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PREFACE

This report covers the contract period from May 1, 1973 to Jduly 31, 1975.
It fulfills the requirements of the original and ammended Statements of
Work and Article X concerning the reporting of work accomplished on
NASA Contract NAS9-13364, "Evaluation of Satellite Imagery as an Infor-
mation Service‘?EF“TﬁVéﬁ%orying Land Use and Natural Resources. Due to
delays in the receipt of data, actual work did not begin before Septem-
ber, 1973, with full staff committed by February, 1974. A major addi-
tion to the original Statement of Work included a User Needs Survey.
This survey was conducted from August, 1974, to April, 1975. The re-
maining technical data and discussion contained herein pertains to the
analysis of 'Skylab data and its utility for inventorying land use in
New York State.
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ABSTRACT

S190A and S$1908 Photography from the SL3 Skylab Mission was evalu-
ated for possible applications in inventorying land use and updating an
existing New York State land use inventory (LUNR). Three sites were
evaluated: Finger Lakes-Tompkins County, Lower Hudson Valley-Newburgh,
and Suffolk County-Long Island._

Special photo enhancement processes were developed to standardize
the density range and contrast among S190A negatives. Enhanced black and
white enlargements were converted to color by contact printing onto diazo
film. A CIE Color Prediction Model was developed to automate the selec-
tion of color composites. This model related the density values on each
spectral band for each category of l1and use to the spectral properties
of the various diazo dyes. Combinations of spectral bands, diazo.hues,
and diazo exposures were selected so as to maximize the color contrast
among Tand use categories being examined.

The S190A multispectral system proved to be almost as effective as
the S190B high resolution camera for inventorying land use. Aggregate
error for Level I averagea about 12 percent while Level II aggregate
error averaged about 25 percent. X

The S190A system proved to be much superior to LANDSAT (ERTS) in
inventorying land use, primarily because of increased resolution. However,
the S190A spectral information is not equal to LANDSAT in the infra-red
bands. When the S190A is compared to the S192, the evidence suggests
that carefully selected narrow spectral bands would be superior to the
broader bands used on the S190A system.

A user needs survey was conducted to determine the land use informa-

tion needs of various planning agéncies in the state. Particular empha-
sis was placed on needs which might be filled by remote sensing systems,

viii



including satellite data. Possible applications of satellite data at
Tocal, town, and county levels were limited; however, the number of
potential applications and users increased considerably at the regional
and state levels.

Final discussion centers on a need for greater concern in classifi-
cation ‘theory and how it relates to Tand use category definitions. Par-
ticular emphasis is also placed on the need for more technology trans-
fer din the area of remote sensing and on the need for continued support
of Tow cost analysis systems for evaTuatiﬁQ sateliite and other remote
sensing data.

ix



1.0 INTRODUCTION
1.1  Objectives and Scope of the Study

This study was undertaken to evaluate the use of. Skylab EREP
photography as a data source for updating existing land use inven-
tories. Primary objectives included:  the development of manual
enhancement and interpretation procedures which are low in cost
both in terms of capital investment and data analysis, and easily
adaptable to situations requiring low technology. At the same time,
information had to be produced with a high degree of accuracy for-
matted to meet the needs of most users.

Photographic data from the SL3 Mission was compared directly
to the'New York State Land Use and Natural Resources Inventory (LUNR
This inventory was compiled from 1968, 1:24,000 scale, black and
white air photos for up to 55 different land use classes. The LUNR
data products inciuded drafted maps with curvilinear boundaries
circumscribing each land use. A HUniversal Transverse Mercator (UTM)
grid system was then superimposed on these curvilinear figures which
approximate polygons. The problem of updating such a detailed inven-
tory was similar to trying to match polygons from two different data
sources, each having a different set of parameters defining their
respective polygons. These parameters included different sensor
systams, scale and category definitions.

There are a number of difficulties encountered when attempts
are made to duplicate previously designed classification systems.
Most frequently,“there is inadequate documentation of the procedures
previously used to allow for accurate comparison. This was not a
severe problem in the case of the LUNR inventory, as it was well
documented, and a number of the technical staff from the LUNR project
were available for work on this research project.

A

Duplicating a previously designed inventory is a very different
procedure from the more usual time-lapse analysis approach used to



measure changes in land use. In time-lapse analysis of air photos,
the physical characteristics of the sensor is the same for each time
period. Usually the analysis is in relation to specific types of
changes with knowledge that both periods of photography will display
the desired information. )

When different sensor systems are used, as was the case for this

research project, the classification must be modified in relation to
the physical characteristics of the sensing devices. (Anderson, Hardy,
Roach, 1972). Full recognition of the capability of the physical
properties of a sensor is essential for any classification system.
And in Tike manner, if two or more sensor systems are to be employed
in relation to each other, the differences in their physical proper-
ties must be recognized as a factor in determining suitable classifi-
cation systems to use. A more complete discussion of these relation-
ships is found in Section 7 of this report.

Before final interpretation procedures were defined, special
photographic enhancement steps were developed to balance the contrast
and density range of the S190A multipsectral array. These steps were
refinements of procedures developed by Phillips (1974) for processing
LANDSAT (ERTS) dtta. In éddition, a method was developed to standardize
and automate the selection of color diazo film composites to enhance
various land use categories. This method used a CIE Color Prediction
Model which quantitatively related selected black and white density
values from enlarged spectral bands to the spectral properties of the
diazo films. It then chose combinations which maximize the color
contrast among selected densities. In this way, colors on composites
- were related to various sbectral categories.

ia



Finally, an indepth survey was conducted to determine the informa-
tion needs of various users of Tand use data of New York State. Both
questionnaires and personal interviews were employed. Emphasis was
placed on. the kinds of data presently being used, requirements for new

or updated information and the potential of satellite data to meet some
of their needs.

1.2 Description of Test Site Areas

Three test sites were chosen in New York State to include very
diverse land use patterns. The three test sites included: Tompkins
County-the City of Ithaca in the Finger Lakes Region, the Lower Hudson
Valley-the Cities of Newburgh and Kingston, and Suffolk County-Long
Island.

fhe Tand use patterns in New York State are a patchwork mixture of
urban, rural residential, agriculture, and forest. Except in major
urban areas or very rural regions, there is 1ittle uniformity of land
use. In addition, even agricultural patterns tend to be small with
many fields of 10 acres interspersed with forest, brushland, or rural
residential. This contrasts dramatically with land use patterns in
the midwest and western United States where large, uniform expanses of
a single land.use are much more common.

1.2.1  Tompkins County-Ithaca

The 600 square kilometers which are in the Tompkins County test
site are located between the UTM Lines 4690000m N. - 4720000m N. and
360000m E - 380000m E. This area is in the northwest corner of Tompkins
County which includes the city of Ithaca and the southern tip of Cayuga
take. The topography of the area has moderate relief with rolling hills
in the upland areas and the Cayuga Lake basin in the valley. This region
is shaped primarily by glacial action with some steep gorges, ravines,

and hanging valleys. 2



The soils of this area are formed mostly from glacial till and
the influences of the underlying bedrock. The depth to bedrock is
generally shallow in the upland areas and consists of sedimentary rock
such as, Timestone, sandstone, and shale.

The ctimate is a humid continental type which is similar to the
rest of New York State. -The forest type is an upland northern hardwood
which is mixed with coniferous species in the steep valleys. Most of
the land was cleared for agriculture and much of it has returned to
second and third growth woodlots. One of the main land uses is agri-
cultural, especially dairy farming, even though the agricultural via-
bility is from low to moderate. There are all stages of plant succes-
sion evident from fallow fields to emerging brushland and young forest
regrowth. This is a reflection of the trend toward fewer active farms
in the region.

The Ithaca city area has a population of approximately 30,000 with
many small suburbs and villages in the surrounding region. The main
industry of the city is education and research, although the area is
generally a rural agricultural region.

1.2.2 Lower Hudson Valley-Newburgh

The 400 sqﬁare kilometer Lower Hudson Valley test site is defined
by UTM Lines 4590000m N.~ 4610000m N. and 570000m E. - 590000m E. The
area includes the city of Newburgh, Stewart Air Force Base and a portion
of the Hudson River. The topography is of low relief and has underlying
bedrock that varies from slate and schist to shale and sandstone. The
soils and drainage offer only fair to poor agricultural viability but
much of the land is used for dairy, fruit and some vegetable farming.
A considerable amount of land is currently in different stages of regrowth
from fallow fields to brushland and young forest woodlots, as this area
shows a trend to fewer active farms.



The natural vegetation is a mixed northern hardwood forest with
coniferous species included in the steep valley areas. The climate
is similar to the rest of New York State's humid continental weather
patterns.

The city of Newburgh has a population of approximately 30,000,
viiich does not reflect all of the suburban developments around the
city and near Stewart Air Force Base. The city is a small industrial.
area and the rural areas still-maintain a fair amount of agriculture,
particularly dairy.

1.2.3 Suffolk County-long IsTand

The 600 square kilometer test site in Suffolk County, Long Island
is located between UTM Lines 4510000m N. - 4540000m N. and 680000m E. -
700000m E. This area is a cross section of the island, which includes
the city of Riverhead and several smaller residential communities on
the south shore of the island. The topography is a very low relief
formation of the Atlantic Coastal Plain, with two sandy morraines run-
ning the Tength of the island. These .unconsolidated sands and gravels
are shaped on the south shore into the characteristic barrier beaches,

E]

‘sand bars and bay areas.

