecific formats. These requirements, limit the application of Landsat
to local plannirg.

Liiemust < WL 3Int Pl .10 »rL‘\_Arl-A—‘\“'.‘.

rdsat derived infermation
for traditional types of urban planning data is that Landsat provides information
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abc_mt land cover, not land uu.. Land cover describes the physicial features
of the terrain, while land use describes the functional and economic activities
which occur on the land. ’

The differences between urban land use categories and Landsat land cover
categories can be seen by comparing Tables 3.9 and 3.11. In built up areas,
Landsat categories are less detailed and in undcvnlop;a areas, Landsat cate-
gories are more detailed. Presently, there are very few urban planning pro-
cedures or models that exist for using land cover information. This lack of
technologies for utilizing the information in local adminstrative and policy
decision making is a major restriction on the local governments ability to us-
ing the Landsat data coliection technology or digitil processing analysis tech-
nologies.

Other problems found in applying Landsat information for urban planning

include the spatial resolution of the data, the geometric accuracy, and timely

data delivery. Uncorrected geometric distortions in the digital Landsat data

caused by the characteristics of the multispectral scanner and the satellite's
orbit limit its use at the small scales required for most urban planning activ-
ities. Most administrative land use decisions (such as zoning, building permits,
etc.) are made on individual parcels, and most city land use policy decisions
are made on 2 neighborhood bases.

Data celivery must be timely and reliable. For example, to utilize Land-
sat data operationally for its annual vacant land inventory, the San Jose Plan-
ning Deparment would need to receive imagery acquired by the satellite about

April 1 within sufficient time to complete the inventory by July 1 when it

is reported to the City Council.
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Data reliability, costs, and currency were major concerns of the local
planners. Generally, they felt that their current land use data sources
and procedures were accurate and reliable. The time and cost to keep land
use information up-to-date, however, was frequently described as a problem.
Because the local pllnncrs.did not usually have formal authorities, they
were dependent on documentation and persuasion. Planners must be "account-
able" as one project participant expressed it. Landsat data, however, did
not always prove to be reliable. All of the cities reported confusion of
different land use types being classified into the same land cover category.
All of the cities found that classification accuracies decr~ased slightly
when they applied multispectral signatures beyond the area from which they
were derived (i.e., from one part of the city to anotter). Generally urban
categories were less accurate than non-urban cutcgorie’. such as forest and
water. Oklahoma City found that features classified in images from iiffer-
ent dates were classified differently even though the images were from the
same time of vear.

Despite the lack of developed ways to apply Landsat information to
local planning and the technical limitations of the data, the local planners
wvere all impressed by the potential for applying Landsat type data for
local planning. Major advantages of a Landsat-like system that the planners
perceived were (1) that the data are digital, (2) that repetitive coverage
is provided, and (5) that the images are synoptic.

At the present time the Landsat Systen appears to be most applicable

in urban areas-for calibrating hydrologic models. The land cover informa-

tion derived from Landsat are closely related to the ground cc/er and im-

permiability ..easures used in hydrologic procedures and models for prediciting
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storm water runoff and flooding. Several other studies, particularly those
‘ 1,2,3,4,5
by Robert Ragan and Thomas Jackson, T have demonstrated the

feasibility and econ&nica of this application in urbanized areas. The data
from Henrico County suggest, further, that an index could be developed to
enable automatic calculation of hydrologic rq§.1 parameters from Landsat
imagery (Figure 3.5). :

A second application appears to be preparation of vacant land inven-
tories. Landsat sensors are most accurate in distinguishiag vegetation and
non-urban land covers. Local planning data bases generally do not include
detailed information about undeveloped or vacant areas {see Table 3.9).
Landsat could be applicable for local governments who need information on
land cover types or conditions in undeveloped or vacant areas, if the area
involved is large.

The application demonstration projects suggest th;t land use change
monitoring is potentially a high priority application area for remote lensing
if the technical problems can be overcome. Landsat appears to be potential-
ly most applicable for monitoring new urban development at the urban fringe.
Because of Landsat's resolution and beczuse it provi@es land cover rather
than land use information, it is probably less appiicable for detecting the
other two major types of urban land use changes - infilling and redevelop-
ment. Techniques for operationally merging digital Landsat images from
different dates, automatically detecting areas which have changed, determin-
ing what land use or land cover the change has come from and gone too, and
for displaying and summarizing the information in a form useful to users
must still be developed.

