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Abstract

The Gates to Gregg High Voltage Transmission Line Project
was @ cooperative effort between NASA/Ames Research Center and
Pacific Gas and Electric Company to demonstrate and assess the
utility of Landsat data in the planning of transmission line
routes. Landsat digital data and image processing techniques,
specifically a multi-date supervised cilassification épproach,
were used fo develop a land cover map for an agricultural area
near Fresno, California. Twenty-six land cover classes were
identified, of which twenty classes were agricultural crops.
High classificati&n accuracies (greater than 80%) were attained
for several classes, including cotton, grain, and vineyards. The
primary productsvgenerated at the conclusion of the project were
1:24,c¢00, 1:100,000 and 1:250,000 scale maps of the
classification and acreage summaries for all land cover classes

within four alternate transmission line routes.
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1.0 PROJECT OVERVIEW

1.1 1Introduction

Pacific Gas and Electric (PGandE) provides electric services
to over 3.4 million customers in 47 California counties within a
94,¢0¢ square miie service area. In providing electric power to
PGandE customers, 13,434 miles of high volﬁage transmission lines
have been constructed. New transmission 1lines are planned
throughout PGandE's service area to serve projected growth.
Planners and Engineers at PGandE are faced with complex.ecohomic
and environmental considerations 1in locating routes for these
lines. The complexity .of this task is growing as a resuit of
increasing public concern for protecting environmental quality
and PGandE's desire_to preserve the highest environmental quality
possible. This concern is reflected by increasing needs for more
and bétter information oﬁ the environmental effects of PGandE
projects. This information is used to analyze the environmentatl
effects of projects and provide regulatory agencies with
objective data. The cost of providing this information is
steadily increasing, and PGandE is constantly seeking new and
cost effective ways to gather information used for decision
making. Remote sensing technology, in particular the Landsat
prograh, holds particular promise in providing better information

for use in transmission line route selection and evaluation.



1.2 Problem Statement

Transmission 1line projects over 200,008 volts(208 kV) are
routinely subject to review and approval by thevCalifornia Public
Utilities Commission (CPUC). When PGandE's appiication for the
Gates to Gregg 50¢ KkV Transmission Line was denied without
prejudice‘ by the CPUC on January 16, 1979, the Environmental
Impact Report was faulted as having inadequate information on
impacts to agricultural lands for all alternatives wunder

consideration. Decision number 89851 stated:

"3. Impact to Agricultural Lands

The analysis presented in this
proceeding is inadequate. A study was
offered showing the economic impact on

agricultural lands but emphasized the loss of
land on which actual facilities would be
located. Potential significant impacts on
farming activities such as crop dusting,
cuitivating, and harvesting were largely
ignored."”

PGandE is currently considering refiling an application with
the CPUC for a Certificate of Public Convenience and Necessity
for this project. Information collected on the extent and types
of agricultural 1lands 1in the Gates to Gregg project area is
limited to a one-mile band around the transmission line corridors
collected in July of 1979. The extent of coverage and other
information on crop types and agricultural land uses is deficient
for much of the 1,000 square mile study area. This information,

if it could be <collected economically, would aliow for more

complete route evaluation in light of agricultural effects.

€
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Practical and economical methods for collecting current
information on crop types, agricultural land uses and the spatial
distribution of these uses over a large area are limited. This.
type of information would allow for a more comprehensive review
of project alternatives in light of.the effects of a transmission
line. Oiher projects requiripg similar information are
anticipated. PGandE's present Gates to Gregg data base consists
of maps with crop types recorded within the boundaries of
one-mile wide alternative corridors. No current information is

available on crop types outside of this corridor.

1.3 Project Objectives

Léndsat imagery and analysis methods have the potential for
allowing classification, mapping and inventory of agricultural
land uses o&er a'largé study area, 1in a cost effective manner.
The objectives of this project included:

l. To identify agricultural land uses in the Gates to
Gregg 568 kV Transmission Line project area.

2. To help identify the most desirable and economic route
using Landsat in conjunction with other data.

3. Establish the potential uses of this information for
other projects,

4. Determine the feasibility and desirability of acquiring
a Landsat-based information system for internal use
by PGandE personnel.

5. Assess compatibility of Landsat data with existing
PGandE information systems.



In  'addition) the anticipated accomplishments of this
demonstration project included:

1. A complete Agricultural Land Use map for the
~Gates to Gregg study area with proper ground
registration.

2. Acreages of crop types within alternative
transmission Line corridors and along the centerline of
the corridors.

3. Per acre costs for developing an acceptable
ciassification of agriculitural land use classes.

4. Evaluating the costs and requirements for transfer of
software to PGandE computers and for using Landsat data.

5. A Lend Use Cilassification in digital form
compatible with PGandE's geographic software
(i.e. ESRI's singlie or muitipie variabie grid fiie
format) .

G Naps of these landg use 2lasses:  tometoas,

e b rsins, sugar beets, rice, orchards, vineyards,
corn, spec1a1ty crops, pasture - open or fallow, urban
areas, residential areas, water, stock farming, crop
duster strips, parks and native vegetation.

7. Evaluating the feasibiliity of monitoring crop changes
within corridors periodically untiti project
construction.

8. Deriving agricultural impact costs of each alternative

transmission line alignment using statisticail
information on agricultural effects.

l.4 Study Area

The Gates to Gregg 500 kV transmission line project study
area (Figure 1) is located in the San Joaquin Vailey, which makes
up the southern two-thirds of California's Central Vailey. ‘the

San Joaquin Valley 1is drained by the San Joaquin River which

&l
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fiows northward through the valley until it joins the Sacramento
River and empties into San Francisco Bay.

The San Joaquin Valley is approximately 27,600 squa;é miles
in size and 1is 17 percent of the 1and area in the State. The
major  industry in the wvalley is agriculture. Important
agricultural products are grapes, milk, cotton, beef, poultry,
and citrus. Total gross value of these products in 1978 was
$5.065 billion according to the California Department of Food and
Agriculture.

There 1is a well developed transportation system in the
valliey. Major highways are Interstate 5 on the west side of the
valley and U.S. Highway 99 on the east side. These highways are
primary links between Northern and Southern California.

The ‘Gates to Gregg transmission 1line project study area is
one thousand square miles in size and incliudes portions of three
count&es.‘ Approximately 900 square ailes are in Fresno County,
70 square miles in Kings County, and 30 square miles in Madera
County.

The San Joaquin Valley is an elongated basin or trough
oriented on a northwest-southeast axis dropping slightly in
elevation in a northwest direction toward San Francisco Bay.
Most of the study area is drained by the Fresno Slough which
flows 1in the «center of the valley, approximately dividing the
study area. The slough is a flat basin between one and six miles
wide. The study area southwest of the Fresno Siough is composed
ofkalluvial fans sloping from the Coastal Foothills. The average

slope gradient in the area is less than one percent. Northeast

y?
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of the Siough, the study area is part of the eastside aliuviail
plains of the San Jvaguin ‘Valley sloping from the Sierra
Foothills. This plain consists of alluvial terraces, young

alluvial fans, recent fans and flood ©plains. Slope gradients

range between four and ten feet per mile on young aliuvial fans,

five to eight feet per mile on fiood plains and recent fans, and
level to two feet per mile on the Fresno Siough flood piain.

The study. area has an even, gently sloping terrain. The
lowest point is 160 feet above.sea level at the Fresno Siough on
the western edge of the study area. The highest point is 4¢@
feet at the Gates Substation. The Gregg Substation is located at
a midrange elevation of 280 feet and except for the biluffs
fronting the San Joaquin River, there are no obvious topographic
features. Between Cates Substation and the Fresno Siough, the
land slopes wuniformly downward at a rate of approximately nine
feet per mile. Between the Fresno South and Gregyg Substation,
the land slopes upward at a rate of Eour» feet per mi;e. A
notable departure in the latter grade is the notch cut by the San
Joaquin River. |

The study area 1is entirely within the Great Valley
geomorphic province. This 1is a 1long structural depression
ofiented on a northwést-southeast axis. This depression is
filled with sediments which reach a depth of six miles.
Twenty-seven soil associations are mapped in the study area. In
generali, all of these soils are highly rated in terms df their
capability to produce commerciali crops. The soils are divided.

about equaily into Soil Conservation Service Capability Ciasses



1,11, and III. Some Class IV soils are present along stream
courses.

