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CHAPTER 1
INTRODUCTION

Robert N. Colwell

Those who manage the natural resources of the state of California
are charged with two responsibilities that often are somewhat in con-
flict with each other: (1) that of producing, within the area for
which they have management responsibility, the maiimum amount of v;r-
ious goods and services (food, fiber, recreation, etc,) and (2) that
of enhancing, on that same area, the quality of the environment, in-
cluding its overall aesthetic appeal, and the quality of its water,
atmosphere, wildlife habitat, etc. There is an increasing demand that
this two-fold responsibility be fully met in California, and it is
in this respect that the use of modern remote sensing technology can
play a vital part.

As a first step toward the more detailed defining of the resource
manager's two-fold responsibility, policy decisions usually must be
arrived at relative to the uses that should be made of the natural
resources in any given area. Thereafter, laws usually are made at the
mmicipal, county, state, and federal levels that will be in consonance
with those policy decisions. Next, and also in keeping with those
policy decisions, resource management plans must be developed and
implemented. The making of these plans requires, in turn, the ac-

quiring of information about the resources that are to be managed--
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usually in the form of resource inventories of suitably high accuracy,
and made at suitably frequent intervals, so that the resource manager
will know at all times, both the amount and the condition of each
kind of resource that is present within each portion of the area for
which he has management responsibility. As will be apparent from the
studies dealt with in this report, it usually is through the use of
modern remote sensing technology that the required resource-related
information can best be derived.

Although remote sensing scientists at the University of California
and elsewhere_hawe repeatedly demonstrated, in recent years, that modern
remote sensing technology is potentially very useful to resource mana-
gers, the actual acceptance and use of this technology tends to lag
far behind. Consequently, a primary goal of virtually all of the
remote'sensing-related researcﬁ that is being conducted in California
at the present time is that of gaining the acceptance and use of modern
remote sensing technology by the managers of California natural re-
sources. Consistent with that goal, the overall objective of work
done under this grant is to demonstrate, by means of specific case.
studies, that information derived from the use of modern remote sensing
techniques can lead to the development and implementation of more in-
telligent resource management measures than would otherwise be possible.
All of our case studies deal with applications that can be made of
remote sensing in California, while not eicluding their application,

with suitable modification, in other states as well,
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In many cases, there is insufficient knowledge on the part of
the resource managers of how remote sensing might be applied, but
they have stated that, given one or more appropriate demonstrations
of such applications, they would then hope to make remote sensing an
integral part of their overall resource management process. From
among the many possible cases fitting this description, only a few
are dealt with in this progress report. These ''case studies' are
being performed by our remote sensing scientists on the Berkeley,
Santa Barbara, and Riverside campuses, respectively, of the University
of California. A description of progress made to date on these case
studies will be found in Chapters 2, 3, and 4, respectively, of
the present Progress Report.

From a reading of this document it will be apparent that our
integrated project entails two major but inter-related categoriés of
activity: (1) Basic research, as necessary to develop, in each pro-

/
blem-oriented situation, a remote sensing-derivable classification

scheme that will enable us to help the resource manager solve the
particular resource inventory/management problem that is being ad-

dressed, and (2) Applied research, as necessary to ensure that the

resource manager with whom we are cooperating in any given instance is
in full agreement that our resource classification scheme provides

him with the information that he needs in order to solve his particular
resource management problem. The applied aspect of our research is

further designed, in each instance, to ensure the transfer of this
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technoloéy to the user. We consider ourselves to have been successful
in this endeavor when the user nc: only understands the technology that
we have helped to develop but also accepts it to the extent that
henceforth he actually uses it, (instead of his previously-used methods),
as the information base from which to arrive at and implement resource
management decisions.

But the ultimate evidence of our success in any given instance
is to be found, not merely in the user's seeming acceptance and adop-
tion of this new technology, Rather it is to be found in his progressing
rapidly toward the time when he will routinely employ that technology,

entirely at his own expense, using our University scientists either not

at all or, at most, merely in an advisory capacity. Even by these
rigorous standards we appear to be achieving genuine success. This
fact will be apparent from a reading of the campus-by-campus progress
reports, (abbreviated though they are) which are included in this
document.