Land use information - particularly land use condition, density, and

trends & Y- fou=~d to \.'. 1t d=aareant ~atentrial "",'“A‘."'.tik‘l‘. V\A." rav- o p
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sensing. Land use inventories using conventional survey techniques
require several man-years to complete for a medium sized city. The local
planners felt that the digital characteristics of Landsat-type would
be particularly advantaéeous in establishing and maintaining computer-
ized land use information systems and in preparing land use area
statistics.
The results in the four sites suggest that Landsat land cover
information most closely corresponds with land use categories at
about Level I of the USGS classification syctem; ° that is: Urban,
Agriculture, Rangeland, Forest, Water, Wetland, and Barren. At this
level classification, accuracies of 85 to 95 percent can be expected
with confidence. At this level of detail, Landsat provides a regional
overview of development patterns which some of the planners felt they
did not obtain from other data sources. However, ail of the planners
agreed that at least Level II classificatién with better than ninety

percent accuracy would be required for local policy analysis, and more

detailed information would be needed for administrative decisions.
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Digital Image Processing Systems

The results of the project demonstrate that low-cost, remote access
digital image processing systems can be operated by local planners in oper-
ational environments. It ‘'is doubtful, however, that many local governments
could support and maintain image processing systéms with existing local
data processing facilities. Moreover, existing low-cost systems such as
ORSER do not have sufficient capabilities to support a complete local
operational remote sensing program.

None of the jurisidictions participating in the project felt they could
transfer and maintain the complete ORSER system on their local computer
facilities (during th2 project the ORSEX system was maintained by the Com-
puter Center at Pennsylvania State Universityv). The planning departments
have limited data processing budgets themselves, and few planners are.
trained to use computers. Local data processing functions are usually
performed by the Finance or Budget Departments, which typically have little
excess capacity, often do not support remote access or interactive pro-
cessing, and do not have many staff with the skills to support scientific
or analytical data processing.

If local government computing facilities cannot support image process-
ing systems, it may be possible for local planners to obtain remote access
to digital image processing systems through state or regional bureaus,
universities, commercial firms, or non-profit associations. The advant-
ageé of the remote access analysis systems are that they enable users to
process remote sensing data in their operational environement; can build

local capacity; equipment costs can be relatively low; operational costs
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are shared among multiple users; costs for expensive components of the
system are reduced; and system maintenance and development can be
centralized and are not the responsibility of system users.

Development and modiffcation of existing remote access systems, such as
ORSER, are needed to make them more effectiv; to utilize and provide
necessary capabilities to support operational programs., All of the planners
concluded that the ORSER system required too much time to use, and needed
to be made easier for non-comprter programming personnel to learn to operate,
The system was slow to derive results because it operates in remote-batch
mode at low data transmission rates, and because the outputs were difficult
to work with. The planners found they couid not use the ORSER line printer
maps without first handcoloring them. The users also found that the ORSER
system control (JCL program steys) and system documentation assumed a‘level
of computer expertise or experience greater than most planners generallv
have. The system also requires a statistical understanding greater than
most of the planners had. A conversational system with documentation which
assumed no previous computer experience would be easier to use.

A major difficulty in using the ORSER was the lack of a‘geometric
correction capability sufficient to accurately register a LandsatAimage with
a 1:24,000 scale map over an area the size of a city. A more accurate
geometric correction program is also needed to enable planners to register
and composite images from different dates for change detection or multi-
temporal classifications. The ability to obtain land coverage area tab-
ulations within political, administrative, or environmental boundaries
is also required for an operational local government application; as is,

the abilitv to integrate remote sensing data with other local data,
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particularly administrative rccordl,.and ;ith user models.