1.5 Participants and Responsibilities

This demonstration project is a joint venture of Pacific Gas
and Electric Company's Land Department, and the Western Regional
Applications' Program (WRAP) of the NASA Ames Research Center.
Personnel directly 1involved with the project and ‘providing

technical assistance are as folliows:

Pacific Gas and Electric Company

J.R. Bonderud Field Engineer
P.J. Easterwood Plenning Analyst
G.M. Thornbury Pianning Analyst,

Project Manager

NASA/Ames Research Center and
Technicolor Government Services, Inc.

S. Norman WRAP Coordinator (NASA)

D. Sinnott Technical Manager (NASA)

W. Newland Senior Remote Sensing Analyst (TGS)
V. Bergis Remote Sensing Analyst(TGS)

K. Maw Staff Remote Sensing Analyst (TGS)

PGandE personnel indirectly involved with the project through

management and/or supervisory roles are as follows:

J.E. Whitacre Senior, Planning Analyst

E. Hase Supervisor, Permits & Environmental
Pianning

D.J. Foley Supervisor, Field Engineering

P.K. Willerup Director, Land Engineering

S.R. Kaderali Director, Urben and Regional Planning

J.W. Page Manager, Land Department

-
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Project responsibilities for the two agencies are as

follows:

Pacific Gas and Electric
Ground data collection and verification
Aircraft data (existing July, 1979 photography)
Evaluation of results
NASA/Ames Research Center
Training and technicéi assistance
Landsat data acquisition

Image analysis
Documentation of results

1.6 Training Workshops, Field Trips, and Demonstrations

During the course of the project, several training workshops
and a demonstration were held to introduce PGandE personnel to
the applications of Landsat data in the Planning and routing of
electric transmission lines. The Landsat demonstration was‘held
at the PGandE general offices in San Francisco. The various
workshops were conducted throughout the project to train two
PGandE émployees, in greater depth, on Landsat image processing
techniques and procedures. Two field trips were made to the
Fresno area fof ground data collection at the study site.

To familiarize PGandE personnel with Landsat derived
information, the first Landsat demonstration, heid in San
Francisco, used NASA's Mobile Analysis and Training Extens@on
(MATE) wvan. Approximately 15¢ people attended incliuding PGandE
employees, California Public Utilities Commission (CPUC) staff

members, and interested consulting firms. The hourly



demonstrations, conducted on May 5 to May 8, 1981, inciuded
overviews of the Landsat satellite and the image processing
techniques wutilized in producing a land cover map. Eight images
were displayed including three Landsat multi-spectral scanner
images, a 7/5 band ratio image, a classified image, and several
enlarged areas from the classified image.

Approximately eight workshops were conducted throughout the
course of the project to train two PGandE empliloyees on the
various procedures used in the analysis of Landsat digital data.
These prdcedures included training site selection; digitization,
histogramming, clustering, classification evaluation,
stratification, and accuracy assessment. These workshops gave
PGandE personnel "hands-on" experience with the various computef
systems at Ames. In addition, they acquired a good understanding
of the uses and limitations of Landsat data for transmission iine
corridor anaiysis.

The two field trips conducted‘during the project were for
the purpose of familiarizing the analysts with'the general study
area, observing the various crop patterns and textures from the

air, and to "fieid-check" analysis results.

lp



2.6 TECHNICAL METHODOLOGY
2.1 Overview of Technical Methods

A multi-date. supervised classification of Landsat digital
data was developed to provide a land cover inventory for the
Cates to Cregg transmission line study area. The general project
workfliow is illiustrated in Figure 2. Three dates throughout the
growing season were selected for analiysis and were combined to
form one . six-channelL data set (two channels for each date).
Portions of two Landsat sceneé covered the study area and were
mosaicked together to create one image. Criginaiiy, both an
unsupervised and a supervised classification(l) were planned.
During the course of ﬁhe project, it was found that the data
compression required for the unsupervised classification epproeach
could not be performed with existing software, forcing the
abandonment of that approach. In addition to the supervised land
cover analysis, a band ratioing technique was used to estimate
irrigeted versus non-irrigated acreage within the study area. In
the supervised approach, ground reference data was used to
develop spectral clusters representing the designated cover- types
of interest. The resulting statistics were then used to classify
the multi-spectrai data into information ciasses, using a maximunm
likelihood classifier. Classification results were evaiuated and
T(1I)An unsupervised classification implies that there is no
analyst input regarding training site information, so that the
computer partitions the data into a arbitrery number of
spectrally unique clusters. In a supervised approach, ground

training sites specified by the anaiyst used to "train" the
computer for developing spectral clusters.

11



Figure 2
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measures were taken to corfect various errors. A stratificetion
technique was incorporated to separate the major urban and native
vegetation areas from the agricultural areas. A detailled
accuracy assessment was performed on the four alternate
transmission line corridors to evaiuate the reliability of
Landsat multi-spectrai data. To. summarizé the land cover
inventory, color coded maps were produced. Two versions of the
classification were made -~ a detailed version showing the
twenty-seven land cover categories, and a generaiized version
which grouped ﬁhe twenty-seven categories into thirteen
'categories. In addition, acreage summaries by cover type were

obtained for the four transmission line corridors.
2.2 Computer Hardware and Software Systems Utilized

Several different hardware and software systems were usead
during the course of project work. Because of the variety of
computer systems at Ames, the analysts had the option to éhoose
the most appropriate system for each image processing procedure.
The use of multiple machines 1is not avrequirement for the
analysis work, but can increase project efficiency and reduce\
computer costs. |

The primary hardware/software system used during this
project was the ERTS Data Interpreter and TENEX Operations
Recorder (EDITOR) software system which 1is implemented on a
PDP-1¢ conputer. This system 1s tocated at two facilities -

NASA/hmes Research Center and Bolt, Berenak, and Newman (BBN) in

13



Cambridge, Massachusetts. The PDP-1¢ computer system, along with
the IBM 366/67 (located at Ames), is accessed through telephone
lines vié the Advanced Research Projects Agency (ARPA) Network.
The EDITOR system is an interactive system developed to perform
land use/land cover categorization and crop acreage estimation.
The  bulk processing computer associated Qith the Ames PDP-10 is
the Illiac IV prototype paraliel processor. The initial
classification was completed on the Iiliac IV, with the remaining
classifications performed on the Ames CDC-76£60.

Another major computer system utilizéd was the Hewlett
Packard (HP) 3@¢E Series III mini-computer. Interactive Digital
Manipulation System (IDIMS), Geographic Entry System (GES), and
Environmental Systems Research Institute (ESRI) are the three
software packages installed on the‘HP-Bﬁﬁﬂ computer and were
utilized ﬁhroughout thé project. Peripheralis associated with the
HP-300¢ mini-~computer are the Comtal color dispiay monitor, the
Dicomed D-47 film recorder, and the Dunn Color Graphic Camera
System. The later two were used for final product generation, in
the form‘of 4 x 5" negatives and positives, 35mm slides, and 8 x
16" polaroids. Line printer maps were produced on the HP-3000
using the IDIMS and ESRI soft&ares, along with the SEL 32/77
computer  and Interactive Landsat Executive (ILEX) software. An
image enhancement technique used in the project, band ratioing,
was performed on the IBM 368/67 using Video Image Communication
and Retrieval (VICAR) software. The IBM 360/67 computer was aiso
utilized . for various post-processing techniques, in addition to

