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METROPOLITAN LAND COVER INVENTORY

USING MULTISEASONAL LANDSAT DATA

By William J. Todd, Technicolor Graphic Services, Inc.;{
Roberf N. Hall, Multnomah County Environmental Services,
Charlotte C. Henry, City of Portland Bureau of Planning, and

Brent L. Lake, Oregon Department of Land Conservation and Development

ABSTRACT

As a part of the Pacific Northwest Land Resources Inventory
Demonstration Project (PNLRIDP), planners from State, regional, and
local agencies in Oregon are working with scientists from the EROS
Data Center (USGS);«Ames Research Center (NASA), and the Jet Propulsion
Laboratory (California Institute of Technology) to obtain practical
training and experience in the analysis of remotely sensed data
collected from air and spacecraft. A 4,000 km? area centered on
metropolitan Portland was chosen as the demonstration site, and a
four-date Landsat temporal overlay was created which contained January,
April, July, and October data collected in 1973. Digital multispectral
analysis of single dates and two-date combinations revealed that the
spring~summer and summer-fall combinations were the most satisfactory
for land cover inventory. Residential, commercial and industrial,
improved open space, water, forested, and agriculture land cover
categories were obtained consistently in the majority of classification
iterations. Census tract and traffic zone boundaries were digitized
and registered with the Landsat data to facilitate integration of the
land cover information with socioeconomic and environmental data already
available to Oregon planners.

INTRODUCTION

In the fall of 1974, the Pacific Northwest Regional Commission
(PNRC) started the Pacific Northwest Land Resources Inventory

l'-/W'or:k done under U.S. Geological Survey Contract No. 14-08-0001-

16439.



Demonstration Project to show the use of remotely sensed data in the
collection of Earth resources data. The PNRC is made up of the
Governors of Idaho, Oregon, and Washington, with the addition of a
Federal Co-chairman. The commission appointed representatives from
each of the three States to administer the project. Working with
State, regional, and local agencies in the Pacific Northwest, the
PNRC, NASA, and USGS outlined a five-phase project to last from three
~to four years (Hedrick and others, 1976).

Because resource management agencies have different inventory
needs, project activities were divided into several discipline areas,
including forestry, agriculture, rangeland, weeds, and urban.
Discussions and introductory workshops were held with user agencies in
each discipline to establish discipline project objectives and study
sites in each state.

0f these State discipline projects, the activities of the Oregon
urban group will be the focus of this manuscript. User agencies
directly involved in this sub-project include the Oregon Department
"of Land Conservation and Development, Oregon Department of Transportation,
Columbia Region Association of Governments, Multnomah County, and the
City of Portland. Specific objectives of the Oregon urban discipline
{ . are the following:
- ¢ To train local, regional, and State personnel to analyze
Landsat data.

To analyze the potential uses of Landsat data by local,
regional, and State agencies.

To create a regional land use and land cover map using
Landsat data, and aggregate the results by census tracts
and traffic zones for tabular output.

To evaluate the cost and feasibility of using various land use
classification techniques and systems.

To comment on the feasibility of determining wvacant land,
pervious/impervious land, and wetlands.

To accomplish the above objectives, a series of analytical
technique workshops was scheduled during 1975 and 1976, in which
representatives from the Oregon agencies met with USGS and NASA
scientists to perform analysis of digital Landsat data and to interpret
supportive aerial photographs. Workshops held at the USGS/EROS Data
Center, NASA/Ames Research Center, and the Jet Propulsion Laboratory
allowed the Oregon group to utilize a number of di;ferent analysis
systems, including the General Electric Image 100=', Electromagnetic
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Systems Laboratory (ESL) IDIMS, and Laboratory for Applications of .. -
Remote Sensing (LARS) Purdue University LARSYS... :

. A 4,000 km® area, centered on metropolitan Portland, was chosen
as the urban discipline project area because of the diverse types of
urban and nonurban land cover and land use, and because the area
contains numerous small urban centers with high growth rates (fig. 1).
Parts of five Oregon counties, Columbia, Washington, Multnomah, Yamhill,
and Clackamas are included in the project area, as is part of Clark
County,. Washington. .
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INFORMATION REQUIREMENT

In 1974 the State of Oregon's Land Conservation and Development
Commission adopted a comprehensive list of goals and guidelines for
statewide planning to "promote comprehensive land use planning to
assure the highest level of livability for its citizens" (Oregon
Land Commission and Development Commission, 1974). The goals and
guidelines pertain to a wide range of land use planning and energy
conservation activities, including transportation, agriculture,
forestry, recreation, and housing. The goals are regulations to be
followed by citizens and local governments. In Oregon, goals are
applied and implemented through comprehensive plans. Guidelines are
not mandatory, but are suggestions which would aid local governments
in achieving the goals. .