Cost is also an important issue in whether or not local governments
could operationally support digical processing systems. The four jurisdic-
tions which used the CRSER cystem for 12 months, each "spent" approximately
$1,500 for computer equipmept, $1,000 for computer processing time, $3,000
for the long distance telephone i > the PSU Coiputer Cegter, $500 for Landsat
data and supplies, and a quarter man-year of planner's time. Although the
costs are substantially less than commercial image processing services which
cost about $200 per hour, :l= costs would be significant in most planning
departments' budgets. Tuerefore, it will be necessary that Landsat appli-
cations demonstrate sig:.if !cant cost savings, 1ncrea§ed prodﬁcttvity or
benefits to officiais outside the planning department to be justifiable
in local governments.

Institutional Issues

Institutionally, the greastest issue inhibit}ng the transfer of Landsat
or other remote sensing to local governments is that the benefits of the
technology are still undefined. This makes it difficult to obtain the sup-
port from political groups and top managers that is necessary to commit
local resources to test Landsat and transfer the use éf Landsat. In this
project the benefits to local governments were perceived as beiné unknown
and primarily 2.-3 years from potential realization. This resulted in a
lack of top management involvement, and reduced the level of resources (time)
committed to the project. Packaged applications of Landsat must be developed
which will produce initial benefits to top-level general management or func-
tional line departments within a few months in order to insure political

support for continued development of internal capabilities and transfer.
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| Another institutional issue inhibiting the transfer of Landsat
;nd remote sensing technology to local govotnhents is that mapping
and land information functions are generally not centralized in local
governments. Several departments usuaily have responsibilities for
different types of land infbrmation. Frequently, efforts are unco-
ordinated and may overlap. Usually 1nfornati;n c&llected by one
group are incompatible with similar information maintained by other
departments. Wirhin the various departments these mapping and infor-
mation functions are usually performed by lower level staff in sup-
port of the departments' main missions. Thus no one "looks out" for
the city's mapping and land information comprehensive needs.
Within this environment it is difficult to demonstrate remote sensing
benefits, since the total costs devoted to mapping and land information
processiqg are probably unkown. 'It may also be difficult for a single‘
department or agency to justify the cost of a rempte sensing preogram or
equipment since the total benefits cannot be derived bty a single depart-
ment. Under these circumstances, it may also be difficult to train and
maintain sufficient number of staff in order to maintain an operational
remote sensing program. It qherefore may be easier to transfer Landsat
in local governments that have centralized their mapping and land informa-
tion processing functionms.

The lack of "slack resources" to apply to testing and transferring
satellite remote sensing technologies is also a problem in local governments.
Unlike many state budgets which have accumulated large surpluses in recent
yeérs, many local governments have been faced with fixed or decling budgets.

All of the planning departments participating in the project had experienced
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recent staff freezes or cuts. During the broject attempts were made in

.;vctal states to further limit local government revenues derived from
property taxes; Proposition 13 in California had an indirect effect om
limiting the Landsat project in San Jose. Since most innovations, even
those designed to increase ?roductivity or reduce costs, require some
resources to be diverted from their normal functions at least to test

and transfer new technologies, budget restrictions and cutbacks, par-
ticula:ly in planning departments, may reduce local governments' abilities
to adopt satellite remote sensing unless subsidies for doing so are
available.

The results of the project strongly suggest that the capabilities of
local governments to adopt and utilize Landsat would.be improved through
the use computerized geographic information systems in local governments.
In all of the project sites, the Landsat projects brought our and focused
planners' and planning managers' attention on ;he need for greater coor- .
dination of the data they currently use and have ;vailable. The planners saw
Landsat having its greatest potential benefit when incorporated in a geo-
graphic information system which would enable them to coordinate and effec-
tively apply a variety of information sources and tvpes to planning prob-
lems.

The existence of local support groups outside the city or county
government also appears to be an important institutional factor. These
support groups can consist of state, university, commercial, and other
remote sensing user organizations. According to one of the planners
participating in the project, the existence of other remote sensing users

"multiplies" the resources committed by the local government. The other

users act to establish an external coalition which supports the adopter's
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efforts to build internal support fo} hil.decision to transfer a new
techno .ugy.

Remote Sensing Transfer Process

Efforts to transfer satellite remote sensing to local governments
should emphasize local capacity building, well defined benefits, and
technical assistance to adapt the technology to meet local needs.