The soils have good drainage and respond well to both fertilization
and irrigation. The coastal climate, which has .adequate precipitation
and a Tong growing season, provides a potential for two crops per year.
These characteristics and close proximity to the New York City market
promote intensive and very specialized vegetable, frui%, and sod farms.

The natural vegetation includes regions of mixed hardwood-oak forests,
pitch pine-cak forests, and the low brushland species characteristic of
the sand dune habitat.

Although the area is largely a residential and recreational suburb
of New York City, there is still .a fair amount of land which is intensively



managed for agricultural uses. Two large airfields are also evident
in this area: Suffoik County Air Force Base and Grumman Aircraft
Engineering Corporation airfield.



2.0 METHODOLOGY

The development of the methods described in this section began
after the completion of the Final Report - "ERTS Evaluation for lLand
Use Inventory," (Hardy, Skaley, Dawson, Stevens, 1974) NASA Contract
#NA85—21886.* This report outlined in detail a two-step enlargement
process necessary to produce muttispectral enhancement on the: low con-
trast ERTS imagery. The SL3-S190A photographic products were of a higher
contrast and a one-step photographic process proved more efficient and
effective for a multispectral enhancement system. The following sections
will explain in detail the procedure by which a one-step enhancement
system is constructed for operation in a conventional darkroom.

A further consideration for the SL3-S190A enhancement was to choose
a scale of photographic enlargement which would be inexpensive, easy
to handle and repeatable. The S190A photographic products were enlarged
to the 1:250,000 scale to minimize the cost of the photographic proce-
dure, as it would cost 16 times more in materials to go directly to the
1:62,500 scale. Also, the Togistics of brocessing and handling dictated
the use of a smaller scale and a projection technique to enlarge the
color composites to the desired scale (1:62,500). The overhead projector
and backlighted screen technique proved very adaptable to testing various
scaies and enlarging the other original S190A and S190B products.

The development of these techniques and the color composite selection
process will be elaborated upon in the following sections. Some mention
will also be made of tests on the S190B film products and subsequent
enlargement procedures.

The following three téb1es and one figure state the specifications
of the S190A, S1908, and $192 sensor systems for reference to discussions
in the following sections.

*Agency: Cornell University, Department of Natural Resources, New York
State College of Agriculture and Life Sciences. Available as a NATIONAL
TECHNICAL INFORMATION SERVICE Publication #N7327248.



TABLE 2.0.1 - A11 S190A photographic products usable over New York
State are from the SL3 Mission at scales of 1:2,850,000
and approximately 1:712,500, a 4X enlargement

S190A

-, Filter, Band Pass Film Type
Station Filter Micrometers Eastman-Kodak Company
1 cC 0.7 - 0.8 - EK 2424
(B&W infra-red)
2 DD 0.8 - 0.9 EK 2424
- (B&{ infra-red)
3 EE 0.5 - 0.88 EK 2443 -
(Color infra-red)
q FF 0.4 - 0.7 - S0 356
(Hi resolution color)
5 BB 0.6 - 0.7 SO 022
(Panatomic-X B&W)
6 AA 0.5 - 0.6 S0 022

(Panatomic-X B&HW)

TABLE 2.0.2 - A1l S190B photographic products usable over New York
State are from the SL3 Mission at scales of 1:950,000
and approximately 1:475,000, a 2X enlargement.

Si90B
Film Type Hratten Filter, Band Pass
Eastman-Kodak Company Filter Micrometers
S0 242
(Hi resolution color) ‘None 0.4 - 0.7
EK 3414
(Hi resolution B&W) #12 0.5 - 0.7
* EK 3443
(Infra-red color) #12 0.5 - 0.88




RELATIVE SENSITIVITY

PERCENT TRANSMITTANCE

FILM S0-022 FILM 2424
450 560 5:50 600 650 700 750 800 850 900
NANOMETERS !
100 - .-...---l-------------I--------u--m
sat i
6of
40t 1
FILTER BB FILTER DD
2Qr
O L ' 1 A ] 1
450 500 550 600 650 700 750 800 850 900
RANOMETERS

FIGURE 2.0.1 S190A film sensitivity and filter transmittance.



TABLE 2.0.3 - 5192 Multispectral Scanner Configuration

$192

Band Wavelength

Number Micrometers
1 0.41 - 0.45
2 0.44 - 0.52
3 0.49 - 0.56
4 0.53 - 0.61
5 0.59 - 0.67
6 0.64 - 0.76
7 0.75 - 0.90
8 0.90 - 1.08
9 1.00 - 1.24
10 1.10 - 1.35
1i 1.48 - 1.85
12 2.00 - 2.43
13 10.20 -12.50




2.1 Photo Enhaﬁcement and Processing of S190A Photography

The photographic processing procedures for the S190A are outlined
briefly with the flow diagram in Figure 2.1.1. This one-step enlargement
process from the original 70 mm negative film (scale of 1:2,850,000) to
a film positive (scalé of 1:250,000) involves a test procedure to deter-
mine the density range of the original. From the experimental data,
the correct 7ilm, developer and development time can be calculated to
bring each spectral band {Filters AA, BB and DD) to the same density
range. This desired density range is determined by the Log exposure
range of the color diazo film, so that the resulting color composite will
contain the largest possible density range for the best color separation.
The density range of the contact negative film (scale of 1:250,000) is
the same as the positive but in a nearly reciprocal relationship. These
three spectral bands, both negative and positive, are then duplicated
in contact with the direct positive-forming diazo films of cyan., magenta
and yellow. The three subtractive color films of cyan, magenta, and
~ yellow can be combined from various spectral bands (positive and negative)
to form a wide range of possible colors.

GAF diazo film was comparad to three other manufactured films and
was selected on the basis of the spectral curves of the dyes for cyan,
magenta and yeliow. The Logvexposure range equals approximately 1.0 for
all three films. Therefore, the black and white film which is contact
printed onto the diazo film should have a density range of 1.0 (excluding
clouds). This will maximize the density range on the color diazo film
by using the straight Tine portion of the characteristic curve (density
vs. Log exposure). A quadrant diagram iliustrates the relationships
between the characteristic curve of the contrast corrected black and white
film, the characteristic curve of the diazo film, and the color repro-
duction (see Figure 2.1.2).

It is, therefore, necessary to be able to correctly choose a film,
developer, and development time that will result in an enlarged positive
film with a dgﬁsity range of 1.0 for each of the three spectral bands.

10
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The first step is to determine the density range of each spectral band
negative. This can be done by direct diffuse densitometer measurement

if the areas are of sufficient size to accurately measure, or experi-
mentally by projection printing on Kodak Polycontrast paper. Use any
polycontrast filter necessary to achieve a "normal” print, which contains
detail in the "shadow" and "highlight" areas. As indicated in the quad-
rant diagram, a "normal" print results when the density range of the
original is approximately equal to the Log exposure range of the paper.
Therefore, when we have & "normal" print, we can use the known polycon-
trast filter Log exposure range to approximate the density range of the
original. For example, if we find that a Polycontrast #3 filter produces
a "normal" print and the Log exposure range is 0.85 (see Table 2.1.1),
then the g@riginal can be assumed to contain a density range of approxi-
mately 0.85 for that particular spectral band.

TABLE 2.1.1 -- The contrast paper necessary to make a normal print
indicates the Log exposure range of the film that is
\ required for a density range of 1.00.°
'KODAK GLOSSY KODAK GLOSSY LOG EXPOSURE LOG EXPOSURE RANGE
POLYCONTRAST CONTRAST RANGE OF REQUIRED TO PRODUCE
PAPER WITH GRADE PAPERS KODAK PAPERS FILM OF 1.00
PC FILTERS DENSITY RANGE
0 1.50 1.50
PC 1 1 1.25 1.25
PC 13 1.15 1.15
PC 2 ‘ 2 1.05 1.05
PC 2 0.95 0.95
PC 3 3 0.85 0.85
PC 3% 0.75 0.75
PC 4 4 0.70 0.70
) 0.55 0.55
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This information can be used to determine the film, developer and
development time by matching the Log exposure range of the paper {or
density range of the original) to the Log exposure range of a black and
white film. As a first step, however, it was necessary to experimentally
determine the characteristic curves of several films, developers and
development times by exposing a #2 Kodak density step wedge in contact
with a film and then develop it for a standard time. This procedure is
continued on the same film type while varying the development time and
developers for subsequent test strips. Several films and developers were
tested to produce a wide selection of Log exposure ranges for different
situations. The densities of the step wedge (Log exposure range) were
plotted vs. the film densities and a series of characteristic curves
are illustrated in Figure 2.1.3.

Each characteristic curve was measured to determine the Log exposure
range between the film densities of 0.30 and 1.30 (see Figure 2.1.4).
This was done to keep the enlarged film densities on the lower straight
line portion of the curve and to avoid compressing information on the "toe"
of the curve. This data was condensed into a graph of Log exposure range
vs. development time, such that each film type has a family of curves for
each developer tested (see Figure 2.1.5).

From the above described system, the Log exposure range necessary
for a "normal" print can be determined for a negative of unknown density
range. This same Log exposure range indicates the film, developer and
development time necessary to produce a positive film with a density
range of 1.0, between 0.3 and 1.3. The black and white positive film
(1.00-density range) is then contact printed into a negative film format.
However, the test procedure is not necessary because the negative film,
developer and development time can be chosen knowing that the positive
film has a 1.00 Log exposure range {(1.00 density)}. This will produce
a negative with a 1.00 density range and a nearly reciprocal relationship
to the positive film.