At the local level, cities, counties, and special distriets are.:
required to formulate and compile comprehensive land use plans
conforming to the State's planning goals and guidelines. Local
governments are urged to consult regional, State, and Federal agencies
when preparing their plans,: and Federal agencies should make. their
planning concerns known to the local govermnments. Comprehensive plans
must include factual data to support the policies andi?tHEf'Hécisions )



























(classification) algorithm, using upper and lower reflectance values
of land cover classes, the LARSYS and IDIMS systems employ a decision
rule which uses a probability density function to characterize

(and discriminate between) classes.

Image 100 Analysis

The analysis procedure which was used on the Image 100 system is
often referred to as a supervised approach to classification because
the analyst uses (1) information about the area (local knowledge,
aerial photographs, and other data), and (2) image interpretation to
locate representative training sites for each desired land cover
category.

Individual Landsat scenes of the four-date temporal overlay were
analyzed before attempting multidate analysis. To facilitate training
site selection, a small area (14.6 by 14.6 km) was chosen which contained
representative sites of all land cover types in the project area. The
214 km? area was viewed as a color composite (or as individual bands,
displayed in black and white) on a standard sized television screen, a
Cathode Ray Tube (CRT). Using a joystick to move a cursor around on
the screen, the analyst located representative training areas for a
chosen land cover type. The algorithm calculated the upper and lower
reflectance values (of the pixels located within the training areas)
for each of the Landsat bands, in effect defining a four-dimensional
spectral signature for the class. Reflectance values of all pixels
in the 214 km? subscene were then examined; pixels which had the same
spectral signature as the training area pixels were displayed as green
on the CRT, superimposed on the color composite. Examination of the
spatial distribution of pixels revealed whether the displayed class did,
indeed, represent the desired land cover category.

The first attempt at defining the land cover class rarely, if ever,
produced the desired result. Too much or too little of the class area
was shown as green on the CRT. A number of programs, including
frequency histogram displays, Boolean algebraic functions, and two-
dimensional scattergrams were used to adjust the signature ranges of
the class. At each step in this refining procedure, the analyst
checked the spatial distribution of the class on the CRT. After the
analyst was satisfied with the results, the class was stored in a
designated sector of the Image 100 memory and assigned a color to
facilitate comparison with subsequently developed land cover classes.

Using the above approach, the analyst proceeded, class by class,
to develop land cover signatures. As multiple class development
proceeded, the analyst had to take precautions that signatures (and
resulting distribution maps) did not overlap. Many of the same
procedures and algorithms used to create and modify individual classes
were also used to resolve problems of signature overlap.
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Upon completion of the 214 km? area classification, two milestones
were reached; (1) all desired land cover categories had been accounted
for and were assigned to an Image 100 class, and (2) most of the pixels
in the area had been assigned to a land cover class. To test the
classification results at that point, the analyst classified the three
test sites (using the final signatures developed in the 214 km? area)
for which acreage summary tables had been prepared. Landsat-derived
acreage summaries and land cover maps were compared with those obtained
from photo interpretation. If acreage summaries were satisfactory, the
analyst would apply the signatures over the entire project area. For
production of a final land cover map for display purposes, results were
not used from the Image 100 analyses, and such signature extension was
not performed. Notwithstanding, analyses of each of the four dates
(except January - see results discussion) were performed, and test site
acreage summaries were prepared for comparative purposes.

Analysis of multidate Landsat data required special consideration
on the Image 100 system, which allows analysis of only four bands at a
" time. Working with single dates posed no problems, but two-date analysis
required a selection of bands to be used. Several different combinations
were attempted, but it was concluded that using Bands 5 and 7 (both a
visible and infrared band) from each date afforded the best classification
results. Two-season analysis with four bands proceeded in the same
manner as working with individual dates.

LARSYS and IDIMS Analysis

A semi-unsupervised method of classification was used on the
LARSYS and IDIMS systems, versus the supervised approach used on the
Image 100. The semi-unsupervised method is also known as the guided
clustering or controlled clustering technique, because the analyst
uses knowledge of the project area to select representative sites from
which a computer algorithm can determine a set of land cover class
signatures (Fleming and others, 1975). While analysis procedures and
software are different on the LARSYS and IDIMS systems, the analysis
concept and key algorithm are similar enough that they are discussed
together below.

Initially, the analyst located sites (cluster plots) throughout
the project area to be submitted to the clustering algorithm. Twenty-
one small, rectangular cluster plots, averaging 230 ha in size (a 1.2
percent sample of the total project area), were selected to represent
all of the land cover classes in the project area. It must be noted
that a particular cluster plot was not, for example, a homogeneous
forested area or a commercial/industrial area, but that an adequate
proportion of the cluster plot aggregate contained residential and
commercial/industrial sites. Similar to the Image 100 analysis sequence,
individual Landsat dates were analyzed before attempting multiseason
analysis.
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