In the opinion of tK¥'ltxcaj gayernments who participated in the pro-
ject, the project's greatest impact was the capacity building which oc-
curred as a result of the remote sensing training, networking with other
users, contact with NASA and PTI technical personnel, and direct involve-
ment in the applications demonstration projects. This capacity building
generally went beyond digital processing of Landsat data to include uses
of other types of remote sensing data, computer processing experience, and
computerized information system concepts appl}ed to local planning and

management issues.

The benefits of using remote sensing need to be emphasized in order to
obtain political and managerial support for transferring and adopting the
technology. One of the problems in the Local Governments Landsat Appli-
cation Program was that these benefits were undefined. As a consequence,
top-level management involvement was lacking. Without top-level management
involvement sufficient local resources could not be committed, inter-
departmental coordination could not be obtained, and the results of the
local projects could not be applied decision-making needs.,

In addition to training users and enabling them to test the technclogy
through demonstration projects, the technology transfer process needs to

include sufficient technical assistance to adapt satellite remote sensing

to meet local governments' needs. Local governments do not themselves

- -,
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have the research and engineering c;pabiliticl foquired to develop and
document applications, develop information extraction techniques, and

cost engineer existing systems to meet their needs. The Local Governments
Landsat Applications Program plan incorrectly assumed that the technologies
involved were mature enough that little technical assistance or adaptation
would be required. When attempts were made dﬁring the course of the project
to provide greater technical assistance in response to the problems which the
local governments identified, the resources to provide that assistance were
sometimes unavailable. In order to make the ORSER system easier for the
local planners to use it was planned to change to a conversational version
of the system called OCCULT (QRSER Complete Conversational User Language
Translater), However development of this syétem by ERRSAC was not completed
in time. Other attempts by ERRSAC to produce digitally enhanced images of
each of the cities and to produce land cover area measurements for Henrico
County experienced long delays a;d produced only poor results due to pro- °
blens with ERRSAC's image processing equipment.

Early transfers of satellite remote sensing technology to local govern-
ments will probably require 2-3 years to establish self-sustaining local
programs. This time will be needed to adapt the technology to meet user
requirements and cost constraints, build local capabilities, train personnel,
demnnstrate benefits, obtain decision-makers' support, and establish necessary
institutional arrangements. In order to maintain local government commitments
for this length of time, the transfer process must be structured to produce
‘beneficial results for the local governments incrementally at each step of

the process,
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LOne of oﬁicctivei of this p;;jcct is to f;tmulaccwpolicy recommendations

to guide NASA's transfer activities aimed at developing local and stata re-
mote sensing programs. Based upon the experiences of the five local govern-
ments who participated in the project, as H‘ll.ll the insights of the PTI
and NASA staff involved in the project, the following recommendations are

offered for consideration by NASA.

Local Governments Space Technology Applications Program

It is critical to further applications of remote scnciné and cther space
technologies to local problems that local elected officials and key'policy
decision-makers become better acquainted with the benefits of space technology
and become involved in planning for future opgrational space programs. )

To accomplish this a Local Govern;ents Space Technolegy Applicaticns Program
should be established similar to programs currently involving state legislators

and chief executives. The purpose of this program would be to develcp a focal

point to communicate the capabilities of NASA technology to local government

executives; as well as, to provide local input directiy to NASA concerning

" local government priorities and issues relating tc space technology including

the Landsat progrza.

Working through a consortium of public interest organizations which re-
present local government managers and executives, local government innovaticn
networks, and regional innovation groups, the program would have several
objectives:

e Identify and coordinate long-term needs of local governments

e Define their requirements for operational space programs

6-1
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e Provide recommendations concerning existing NASA technology transfer
activities

® Egtablish a process for providing technical assistanct and advisory services
for local governments

e Cstablish a clearinghouse to exchange Information on local government
activities and needs

e Prepare recommendations to NASA on long-term capacity improvement
fieeds of local governments