aiding in final product generation. Table 1 summarizes the major

14



analysis steps and the hardware and software systems associated

with those steps.
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TABLE 1

HARDWARE AND SOFTWARE SYSTEMS UTILIZED FOR
MAJOR LANDSAT ANALYSIS PROCEDURES

LANDSAT ANALYSIS

Data Pre-Processing

Image Registration

Mosaic Scenes

Reformat Data for Multi-
Date Scene

Calibration File Creation

Band Ratioing

Digital Analysis‘

Training Site Digitization
Histogramming and Clustering
Classification

Evaluation of Classification
Reclustering

Data Post-Processing

Stratification

Smoothing and Grouping

Registration to State Plane
Coordinate System

Accuracy Assessment

Final Output Products

Film Products
Line Printer Maps

Acreage Summaries
Computer Tapes

HARDWARE/SOFTWARE UTILIZED

PDP-10,Iiiiac IV/EDITOR
HP-3008/1DIMS
CDC-7680

HP-3000/IDIMS & PDP-1¢/EDITOR
IBM 360-67/VICAR

PDP-16/EDITOR

PDP-18/EDITCR

Illiac IV/EDITOR & CDC-76080
HP-3000/IDIMS & PDP-10/EDITOR
HP-3¢00/IDIMS & PDP-10/EDITOR

PDP-19/EDITOR & IBM 360-67
CDC-7608 & IBM 350-67
HP-3000/IDIMS,GES

PDP-10/EDITOR

HP-39008/IDIMS;Dicomed & Dunn
HP-300@/IDIMS, ESRI &

SEL 32-77/ILEX
HP-3000/IDIMS,ESRI -
HP-3008/IDIMS, ESRI

16



2.3 Landsat Data Acquisition

Due to the complex nature of agricuiture in the San Joaquin
Valley, 1t was felt that the use of multipie dates for digital
analysis would provide a more accurate c¢rop inventory. It is not
uncommon to find many fields double-cropped in one yeér due to
the 1long -growing season and mild climate. The year 18%79 was
seiectéd for image analysis because the Department of Water
Resources (DWR) and PGandE had coitlected detailied ground
reference data in Fresno County for the summer of 197%. In ordér
to cover the variety of crops and their growing seasons, three
1979 Landsat datesv were selected by UC Berkeley and UC Santa
Barbara - May 7, July 6, and August 28 (Colwell et ail., 1980).
1879 was selected bécause DWR collected ground reference data. for
the entire county, whereas, PGandE .collected data for their
transmission Line study area. Different characteristics of the
growing season were anticipated to be captured by selécting a
spring,' summer, and early £fall date based on crop calendars,
couﬁty cropping practices, historicai cropping trends, and
consultation with DWR personnel. The identification of early
grains is possible wusing a spring dete and meny of the
double~-cropped fields can be identified with a fali date. A
summer date is useful in Landsat analysis because the majority of
‘crops are at the peak of their growing season and exhibit & high
reflectance in the infrared wavebands (Maxwell et al., 1980). It

was hypothesized that a wunique spectral signature could be
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developed for the major San Joéquin Vailey crops using this
multi-date approach to Landsat digital analysis.

Landsat 3 multispectral scanner digital data was acquired
from the Earth Resources Observation Systems (EROS) Data Center
in the form of computer compatible tapes (CCT), and false color
composite transparencies at a scale of 1:1,000,000. These
products were in an EDIPS (EROS Digital Image Processing System)
format, where geometric corrections have been applied to the
Landsat data. Each Landsat picture element (pixel) represented a
57 x 57 meter area. Two muliti-temporal Landsat scenes were
required to completely encompass the designated study area and

are listed in Table 2.

TABLE 2

LANDSAT SCENE IDENTIFICATION INFORMATION

Date Path,Row Scene Identifier
7 May 1979 45,34 21563-17454
7 May 1979 45,35 21563-17461
6 July 1979 45, 34 30488-17541
6 July 1979 45,35 30488-17544
20 Aug 1979 45, 34 21671-17484
20 Aug 1979 : 45,35 21671-17490

Color infrared photography, at an approximate scate of
1:65,000, was also available for much of the study area, through
the High Altitude Missions Branch at Ames (Appendix A). The

color infrared photography aided in the identification and
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checking of training fieids in the training site selection

process.
2.4 Ground Reference Data Utilized

Along with the Landsat data, two ground reference data
sources  were used for the analysis work. These data bases were
compiled by different organizations and were used individually at
differént phases of the project.

The first of these data sets was supplied by the Caiifornia
Department of Water Resources and included complete ground
reference data for Fresno County. The data was collected during
the summer of 1979 using low altitude aerial photography. Cover
types were determined by photo-interpretation, after which the
information was coded and transferred onto U.S. Geological Survey
7.5'" quadrangles. If positive identification of a cover type
could not be made using the photos, a ground verification was
done. In addition, fields that were double-cropped (and verified
on the ground) were also noted on the maps. This data base was
used primarily for training site selection, and preliminary
classification evaiuations.
| The second source of ground reference data was provided by
PGandE. This data was also collected during the summer of 1979
and therefore corresponded to both the Landsat data and the DWR
ground reference data. The data collection procedure invoived a
windshield survey throughout the four alternate transmission line

corridors and the collected information consisted of cover types,
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field boundaries, current crop duster strips, and lana ownership.
The informatién was coded and transferred onto thirteen Mylar
maps at a scaie of 1:24,000. Because ground coverage did not
include the entire county, this data set was used only for the
final classification accuracy assessment of the Landsat data

within the transmission line corridors.
2.5 Data Pre-Processing

The various operations applied to the Landsat data before
image analysis are considered to be data pre-processing steps.
These operations can inciude the reﬁoval of scene noise, skew,
image registration and enhancement. The pre-processing functions
specificaily used in this project were image registration, scene

mosaicking, multi-image creation, and calibration file creation.

2.5.1 Image Registration. Multi-temporal image

registration is a procedure which correiates each picture element
(pixel) in a "secondary" image to a corresponding pixel in the
"primary" image. Simply stated, the "secondary" image is
"superimposed” onto a "primary" image, resulting in the ability
to access the same pixel in multiple images by a uniéue pair of
line/samplé, or row/column coordinates (Figure 3). The need to
perform this registration between Landsat scenes of the same area
acquired on separate dates is due to the changes in the track of
the sateliite in its orbit, which wvaries due to earth rotation

and satellite orbit movement. The image registration process
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FIGURE 3
MULTI-TEMPORAL IMAGE REGISTRATION

Primary image
July 6, 1979

Secondary image
May 7, 1979

Secondary image
August 20, 1979
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corrects for these wvariations in movement. This registration
procedure éonsists of two steps: 1) The selection of
corresponding points from the 'multiple images and 2) The
geometric transformation of the images so that registration of
each pixel is accomplished (Moick, 1980) . For this
pre-processing phase of the project, a relative registration is
used, whereby one image is selected as a reference, or."primary“
image, to which the other "secondary" images are registered. The
July 6, 1979 date was used as the "pr'mary" image for both images
(Path 45, Row 34 and Path 45, Row 35).

The first step 1in the image registration process is thé
selection of corresponding points. These points were manually
selected from 9" x 9" (1:1,00¢0,000 scale) transparencies for each
image. Each corresponding point represented a physical feature
(i.e., major road intersections, stream coﬁfluences)'that was
distinguishable on all images. Approximately twenty points were
selected. Using the EDITOR software, the corresponding points
were digitized for the primary (July 6) and secondary (May 7)
images. The points were used to generate an initial overlay
parameter file, which contained coefficients (calculated by a
least-squares regression analysis) that transformed secondary
image coordinates into primary image coordinates (Ozga, Faerman,
and Sigman,1979). This represented an approximate overlilay, or
registration, between the two images. 64 by 64 pixel and 32 by
32 pixei blocks, from the primary and secondary images
respectively, were then extracted from an area common to both

images. A block correlation function was run on the Illiac IV
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computer to- correlate the 32 by 32 secondary block with all
possible 32 by 32 sub-blocks in the 64 by 64 primary block. The
result of this correiation was a_ collection of controli points
reléting the two images, with each control point having a set of
coordinates for the primary image and a corresponding set of
coordinates for the secondary image. These control points were
then evaluated using a third order least—squéres polynomial, and
edited wuntil the maximum residual error for all block pairs was
.less than one pixel. Finally, the WARP program on the CDC-7600
éomputer was run to register the secondary image to the primary
image, wusing the final set of block correlation coefficients to
re~-map the secondary 1images's pixels. A nearest neighbor
interpolation rule was used to avoid modifying pixel reflectance
values, The entire process was repeated to correlate the August
290 date to the primary image. The root mean séuare (RMS) error
factor in tﬁis registration was approximately three~tenths of a

pixel for each of the three images.

2.5.2 Landsat Scene Mosaic. As mentioned earlier, the

study area included portions of two Landsat scenes. The north
and south scenes for each date had to be joined, or mosaicked
together‘ to create one image. Figure 4 shows the approximate
boundary between the two Landsat scenes. Because the overiliap
between. Landsat scenes 1is approximately 120 lines of data, a
control point representing a physical feature common to both
scenes was selected to acchrately complete the mosaic. The

reflectance value of the control point in each scene was
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Figure 4

Location of Landsat Scene Boundaries
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compared, ~and when the points proved to be identicai, the line,
or row, coodordinate was obtained. This line represented the
common boundary between the two scenes. The sample, or column,
coordinates for both scenes were ob;ained and the necessary shift
in samples was made for accurate scene alignment. The

appropriate subsections from each scene were then extracted and

mosaicked together, creating one continuous image (Figure 5).