The following example contains the data necessary to produce
Figure 2.1.6.
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FILTER AA FILTER BB FILTER DD

NEGATIVE NEGATIVE NEGATIVE
Polycontrast Filter
("normal” print) PC 3% PC 3 PC 2
Log Exposure Range .75 .85 1.05
Film Blue Sensitive Masking Film #2136
Developer D-11 D-11 D-11
Development Time ~= 8 min. 6 min. 3% min.

The resulting positive films (1.00 density range) are all contact
printed onto Blue Sensitive Masking Film and developed in D=11 for
4 minutes to produce reciprocal negatives. It is important to note
that test prints (and films) never match in individual areas exactly
because of different spectral information. However, the prints should
"match" in the ‘sense that each print overall has the same aensity range °
(see Figure 2.1.6}. Data represented in the preceeding discussion are
from experimental tests with Kodak fiims, papers and chemicals.

It is necessary to calibrate the system for each darkroom because
of differences in chemical batches, film lots, processing conditions,
agitation methods, enlarger optical contrast, and even such variables
as water quality can produce significant variations from the specific
data shown above. The above tests were carried out using a Leitz enlarger
with a Focotar Leitz 1:4.5/50 Tens at f11. A1l development was performed
in trays at 70°F with continuous agitation and fresh developer.

It is entirely possibie and feasible to use other products of
known quality and characteristics to produce the data for this system.
This would be desirable for imagery or photos that have inherently Tow
contrast and require a higher contrast than the Polycontrast system offers.
The other possibility for a very low contrast spectral band would be to
repeat the above procedure in two steps to achieve the desired density
range of 1.0 (0.3 - 1.3).
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When a set of spectral bands are being enlarged into several black
and white films, all from the same original negatives, it is only neces-
sary to test each band once. Then all enlarged sections will have the
same processing procedure and the resulting color composites will main-
tain continuity from one area to another.

2.2 Comparative Processing of ERTS-1 and Skylab Multispectral Photography

An attempted comparison between Skylab S190A and ERTS-1 imagery of
the same area on the Hudson River was performed using images collected
within 21 days of one another. The ERTS imagery,including Bands 4, 5,
and 7, was taken on August 30, 1973 (Accession No. 1403-15120). The
general procedures followed included a two-step enlargement process as
described in the Final Report - "ERTS Evaluation for Land Use Inventory,"
(Resource Information Laboratory), 1974, NASA Contract #NAS5-21886. This
two-step process allowed the generally low contrast ERTS imagery to be
corrected to an acceptable contrast and density range for diazo composite
printing. The processing followed the one-step procedure previously
described. The original S190A negatives were collected by SL3 Mission
on Rolls 44, 47 and 48, Frame 236 from September 19, 1973.

The resulting S190A color composite showed a remarkably close cor-
relation to the ERTS composite of the same area, as can be seen in the
simulated color IR scenes protrayed in color photo Figure 2.2.1. To
obtain the desired color balance, it was necessary to "match" all test
prints between spectral bands, as previously described, and also band
to band between S190A and ERTS-1 imagery to insure equivalent results.

The ERTS-1 and Skylab S190A comparison, as represented in color
Figure 2.2.1,consist of all positive films in the combination of Filter AA
(band 4) in yellow, Filter BB (band 5) in magenta, and Filter DD (band 7)
in cyan. The Skylab S190A composite includes a cloud and shadow which
is not present in the ERTS-1 scene.
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FIGURE 2.2.1

A comparison of Skylab S190A and ERTS-1 color composites

for the Lower Hudson Valley, New York at a scale of
1:250,000.
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2.3 Comparative Enlargement Techniques for S190B Photographic Products

2.3.1 Color Separation Techniques on Color and Color IR Films.
Color separation techniques were conducted to produce low cost color
enlargements and test diazo films for color separation materials. Seve-
ral experiments were conducted using 1) NASA supplied duplicates from
the High Resolution Color Film (Rol11 88, Frame 277) and 2) NASA supplied
duplicates from the Infra-red.Color Film (Roll 87, Frame 299).

Portions of the duplicates were selected and enlarged to a scale of
1:24,000 (and later to 1:48,000). The steps discussed below were the

same for both Color and Color Infra-red Films and no photographic masking
techniques were used on either film.

The procedure is best outlined diagramatically:

bl Masking Film

Color or
Color
Infra-red
: NS
Wratten
Filters " Blue | 47-B Green| 61 Red] 29
(1) i 20 T
Enlarged __ 6X Enlargements
Negatives on Kodak
Super XX Film
(2) __l__ __JL— MR
Enlarged __ 6X Enlargements
Positives : on Commercial
I I or Blue Sensitive
M

Diazo

Positives ¥

Color Composite =

(1) Before the separation negatives were made, additional negatives were
projection printed with a gray scale through each filter to determine the



correct exposure and development time for the individual negatives.

(2) Before printing the enlarged positives, test prints were made on
Polycontrast Rapid paper with no filter to check the final exposure
balance needed. In general, Kodak Commercial or Blue Masking Film was
used.

Current results indicate that 1:24,000 enlargements from the furnished
color materials falls short of the sharpness desired for easy interpreta-
tion. However, 1:48,000 enlargements produced the same way were usable.

In an attempt to correct the color imbalances found in the magenta
dye used in the diazo process and at the same time to give modest control
of the contrasts in the original, further experiments were conducted with
a single mask over the original before the separation negatives were made.
The transparencies were mounted in a printing frame in contact with Kodak
Pan Masking film and exposed with Tight from the enlarger through filters
#33 and #81EF. "Unsharp" masks were produced using Kodak's .003 inch
Kodapak Diffusion sheet. (Emulsion and diffusion layer always faced the
light source). Maximum density of the mask was .45.

No trouble was encountered with registration. The results produced
a slight improvement in the final composites but were deemed too slight
for the additional steps involved. However, if strong enhancement of
small areas on color enlargements is desired in the future, the single
masking procedure holds considerable promise. Further enhancement by

means of Highlight Masks and Multiple Color Masking may hold additional
promise.

Figure 2.3.1 compares the False Color IR color composite (scale of
1:48,000),from the above described method, with a S190A color composite
of the same area (Hudson Valley, New York) at a scale of 1:250,000.

2.3.2 Experiments Using Agfa Contour Film. Because a few other
experimenters had reported some success with Agfa Contour Film, it was
deemed advisable to investigate the possibility of this unique film's
usefulness in conjunction with the diazo process. The experiments were
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FIGURE 2.3.1

False Color IR color composite (S190B), at a scale of
1:48,000, compared to the S190A color composite at a scale
of 1:250,000, for the same area around Newburgh, New York.
The S190A composite consists of band BB+ cyan, band BB-

magenta, and band DD- yellow.
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carried out using both the positive and negative black and white dupli-
cates from the 5" x 5" High Resolution camera, Roll 85, Frame 345. A
small section of the area (at the north end of Cayuga Lake - including
Montezuma muck area) was chosen and reciprocal 3" x 5" transparencies
were made. These in turn were mounted together with a small gray scale
and given a series of exposures - each of which doubled the preceding
one. The resulting contour film was printed both on diazo and on 3-M
Color films.

The results show that although the final color composites are start-
ling and brilliant, their usefulness is Timited by a number of factors:

1) Edge definition is poor, as is common to high contrast film
and high density differences. (Edge, Eberhard, and Kostinsky
effects).

2) There is no assurance that because a portion of the negatives
has the same density, it represents the same type of objects.
Only on very limited areas could one hope for such marked
delineation.

3) The long exposure times needed to properly expose the contour
film negated our objective of easily and quickly obtaining
"hard copy proofs." The only way the time could be reduced was
to use electronic flash equipment and compute the 2-1 exposure
differences on the basis of the inverse square law.

4) Direct use of the NASA material was unpredictable because of
the inherently yellow color of the duplicating film used. In
some cases, this may be a factor of 4 or 5 over a neutral gray
scale. The Agfa Contour film characteristic curve changes with
shifts in the color of the exposing light (or filters).

5) It was also judged that second or third generation derivations
from the contour film might produce better results - but again,
the time factor is involved. Therefore, further experiments
on this film were not pursued.
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2.3.3. S190B Black and White Enlargements. The S190B black and
white film was photographically enlarged in a direct two-step enlarge-
ment to a scale of 1:24,000. The only photographic correction involved
an increase in contrast of the final image to offset the apparent Tow
contrast due to the extreme enlargement. A small portion of Roll 85,
Frame 345 was enlarged to a scale of 1:24,000 over Ithaca, New York,
and the resulting detail can be clearly seen in Figure 2.3.2.

2.3.4. Ektachrome Duplicating Film 6120. Direct enlarged duplicates
were made with existing equipment from both color and color IR 2X enlarge-
ments of the Newburgh, New York area. Because time was a factor, complete
calibration of our equipment was not possible. However, the color temp-
erature reading of the enlarger appeared reasonable (3000° K). The #211
enlarging bulb was changed to a #212 with approximately twice the output,
the voltage read a constant 122, and a "black tunnel" was built to reduce
reflected flare light from the enlarger support and surrounding objects.

The Ektachrome Duplicating Film (6120) used called for a 10 second
exposure with filter additions of CC 30 Y and CC 20 M. Unfortunately,
the only filters available for immediate use were CC 25 Y and CC 25 M.
Since it often takes some time to secure CC filters, the exposures were
made with the existing ones. Thus, we are short .05 Y and plus .05 M.
(Were such duplicates to be included regularly in the scheme of operations
it would be highly desirable to secure a complete compliment of CC filters
and make more refined tests on the total operation.)