Urban Management Information Systems Program

By the year 27J0, 83 percent of the American population is expected to
live in urban rqi.onl.l These regions are expected to occupy 16 percent of
the land area of the continental United States, as against 7 percent in 1960.
From 200,000 square miles in 1960, urban regions are projected to cover almost
500,000 square miles. An Urban Management Information Systems Program should
be established «imed at improv.ing-the Country'} ability to manage its urban
lands and resources. The objectives of this program would be to research, .
develop and test the benefits of remote sensiné and other NASA technologies
applied to the problems of urban management information svstems particularly
in the areas of land, environmental quality, and energy conservation. Local
governments would direct the program by estiblishing goals and objectives,
and would participate in program activities by acting as rescarch test sites.
NASA and other federal agencies would provide the research and technical re-
sources to adapt appropriate technologies to local governments needs and cost
constraints. The program would identify the key common information needs and
requirements of urban managers, assess potential benefits, identify critical
research activities needed to meet identified information requirements, eval-
uate the utility of existing information collection/management/application

systems, celine rejulrements for integratee laformation systers, conduct re-

e ————
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search, evaluate results, and package and transfer systems to urban managers and

governments.

Development of Local Governments' Capabilities

In addition to broad-based and long-range programs for developing local
decision makers awareness and developing urban management information systems,

NASA should continue to develop the internal capabilities of local government

agencies and personnel to vnderstand and utilize remote sensing data. Re-

commended actions include:

e Transfer geographic-based information systems to local governments.,

Active utilization of GBIS systems will improve local e ients'
abilities to coordinate, manage, and qtilzc their existing information
sources and records with ;emote sensing data; improve local government's
ability to utilize computers for planning, rolicy, and decision suppoii
applicaticns; enable local governments to coordinate their information
requirements and procedures; and provide mechanisms for utilizing re-

motely sensed data.

Develop a Remote Sensing Manajpers' Guide and other user documentation.

At present tnere exists no comprehensive guides for local and state
planners and managers who must manage remote sensing demonstration
projects and implement operational remote sensing programs. Docu-
mertation should be developed to assist managers to define remote
vensing project goals and objectives; plan and coordirate project
tasks; identify and allocate project resources:.select and acquire
datd, equipment, 4nd teciniques to oe used; present project results,
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FIGURE 6.2 OUTLINE OF REMOTE SENSING MANAGER'S GUIDEBOOK

e Problem Definition

® Setting Goals and Objectives

® Project Organizacion, Management, Coordination

e Project Planning

e Feasibility Study

e Procuring Products or Services

e Training Personnel

e Remote Sensing Data Collection/Selection '

e Ground Based Data Collection/Acquisition

e Remote Sensing Information Extraction Techniques and Procedures
e Preparation of Maps, Statistics, a;d Other Output Products

e Measuring Remote Sensing Information Aécuracy

e Integration of Remote Sensing Data and Information Management Systems

e Decision Support Models

® Assessing Project Results/Benefits
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and assess project results and benefits. Technical documentation

should be prepared to support the Manager's Guide by providing

detailed discussions of specific applications, data types, s i
2 S G oAy T -\?.('

equipment and technique evaluations, and cost-benefit éoiéatiﬁoﬁs:*“?~-

e Train Local and State Government Personnel

NASA should continue to provide local and state planﬂers and resource
scientists with remote sensing and information systems training.. NASA
should also continue to encourage the development of additional
training programs by developing and disseminating basic training
materials and providing grants to universities, public interest
organizations, and private industry to develop training courses,
workshops, and seminars. NASA should glso develop self-taught -
programs (slide-cassette,-video, and computer assisted instruction) .

for state and local governments to conduct in-house or continuing

training.

Package Proven Remote Sensing Applications for Transfer

The development of local government temoté sensing users can best
be accomplished by transfer of proven, practical applications which meet
identified user needs and have specific, demonstrated benefits. These
applications should be "packaged" ﬁo include all the elements users re-
quire to utilize it: data collection system, information extraction system,
decision support.models, training, and documentation., Documentation should

be designed to address decision makers, program managers, and project staffs.
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Application packages should include a variety of remote sensing systems,
platforms and methods, not just satellite techniques. By providing users
with a variety of alternatives, local governments will be encouraged to
utilize appropriate technologies and will utilize more remote sensing in-
formation, including aatelllte data. It is recommended that NASA develop
packages for two Landsat urban applications: (1) caligration of hydrologic
models of storm runoff, flooding, and water quality; and (2) urban fringe
land use monitoring.