2.5.3 Multi-Date Image Creation. The next step in the

pre—prdcessing phase of thei project was the generation of a
multi-date data set. _This data set was created by_combining the
four channels of data from each of the three dates to produceba
twelve channel data set. Becauseb the clustering and
classification algorithms available at Ames allowed only four to
- eight channel data sets, a reduction in the number of channels
was necessary. It was decided that the original twelve band data
set ~would be reduced to a six band data sét, utiiizing two
channels from each date, Landsat bands 5 (red) and‘7 (infrared).
Studies show that 80 to 90% of the spectrai informétion contained
within a Landsat scene can be found in bands 5 and 7, and because
these bands are uncorrelated, very 1little information in a
Landsat scene is lost when bands 5 and 7 are the oniy bands used
in an analysis. Until this point in the process, the muiti-date
data set had been in a band-by-band format, where each band is
represented as an individual file on the computer tape or disk.
When the data was compressed from twelve to six channels, it was

also reformatted from the band-by-band format to a pixel
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interleaved format to make it compatible with the EDITOR software
system. This reformatting created a one-file data set, where ail
the data for each pixel (one byte of daﬁa for each of the six
channels) is stored in adjacent space on computer tape or disk.

2.5.4. Calibration File Creation. Another pre-processing

function performed during the project was the «creation of a
calibration file. Similar to image registration, where one image
coordinate system correlates with another, the calibrétion file
relates the Landsat  coordinates (line/sample) to ground
coordinates (latitude/iongitude). The calibration file alliows
for digitized training sites (from USGS quads) to be accurately
located on the Landsat ‘image. The creation of this file was
accomplished wusing the mosaicked image and USGS 7.5' quadrangles
covering the study area. The Landsat image was displayed Qsing
the IDIMS color monitor. Control points that could be identified
on both the Landsat image and the 7.5"quadrangles were manuaily
seleéted. Again; these points were physical features such as
road intersections, stream confluences, and field boundaries.
When 1located, the point was marked on the map, along with the
corresponding line and sample coordinate. Fifteen control points
were selected throughout the study area and entered into the
computer using the EDITOR software system. Regressions were run
on the two sets of coordinates using first and second order
general polynomial equations. The regression residuals were
eQaluated and control points were edited until a satisfactory
root mean square (RMS) error was attained. For this project, the

RMS . error was 46 meters, which means that a pixel on the Landsat
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image and 1its corresponding point on the ground were within 46

meters (slightly less than one pixel).
2.6 Digital Analysis

Digital analysis is a set of procedures and computer
Processes used to manipulate and interpret Landsat digital data
inté a useable format for conveying specific information. In
this project, the digital analysis process invoived two major
techniques: ~band ratioing and supervised land cover analysis.
The band ratioing technique was used to estimate the number of
irrigated and non-irrigated acres within the study area. The.
super&ised land cover analysis technique was used to examine the
spectral response characteristics of the pixels and to correlate
them to specific information classes. The information classes
were based on two items: 1) the wvarious crops that PGandE was
interested in throughout the Fresno area, and 2) the ability to
spectrally distinguish the desired information cliasses to obtain
an accurate classification of the Landsat data. The major steps
in the analysis included training site selection, digitizafion,
clustering, statistics editing, classification, and evaluation.
The foliowing sections describe these analysis procedures in some

detail.

2.6.1 7/5 Band Ratio. Band ratioing is an image

enhancement technique used to extract additional information from

remotely sensed data. Vegetation can be measured as to its
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relative health or biomass using. this technique. Appropriate
Landsat Multi-Spectral (MSS) bands to wuse for this image
enhancement are band 5 (¢.60-0.7¢9 um) and band 7'(ﬁ.80—l.10 um) ,
and a ratioed image is generated by dividing each pixel in band 7
by each corresponding pixel in band 5. Green, healthy
vegetation, containing a high amount of chlorophyll, strongly
absorbs incident radiation in the red region (MSS band 5) of the
electrohagnetic spectrum. Conversely, MSS band 7, the
near-infrared region of the spectrum, is minimally absorbed by
green vegetation. (MSS band 7 appears to be more effective than
MSS band 6 because band 7 is more highly and directly correlated
to green leaf density (Tucker, 1978).) Therefore, green
vegetation exhibiting high absorption in MSS band 5 and high
reflectance in MSS band 7 indicates healthy, highly productive
vegetation. | |

Because of 'the climate 1in the San Joaquin Val;ey, the
majority of crops are irrigated throughout the growing season.
Non~irrigated vegetation tends to be <cliassified as native
vegetation, fallow fields, or just-harvested fieids due to the
similarity in spectral reflectance. In general, irrigated
.vegetation appears very dreen or healthy in contrast to
non-irrigated vegetation, so the assumption was made that
irrigated cropland in the San Joaquin Valley would correlate
directly with a high 7/5 ratio value.

A ratioed image was generated for each date - May, July, and
August - in the data set and a threshold value was determined to

discriminate irrigated from non-irrigated vegetation. A high
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ratio wvaliue indicated "healthy"} or lrrigdted vegetation and a
low ratio wvalue indicated "less healthy", or non-irrigeated
vegetation. The threshoid value was established by visually
examining each ratioed 1image on the IDIMS color monitor. The
threshoid value, or cut-off point for irrigated versus
non-irrigated vegetation, was 65 for all three dates.(2) Values
below 65 were categorized as non-irrigated and values G5 and
above as irrigated.

A composite ratioed image was aisu generated for the data
set, combinihg the three dates to show all possiblie combinations
of irrigation dates. In the process of summing the three images,
each ‘"non-irrigated" pixel was assigned a value o¢f 1 and each
"irrigated" pixel was assigned a vaiue of 2, 4, or 8, for May,
July and August respectively. This Qas done so that ail
combinations of irrigated and non-irrigated pixels for the three
.dates would be unique, wusing the Boolesn addition function.
Table 3 shows how the summation of the three dates was

accomplished, and Figure & displays the composite ratived image.

(2)The equation used in the VICAR 7/5 ratio was: Band 7 - Band
5 (or 1.2 if Eand 5 is £) x 5€. Consequently, 65 is the
"stretched" ratioced vaiue and 1.3 is the true ratioed value.
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Table 3

Summation of 7/5 band ratio images

Back- May July August
ground 7 6 - 20 Total
2 1 1 1 3 not irrigated
9 2 1 1 4 irrigatéd in May
4] 1 4 1 6 irrigated in July
) 1 1 8 10 irrigated in
August
g 2 4 1 7 irrigated in
May &July
g 2 1 8 11 irrigated in
May &August
) 1 4 8 13 irrigated in
' July &August
) 2 4 8 14 irrigated in
May, July &August
@ = Background value
1l = Not irrigated value
2 = May irrigated value
4 = July irrigated value
8 = August irrigated value
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General irrigated land acreage estimates can be obtained
from a 7/5 ratio. Table 4 shows the estimated number of
irrigated acres for each date and combinations of dates. An
application for this information is the extrapolation of water
consumption rates from the amount of acreage. A generél'
classification scheme could also be developed from the composite
ratio image if crop types are known for each cycle in the growing
season. For example, in this data set, grain is the major crop
displayed as being irrigated in May. (Grain, in Fresno County,
is harvested primarily in June and July and therefore would not .

be present in the July and August scenes.)

Table 4

Irrigated Acreages for Study Area

Acres
irrigated in May 264,649
irrigated in July 195,583
irrigated in August 69,647
irrigated in May & July 54,248
irrigated in May & August 26,776
irrigated in July & August 431,075
irrigated in May, July & August 155,606
not irrigated . 394,427
Total : 1,531,411

2.6.2 Training Site Selection and Digitization. The first

step in digital analysis 1is the determination of spectral

response characteristics of the desired information classes.
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This process begins with_ the seiection of training sites, or
areas known to <contain a specific information class. It is
critical that these areas are representative, homogeneous
examples of a vspecific information ciass or crop type because
these sites will be used to develop a "spectral 'signature", or a
statistical description of multi-band reflectance, to be used in
the «clustering and ciassification process. The training sites
are extracted from the image itself, and therefore, the spectrai
signatures developed may not be typical of, and should not be
extended into regions outside the general study area. The unique
spectral signature of each crop may differ from one region to
another because of varying atmospheric and illumination
conditions,  sensor system effects (Lillesand & Kiefer, 1979),
soil characteristics, and plant phenoliogy. Consequently,
training sites shoulid be distributed throughout the specific
study area to minimize these effects.