Some observations concerning the photographic enlargements shown in
Figure 2.3.3 include: 1) Definition of the "true color" film is consid-
erably greater than that of the "cofor IR" film; 2) exposure differences
of 2-1 on the duplicating film are still sufficiently accurate for inter-
pretation because of the long "straight 1ine" portion of the curve; 3)
remarkably close correlation with the standard diazo process resulted.
This close correlation partially verifies the accuracy of the diazo pro-
cedure employed. It further points to the need for close controls in
every step of the color separation technique, including the final diazo
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FIGURE 2.3.2

Ithaca, New York at a scale of 1:24,000 from an enlargement of

the Black and White Film SL3-S190B, Roll 85, Frame 345.
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FIGURE 2.3.3 Comparison of SL3-S190B color and color IR film enlarge-
ments at a scale of 1:80,000 near Newburgh, New York.
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composite. Errors in contrast and density range are particularly
degrading. Careful registration of properly prepared diazos (Figure 2.3.1)
results in a composite that compares favorably with the single-shot dup-
licates on Ektachrome Duplicating film. Figure 2.3.3 compares S190B-SL3
True Color, Rol1l1 88, Frame 274 with False Color IR, Rol1 87, Frame 299

at a scale of 1:80,000.

2.4 Spectral Characteristics and Processing of Diazo Film

The diazo fi]m process is a two-step process of exposure and develop-
.ment which allows a black and white film to be contact duplicated as
a color film. This 1s accomplished by the manufacturing of special
diazo Tight sensitive salts and couplers imbedded in a base materiai,
which is in this case clear acetate sheets 85" x 11". The salts and
couplers produce a positive contact image when exposed to a UV mercury
vapor lamp and developed by heated aqua ammonia vapors.

The diazo processing machine used was a GAF Model #240 with a
modified control knob having 60 calibrations, as opposed to the normal
45, The machine included a special voltage reguiator to provide constant
voltage, particularly important to the exposing mercury vapor lamp output.
Standard procedures involve a recommended operating temperature and
dopb]e development at a Tow speed to completely saturate the film for
color density standardization.

The diszo films selected were the subtractive photographic colors
of cyan, magenta and yellow. Several manufacturers products were tested
and the GAF products were selected on a basis of the color density range
and relative color purity. Figure 2.4.1 indicates some GAF films sampled
and the relative purity. Also evident are some variations in dye color
purity between film Tots.

Diazo films are manufactured for line drawing reproduction and, as
such, they are “inexpensive to purchase and process but were never intended
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to match the quaiity control evident in the color films available in the
silver process. Therefore, this section will attempt to indicate the
characteristics of diazo film for continuous tone reproductions of sate-
11ite imagery. '

The variation from package to package and among different consign-
ments may be due to a number of factors, including but not necessarily
1imited to: quality control in the manufacturing process, the dye
characteristics, overall shelf Tife in each dye and the age of the
product prior to shipment. So as to minimize further variation and to
preserve shelf 1ife, all film shipments when received were immediately
frozen. Twenty-four hours prior to use, the film was thawed. ATl opened
film packages were carefully resealed to prevent condensation and refrig-
erated. All refrigerated film was allowed to remain at room temperature
eight hours before exposure and development.

The diazo film Log exposure range was determined from an average
characteristic curve of over 50 samples of each color film. The Log
exposure range was calculated from the charactertistic curve (see .
Figure 2.4.2} over the entire color density range and was determined
to be approximately 1.00 for all three films. This is the reason why
the black and white enlarged S190A films need a density range of 1.00
to make full use of the diazo film range.

Figure 2.4.2 was generated from film samples over an eight-month
period and all tests were conducted at a standard machine speed and with
standard processing procedures. The GAF diazo- films of magenta, yellow
and cyan were printed with a #2 Kodak step wedge on one film from each
package of film used, then the densities were measured and recorded. The
GAF film manufacturers stated in a personal communication that a T 10%
density variation was allowable in film manufacturing. The results of
63 yellow fi]ﬁ samples showed a T 10% density variation, 53 cyan film
sampTles showed a * 14% density variation, and 54 magenta samp]es'showed
a t 16% density variation. There is less variation in packages from the
same film lot than packages of different film lots, but what percent is

31



DENSETY OF MAGENTA DIAZQ

DENSITY OF YELLOW DIAZO

in

MAGENTA z 0 LYAN ]
- T e
<
L)
-
=
o
=
-
(5
Fau
(=]
]
1% ]
=
[}
[=]
" u an® A h
10 2.0 10 20
DERSITY OF ORICINAL DENSITY OF ORIGINAL

YELLOW

)
Figure 2.4.2

1.0 10
DENSITY OF GRIGENAL

The average density range (solid 1ine) of each diazo film
is plotted against the density range of the black and white
step wedge. The dotted 1ines indicate the total range of
variation measured from over 50 samples of each film.

32



due to film variations and what percent is due to variations in the
diazo printer is not known.

The GAF Model #240 diazo printer was tested to determine what
changes in exposure speed would produce in the characteristic curve.
The exposure speed (traﬁéport belt speed) was varied from 1 to 10 and
each test used a diazo film in contact with a #2 Kodak step wedge. The
resulting characteristic curves are shown <in Figure 2.4.3 and form the
basis to predict the correct diazo exposure when compared to the density
range of the black and white film to bé contact printed. Table 2.4.1 was
generated from the data in Figure 2.4.3 and indicates the correct diazo
exposure for each spectral band when the lower density value is known.
For example, if the enlarged black and white film {Filter AA) has a
lower 1imit of .35, then the printing speed for magenta is 6, yellow is
4, and cyan is 6. It is advisable to exclude clouds and water from these
density measurements, since variations in the land use categories are of
primary interest. When an original negative is enlarged into several
black and white sections, it is necessary to find the lower density value
for each spectral band among the several enlarged fiims, and then process
each spectral band according to that value for the entire area. This
method will maintain color continuity over the entire study area.

The above described method will maintain the color density separation
of black and white film densities if in the 1.0 density range. However,
for purposes of enhancing different spectral categories, it is desirable
to "overexpose" or "underexpose" the diazo film and emphasize the high or
low section of the black and white density range. This will compress the
depsity separation on one section and expand the density separation on
the other section for more specific enhancement tasks. For example, if
& black and white film has been determined to need a #6 setting for
magenta film but it is run at a speed of #10, then the Tighter black and
White densities will be reproduced in the middle of the charactersitic
curve and the darker black and white densities will be compressed on
the "shoulder" of the characteristic curve; the higher the .diazo setting,
the Tess exposure. Converse&y, 1f the-same black and white film is run
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TABLE 2.4.1 Chart to Determine the Diazo Exposure for a Normal
Color Composite

LOWER LIMIT OF B&MW FILM DIAZO
1.00 DENSITY RANGE SETTING
.Magenta

D >.72 3 \
172D >».58 4
577D > .42 [
A1 5Dy W38 6
.33 >D > .26 7
25 >D > .00 8

Yellow

D > .40 3
.39 >D > .32 4
312D > .22 5
.21 > D » .00 6

Cyan

D > .60 3
59 >D > .b2 4
51 >D > .44 5
43> Dh > .32 6
.31 >D > .18 7
.17 2D » .00 8

The Tower Timit of é&w 1.00 density range determines the diazo film
exposure to correctly match the B&8W fiim to the diazo film character-
istic curve. (See text for explanation).
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at a speed of #2, then the darker black ahd white densities will be on’
the middle of the characteristic curve and the Tighter black and white
densities will be compressed on the "toe" of the characteristic curve

or possibly eliminated ent%re1y. These relationships have been exploited
for color enhancement of different spectral categories as discussed in
Section 2.5

Diazo film has produced acceptable resuits when the procedures are
standardized and can be calibrated to a particular film batch lot number
to further minimize possible variations. The Tow expense of this process,
both for materials and processing, makes this rapid, hard-copy method a
useful tool for either direct interpretation or further projection en-
largement for interpretation on a front- or back-Tighted screen. Possibly
-with increased awareness on the part of manufacturers as. to potential
app]icationg of théir product for this kind of analysis, improvements
could be made in the diazo films and printers.

2.5 CIE Color Prediction Model to Construct Color Composites

In working with multispectral imagery, the photo interpreter has
generally been at a decided disadvantage with respect to sorting out
intermediate variations in tone among sSeveral spectral bands. As a result,
a great deal of the quantitative work in multispectral analysis has been
accompiished by automated computer processing techniques.

However, as aiscussed above, one aid has been in the use of diazo
materials to convert black and white densities on the film to different
hues, varying in saturation and brightness in relation to densities of
the original black and white film. Coﬁbining these diazo products in
different ways (independently varying the spectral band, diazo hue, and
diazo exposure) can result in various color tones representing the sum-
mation of densities from the combined spectral bands, point by point,
across the scene. This methodology has been very useful as an inexpensive,
straight forward way of analyzing various kinds of multispectral satellite
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and aircraft data. Unfortunately, it often Tacks any guantitative coTor
reference to which one can relate the combined densities of two, three
or more spectral bands. The color composites, with the exception of
simulated color infra-red, are constructed on a more or Tess trial and
error basis until particular kinds of information are contrasted with
the background to the satisfaction of the interpreter. Needless to say.,
this is a time consuming and frequently frustrating process.

While working on ERTS-1 imagery and Skylab S190A photography, it
quickiy became apparent that it was difficu1£, if not impossible, to
extract all the information from the varjous bands by using conventional
techniques employed with black and white photo processing and diazo
film. The number of possible permutations rapidly éxceeded the possible

mechanical manipulations that a photo interpreter would have the patience
to endure.