Papers by Blanchard, Burgy and Algazi, Jackson, Jackson and Ragan,

2,3,4,5,6,7,8,9

Ragan and Jackson, Rango, and Salomonson . have reported the
successful application and cost benefits of Landsat data in hydologic modeling.
Some available runoff and water quality models include: the Storage,
Treatment, and Overflow Model (STORM), Storm Water Management lModel
(SW221) ; Agricultural Runoff Management Model (ARM); Battelle Urban
Waste Water Management Model; Hydrocomp Simulation Program (HSP); Non=-
point Pollution Simulation fodel (NSP); and the MIT Urban Watershed Model
(MITCAT). An applications package utilizing the results of these and other
investigations should be used to describe the costs, $enefits, and procedures
for interfacing Landsat derived information with existing watershed models,

Papers by Alexander; Angelici, et al.; Ellefsen, et al.; Milazzo, et al,

10,11,12,13,14,15,16

Stauffer and McKinney; Tood; Wilson, et al.; discussed the
use of Landsat imagery for monitoring land use changes. Results have been
promising, but an operationally acceptable system has not yet been proven,
In the opinion of the planners participating in the local Governments Landsat
Application Program this is the Landsat application of greatest potential

~ ’ P . ’ ’ :
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change monitoring system and package it for transfer.
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6.5 Develop and Test Low=-Cost Information Extraction Systems

Existing digital image information extraction systems have been designed
primarily for use by remote'sensing researchers and do not meet the needs of
operational land use planners. Moreover, most of these systems require ex-
pensive computers and/or special purpose equipment beyond the reach of local
governments to acquirc and maintain. NASA should continue research to
develop information extraction techniques aimed at the needs and capabilities
of operational land use planners and resource managers, and should continue to
support development and testing of low cost information extraction systems.
Specifically, it is recommended that NASA (1) investigate applications of
digitally-enhanced, manually-interpreted Landsat imagery; (2) develop re-

mote-access or stand-alone micro-computer based information extraction systems;

and (3) develop integrated information extraction/geographic information systems.

Digital image classification techniques are usually recommended because
standard Landsat photographic image products do not have sufficient detail
and quality to be used for many applications, and because larg; geographic
areas can be quickly classified using computerg. Most local planners, how-
ever, have little computer or statistical analysis experience, and most local
planning agencies have limited capabilities and budgets to support computer
systems and applications. Local planners generally do have experience in
photo interpretation, and are used to working with graphic forms of infor-
mation like maps; graphs and photos. Digital image enhancggent
techniques should be applied to producing images from digital data at scales
which can be manually interpreted be local planners. This procedure would
enable local planners to utilize satellite remote sensing data using inter=-
pretation techniques and collateral information they are familiar with,

&0
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The digitally enhanced images could be obtained from commerical firms
at lower cost than information extraction services or development of

in-house computers and digital analysis capabilities.

Recent developments in ;enieonductor memory and microprocessor tech-
nologies should be applied to developing low-cost image information extraction
techniques. Using existing off-the-shelf hardware a microcomputer based.
information exttactioﬁ systems with color video display capabilities could
be developed for $10,000 - $20,000. Recently, the Environmental Research
Institute of Michigan (ERIM) has announced a microcomputer based Remote
Analysis Station (RAS) and Egbert Scientific Software has announced a
stand-alone Image Analysis Package for Microcomputers (IMPAC). Dunn

Instruments and Trilog have introduced color computer output devices for

approximately $12,000 which could.be utilized ‘in a low-cost analysis

system. These systems should be tested in user emvironments, and soft-

ware designed for operational remote sensing users.

One way to increase the utility of local governments investment in
formation extraction systems is to integrate the functions of image analy-
sis and geographic information managemen:/mapping in the same equipment.
This concept has been demonstrated by NASA in the development of the Land
Use Management Information System (LUMIS), Multi-Input Land Use Information
System (MILUIS), and the Domestic Information Display System (DIDS)
Demonstration Project. In the DIDS Prcject the Atmospheric and Ocean-
ographic Image P;ocessing System (AOIPS) was utilized to produce color
displays and maps of socio-economic data collected by the Census Bureau

and other federal agencies. YASA should continue to conduct research on
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téchniques for integrating remote sensing data with other types of geo-

graphic data, and should conduct engineering studies to reduce their cost

and increase their user effectiveness.