The map of the state of California, comprising Figure 1, on the
following page, has been annotated in order to indicate the specific
remote sensing research sites, both past and proposed, of ocur 3-campus
project.

éecause our primary goal under this NASA grant is to bring
about the acceptance and adoption of modern remote sensing technology
by California's resource managers, it is pertinent to highlight specific

instances in which that goal is being achieved. In our recent progress
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BARBARA CAMPUS FOR:

RESEARCH SITES OF THE -

BERKELEY CAMPUS FOR:

Wildland Fuels Mapping

Turkey Habitat Mapping

Coordinated Resource
Planning

RESEARCH SITES OF THE SANTA

Cotton Mapping

Green Fuel Moisture Estimation

Mapping Perched Water Tables
and Soil Salinity

Predicting Watershed Runoff

Applying to Ventha County

M ar ar ws ar o o

RESEARCH SITES OF THE RIVERSIDE
CAMPUS FOR: )
Desert Planning Studies

Agricultural Planning Studies
Avocado Production Studies _ ..~
\ ‘ "

-
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Figure 1. Map of the State of California showing general locations of
study areas for remote sensing scientists of the Berkeley Campus );
the Santa Barbara Campus (2); and the Riverside Campus (3) of the
University of California.

1-5



Teports we have provided abundant evidence (including numerous fully

captioned aerial, space, and terrestrial photographs) that fuel

management personnel in California are now making operational use of
information which we are helping them to derive from Landsat imagery
and U-2 photography. Documented in those reports is the fact that
California's resource managers from several agencies are using this
remote sensing-derived information operationally to determine, quite
specifically, and in detail: (a) where there are dense and highly
flammable brushfields that should be subjected to controlled burning;
(b) where there should be mechanical removal of brush, and (c} where
manual removal or chemical control of the brush must be resprted to.
Also documented in those earlier reports is the fact that sﬁch ‘deter-
minations are being translated into action through the use of sizable
amounts of manpower and equipment, specifically assigned by the re-
source management agencies for the purpose of implementing these
decisions. In Mendocino County alone, for example, assets assigned for
this purpose include 17 full time employees, 17 part time employees,
and 2 bulldozers, plus the necessary brushrakes, drill seeders, ferti-
lizer and seeds to rehabilitate areas following brush removal.

In the present progress report the photographic documentation
pertains primarily (but not exclusively) to a totally different aspect
in which remote sensing technology is being both accepted and trans-
lated into action by the resource managers, viz. the transplanting of

wild turkeys (See Chapter 27, Part 2). As indicated by the photographic
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illustrations and the supporting text in that part of cur report the
following degree of acceptance and adoption of modern remote sensing
technology by a user agency already has been brought about through our
close cooperation with personnel of the’user agency, =-- in this case
the California Department of Fish and Game: (1) the identification
(from a computer assisted analysis of Landsat digital data of a 2
million acre wildland area) of unoccupied potential habitat sites in
which conditions are highly suitable for the transplanting of wild
turkeys; (2) the selection of one of these areas, the '"Potter Valley"
site, as the one in which transplanting would first be attempted; (3)
the trapping of wild turkeys of the variety most suitable for that
site, based on a more detailed remote sensing-aided analysis of the
site, and (4) the actual transplanting of 19 wild turkeys in that
site during February of this year. Both the user agency and the

U.S. Fish and Wildlife Service have indicated a desire.to expand and
support future phases of this program.

It is our intent to feature, in future progress reports, other
examples of the highly meaningful and beneficial acceptance of modern
remote sensing technology by resource managers in the state of
California, brought about largely through our efforts under this
NASA-funded grant. The following are 4 such examples of our work that
are now nearing the '"technology acceptancg" phase, in the fullest
meaning of th#t.term: (1) the selection of sites, from remote

sensing-derived information, that are best suited to forest regenera-



tion by artificial‘méans, followed by the actual planting of trees

by resource managers in those sites; (2) the selection of sites, from
remote sensing-derived information, where flood control structures are
urgently needed, followed by the actual building of such structures
at those sites; (3) the selection of sites, from remote sensing-derived
information, wherein it is both necessary and feasible to remedy
agricultural crop production problems arising from perched water tables
and/or high soil salinity, followed by the aciual taking of that
remedial action, and (4) the monitoring, by means of remote sensing,
of increasing avocado acreage and avocado production throughout southern
California, resulting in regulatory action being taken by the concerned
agencies.