~ Therefore, it was with the intent of finding some mechanism to auto-
mate the selection process for color composites that this study was
bequn. The task broke into three areas: 1)} identifying a standard
quantitative reference, 2) determining the spectral properties of the
various diazo materials, and 3) constructing algorithms to relate the
black and white film densities to the spectral components of the various
diazo materials, so as to maximize the color contrast among selected
densities.

A review of color theory quickly identified the Commission Inter-
nationale de 1'Eclairage (CIE) color coordinate system as a Togical
standard reference within which all colors would have a fixed reference
based on quantitative measurements of the materials being examined.

Using a series of equations developed by Hardy (1936) and the 0SA Committee
on Colorimetry (Billmeyer and Saltzman, 1966), tristimulus values fér

red, green, and blue can be calculated, which define the relationships

of hue, saturation, and, brightness. These tristimulus values are derived
from a summation over visual wavelengths of the color matching coefficients
as defined by a standard observer times the spectral energy distribution
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times the percent transmittance of a sample at a particular wavelength
expressed in nanometers. Equations 1, 2, and 3 summarize these operations:

1) X =Zp(Epg 0ggW)Ts Y =%5 (Epg go")T> 2 = EplEpg 5oZ)T

where X, Y, and Z represent the tristimulus values of red, green, and
blue; E D5,000 is the spectral energy distribution of a standard Tight
source*, X, Y, and 7 represent standard observer coefficients, and T is
the percent transmittance of the sample material at a particular wavelength.

Dividing each tristimulus value by the combined sum of X, Y, and Z

yields the chromaticity coordinates:

X N . I
2) Xps,000 = YFVeZ, 'D5,000 T XoVeZ, Zp5,000 T XHVEZ

X and Y values are plotted on the abscissa and ordinate axes.
Brightness is expressed as the Y% and is plotted on the Z axis,

‘where:

Yo = ¢ 1% ! 100
A \=Dp5,000

3) (100)

From these equations, a series of coordinates representing the pos-
sible variations in hue, saturation, and brightness can be derived for
the visible portion of the spectrum. These CIE Coordinates form the
fixed reference by which it is possible to relate different color values
in Euclidean space with respect to the distance from one reference point
to another. Figure 2.5.1 is a chromaticity diagram which also shows the
relative shifts in hue, saturation, and brightness with changes in the
CIE Coordinates.

*Yzlues obtained from Table 16.4, p. 892, SPSE Handbook of Photographic
Science and Engineering, 1973.
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According to methods discussed above in Section 2.4, the spectral
transmittance properties of the diazo material were measured at 10
nanometer intervals for each of the three dyes: cyan, magenta, and
yellow, for each of five different exposure values, and eight densities
(.11, .41, .63, .75, .83, 1.00, 1.11, and 1.36). This information was
placed on computer cards along with information on the energy distri-
bution of the D5’000 Tight source and number of allowable band combina-
tions. Al1 possible chromaticity coordinates represented by the various
mixtures of color from the three diazo hues were then computed. The
range of CIE values were then plotted for occurence in each .05 x .05
cell as shown in Figure 2.5.2. Intermediate values fa]]%ng between any
two measured Tevels of saturation (exposure values) or hue were inter-
polated from the values calculated at the measured intervals. This
assured that we would obtain a good approximation of the total range of
CIE coordinate values for various combinations of the three diazo dyes.

When a selected coordinate value is translated back by substitution
in equations 1, 2, and.3, the relationship of the spectral band, diazo
hue and exposure value (saturation) can then be determined to reproduce,
as closely as possible, the selected color assidned to a particuiar set
of dessity values. '

The number of spectral band combinations allowed (see Table 2.5.1)
was intentionally restricted to a maximum of 32 with three bands per
composite. No single band could be represented more than twice. Allowing
additional combinations, including more than three spectral bands per com-
posite, would probably add to the enhancement process, but it also quickly
adds to the overall cost of the analysis. The above criteria were thought
to be adequate for most purposes in this study.

The objective of the CIE color prediction model is to maximize the
color contrast among two or three selected points per composite. This is
accomplished by defining the greatest vector distance in Euclidean space
between two points, or the greatest area most closely approximating an
equilateral triangle, as represented by maximizing the distance among
three points (1,2), (1,3), and (2,3).
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values computed for each sector.
the 1ight-dark boundary discussed in the text.
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TABLE 2.5.1 Spectral Band Combinations for the CIE Model

44445 4-4+45- 74545 74745~
4+4+7 - 4-4+7- 74547~ 4744
BekA+H - 5-4+5- -5t - 4-7+5-
B+4+5- 5-4+7- 4-5+5~ 4-747 -
5+4+7 - 7-4+7- 4-5+7- 5-7+5+
7+4+4- 54544 5-5+7- 5-7+7-
7+4+5- 5+5+7- 7547~ 44547+
7+A+7 - 7+5+ - 747+4- 4-5-7-

Restrictions for selecting band combinations:

1. A1l selections have three {3) bands
A1l selections are unique regardless of order

No band number may be used more than twice

M IL N a

No band sign may be used more than twice.
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Since it is important from a perceptional reference that these
coordinates lie in distinctly different color zones and since these
cofor zones, as perceived by a human observer, vary independently from
a change in hue (p), a perceptional reference was superimposed onto
the CIE chromaticity chart. A total of 10 visual sectors were defined.
These sectors were rectalinearized so as to conform to major divisions
of 0.05 on the ordinate and coordinate axes as shown in Figure 2.5.2.

Using a single matrix design for the-visual sector, it greatly
simplified the programming routines over what would be required for a
curvilinear arrangement while yielding very acceptable results. Since
human coTor vision is highly variable among individuals, and since color
contrast is the desired product, an approximation of the visual sectors
seemed to be quite adequate to meet our objectives.

The visual sectors were defined by several factors: 1) the total
color range of ‘printing inks (Kodak, 1968), 2) MacAdam's ellipses ilTus-
trating the color sensitivity within the CIE chromaticity chart (Wright,
1958), 3) Judd's ellipses illustrating an equal energy distribution
across the visual spectrum as it conforms to perceptibility scales (based
on 100 just perceptible distances, jpd, within each ellipse (Judd, 1950),
and 4) the distribution of the total number of possible selections of
coordinates computed for each matrix cell (.06 x .05). Using a series of
overlays, visual associations were made between the color distribution
of the diazo materials and each of the above. Perceived hue shifts within
the CIE chart were mapped from Kodak's color range of printing inks.

From this, ten major color associations were defined. The boundaries of
these associations were shifted to accumulate an approximately equal num-
ber of perceived differences within each visual sector and to obtain a
reasonably equal distribution of computed coordinate selections for each
sector. The number of possible selections was found to have about a 5-1
bias toward the red-green line. Therefore, the distribution was divided
into groups, a 1ight zone (red-green colors) and a dark zone (blue-green
colors). The boundary shifts were then made accordingly, within each zone.
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These matrix divisions, as iliustrated in Figure 2.5.2, represent the
perceptional component of the model as it is superimposed on the CIE
chromaticity chart.

Ih operation, families of points representing the 'greatest percep-
tional differences are first selected. Then, from these families of
points, as defined by each visual sector, coordinates which are spaced
the greatest vector distance, or which define the greatest triangular
area, are chosen. To select the visual sectors which have potentially
the greatest visual contrast, a system of weights are used. The possible
cell distances are 0, 1, 2, 3, and 4. Points selected within a cell re-
ceive no weight, but the weight increases as the straight line connecting
two points crosses visual sector boundaries. (See Figure 2.5.3). Lines
which connect points crossing the Tight-dark Tine were given the equiva-
Tent weight of crossing two visual sector boundaries. This assured two
things: that no more than two points would be located on one side of
the 1ight-dark line, and that the side which was to have two points would
have them spaced at the maximum distance as opposed to what might have
occured on the opposite side. The change in luminance (Y%) was given a
zero weight. Initially, experiments were conducted which assigned various
weights to Y%: however, these failed because of the tendency to discrimi-
nate only on the basis of brightness.

The foilowing is a summary of the components and operation of the
CIE color prediction model:

INPUTS - 1. Density levels for which transmittance data was taken.
2. Transmittances (for each density level exposed, for each
standard exposure level, for each hue).
DS,UOO source data.
. Hue permutations.
. Band names.
. Permissable band combinations.
CIE €ell neighbor distances.
. Densities in each band of the points to be differentiated.

(D‘-JO\U'I-I‘—"S-IJ
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CELL DISTANCE MEASURE:

The distance from each cell to its nearest neighbors is defined
as below:

The distance- from “b" to "c¢" is 1.
The distance from "a" to "B" is 2.

Represented graphically,

=
©

-—-—--.—--.--_..

Now, no distance has been defined between "a" and “c". We define

this to be the smallest distance path from "a" to "c", passing
through one or more intermediate regions. Thus, from "a" to "b" is
2 units, and from "b" to "c" is 1, making a total of 3 units from
"a" to “c". AIT paths are considered, and the shortest is selected.

FIGURE 2.5.3
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This method applied to the previous graph yields:

----- -: 1 unit
—— et 2 Units
— 3 Units

As a result, cell distance is now defined between any two points.

FIGURE 2.5.3 (continued)
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QUTPUTS -~ 1. Best pairwise discriminations.
2. Best triple discriminations found.

Criteria for assignment of bands to hues and exposure levels is repre-
sented graphically in Figure 2.5.4 and summarized below. '

I. PAIRWISE

1. Must achieve better than minimum pairwise discrimination
as determined by Euclidean distance between CIE points.
(Reference to Figure 2.5.4.a). '

2. Among assignments meeting criterion for I.1, choose those
with maximum cell distance (Reference to Figure 2.5.4.b).

3. Among assignments with maximal cell distance, choose
maximal Euclidean distance.

.