6.6 Demonstrate and Assess Transfer Arrangements

The Local Governments Landsat Applications Project experimented with
only one potential transfer arrangement for applying satellite re-
mote sensing in local governments - internal digital image information
extraction by individual local pianning agencies using a remote access
analysis system. In addition to demonstrating this Eransfet arrangement,
NASA should explore other alternatives. For example, it has already been
recommended that in order for local governmenté to develop internal cap-
abilities NASA should increase the awareness qf local government decision-
makers; provide training for locai management technical personnel; develop, -

demonstrate, and package operational remote sensing applications; develop

lower cost information extraction systems better suited to operational users,

needs; assist local governments to develop or transfer integrated land use

information management systems; enable local governments with opportunities

to conduct local demonstration projects; and provide assistance to local
governments implementing operational remote sensing programs.

A major alternative to developing in-house systems is to procure
remote sensing products and services from outside sources. At present

this alternative usually is not feasible because there are few providers

of satellite remote sensing products and services for local governments, and

because local officials do not know how to acquire these services and pro-

ducts., UNASA should continue to encourage the development of a vigorous,
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coherent mdultry and university sector ptov:lding remote sensing products
and services to local governments. NASA should also develop a structured
procurement process by which local and state governments can acquire re-
mote sensing products and services in a cost-effective way, and should train
local and state government personnel how to identify their remote sensing
needs, define requirements, solicit and evaluate vendor bids and proposals,
administer remote sensing projects, and assess the results and benefits of
remote sensing projects.

Remote Sensing Transfer Process

As a result of the local Governments Landsat Applications Project,
four local govermnment jurisdictions were able to devglop basic internal
capabilities to understand and utilize satellite remote sensing. It is
recommended that NASA continue to utilize the base of knowledge and cap-
abilities developed in these four jurisdictions for future research, de-
velopment and transfer of remote-sensing systems for local governments
applications. These jurisdictions are members of a national network of
27 cities and counties: the Urban Technology System. Within this network -
have been developed mechanisms for identifying common technology problems,
exchanging technical information, and transferring technology'innovations.
Through the Urban Technology System, and the felated NSF-funded Urban Con-
sortium and Community Technology Initiatives Program networks, as well as the
PTI subscription system, there is a mechanism already developed and in place
for.eventually expanding and disseminating proven remote sensing applicatioms.

The involvement of sufficient local resources are required to transfer

remote sensing technology to local governments. The involvement of top-

level management personnel and functional line departments as well as stuff
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departments such as planning is nccded to.obtlin political support for the

project and insure that the results will support managemnt needs. The in-

volvement of multiple-departments may be required in order to obtain suffi-

cient coordination and insure that all of the benefits of the technology are

identified. The involvement of a team of project personnel is needed to

insure a sufficient technical base to be self;suatainicg. Therefore a pro-

ject team approach is recommended (Figure 6.3). The key elements of this

approach are representation from the chief executive's office, representatives

from the government departments that will be affected by the project, and per-

sons with specialized skills to conduct the project work. The project team

is headed by a Project Leader who provides direct ligson to ihe chief execu-

tive, and is responsible for locally managing and coordinating the project.
Figure 6.4 shows the key elements of a recommended process for trans-

ferring remote sensing application. The process involves five steps:

indentification and descripticn o% generic needs;_identification and :

evaluation of feasible technologies; adaptation of technology to user

requirements and cost constraintg; packaging of proven applicationa;

dissemination of applications and technical assistance to implement

remote sensing applications., Figure 6.5 also shows héw this process

has been and can be applied to PTI's and NASA's efforts to transfer

remote sensing applications to local governments. User needs were

first identified by a survey of Urban Technology System Technology

Agents in 1974. These needs were refined by a Remote Sensing User

Requirements Committee in 1976 and by the needs identification pro-

ces “es of PTI's other technology networks. Preliminary feasibility

was demonstrated in San Jose in 1976 and an expanded 5 city field

test conducted under the Local Covernments Landsat ‘pnlications
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Program. * The next steps roco-ondod‘ are t.h. adaptive engineering of the
Landsat system to the needs and requirements identified to date, leading
to the packaging and dissemination of proven remote sensing applications,

and finally implementation of self-sustaining remote sensing applications

in local governments.
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