In these and numerous other examples, (just as in the ones
that we already have featured in our progress reports) we soon will
be able to document the rapid progress that is being made toward
another, associated goal of ours under this NASA grant, viz. that of
having the resource managers with whom we have been working during any.
particular "demonstration' phase progress to the fully 'operational"
phase in which they will use entirely their own funds and personnel
to derive the necessary information from data acquired by means of
Temote sensing.

As in our previous progress reports we include in this one a

chapter dealing with '"Special Studies', (Chapter 5). In this instance

1-8



5

the special studx reported upon consists of a discussion of some
important remote sensing concepts that have been developed and/or
tested under our present NASA grant.

This progress report concludes with a summary (Chapter 6) both
of work accomplished during the past year by our 3-campus groups, (as
reported upon in the preceding 5 chapters), and oé the work which

each campus proposes to perform during the coming year.
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CHAPTER 2

NORTHERN CALIFORNIA STUDIES

1.0 INTRODUCTION

This chapter constitutes an annual report on the investigations being
carried out in Mendocino County, Califormia (Figure 1) by personnel of the
Remote Sensing Research Program, University of California, Berkeley Campus.
These investigations deal with the use of modern remote sensing techniques
as an aid in the mapping of wildland fuéls (Part 1) and of wild turkey habi-
tat (part 2). The objective of both these mapping efforts is threefold:
first to provide regional information from which management priorities can
be set, second to provide area-specific information from which management
plans can be developed and implemented, and third to familiarize wildland
managers with the application of modern remote sensing technology to their
data gathering needs.

It must be stressed that the successes to date of this applications
oriented research are due to the close working relations that have been devel-
oped over the past three years between the remote sensing specialists from
the Berkeley Campus and the various land management personnel from Mendocino
County. This interaction is vital because of the iterative nature of the
research: the more the land managers work with the remote sensing derived
information set, the more they become aware of its strengths and limitationms;
and the more the remote sensing specialists work with the land mangers the more
they become aware of the ""real world" constraints that are placed upon govern-

ment agencies. One important net result of this interaction is that it



Figure 1.

MENDOCINO
COUNTY

San Francisco

Location of Mendocino County in northern Californmia. Investiga-
tions are being carried out here by personnel of the Remote
Sensing Research Program, University of California, Berkeley
Campus to demonstrate the usefulness of remote sensing derived
information for planning and implementing fuel management plans
(Section 2) and mapping wild turkey habitat (Section 3).

2-2



S

permits remote sensing scientists to modify their products to better meet

the managers' information needs.
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PART I

FUEL MAPPING IN RELATION TO
THE MANAGEMENT OF BRUSHLANDS
AND TIMBERLANDS IN CALIFORNIA

2.1 INTRODUCTION
2.1.1 HISTORICAL PERSPECTIVE

In February 1976, the Mendocino County Board of Supervisors, recogniz-
ing the need for a comprehensive fuel management plan, established the Fuel
Control and Brush Range Management Committee (FMC). The primary mission of
this committee, with representatives from county, state, and federal agencies,
and private landowners, has been to develop and implement a fuel management
plan in pilot areas throughout the county. The primary objective of fuel man-
agement in this area is to break up large homogeneous fields of brush into
smaller brush-grassland mosaics. In this way, not only are fire hazards re-
duced, but "edge effect' around brush fields is increased so as to provide
more shelter and forage for wildlife and domestic animalg. In addition, soil
stability is improved if stands of grass can replace the decadent brush.

Personnel from the Remote Sensing Research Program (RSRP) of the\Uni-
versity of California's Berkeley campus, with the support of NASA's Qffice
of University Affairs, have acted as technical advisors to the FMC since its
inception. From the start it was recognized that some form of remote sensing
data, in combination with other forms of ancillary data, would be needed as
a base from which a management plan could be developed. Information acquired

by means of remote sensing was needed because it was the type which could
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be (1) efficiently gathered for extensive inaccessible areas of the type en-
countered in much of Mendocino County, and (2) easily manipulated to meet
both primary and secondary objectives relating to fuel management.