The training sites for this project were selected using the
California Department of Water Resources 1979 ground reference
data for Fresno County. Specific crop types were located
throughout the county and actual field boundaries were delineated

on USGS 7.5' quadrangles (Table 5).
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Table 5

Crop Types Selected for Digital Analysis

Grapes Sugar beets

Citrus Beans

Peaches Safflower

Fig Corn

Olives Alfalfa

Almonds Grain

Melons Pasture

Garlic Native vegetation

Lettuce Dairy

Carrots - Feediot

Tomatoes Residential

Cotton Commercial/industrial
Water

The majority of training sites were located in the southern
portion of the study area due to the larger field sizes (Figure
7). The assumption was made that fields greater than 40 acres

would contain a more representative sample of each crop type -due

to fewer border pixels that would be associated with smaller

fieids, Appendix B contains a i1ist of the number and size of
field§ selected for each information class. Border pixels are
those pixels_ that cover an area containing more than one cover
type (i.e., roads, field boundaries). An individual pixel's
reflectance value is a weighted average value of the individuai
cover type reflectancé values.

After the training sites were seiected and transferred to
the quadrangies (Figure 8), they were entered into the PDP-10
computer wusing the Talos electronic digitizing system and EDITOR
softwafe. Using the precision calibra;ion file created earlier,
the field boundary coordinates (latitude/ longitude) were

transformed into Landsat coordinates (line/ sample). For each
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Figure 7

Location of Selected DWR Training Sites
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Figure 8

Example of a training site located

on the La

Cima 7.5' USGS quadrangle

D12 (almonds)
F1
(cotton) G
(grain)
G F1
(grain) (cotton)
St
(farmsteads) _
_ G
(grain)
l;',s1
[1(farmsteads)
F10
(beans)
G
(grain)
F1
15 (cotton)
(tomatoes)
G
(grain) c3
(oranges)
NV
/

(native ‘veg

etation)
Scale 1:24,000

*Ground reference data was supplied by the
California Department of Water Resources
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collection of cover types on a 7.5' quadrangle, the comput_er
generatedi'a separate file for each map, called a "segment file",
so that the pixels for each cover type could be extracted and
anaiyzed for their spectral response characteristicsf

In order to analyze these characteristics, the "segment
files" needed to be rearranged into files containing individual
cover types. These new “cover type files" «contained the
irradiance wvalues for all the pixels digitized as a specific
cover type, and have no spatial orientation to the image. Border
pixels (the actual digitized lines separating the fields) were
excluded from the creation of these new files to avoid any

erroneous spectral values.

2.6.3 Clustering. Each "cover type file" was then

histogrammed to visually analyze the distribution of pixels over
a range of spectral values (0-127). Histograms were generated
for each of the six channels and each crop type. Figures 9%a
through 9f are examples of the histograms generated for the
digitized safflower fields. Ideally, each histogram should be
normally distributed, an important factor when using the maximum
likelihood <classifier. Noting that the safflower histograms,
along with the majority of the other crop types were not normalliy
distributed, (indicative of the heterogeneity and/or different
growth stages within each of the selected cover types),
clustering techniques were used to separate out the individual

elements that contributed to the heterogeneity of each cover

type.
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Clustering is a procedure in which pixels are grouped within
spectral space in such a way that the resulting groups, or
clusters, represent the compoﬁents of an information class (cover
type). Figures 1@a through 1l@c demonstrate the clustering
procedure, with Figure l10a representing a typical training site
in two dimensional space. As the élustering procedure begins,
the data 1is partitioned in groups. A group or cluster mean is
established with each iteration of partitioning until all pixels
have been assigned to the most appropriate group (Figure 1¢b).. A
concentration ellipse plot (Figure 16c) can then be generated to
display thevappearance of the clusters in two-dimensional space.
The clustering algorithm used on the EDITOR software system is a
variation of the ISODATA muitivariate (Bail & Halil, 1975). This
digital analysis technique is wvery wuseful when dealing with
large, complex data sets because the clustering algorithm
determines the spectral classes based on the natural élustering

tendencies of the data.
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For this project, each cover type was clustered indiViduaiiy
to evaluate its spectral response characteristics. To initiate
the clustering procedure, the analyst determines the number of
spectral classes desired. The .histograms are examined to.
identify nodes which are representative of concentrations within
the data. For example, using the safflower histograms, seven
spectral classes were selected for «clustering. Along with the
clusters, a set of statistics is also generated for-each cluster,
defining the components of the spectral signature for safflower.
For each cluster a spectral mean, variance, and separability
measure 1is determined. The wvariance 1is ~a measure of‘ the
dispersioh of a «cluster in spectral space. vThe sepafability
measure used is described by the "Swain-Fu" distance which is &
ratio of the distance between two cluster centroids, or means, to
the sum of the dispersion of the data for the two cliusters
(Swain, 1%73). This disﬁance is graphicaliy described in Figure
11,

Ciusters were considered distinct, or separable, when their
separability heasure was greater than a specific threshoid.
Generally, a Swain-Fu separability measure of £.75 was considered
sufficient for distinguishing different cover types.(3) Clusters
with a separability below approximately (.55 were considered to
be too similar and were either merged, deleted, or reclustered.

Table 6 displays the statistics for the initial clustering of

(3)The 6.75 threshold value is an established convention for
four channel single date data sets. The assumption was made that
the same threshold could be extended into multi-date analysis.
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Figure 11. Cluster separability using Swain-Fu
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TABLE 6

Initial Statistics for the Safflower Training Site

SEFARABILITY MATRIX (SWAIN-FU DISTANCE)$

CLUSTER#

NOUD LI

MEANS?
- CLUSTER#

NO UMD G-

VARIANCES:
CLUSTER #

No U i

1
1.00

96.94
39.51
47 .47
43.85
61,33
41.41
65,53

13.32
17.70

24,26

- 852.19

11.75
36,52
17.78

2

200
1.00

2

44,39
97.95
61,83
P2.79
78.74
?0.47
87.30

2

15.15
52.00
41,63
40.21
25.14
9777
26,05

3 4
1.13 3.43
1,72 ~1.87

~ 100 - 1.41
1.00
CHANNEL.S
3 4
46,68 364,24
45,27 35.35
40,59 S0.11
22.86 63.04
192.34 81.73
21.53 71.35
20.14 80.95
CHANNELS
3 4
10.37 6.83
7.39 14,18
40,25 35.83
9,95 43.99
3,22 105.70
8.43 PG.17

S

-4,61

3.53
1.57
1.65
1.00

435.40
25,45
99447
593+ 69
G2.41
67.20
77.11

3.21

17.51

89.34

1310

22,39
22,01
12,33

- b
—3.38
2063
1.28
1.49
1.54
1.00

33.11
60,84
9l.04
44,78
40.80
71.25
79 .47

4,84
64574
54,03
12.42
17.33
26,24

19,05

7
3,57
3.46
1.51
2.16
2.09
1,09
1.00



safflower. The separability matrix in Table 6 displays highly
separable ciusters, indicating very heterogeneous training sites.
The variances were also unusually high for clusters representing
the same cover type. This couid be due to the multi-date
approach in the analysis. In some cases, extremely high
variances (greater than 75) were due to pixels included in the
training site that formed the histogram "tails". These "taiis"
could have been miscellianeous features such as dirt roads or bare
soil within a training site. It was assumed that the pixels
contained in the histogram "tails" were not true representatives
of the cover type and added confusion to the spectral signature.
Because these pixels tended to be few 1in number and diffuse in
nature, ‘they were grouped into expanded clusters exhibiting high
variances. A program on the EDITOR software system was used to
remove the histogram "taiis" from the training site data. These
modified cover types were then clustered again and compared with
the original clusters. Because a reduction in wvariance was
noted, all cover type ;raining sites with extraneous pixels were
modified and the resulting new clusters were used for further
analysis.

2.6.4 Statistics Editing. The process of statistics

editing began after each cover type was represented by a set of
statistics. The goal of this editing process is to develop a set
of statistics that best represent the desired information
classes. This 1is accomplished by comparing the individual
statistics and either deleting, merging, or recilustering to

obtain spectrally unique clusters. By comparing and analyzing

'Y
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the sets of statistics, a series of combined statistics files
were generated, creating a‘uniQue set of statistic for each cover
type. Statistics combined first were those cover types where
confusion, or low separability, wa; most likeliy to occur, such as
the different orchard classes. Confusion between cover types was
defined to exist if the clusters had separabiiities of less than
B.75. Resolving this problem included éomparing the means, the
number of pixelis, and the variances of clusters exhibiting iow
separability. If the variance of one of the confiicting clusters
wWas 'high (greater than 40)(4) relative to the other cluster,
and/or had a small number of pixels, that ciass was deleted.
Many times the deleted cluster within a given cover type was
highly separable from the other clusters in that cover type,
indicating that the deleted cluster ' was not actuelly describing
that specific cover type. In certain cases though, the spectral
sihiiarity between cover types could not be resolved. For
example, this occurred between the garlic and tomato cover types
(Table 7). The statistics editing procéss continued until a

master statistics file existed which contained all spectral

classes representing the desired cover types (Appendix C).