II. TRIPLES

1. All pairwise distances must satisfy I.1.

2. Find maximal minimum-side-distance. Select all assignments
meeting II.1 with this as their minimum-side-distance.

3. Among assignments meeting criterion for II.2, select
maximal mean side length.

4, Among assignments meeting II.3, choose the one with maximum
area as determined by the CIE coordinates. {Reference to
Figure 2.5.4.c).

The actual operational sequence is depicted in Figure 2.5.5.

Upon selection of the coordinate values, assignments of spectral
band, hue, and exposure of the diazo are computed so that all three points
are represented by the composite selected. These assignments are printed
out according to hue; e.g., cyan DD+ (6), yellow BB- (2), magenta AA+ (8).
For each hue assigned, there is a spectral band number, positive or
negative film image, and an exposure value for the diazo film corres-
ponding to the dial setting on the diazo machine.

]
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made by the evaluation phase.

FIGURE 2.5.4

These examples show the scheme by which judgmenis were
made to select coordinates which met the criteria for
the best discriminations among pair or triple coordinate
points. A1l examples are in a plane of equal Tuminance
(Y%), the numbers refer to cell distance in a and b with
the vector distance 1in c.
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FIGURE 2.5.5 (Continued)

4. Test points in triples for sufficient discrimination
and extract best triple discriminant
i. check for Failure of pairwise discriminant
ii. compute minimum side cell distance
iii. compute mean side cell distance
iv. compute area of triangle defined by the 3 points
(we maximize over (ii), then (iii), and finally {(iv)).

1
OQutput the Results
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The program will take density range readings of up to 10 points
within a scene; however, costs begin to mount appreciably if more than
five or six points are run simultaneously. Five points, generating ten
composites (three points compared per composite), may be run for about
$15.00, while six points cost $21.00 to $24.00 per run on overnight
batch processing on an IBM 370 system.

Since there is generally considerable variation in the densities/
category/band, the model works best using the median density value of
a category as determined by sampling several known points in a scene
represented by that category. In the case of the Skylab S190A data, the
density ranges tended to overlap among the categories (see Figure 3.2.2).
As a result, one of the three points in a composite often blended with
the background. To remedy this, an average density of categories of
interest within a scene, Tess those being specifically examined, was
used as one of the data inputs so that each of the points of interest
could be contrasted with a contrived value indicative of background. In
many cases, this improved the separations of various categories.

Density differences as low as .05 on a single band can be separated;
however, the color contrast is not very good and the variability of the
diazo machine makes such separations less reliable. If the spectral
bands on the sensor have been selected initially so as to assure discrete
separations at optimal points along the spectral curve of a particular
material(s) to be interpreted, then very good color contrast and separa-
tion of different categroies is possible. Figure 3.5.1 shows discrete
separations of different .categories as a result of using narrow band
S192 data. From this, it should be clear that the filter selection on
the sensor is egual to, if not more important Ehan, the analysis tool.
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2.6 Data Take Off

The S190A and S190B photographic products were enlarged for inter-
pretation to a scale of 1:62,500 and in some cases, to a scale of 1:24,000
for a detailed comparison to LUNR. These two scales were selected to
obtain the maximum enlargement .of most photographic products, to obtain
an acceptable minimum mapable unit, and to use base maps most consistent
with existing land use planning data systems. The base maps at a scale
of 1:62,500 are a New York State county series compiled by the New York
State Office of Planning Services (OPS). The 1:24,000 scale base maps.
are USGS topographic 7% minute quadrangles, which also form the base for
the LUNR data. The UTM grid system was followed as being the most com-
patible with the two series of base maps, the LUNR format and as a stan-
dard for reference to other systems.

The interpretational process invoives projecting the photographic
products through a backlighted screen and onto a mylar map base on which
the Tand use interpretation is drafted (sse Figure 2.6.1}. The overhead
projector and backlighted screen offer a system with good resolution and
a wide range of interpretational scales. These are important features
when evaluating various photographic products at different scales to one
particular base map (and to different base maps). !

The overhead projector used was a Transpacue Auto-Level (Model 20400)
with a 10" x 12" glass film holder to insure a flat image in a fixed
position. The backlighted screen was constructed as a free standing
wooden frame. The projected image was then focused on a mylar sheet
taped flat to the back of the glass screen. This procedure permits good
resolution and allows for direct interpretation of large areas on the
mylar sheet. The mylar sheet was first prepared by drafting the UTM (10 km)
grid Tines and a few widely positioned 1inear features, such as major
streams or large lakes, from the base maps (1:62,500 or 1:24,000). This
provided a control by which the correct orientation and scale would be
maintained on the projected image for accurate interpretation, drafting,
and data take off.
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FIGURE 2.6.1 An Overhead projector is used to transfer the photographic
image to the back-lighted screen for interpretation on
the mylar sheet. The scale of the projected image is
variable according to the distance between the projector
and the screen.
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Each test area ,was then de]ineated according to the category defi-
nitions in Section 3 for Interpretation of Land Use Features. The SI90A
color composites 'selected for each test site were used sequentially to
construct a completed Tand use map. The following section 3.0 will
discuss the color composites used for each test site, and the spectral
information derived from each composite.

The minimum mapable unit was considered to be four hectares at the
1:62,500 scale and one hectare at the 1:24,000 scale. Although smaller
features could be detected and often identified, it proved to be Yener-
ally impractical to map and label them.

The data take off procedure for the 1:62,500 scale, pencil drafted
mylar maps, consisted of overlaying a 1 kilometer UTM grid with a 25 dot
array on each cell. Then the hectares in each category were totaled by
the sampling technique of one dot within a particular category equal to
four hectares. A total of 100 hectares per one kilometer cell were
accounted for by this method and each test site was totally sampled to
obtain the data presented for the summary data comparisons in Section 4
on Data Correlation. A similar procedure for the 1:24,000 scale maps
involved using a one kilometer UTM grid with a % hectare ieve1 grid
array and totaling each category by hectare estimates.
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3.0 INTERPRETATION OF LAND USE FEATURES

The interpretation process involves both the multispectral (S190A)
and conventional film (S190B) products. The interpretation process is
described below in detail for each of the three test sites (Tompkins
County-Ithaca, Lower Hudson Valley-Newburgh and Kingston, and Suffolk
County-Long Island}. Prior to the initiation of the final interpreta-
tion phase, considerable effort had been put into the selection and
" definition of the various land use categories to be interpreted. Cate-
gory definition is extremely important to insure repeatability and to
assess accurately the major land use features that are used by planners
and other user agencies. The selection and definition of categories
used are discussed in Section 3.1 below. '

3.1 Category Definitions

The first step in the interpretation process requires a system of
definitions for categories of interest. Theoretica]]y, categories should
be defined so that they represent basic components of a classification
system. As such, information might be derived from several sources,
but it should still be compatible with information already classified
in'an inventory. This is not a simple task in that sensor character-
istics define the parameter of the data (spectral and spatial properties):
whereas, user agencies have specific semantics applied to various cate-
gories which are often difficult to resolve with the data. The problem
is 'severe enough when an area is inventoried for the first time using a
particular sensor system. It becomes even more difficult when an attempt
is made to update an existing inventory such as LUNR which was designed
in part using both spatial and inferential information from 1:24,000
scale black and white air photos. The resulting categories often incor-
porate economic or ownership features which are not discernible from
high altitude or satellite data. Likewise, spectral features are not
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given any special consideration in the LUNR categories. These factors
then add considerable complications to the update process such as was
attempted in this study.

In large part, the category selection is based on the U.s. Geologi-
cal Survey Circular 671, "A Land Use Classification System for Use With
Remote Sensor Data" (Anderson, Hardy, and Roach, 1974). Therefore, the
numbers and category names pertaining to Level I and Level II categories
are derived from the Circular 671. However, certain changes are made
on some of the Level II categories. Residential is separated into 1ight
and medium to heavy. Commercial, Industrial, and Institutional are,
depending on their spectral/spatial components, combined into a singie
category called Intensive. In Agricultural Land, Cropland/Pasture is
defined as intensively managed, such as alfalfa and sod farms. Grazed
land and brushy areas were combined into a single category. It is recog-
nized, however, that this combination may be only useful in the north-
east where inactive pasture quickly grows up into forest land. MWetland
is redefined to include both non-forested (herbaceous) and brush or
wooded wetiands. This is to include many wetlands in New York State
which are wooded or have woody vegetation in association. These revised
categories and the criteria for establishing each class is shown in
Table 3.1.1.

The characteristics of each class are derived on the basis of what
could be actually seen, i.e., a spacial pattern, or the variation of the
spectral response which would permit a color separation on the basis of
density differences among the three bands used in the S190A or tonal
variation on each of the three film types interpreted from the S190B.
Every attempt s made to minimize the incorporation of economic or
ownership features in the category definitions, e.g., commercial and
services. These features could be incorporated at a Level III classifi-
cation, but it ds not felt that such features are readily identifiable
at Level II using satellite data. The classification system for space
related data 1is discussed in greater detail in Section 7.
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A Two-Level Ciassification System for Interpreting

TABLE 3.1.1

LEVEL I

1. Urban and Built Up Land

2. Agricultura? Land

4. Forest Land

5. Water

6. Wetland

7. Barren lLand

) w15
RIGINAL PAG
5 POOR QUALITY

Skylah Data

1.