As a result of our effort in 1976-77, the wildland fuels present in

the‘northeastern quarter of Mendocino County (see Figure 2) were mapped through

the use of computer assisted analysis of Landsat digital data (Benson, et al,
1977). In addition property ownership boundaries that had been compiled by
County personnel were overlaid on the fuel map to assist in fuel planning ac-

tivities.
2.1.2 OBJECTIVES QOF 1978-1979 CONTRACT PERIOD

Based on the success of this mapping effort, the FMC decided that it
would be highly desirable to expand the fuel mapping to include the southeast-
ern quarter of the County (Figure 2) with the aid of classified Landsat MSS
data. A complete description of the classification procedure that was used
is given in Section 2.2. The new study area extended south of the 1977 study
area and was bounded on the east and south by the County boundary and on the
north and west by the Russian River watershed boundéry. The resulting clas-
sification products, both pictorial and tabular, are now being given to the
appropriate fuel specialists in the FMC for evaluation. These most recent
output products differed from those prepared last year in that a property own-
ership map was not overlaid on the fuel map. Although there is a need for
property overlays in the preparation of fuel management plans, the manual
compilation of such a map for the extensive area of the study site from County
records would have been prohibitively expensive. In addition, during this

compilation process so many changes in the ownership patterns would have

2-5
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Figure 2.

10 miles

MENDOCINO COUNTY, CALIFORNIA

.Location of thé 476,000 acre.northeastern

study area and the 353,300 acre southeastern
study area in Mendocino County, California.

The distribution of wildland fuels within these
two areas was mapped through the use of computer -
assisted analysis of Landsat-2 }SS data in 1977
and 1978 respectively by personnel of the Remote
Sensing Research Program.
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occurred that the resulting map would have been outdated before it was pub-

lished. Therefore, property ownership maps will be prepared for smaller 'sub-
areas within the larger study area in conjunction with the develovment of fuel
management plans. In place of the property ownership overlay, a geographic
grid based on the Universal Transverse Mercator (UTM) grid was overlaid on

the fuels map. The UTM grid was selected because (1) it is easy to construct,
(2) it is a square grid and hence all grid units are of the same size,

(3) it is present on all U.S. Geological Survey map sheets, and (4) it is

compatible with Landsat and other gridded and polygon data bases.
2.2 CLASSTFICATION OF THE SOUTHEASTERN STUDY AREA WITH LANDSAT-2 MSS DATA

The goal of the classification procedure was to produce a wildland fuels
map for the southeastern study area from Landsat digital data. The output
products were to be in a format fhat could be easily used by field personnel
for making important management decisions, e.g. where to modify vegetation
and where to locate fuel breaks within their respective jurisdictions. The
output was to include: (1) a pixel-by-pixel classification map of all fuel
classes, (2) a pixel-by-pixel classification map of selected fuel classes which
represent particularly hazardous conditions, (3) an estimate of the acreage
of each fuel type within the study area and (4) a UTM grid overlay for each
map. '

The transformation of raw Landsat digital data into major fuel types
was accomplished using a 'mixed" classification procedure. This approach uses
a systematic sample of Landsat data from which statistical training models
aﬁe automatically developed that describe all vegetation and ground conditions
within the study area. These models are input to a maximum likelihood

/
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classifier which calculates the statistics for each Landsat pixel and assigns
it to the training model class to which it is most similar. The final clas-

sification is written on magnetic tape for transformation into various output

N

products.

The following paragraphs give a complete description of the five major
tasks required in the mixed classification procedure as it was applied to the
expanded study area: scene selection, preprocessing of landsat and ancillary
data, training selection, classification, and producing output products.