(4)Varlances were unusually high with this date set because of
the use of multiple dates. With a four channel singie date data
set, variances are normally less than 29, and an optimum vaiue is
less than 10.



Table 7

Separability Matrix for CGarlic and Tomatoes

Tomatoes
1 2
1 2.03 1.86
2 1.77 1.20
Garlic 3 J.62% g2.89
4 1.25 g.60%*

* gpectrally similar clusters

2.6.5 Classification and Evaluation. The classification

algorithm used for this project was the Gausian maximum
likelihood <classifier. Classification involves wutilizing the
statistics file as a set of spectral samples for defining the
information classes. Pixels of ﬁnknown cover type are compared
to the statistical sample and then’ "classified" or assigned to
the most appropriate information class. The maximum likelihood
classifier assumes a normal distribution for all spectral
clusters and evaluates both the variance and correlation of each
spectral cluster when «classifying a pixel. As a pixel is
classified, the probability of that pixel belonging to each
spectral ciluster is calculated and 1is then assigned to the
cluster it most resembles in spectral space (Lillesand and
Kiefer, 1979). Although the maximum likelihood classifier is
generally more accurate than other classification ailgorithms, it
is a costly and slow procedure to use because of the large number
of computations required to clasify each pixel. The final master

statistics file and six-channel multi~date data set were used for
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the classification. Output from this procedure was a sixty-two
class categorized image.

Even though a supervised classification approach was used
and all spectral classes were assumed to belong to a known cover
type, the accuracy of the «classification needed to be examined.
The IDIMS software system and color display monitor were used for
this  purpose. As each spectral <class was assigned a pseudo
color, selected aréas where the given class occurred on the
ciassified Landsat 1image were compared to the DWR ground
reference data for accuracy. The areas selected for evaluation
were not associated with any of the areas used as training sites.
Several problems with the cliassification were noted and steps to
solve these errors were taken. Listed below are the major
problems and possible solutions discovered in the first

classification.

Problem: Spectral classes labeled as commercial/industriail
areas were found throughout the scene. These classes had
high reflectance values corresponding to bare soil, grain
stubble, and young orchards and vineyards, in addition to

commercial/ industrial areas.

Solution: A stratification technique was used to separate
the agricultural areas from non-agricultural areas (see

"Image Stratification" section).

Problem: Clusters representing the vineyard class and

various orchard classes appeared in the residential areas
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of Fresno. Parks and tree-lined streets have similtar
spectral response characteristics to the vineyards and
orchards, and therefore are misinterpreted by the

classifier.

Solution: The same stratification technique mentioned
previously was used to separate the agricultural areas

from non-agricultural areas.

Problem: Entire fields were misciassified because of the
different patterns and stages in growth of certain crops.
The misclassification of the crops - young vineyards,
young ochards, grain stubble, and burn areas - was due to

the lack of training sites selected for digital analysis.

Soiution: Coordinates for the misclassified fields were
obtained (using the IDIMS color monitor) for
histogramming and recliustering procedures, and added to

the statistics file.

Problem: Overall, the classification appeared fairly
accurate 1in the southern portion of the scene and less
accurate in the northern portion. This phenomenon could
have been due to the larger fields in the south and
smaller more complex field patterns in the north.
Another possibility considered was the variation in soil

coloration. The northern portion of the scene was
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lighter in color than the southern portion, while the
Fresno Slough ' area (central portion) was quite dark in

color.

Solution: The Soil Conservaﬁion Service (SCS8) "Soil Survey
of the Eastern Fresno Area" was examined to see if there
was a significant change in soil mapping units throughout
the study area. After a brief examination, it was
determined that ‘there was no significant impact of the
soil mapping wunits on the classification. It was felit
that the mapping wunits (soil series and soil phase
levels) were too detailed for extracting the appropriate
information and that a generalized map showing soil color '
changes would have been more beneficial fof this probiem.
Becéuse time did not permit any further investigation,
the probiem was left to be 'solved through adaitionai

analysis and reclassification.

Problem: Ciustefs representing the fig class were
consistently confused with the native vegetation class,
particularly through the Fresno Siough area. It was
thought that the original training sites selected were

not representative of the cover type.

Solution: Additional fields designated as fig orchards on
the DWR ground reference maps were digitized,

histogrammed, clustered, and compared to the originai



training site statistics (very 1little change was

noticed).

As a result of the evaluation of the first classification, a
modified statistics file was created, incorporating the changes
mentioned above. This new statistics file (85 ciusters) was
submitted to the CDC-7600 computer with the six channel data set
for a second classification. The same procedure was followed as
in the first classification to examine the accuracy of the second
classification.. Selected areas were displayed on the IDIMS color
monitor and compared to the DWR ground reference data. In
general, the classification had improved over the initiai
classification, with more accurate spectral signatures developed
for figs, vineyards, and grain stubble. In contrast, the
dairy/feedlot cover type Wwas  very poorly represernited in the
second classification. The clusters representing the dairy/
feedlot category correctly classified the dairy and feedlot
areas, but also misclassified areas known to be native
vegetatibn, pasture, alfalfa, corn, vineyards, grain, and cotton.
Border pixels representing roads and field boundaries were also
misclassified as dairy/feedlot areas. At this point, it was
decided to delete two of the three clusters describing the
dairy/feedlot class and the remaining cluster, which confused
primariiy with native vegetation, was 1labeled as non-cropiand.
The native vegetation class was also re-labeled as non-cropiand
because fallow fields were often misclassified as native

vegetation and could not be spectraily separated from the native
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vegetation. These changes were inéorporated into the statistics
file and preparation for a third and final classificétion was
initiated.

Béfore the final qlassification was run, a more detailed
evaluation was undertaken. The PGandE ground reference data was
used for . this evéluation, in the form of thirteen line printer
(LP) maﬁs. Each cover type was assigned'a symbol and the ground
reference maps were printed using the EDITOR software sYstem in
such a way that only the digitiééd fieids were displayed,
excluding the fieid boundaries and background information. The

same was done for the classified data - the corresponding

"windows" were extracted from the cliassified data and printed in

the same manner. An EDITOR program was then run to compare the
ground reference and classified data, to determine the accuracy
of the classification for each of the thirteen maps. The
percentage of pixels correctly classified was given for each
cover type, along with a "percent correct" for the entire map.
Table 8 shows the wvariability of the accuracy throughout the
transmission 1line area. (See Figure.lZ for map location with

respect to transmission lines and study area.)



Table 8

Preliminary Verification Results of the Second
Classification Using PGandE Ground Reference Data

Map Number Percent Correct
1 63.06
2 71.98
3 52.29
4 42.70
5 54.84
6 47.36
7 67.85
8 70.52
9 85.56

10 71.66
11 - 97.72
12 72.03
13 : 94.64

overail percent correct = 67.19

Although it wvaried between maps, cover types that were
consistently misclassified (less than 50% correct) were tomatoes,
garlic, peaches, almonds, beans, tettuce, and native vegetation.
The peach and almond categories generally confused with native
vegetation and pasture, indicating that the satelilite sensor was
detecting a stronger reflectance from the ground between the rows
than from the trees. The various truck crops (tomatoes, garlic,
lettuce, and beans) tended to confuse with grain. This couid
have been due to the double-cropped fields (first planted in
grain, then planted in a truck crop) and the Landsat imagery date
selections. A problem with the Fresno Slough area appeared

again, represented by the lower accuracies for the maps liocated
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Figure 12

Location of PGandE Ground Réferénce Déta in

Relation to the Transmission Line Corridors
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in  the  slough (Maps 4-7). Because of time and budget
considerations, no efforts were taken to correct these problems.
Corrective measures could have inciuded selecting additionai
training sites in the ©Slough area and then reclustering,
comparison of the PGandE ground‘reference date to available color
infrared photography for evaluating its accuracy, use of the SCS
Soil Survey report fo; stratification purposes, and a closer

evaluation of the dates selected for digital analysis.
2.7 Data PoSt—Processing

2.7.1 Image Stratification. Stratification is a

"post-processing” technique wused to separate areas of spectrai
confusion by physiographic region. &Adequate infqrmation must be
known about the misciassified pixels in order to successfuly
stratify an image. The stratification procedure is dependent
upon two main factofs: 1) ground reference data and/or
photography from which proper class identification can be made
and, 2) 1if appropriate, a skilled and experienced photo-
interpreter (NASA/Ames, 1981).