5

+

1.

o
.
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LEVEL 11

Light Residential

. Medyum and Heavy

Residential

Extractive

Transportation

. Intensive Development

. Strip Development

Cropland, Cropland Pasture

and Sod Farms

. Orchards, Vineyards and

Horticultural Areas

Pasture and Brushland

. Comiferous

. Mixed Deciduous and

Coniferous

Streams and Waterways
Lakes and Ponds

Reservoirs

. Bays and Estuaries

Marsh, Bog and
Herbaceous Wetlands

. Brush and Wooded Wetlands

Sand

. Bare, Exposed Natural

Rock
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CHARACTERISTICS

Smatl buridings less than
vegetation (1 bidg. or Jess
per % hectare)}

Small buridings more than
vegetation {2 bidgs. or more
per % hectare)

. Raw extractive materfal

s1tes with no vegetation

Linear 4-Tane highways,
railways, and airfield runways

Large buldings or building
complexes with parking lots
and some vegetation

Intensive Tinear building
developments along roadways

Intensive monotypic vegatation
less than 6 ft tail and/or
5011 in regular rectilinear
formation

Intensive monotypic vegetation
less than 20 ft tall 1n biock
plantings with some soil
possibly evident

Vegetation less than 20 ft tall
and less than 50% canopy cover

. Trees over 15 ft, 50%+ canopy

cover and 90%t+ conmiferous
{plantations)

Trees over 30 ft and 502+
canopy cover
Open fresh water-linear

Open fresh water-nonlinear

. DOpen fresh water-dam or water

control structure

. Open salt water - coastal

configuration

. Water with herbaceous

vegetation

. Water with woody vegetation

and trees

. Sand with no vegetation

. Matural rock with 1ittle

vegetation



3.2 Interpretation of S190A

Color composites for each of the three test sites were selected by
the CIE color prediction model according to the spectral responses
(density range) of the land use and vegetation endemic to that area. The
color composites indicated by the model were checked against tow altidude
air photos, LUNR and S190B photographic products, to determine which com-
posites provided the most reliable and consistent information throughout
the test site. The color composites which fulfilled this task on inspec-
tion were then used to interpret the entire area. From this point on, no
further reference was made to air photos or other ground truth informa-
tion. Usually four to five composites were considered necessary for a
complete interpretation for all categories. The sequence in which these
color composites were used depended on the interpreters evaluation of -the
most reliable and efficient sequence.

To an experienced interpreter, the composite selected by the model
was sometimes only used as a guide for discriminating certain categories
which have broad spectral ranges. Alterations can then be made in the
composites to further improve discrimination of that category. The
reason for this is that the model operates on single density inputs/
spectral bands/categories. Where there are broad ranges of density
values, only the medium value s used. Often it is more efficient and
cost effective, in these cases; to make some adjustments in the selected
composites than to run several iterations of the color prediction model.
These composites are then tested as a possible aid before the final inter-
pretation process is begun. An example of a S190A color composite inter-
pretation can be seen in Figure 3.2.1 which includes one UTM cell (100
square kilometers) at a scale of 1:62,500 from the Lower Hudson Valley
test site.

Several categories proved very difficult to interpret, such as wet-
lands, light residential, orchards, and the distinction between cropland
and pasture/brushland. Due to the fact that all photographic products
came from the SL3 mission at approximately the same date in mid-September,
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FIGURE 3.2.1 One UTM (100 square kilometers) cell interpretation from
. the S190A color composites at a scale of 1:62,500 on the
Lower Hudson Valiey test site. The UTM coordinate refer-

ence is 4590000m N. and 570000m E. for this cell.
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it was not possible to test the seasonal variations as was done with
ERTS-I (LANDSAT-I). That report indicated that spring and early summer
multispectral imagery were necessary aids to interpretation of the above
.mentioned categories. This was primarily due to spectral signature
shifts: in natural vegetation throughout the growing season, management
practices in active agricultural areas, and canopy closure which obscured
ground information. Therefore, the lack of other usable Skylab data over
New York State precluded any seasonal investigation.

In general, the separation between extractive (14), intensive devel-
opment (16), and some gravelly, bare agricultural soils {21) could only
be made on the basis of location and spatial configuration. The spectral
responses of these materials is very similar and could not be the only
basis for discrimination. The distinction between coniferous and decid-
uous also proved to be difficult. Coniferous are often found in small
plantations or scattered on sides of hills and steep gorges. As such,‘
they did not appear to be discrete enough to call a separate category.
Therefore, to circumvent this problem, all forest is classified as mixed.

In an attempt to further determine why these categories were diffi-
cult to interpret, a series of density measurements were made on the
1:250,000 S190A multispectral filter bands AA, BB, and DD. A sample of
each Tand use category was located on the three bands by cross reference
to other information and several density measurements were made to deter-
mine the range. After selecting two to three different areas for each
category on the Lower Hudson Valley area, it became evident that in seve-
ral categories there existed a large amount of density overlap (see
Figure 3.2.2).

These histograms are only & beginning step in showing the relative
difference in information content of wide band filters (S190A) vs. narrow
band filters (S192) but they do show why certain spectral responses
- in different categories appear similar. Certain categories have very
large density overlap in all three bands, which makes any color compo-
site enhancement and separation improbabie. However, if a category
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density range is distinct in any one band, then the color composite
process can further enhance the difference. Therefore, the entire
process is dependent on the selection of the original filters to be
able to discretely record the spectral responses.

Further research on this approach would require extensive den-
Eity measurements to be able to construct histograms which would show
the density range for each land use and the frequency of occurence for
each density point. Section 3.5 and 5.1 discuss in greater depth the
merits of a narrow band system for discrete spectral records.

Due to time and cost Timitations, only a limited number of experi-
ments were performed on the CIE computer model. This is the reason why
each color composite suggested by the model had to be carefully evaluated.
This also explains why an interpreter could, on certain occasions, extra-
polate to some intermediate composite which would be a more visually
accurate rendition with less category color overlap but could not fur-
ther enhance difficult separations. -

Each spectral band was individually inspected to determine its
overall character and resolution. Filter band DD {infra-red) proved to
be extremely grainy in structure and limited the resolution of the IR
record. This also effectively degraded the composite when used in con-
Junction with the other two bands. The poor IR resolution also contri-
buted to the difficulties in interpreting wetlands, built up Tand and
some vegetation types which are usually better contrasted by using the
IR record.

The filter bands AA and BB had good resolution but the spectral
differences between these bands for several categories. were small. The
black and white films showed features such as roadways and runways '
(asphalt and concrete) about 100 feet wide,.and streams or canals appfoxi-
mately 500 feet wide. Water bodies could be discerned only if they ex-
ceeded approximately 500 feet in diameter. However, minimum identifiable
units were often smaller than was practical to delineate and label on a
map. Therefore, the minimum mapable unit was approximately four hectares
in area on the 1:62,500 scale map.
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The 4X enlarged S190A color and color IR films provided by NASA
were projected to a scale df 1:62.500 and visually compared with the
S190A color composites. The resolution of the SI90A color film is less
than the filtered black and white bands AA and BB and does not contain
as much spectral information as the color compesites. However, on at
Teast two occasions, it made some 1ight rural residential areas more
evident than the color composites, but in most cases ail agricultural,
water, and vegetation related categories were more difficult to discern.
The S190A color IR film had definitely less resolution and information
content than the filter bands AA and BB, the color composites, or the
cotor film on the S190A.

3.2.1 Tompkins County-Ithaca

Four composites were used for mapping the interpretational cate-
gories in this test area. A listing of these composites and the speci-
fic band combinations are in Table 3.2.1. The photographic products
were produced from SL3 data, Frame 36, Rolls 38, 41, and 42. The ranking
of 1-4 was chosen by the interpreter on the basis of which composites
provided the primary information and which composites were used as secon-
dary interpretational checks. The black and white positive fiims of
Filter DD and Filter BB were also found to be somewhat useful as secon-
dary interpretational checks. Composite #1 was reproduced to illustrate
this test site {Figure 3.2.3}.

The 1ight residential {11) category proved to be difficult to inter-
pret in the more sparsely populated rural areas, particularly in forested
regions. This was due to the resolution limits of the film and the
interpreters decision on when 1ight residential was too scattered to be
mapped as that category.

Another area of difficulty was the delineation between cropiand/crop-
1and pasture (21) and pasture/brushland (24) because of a similar spec-
tral response in the late growing season and relative low intensity
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Long Island (left) and Tompkins County

The primary S190A color composites for the interpretation
(right) at a scale of 1:250,000.

of Suffolk County,

FIGURE 3.2.3
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farming methods in" this area. The area has from moderate to Tow agri-
cultural viability which makes identification sometimes difficult and
tends to include farm areas that are no longer in active production.

Both wetlands categories (61 and 62) proved to be impractical
to intrepret because of their generally small area, the low resoluticn
on the IR film and generally poor spectral information on this IR filter
record. Spring .or fall coverage would have been helpful if taken when
vegetation was not in full foliage.

The topographic features of this area include steep wall valleys
and gorges which produced shadow areas on the photographic products.
These small areas were referenced to topographic maps, so that later
all interpretational anomalies were resoived.

TABLE 3.2.1 The Four Color Composites (S190A) Used For the Interpre-
tation of the Tompkins County Test Area. The composites
specify the band, negative or positive, diazo film color,
and diazo exposure setting on the GAF Model #240.