Most of the details given below are specific to (1) the RSRP—interactive dis-
play system which preprocesses the Landsat data, assists in training selectionm,
and produces the final output products, (2) the Lawrence Berkeley Laboratory's
(LBL) CDC 7600/6600 computer system which performs the major training and
classification computations, and (3) the objectives of the project. With
minor modification, however, these details‘could be adapted to other image
processing systems and land use management objectives. They are included here
to illustrate that a potential user of Landsat digital data does not simply
order tapes from the EROS Data Cenger (EDC) and then expect meaningful clas-
sification results to be available minutes after receiving the data. Depending
upon the ultimate user needs, the transformation of remote sensing data to
management information usually involves many routine steps, in addition to
skilled interaction of the analyst with the data, carried out in an orderly
fashion so that the information needs are met in a cost-effective manner.

We are acquainting the potential users with these facts and procedures by in-
volving them, to an ever increasing extent, with the classification work we
are doing. The classification process has been summarized in a flow chart

in Table 1.
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Table 1. The '"mixed classification" procedure used to map the wildland
fuels in southeastern Mendocino County through the use of
computer assisted analysis of Landsat-2 digital data.

Pcform: Landsac daca Construct ares mask from

anciliary macs. Qafine
sarimacers of study ares
and exciusion areas

Extract sample of spectral
deta from study ares

Cluster sample dacs %
deveiop training modais

tabel soectrai moosis as
approgriate fus) classes *
- 3

] | yes

Is ambiguity
due to photo interpres
tation error?

Are therd
ary ambigquous
lanais?

Reciuscer ambig-
luous cluscers -

no
. $

Submit labsled training
moosis tO maximum |ike-
lihood ciassifier’

P:lnufv study arﬂ

lcaiculats sixel ares
¢ |

Produca tabular ocutout
and spectral fuels mso
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2.2.1 SCENE SELECTION

After the boundaries of the southeastern study, area had been selected
by members of the FMC, a geographic search for Landsat coverage of the area
was requested from the EDC. The preferred time of year for the coverage was
April through September in 1976 and 1977. Coverage from these months would
minimize extensive shadowing on the image caused by low sun aﬁgles striking the
mountainous terrain. The maximum acceptable cloud cover was set at 80 percent.
While this may seem to be an exceptionally high percentage it must be noted
that cloud cover percentages are based on the cloud cover appearing on the
entire scene and not necessarily on the area being searched. Much of the
particular Landsat scene that includes the test area was expected to include
areas of the Pacific Ocean and the coastal zones along western Mendocine
County which are frequently covered with fog during the summer mormings but
which are well outside the test area. Hence, 80 percent cloud cover did
not seem to be unreasonable.

Upon receipt of the listing of Landsat Scenes meeting the above cri-
teria from the EDC, the scenes were further screened on microfilm at the
U.S. Geological Survey mapping facility in Menlo Park, California. Scene
E-2522-18045 of 27 June 1976, was selected because (1) its overpass was close
to the summer solstice (21 June), (2) the study area was cloud free (overall
scene cloud cover rating was 10 percentj, and (3) it was within one day of the
scene used to classify the northeastern study area. The year 1976 was selected
over the more recent coverage because it was the first summer of California's
two year drought; hence vegetation and other ground conditions would appear

more normal than in the following year.
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2.2.2 PREPROCESSING OF LANDSAT AND ANCILLARY DATA

Major input data had to be preprocessed before-image classification
could proceed. This involved reformatting the Landsat digital data and con-
structing a mask for the expanded study area.

Eight weeks after the Landsat data tapes héd been ordered from EDC,
they were received at the RSRP. The tapes were reformatted in order to be
compatible with the RSRP and LBL computer systems. To simplify this reformat-
ting step, a 1433 point-by-875 line rectangle which covered the southeastern
study area was extracted from Quadrants 2 and 3 of the Landsat scene. Only
the data for this area, which represented 16 percent ¢f the full scene, were
reformatted. The data were then copied to a single 'test' tape which was used
in subsequent training and classification tasks.

The exact boundary of the study area was then defined in terms of
Landsat coowrdinates through a process known as mésking. This process was re-
quired so that only those points from within the expanded study area would be
extracted from the reformatted test tape for classification., The five steps
used in the masking process are given below:

1. The boundaries of the goutheastern study area and of ten agricul-
tural areas within the study area that were to be excluded from classification
were delineated on a clear acetate overlayto a mosaic of six.15-minute "guad-
rangle maps (scale 1:62500). In addition, 90 control points lying either
within or immediately outside the study area were annotated on the overlay.
These points corresponded to features that could be accurately located on both

7°1/2 minute orthophoto map sheets (and subsequently transferred to the 15 minute

map base) and the Landsat image as displayed on the RSRP color monitor.