Stratification for the Gates to Gregg project was very
straightforward because the study area could be divided into
three distinct regions - urban areas, agricultural areas, and
native vegetation areas. A USGS Land Use Data Analysis (LUDA)
nap, at a scale of 1:2508,000, was used for the urban
stratification. The maps were compiled with high altitude aerial

photography, using the Levei II Land Use anéd Land Cover
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cliassification (Appendix D) (Anderson et al., 1876). Level II
categories have a minimum mapping unit of 18 acres for urhan
aréas and water bodies and 40 acres for agricultural areas.
Urban areas throughout the study.area were color coded on the
LUDA map and then digitized (Figure 13). The resulting polygons
were used as a "mask" over the ciassified data, wherein specific
mislabied pixels were renamed with a different information class
and category number (Appendix E). Each renamed category -
commercial/industrial, residential, urban open areas, or native
vegetation - was the resuit of careful photo-interpretation of
color infra;ed aerial photography.

Another stratification was done to separate the Kettleman
Hills, a major native vegetation area in the southwestern corner
of the study area, from the agricultural area. Instead of

digitizing the Kettleman Hills, the IDIMS software system was

used to outline the sagebrush vegetation unit (Matyas and Parker,

1984). The orchard and vineyard classes occurring in this area

were renamed to woodland/shrub; grain, stubble, and native

vegetation classes were renamed to native grasses.



Figure 13

Urban Areas Selected for Image Stratification
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2.7.2 Classification Smoothing. "Smoothing" is a technique

used to ciean up a classified image by recliassifying pixels based

on their relationship to adjacent pixels and effectively

simulates a ten acre minimum mapping unit by eliminating single

‘occurrences of pixels (cover types). The program operates by

scanning the image using a 3 x 3 window, comparing the class

number of the central pixel to its eight surrounding neighbors.

As the computer counts the number of occurrences of each class

within the nine pixel bloék, a decision is made to either
réc1assify the central pixel or leave it unchanged, depending on
the weighting assigned to the specific class and the central
pixel posiiion in the block. For this project, the central pixel
position was assigned a weighted véiue of four, the adjacent
pixels were assigned a value of two, and the corner pixels were
assigned a value of one. All the class numbers were assigned an
equal weight v(a value of one), except for the woodland/shrub,
native grasses, and water classes, which were assigned a valiue of
1.5.

The result of this progfam was a "cleaner-looking" image,
with a minimizing of the "“salt and pepper" effect caused by
single occurrence pixels. After smoéthing, the majority of
fields appeared as homogeneous entities and the boundaries

between fields appeared more distinct.

2.7.3 Registration to the State Plane Grid Coordinate

System. As a final post-processing step, the cliassified image

was registered to the State Plane Grid coordinate system. The
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objective was to <create a geographic data base that was
compatibie with procedures and software systems used by PGandE.
To establish a reference . between image line/sample
coordinates and State Plane coordinates, a set of control points
was selected. (These same points were previously used to
correlate the Landsat imagery to the ground. See sectién 2.5.4

Calibration File Creation.) Two files were created from these

points - one with line/sample coordinates and one with State
Plane Grid coordinates - and were used to generate a set of
coefficients, calculated by a second-order polynomial. The

coefficients were then applied to the entire classified image,
"mapping" each Landsat pixel (57m x 57m) into each new data base

"cell™ (200ft x 200ft).
2,8 Accuracy Assessment

The PGandE ground reference ‘data was utilized for the
accuracy assessment of the final 27 class, smoothed Landsat
classification within the four transmission 1line <corridors.
Because the accuracy assessment was performed in the transmission
line corridors, a statement about the accuracy of the entire
q1assification could not be made. Normally, a random sampie of
sihgle points or a random sample stratified by information ciass
is taken to statistically assess the accuracy of a
classification. The accuracy assessment 1is presented in
"contingency table" form, comparing, by field, the Landsat

classification with the PGandE ground reference data.
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In preparation for the accuracy assessment, a comparison was
made between the two ground reference data bases - PGandE and
DWR. At that time, it was noted that there . were severail
discrepancies ‘between the two sources for field identification.
It was decided 'that for the accuracy assessment, all fields
exhibiting differences in identification would be deleted from
the assessment.

The first step in the accuracy assessment was to digitize
"~ the thirteen PGandE maps. Thirteen "segment files" were
. generated using the PDP-18/EDITOR system. Then, using these
digitized files, corresponding fields from the classified data
were eXxtracted. Only fields greater than twenty acres were
included in the accuracy test. This was done with the original
intention of completing the accuracy assessment on a "per fieid"
basis rather than a "per pixel" basis. The "per fieid"
assessment idea was abandoned when the analysts reaiized that the
digitized fields often contained more than one agriculturai fieid
(of the same cover type) and did not represent the intended
concept of a fieild. Typicaily, a cultivated fieid will vary in
size from 10 to 160 acres, whereas the fields digitized fér the
accuracy assessment varied in size from 16 to 1,460 acres,
including roads and small farmsteads. Therefore, it was decided
to perform the analysis on a "per pixel" basis, where the total
number of correctly classified pixels was assessed as opposed to
the total number of correctly classified fields.

A program on the PDP-19/EDITOR system was then used to

aggregate the classified data with the ground reference data. An
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example of this aggregation 1is presented in Table 9 (Map 1),
where the rows represent the PGandE ground reference data
information classes and the columns represent the Landsat
classification information classes. The diagonal numbers
represent the correctly classified pixels. The remaining column
numbers represent errdrs of commission (classifying a pixel as
class A when it is not) and the remaining row numbers represent
errors of omission (classifying a pixel as something else when it
is really class A). For example, 1looking at the vineyard class
in Table 9 (Map 1), 2,139 pixels were’correctly élassified, but
23 pixels were classified as vineyards when they were reaily
olives (commission error) and 58 pixels were classified as cotton
when they were really vineyards (omission error). Out of a totail
of 2,744 vineyard pixels (from the ground reference data), 2,139
or 78.0% were correctly classified. Using the table in another
manner, the classifier identified 2,352 vineyard pixels, of which
2,139 or 90.86% were correctly classified. There ‘was a 22.€%
omission error rate and a 9.1% commission error rate.

For each of the thirteen PGandE ground reference data maps,
a contingency table was generated, and the remaining tables can
be found in Appéndix F. Table 10 summarizes the overall "percent

correct" for each of the thirteen maps.
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PG&E GROUND REFERENCE DATA

Table 9

CONTINGENCY TABLE FOR ACCURACY ASSESSMENT

MAP 1
LANDSAT CLASSIFICATION
[7] - g’.l 8 = g S é
Ele |85 |5 BB |4|& 6|6 |5 8|8 |58 |q|8|8]B|% ¢
CITRUS 0 A
PEACHES 0
FIGS 394 24 7 9 10 5) 453 | 7.0} 13.0
_OLIVES 11 18] 125 23 3 188 | 66.5| 33.5
ALMONDS » 0
VINEYARDS 21 | 136 25] 15| 11)2139) 58 2l 7 1] 13 2| s7 00| 148l2744 | 78.0] 22.0
COTTON 23| 51 a] 29} 243 | 35.7] 64.3
MELONS ) 0
GARLIC 0
TOMATOES 0
LETTUCE 0
BEETS 0
CARROTS 0
BEANS 0
CORN 0
SAFFLOWER 0
GRAIN 2 18 5 3| 42 1 . 9 11} s 2| 25 8 4| 26]161 |15.5184.5
ALFALFA 8 8 22 1f 33 ] o 100
PASTURE 1 39 1 16 5 31) 17{110 {28.2|71.8
NON-CROPLAND 1| 115 1 77 2 12 5 23| 10 75 181 | 505 | 35.8 | 64.2
TOTAL 36 137 | 609 | 147) 14)2352 | 119 o 1| 12 1 1| 21 56 { 31| 13| 165 8 | 207| 411l343
7% CORRECT 0 0 le4.785.0| 0 |90.9 J42.9 ol o 0 o]l o ol o o |15.2 o |15.0}44.0 67.8
% COMISSION| 399 | 300 | 35.3 |15.0 | 100 | 9.1 |57.1 100 | 100 | 100| 100]100 | 100] 100 | 39p |84-8 | 100 | 85.0] 56.0 32,2




Table 10

Accuracy Assessment of the Final Classification
by Individual Maps

Map Number Percent Correct
1 67.8
2 80.1
3 58.0
4 4.2
5 46.1
6 73.1
7 57.4
8 89.0
9 95.7

1g 85.9
11 98.1
12 76.5
13 95.6

In comparing Table 1¢ with Table 8 (preliminary verification
results) a general improvement in accuracy was noticed, although
several méps had drastically reduced accuracy figures. This
could be due t§ the comparison between ground reference data
bases during the actual accuracy assessment and not during the
preliminary verification. During that comparison process,
numerous fields, especially 1in Map 4, were excluded from
evaluation due to discrepancies in field identification. Map 4
is also located in the Fresno Siough, where it was hypothesized
that the soil characteristics significantly affected the spectral
refiectance values of the various cover types.

After each of the thirteen maps was tabulated, they were
summarized into two tables - ungrouped crop types (Table 11) and
grouped crop types (Tabie 12). The overall percent correct for

the ungrouped or detailed table was 75.7%, while the more

generalized table was 78.7%. Crop types with low omission and
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commission errors (less than 20%) included vineyards, cotton, and
grain. (These crops were consistently identified correctly by
Landsat.) Crop types with low commission errors included almonds
and tomatoes, and crop types with low omission errors were figs
and safflower. Table 13 summarizes the results and problems with

this final classification.
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PG&E CORRIDOR GROUND REFERENCE DATA

CONTINGENCY TABLE FOR ACCURACY ASSESSMENT
SUMMARY FOR UNGROUPED CROP TYPES

Table 11

LANDSAT CLASSIFICATION

2 g
0 : 1 2
28| |a|é& AFAERERE £ 1y g 8 5|2
AHAHHIER LRk LA
g 1E |4 H 4|8 |8 N
CTTRUS ' 17 17} 0 |100
PEACHES 0
FIGS 1 1291 1 76 7 12 37 22 | 15 | 1462|88.3 |11.7
_OLIVES 11 18 | 125 23 4 3 4 188|66.5 |33.5
ALFMONDS 45 1 27| 49 {354 | 173 6 9 | 15 | 13 7 | 15 |156 |275 | 1145|30.9 [69.1
VINEYARDS 70 | 363 59 | 101 | 43 |11822] 200 1 10 9 | 22 295 | 25 | 73 }118 |256 |1043 j14510|81.5 |18.5
COTTON 16 | 15 | 104 12 | 13 | 849 l20517| 647 | 36 | 17| 12 | 164 | 25 | 40 | 81 | 25 | 178 |273 {023 {245 |[24292]84.5 |15.5
MELONS ' 0
GARLIC 12 21 20 57]21.1 |78.9
TOMATOES 17 ) 110 | 57 ) 242 688 | 17 15 3 6 |313 |204 4 | 26 | 1702}40.4 |59.6
LETTUCE 0
BEETS 34 | 122 6 | 172 1 34 387 |100 | 14 869[19.8 |80.2
CARROTS o
BEANS 62 5 18 1 113 16 4 6 |154 3 382 0 |100
CORN 6 6 35 14 6 30 28 95 85 305} 9.8 |90.2
SAFFLOWER ’ 323 7 11 347{93.1 | 6.9
GRAIN 4 46| 7 144 | 16 8 6| 60 | s8 99 | 82 | 121 | 248 5679 | 13 | 66 |103 | 6667)85.2 |14.8
ALFALFA 6 9t 3 253 | 243 | 614 | 26 4 4 6 | 83 | 13 | 85 fps72 |772 | 25 | 3721{42.2 |57.8
PASTURE 1 39 1 3 1 1 3 18 1217 | 18 307170.7 {29.3
HNON-CROPLAND] > 5 218 6 154 31 3 3 12 21 5 27 10 167 4 50 }496 1214}40.9 |59.1
TOTAL 156 | 384 1879 | 304 (421 |13565|21287[1361 | 327 | 781 | 124 | 350 | 252 | 229 | 550 |745 ps562 p7o5 |2916 |2287 |57185
% CORRECT ) o 68.7]41.1 |84.1 | 87.2] 96.4] o 3.7| 88.1| 0o |49.1] o 0 5.5)43.4)86.5 |58.1 ] 2.4 |21.7 75.7
% COMMISSION| 200 | 100 31.3158.9 }15.9 | 12.8} 3.6| 100 | 96.3| 11.9} 100 | 50.9) 100 | 100 }94.5]156.6 | 13.5 | 41.9 |92.6 |78.3 24.3
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PG&E CORRIDOR GROUND REFERENCE DATA

CONTINGENCY TABLE FOR ACCURACY ASSESSMENT
SUMMARY FOR GROUPED CROP TYPES

LANDSAT CLASSIFICATION

TABLE 12

" K]
Ry R
n Q & ¢ =
S 0F | o : o : 3% |88 |&Es
= >4 (8] 3 2 =) fy 3 3] § 3 1O
o ) B O > & 1 Q < (S O NE
2 5| 0§ 2 g 2 | 88 || § | &S |&8%
S > Q & L) [ = & [ 0,
ORCHARDS 1,923 272 13 25 92 193 294 2,812 68.4 31.6
VINEYARDS 636 | 11,822 200 42 393 374 1,043 14,510 81.5 - 18.5
COTTON 160 849 | 20,517 941 284 1,296 245 24,292 84.5 15.5
TRUCK CROPS 62 56 231 1,342 401 855 63 3,010 44.6 55.4
GRAINS 70 156 51 343 6,326 270 103 7,319 86 .4 13.6
PASTURE 62 256 244 660 184 2,579 43 4,028 64.0 36
NON-CROPLAND 231 154 31 71 177 54 1,214 40.9 59.1
TOTAL
PIXELS 3,144 13,565| 21,287 3,424 7,857 5,621 2,287 57,185
PERCENT .
CORRECT 61.3 87 .2 96 .4 39.2 80.5 45.9 21.7 78.7
PERCENT
COMMISSION 38.8 12.8 3.6 60.8 19.5 54.1 78.3 21.3.
ERROR




Table 13

Final Classification Results & Problems

VL

Cover Type Classification Problem Possible Explanation
Citrus 0% correct insufficient training sites
Olives confusion with vineyards marginal canopy cover; influence
of soil reflectance
Almonds confusion with vineyards, pasture, marginal canopy cover; influence
and non-cropland of soil reflectance; orchard
management practices
Vineyards confusion with non-cropland influence of soil reflectance;
vineyard management practices
Tomatoes confusion with grain double cropping
confusion with garlic, cotton, 27
and alfalfa
Garlic confusion with grain double cropping
confusion with non-cropland ?2? : :
Beets confusion with cotton, alfalfa, ??
and pasture
Beans 0% correct, classified primarily insufficient training sites
as carrots and pasture
Corn confusion with pasture and alfalfa 2?
Alfalfa confusion with pasture spectrally similar
confusion with melons ??
Pasture confusion with alfalfa and non- spectrally similar

Non-cropland

cropland
confusion with figs and vineyards

confusion with grain

marginal canopy cover; influence
of soil reflectance

spectrally similar after grain
has been cut (stubble)



Even though errors were made in the classification and the
sampling was not random, statistical corrections can be made to
remove the relative bias, or classification error. This relative
bias can then be used to estimate crop percentage acreages for
the entire study area by extrapolating the information from the
corridors. |

In order to estimate crop percentage acreages in the total
study ‘area, the assumption was made that the reliative bias meade
by the Landsat classification was constant for each crop type.
That is, for each crop type, j, the relative bias was assumed to
be the same in the corridors and also in the larger study area.
Relative bias can be expressed as:

{nj - Pj)

PJ
where 7J

i}

total number of Landsat pixels in a crop type
total number of pixels in a corridor

or the Landsat estimated relative area

Pj = total number of ground reference data pixels
total number of pixels in a corridor

or the "ground truth" estimated relative area

For éxample, using Table 12, the Landsat estimated relative
area for orchards 1is .0558 and the ‘“ground truth" estimated
relative area is .£492. Therefore, the reliative bias for
orchards is .1179.

Because the relative bias was assumed constant, the study
area relative areas could be estimated from the corridor resuits.
Using the previous example, Landsat estimated that 5.5% of the

study area was in orchards and that 4.9% of the study area was in
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