2-11
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The boundary outlines and the distribution of control points are shown in
Figure 3.

2. The overlay was photographically reduced to 3-by-3 inches so that
it cqpld be manually scanned on the RSRP digitizer which has a geometric re-
solution of 2000 points per inch in both X and Y directions. The digitizer's
cursor was placed over each of the 90 control points, and X and Y scanner
coordinates were recorded on magnetic tape. Then the cursor was traced around
the perimeters of the expanded study area and exclusion areas, and the X
and Y scanner coordinates of the resulting pelygons were also recorded.

3. The expanded study area was displayed on the RSRP color monitor
from the test tape. The Landsat coordinates -- point and line-- were deter-
mined for each of the S0 control points through the use of an interactive
cursor.

4. Four regression model. were run with the set of 90 paired scanner
and Landsat coordinates using a linear least-squares curve fitting program
developed by Daniel (1977). These runs were used to screen the data set for
measurement and digitizing errors and to select the best equation for predict-
ing the Landsat points and lines at or near the perimeter of the mask. The

forms of the regression equations that were used are as follows;

Eq. 1. Landsat coordinate = a + blxs + szs

Eq. 2. Landsat coordinate = a + blxs + bZYs + bssts

Eq. 3. Landsat coordinate = a + blxs + bzxg * b3Ys + b4Y§

Eq. 4. Landsat coordinate = a + b1Xs + bzxg + bSYs + b4Y§ + bSXsYs

where a = intercept,
b = regression coefficient, and
s denotes scanner coordinate

2-12
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Figure 3.

The boundary and exclusion outlines and the distribution of
90 control points which were used to construct a mask of
the southeastern study area in Mendocino County, Califormia.
The 71 circled points were used to calculate the regression
coefficients which were used to predict the Landsat point
and line coordinates for the perimeter. The sixteen-sided
polygon was used to calculate the ground area represented
by a Landsat pixel. See text for details.
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After four regression runs, 19 points were deleted from the original
90 point data set because of apparent measurement and/or digitizing errors.
These confounding errors were attriﬁuted to one or more of the following fac-
tors: (1) inaccuracies associated with map projections of the 7% minute
and 15 minute quad sheets, (2) inaccurate feature location on the orthophoto
map sheets and Landsat image, (3) inaccurate transfer of features to the
15 minute base map, (4) introduction of geometric distortion by photograph-
ically reducing the acetate overlay, and (S) errors in digitizing the control
points. Since it was not practical to correct these errors, and because a
sufficient number of evenly distributed observations remained, the sources
of the errors were not determined. A listing of the final set of 71 observed
scanner and Landsat coordinates is given in Table 2.

Based on the range of the residuals* and the analysis of variance
(ANOVA), Equations 1 and 3 were selected as the predictor equations for Land-
sat Mask point and line coordinates respectively. The independent and depend-
ent variables used in Equation 1 are listed in Table 2; those used in Equation
2 are listed in Table 3. The observed and fitted Landsat points and lines,
ordered by residuals, are listed in Table 4. The summary of the analysis of
variance is given in Table 5 along with an example of how the Landsat point
and line residuals were calculated for control Point 11.

Interpretation of the ANOVA summary on Table 5 indicates that the
regression equations provided good predictions of Landsat point and line lo-
cations. The ANOVA is interpreted as follows for a Landsat point. The total
variability associated with the two independent scanner variables CXS and Ys)

and the dependent variable (Landsat point) is 2,240,464. Of this total, the

* Residual = Observed Landsat coordinate - Fitted Landsat coordinate
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Table 2.

The listing of the 71 coordinate sets that were used as in-
put to a regression analysis to predict Landsat point and
line coordinates from the X and Y coordinates obtained from
a digitizing scanner. This data set, as listed, was used
as input for Equation 1 to predict Landsat points. Columns
2, 4, and 5 were filled with the appropriate transformed
independent variable(s) as the Daniel program applied in
Equations 2, 3, and 4 as listed in the text.

Dependent Variables

Independent Variables

Landsat Landsat
Scanner X Scanner Y point line
1 2 3 e 3 [ 7

79%.GC0 T =C.QCT T 849,300 «0,009 " «A,00%9  470.000 $10.000
1831380 =30 507.828 =0.000 =Q+7202 710,000 434,370
2143289 =0.022 438,900 =0,300 =0.200 981.20C 381.300
1538.980 =Q.C20 33640C0 -0.220 -0.000 802%.000 184.000
I573.000 T =007 283,300 TR 000N 000 828, ROC TTTY64,.000
1283.203 =000  164.307 20N =3.200 T7%.00C 36Q.303
160l .330 ~ T =C.000 422.800 =Q.032 =Q.300 861.000 1$%.910
1392.0%0 .=0.0M 369.300 -0 .0%0 =2,000 . §15.00C 376,200
20294330 =0.382 28C.300 =0.J00  -0.020 942,000 15%.200
< 25396300 =0.000 1203.000 «3,0C0 =0.000 1C€54.000 S51%.300
TEIGITTTTT SIS IITTINGS LT 2. I QT2 1028,02C —424,2000
é1143037 «Ced00 1013.823 -¢.000 =3+200 1013.33¢ 489.0Q0
2023.3C3  =0.4337  1305.3CC =Q.C00 =Cel00 1163.002C 524,07
2685003 *Q.000 968,203 «3+239 0.0 1150.000 454.300
2171.300 " =5.000 898,000 — =0.000 ~ =Q0.C000  999.000 409,300
2C11.009 =0.002 972,008 =3.300 =0 .000 983.0GC 489,700
IR SC0TT =T UTTTTT 03, ST 0, IO 0, 000 T 837,000 T 465,700
15494009 «0.0C0 1194.07? «0.007 «Q+C09 §83,00C  S43.N00
15372383 70000 1327.372 0 2,077 - «0.009 ° 890.000 570.000
17%0.300 =0H00 126%e79€C =9.3C2 «Q0e703 945,000 568,370
1887.380 " =0,207 1798,000 ~ =0,209 - =0.000 997.00¢ 5C4. 000
1376.4C0 =Ce 082 5624035 «0.3C0 =0.000 929.000  429.33°
TOTIITI 5T .0007 710, SCA 20 A w0, 00"~ £65.0°C 452,000
1565258 =0.000 $60.070 =}2CQ =0.000 943,000  4€8.320
1687.350 ~ =Q.30C 539,200 - «0,000 . =0.C20 948.00C 402.700
1656.203 -0 007 5¢6.020 =)o 3N “0.29 867.000 421.290
11714383 "7 =G 03T 18234.008 - «2.029 =023 831.000 477.C20
1202 «0G0 =Q0.300 1543.000 =7.000 -Q.200 845,00C 6964009
“I135. 30T 20200 TR220.07 ¢ 70 —===2 300~ 044 ,00C — 791,300
T77.3C9 *Q.383 1869%9.000 =3.300 «0.C00 T73%.000 T01.320
€2733 T =097 2797.000 - -2,000 =0 .02 732,000 743,220
1253.3C0 =0.3C0 2423.000 «24337 “Ced03 891.200 7334200
1364300 - ~=0.000 2646.003%° -0.809 «0.200 603,000 824.20N0
1397.939 =3.9%C 279C.000 =7 .900 «3.000 365.00C 4%9.0C0
= E3C LT C L 0002937 200, 0O 0. S0~ THCL 00C T 822.070
817,300 =0.L00 237,007 -04009 -0.200 821,.00¢ 8¢8,000
1793,328 —= =2.000 153%2.0C8 - -- =0.302 =0.000  968.00C 6C2.000
1806.030 -0.020 1726.C00 «0.002 «3.,907 S83.£00 6232.33n
1752,993 = «3.038 1796.000 - =2.207 =2.300  97C.000  44C.200
1723.392 «Q.020 1765.833 «2.209 =0, 000 966,000 443,300
T8930 = 00T 18 | P (2O~ DNO-——"D04 20— - 9€0,0C0 — 614,000~
16644200 =G.000  1995.0800 -).209 ~24320  957.000 672.000
1958.500 -~ =0.000 28217.0%C - =0.000 - =0.000 1G8%5,00C 794.090
1911393 =3.000 2870.000 =3.009 =3.009 1078.000 820.000
1914.3C0 ©3.000 2764.300 -0.0% =030 1076000 822,229
pELIWRTH =3.N00 2991.070 «0.0C0 =0+009 106&7.00¢C 851.090
2998, ICT""wC3 701 39 Q0O (0P} . 000~ 1 1 22,000 — 692,000~
1840.3Q2 ~G<000 2551.0CC -Q.060 <0900 1046.000 785,000
1438.3%3 - - «0,003 2398.000 - =~0.000 «0.300 924.00C 772.200
1569.3C3 =GeC07 2T7TC.33C «0.020 -0 +3C3 987.00C 823.400
1632.300 =04000 2777,000 - - «0.0C0 =0.309 1007.000 #3%5.2C0
352,380 «C.000 3292.3€C3 04000 =0.000 347.000 940.000
1308.300 ~ «0.307° 3337.070 ~Q0.000 =0.000 984,200 993,300
11c0e 0N «0e000 3629.380 )00 0,320  936.000 1009.000
IR e TR0 I L VT 200 100 0. 000 999,000 " 1083,000
1236.3%2 «C 002 4l19.00C «3.009 =0.009 1001,0CQ 12098.Q2
159582300 ~ <C.0CC 3478.2Q9 0,009 =0.030 1164,007 953,000
13374360 «d.030 33%58.09C | ~2.000 =0.020 1123.¢0¢ 932,900
15844530 «C.0C0  323%5.909 «C 20 “2.,700 1170.00¢ 921,700
1357.838 «3.088 3621.030 =0.0C0 “0,000 11Q7.000 947.200
T 1325333 TTTAQ LTI INCLLAT T 000 20,007 1167, 0008 1025,000
LaT3.4ulS =2eS3 3994,202 -0,.000 =0.000. 1149.000 1052.300
1957.330 © =0.3C7  504%.00C «Q.8C3 =0.300 1141,30C 10%9,370
lovl.uild «Cl 00T 33L7.008 «}e320 0,370 1Q0%7.200C ¢432.700
1495.33 «043C3  2505.808 .  <C.3CY- =0.000 1014.00C 98C.200
13944330 «Q.270  3377.000 43070 =3.32G 1C19.0C0C 12%7,7C0
“335343C0 "o 80043144000 —=0, 00~ <0000 1602.200 1089.270
2849.0089 =Q.000 4262.009 =300 ~0.C00 1411,0C23 1288.379
29823.930 €307 4454,.003 =2.390 =0.200 !410.000 11CS.0200
éol3el83 =Ce000 45414920 =£.309 «Q.000 1430.00C 1121.000
32G5.300 =0 .307  542€.309 =0.920 =0.000 1510.C0C 1286,309

-~
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Table 3.

A list of the four independent scamner variables and

the dependent Landsat variables used to predict the Landsat

line.

“~ INDEPENOENT VARIRBLES®

Te $5020E+22
163313726433
2el623VEC)
1e233532+83
LeSTISLESD
Le363CTE»7T3
lebbLin3o0d
163920 .E*33
FIr3 T2 1ik
263940 Ew3
20 2035UE* 33
24114032033
2666358003
20885523000
2e1T1JVEND
26ML22EP0I
Le482uE®.3
16545338083
le83yleZeid
1e7SUSCE®S2
1,387 ,lE*vd
1.3762.2+23
14607232073
1565325+ 33
1857052433
lebSusiiead
16170220023
1.2323u4 043
1213505032
Te?7000b ™2
[ TRA ST e ]
1284325 ¢33
lecwmdiiod
1e357508¢03
8e3NdI00*92
877030052
1a793CE+S
lealuIEel3
leT%usi®dd
1723286+22
1e76553L0 23
LebbediZ»el
Le900IuEPed
1e F11035+33
leSloccEeCd
16861 JCE*33
16596205+73
le84633E+C3
le#33)%e+33
Te3863332°T
leb3d b0l
8,520.08+72
1e298JGE*S3
141263CE*33
1e226:33