1. Filter BB- cyan (6) 3. Filter BB- cyan (6)
Filter DD+ yellow (4) Filter BB+ yellow (4)
Filter AA- magenta (5) Filter DD+ magenta (8)

2. Filter DD- cyan (10) 4, Filter BB- cyan -~ (6)
Filter BB- yellow (2) Filter AA+ yellow (4)
Filter BB+ magenta (6) Filter AA- magenta (4)

3.2.2 Lower Hudson Valley-Newburgh

The five color composites, in order of interpretational seguence,
for this test area are 1isted in Table 3.2.2. A photographic reproduc-
tion of composite #3 is included in Figure 2.3.1 at a scale of 1:250,000.
The original photographic products are from SL3 mission, Fraﬁe 236,

Rolls 44, 47, and 48.
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TABLE 3.2.2  The Five Color Composites (S190A) Used For the -Interpre-

tqtion of ?he Lower Hudson Valley Test Site. The compo-
sites specify the band, negative or positive, diazo film
color and diazo exposure setting on the GAF Model #240.

1. Filter BB+ cyan (6) Filter DD+ cyan (8)
Filter DD+ yellow (6) Filter BB~ yellow (4)
Filter BB- magenta (8) Filter BB+ magenta (4)

2. Filter BB+ cyan (4) Filter BB- cyan (6)
Filter DD- yellow (2) Filter DD+ yellow (4)
Filter+-AA- magenta (10) Filter AA+ magenta {2)

3. Filter BB+ cyan (4)

. Filter DD- yellow (4)
Filter BB- magenta (10)

The forested, hilly topography and small parcels in each land use
made the interpretation process difficult in both identification and
This further compounded the problem of interpreting wet-
lands (61 and 62), 1ight residential (11) and in some cases, medium/
heavy residential (12) at this time of year. Certain steep valleys
contained shadows which had to be identified so as not to mislabel them

delineation.

during the interpretation process.

The medium to Tow agricuitural viability and inactive farms in
the area made it difficult to distinguish between cropland/pasture (21)
and pasture/brushland (24)}. For basically the same reasons, it was often
difficult to separate the pasture/brushland from the mixed forest (43)
category.

3.2.3 Suffolk County ~Long Island

The four composites used for interpretation are Tisted in Table

3.2.3 and ranked according to which composites provided the primary

information and which composites were used for secondary interpreta-

tional information. Composite #1 is photographically reproduced in
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TABLE

1.

2.

3.2.3

The Four Color' Composites (S190A) Used For The Inter-

pretation of the Suffolk County, Long Island Test Area.
The composites specify the band, negative or positive,
diazo film color, and diazo exposure setting on the

GAF Model #240.

Filter BB-
Filter DD+
Filter AA-

Filter DD-
Fiiter BB+
Filter AA-

cyan (8)
yellow (8)
magenta (2)

cyan (4)
yellow (2)
magenta (6)

Filter BB-
Filter DD+
Filter BB+

Filter BB+
Filter AA+
Filter BB-

cyan (6)
yellow (8)
magenta (10)

cyan - {6)
yellow (4)
magenta (8)

Figure 3.2.3 to illustrate the types of information evident in one

possible composite for.this area.

The original photographic products

are from SL3 mission, Frame 238 on Rolls 44, 47, and 48.

The relatively flat topography and generally short forest height
made most category interpretation fairly consistent, except for the
Tight residential category (11) which still could be a problem when it

was scattered in rural areas.

This was only partially due to forest

canopy cover and mostly related to the resolution Timitations. The
cropland/cropland pasture {sod farms) category (21) was distinct in most
cases due to intensive management practices on an otherwise dry, Sandy
natural soil condition.

Although wetlands were generally Targer than four hectares, it was
still very difficult to accurately identify these two categories (61,62).
The vegetative cover and poor IR record are the most important reasons.

Spring or fall coverage would be helpful in wetlands interpretation
in this area also. )

3.3 Interpretation of S190B

The S190B film products exhibit good resolution and contrast even

when projected up to a scale of 1:24,000.

Conventional air photo



interpretation techniques (texture, tone, configuration, etc.) were

used to identify the land use categories. The resolution of the photo-
graphic products was determined for high contrast situations to be as
follows: BTack and White High Resolution 30-40 feet, Aerial Color High
Resolution 45-50 feet, and Color IR Film 60-70 feet.

3.3.1 Tompkins County-Ithaca -~

The S190B photographic product available over the Tompkins County
test site was the black and white High Resolution Film: Rol11 85,
Frame 345. The 1:950,000 scale film was enlarged by conventional dark-
room techniques to a scale of 1:250,000, This enlarged film was then
put on the overhead projector and further enlarged for the interpreta-
tion process (1:62,500 scale} on the backlighted screen.

The film resolution was excellent, aiding in both identification
and delineation of most categories. However, the tonal separation of
the levels of gray proved to be a problem in two cases. The water
boundaries (51, 52, and 53) and wetlands (61 and 62) were difficult to
differentiate from the forest (43) and pasture/brushland (24) categories,
as there is very little tonal difference during this time of year on the
black and white film. A second problem in differentiation was between
urban intensive (16) and cropland/cropland pasture (21), and the pasture/
brushland (24). This was mostly due to overlapping density values among
these categories. This was also mentioned in Section‘3.2.1 and stems
from the Tow level of intensity (viability)} in farming methods. It can
even be a problem to differentiate the two categories when field check-
ing on the ground.

A second interpretation test was carried out on a small section of
this area to determine if larger scales wouid improve accuracy. A
8" x 10" black and white film enlargement at a scale of 1:24,000 was
interpreted directly off a 1ight table at the same scale. The increased
scale made certain features easier to interpret and delineate. This was
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particularly true on all of the Urban and Built Up Land categories which
are differentiated by building size, density, and layout. One category
which had not been identified on other interpretations was Orchards (22).
They became interpretable because the pattern of individual trees which
made up the orchard configuration could be identified.

3.3.2 Lower Hudson Valley-Newburgh

A NASA supplied 2X enlargement of the Aerial Color Film, Rol1l 88,
Frame 274, was projected for interpretation onto the backlighted screen
at a scale of 1:62,500. The overall biue-green color of the photographic
product, due to atmospheric conditions, made conventional air photo inter-
pretation techniques difficult when the differentiation depended on color.
This difficulty exists between the natural vegetation categories of forest
(43) and pasture/brushland (24}. Sometimes, the distinction between pas-
ture/brushland (24} and cropland (21) was also difficult in areas of low
agricultural viability. The delineation of water boundaries was not
totally reliable when adjacent to natural areas of vegetation because of
similar color hues for both areas. Likewise, neither wetland category
(61 or 62) was interpreted in this area due to small size ahd lack of
spectral separation.

The color film resolution and color contrast proved generally reli-
able for interpreting all Urban and Built Up Land categories, except the
light residential (11) category, which was under full forest canopy cover.
A second interpretation was made on this film using the Kingston area from
the same frame. The film was enlarged to approximately a scale of 1:30,000
on a microfiche reader (Teledyne Post Micro-Reader., Model #64018). The
interpretation was done directly off the screen of the microfiche reader
onto clear acetate. This was later transferred onto mylar at a 1:24,000
scale using USGS topographic maps as a means of establishing the geogra-
phic reference. This interpretation was to coﬁpare both 1972 low altitude
(1:24,000) photography and the 1968 LUNR inventory (1:24,000) with S190B
color interpretation.
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The test area was 5 kilometers x 20 kilometers and included Tow
to high relief topography. The land use' varied from large areas of
forest (43} and mixed agriculture (21,24) to small rural residential
areas {11, 12). The very small, scattered areas of each land use made
deTlineation a problem But the area had been chosen because the New York
State Catskill Commission had indicated this to be an area of very high
land use change.

In general, the microfiche reader functioned very well, as it had
greater field of view, less qistortion, and more magnification than a
Bausch and Lomb Zoom Transfer Scope which was tested initially. The
Targe area visible on the screen of the microfiche reader was a dis-
tinct advantage for orientation and‘interpretation. The Targer scale
(1:24,000) interpretation and mapping made for a more detailed final
product than the interpretation on the same film at a scale of 1:62,500.

Another interpretation was made of the Newburgh area using the
NASA supplied 2X enlargement of the Color IR Film, Roll 87, Frame 299.
The procedure was the same as described above for the Color Film inter- -
pretation of the Newburgh area using the projector and backlighted
screen technique at a scale of 1:62,500.

Although Urban and Built Up Land can be easily distinguished at
‘Level I, it is difficult to discriminate the appropriate Level II cate-
gories. This seems to be due both to the resolution and spectral compo-
sition. For the same reasons, it is hard to separate the forest (43),
pasture/brushland (24), cropland (21), and wetland {61, 62) categories.,
although all open water categories are distinct due to information in
the IR band.

3.3.3 Suffolk County-Long Island
The NASA supplied 2X enlargements from the Color Film (Roll 88,
Frame 277) was used for interpretatioﬁ by the projector and backlighted

screen technique at a 1:62,500 scale.
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The intensive agricultural practices made identification of crop-~
land {21) very reliable, except when only bare, sandy soil is exposed.
These areas appeared similar to bare sand (72), extractive (14) and
intensive development (16). In these cases with which they may be
associated, the interpretation of these categories tended to rely on
configuration and proximity to other features.

The generally blue-green color of the photographic product made
separation of pasture/brushland (24) from forest (43) a hard distinc-
tion, as was noted previously in Section 3.3.2. However, the short
forest height and flat topography made the residential (1I, 12) cate-
gories more evident than in the Lower Hudson Valley test site. 1In
general, both water boundaries and wetlands could be distinguished
more readily than the Lowér Hudson Valley test site. This is probably
due to the contrast between dry, sandy soil vegetation types and the
wetland vegetation (or water).

3.4 Comparison of ERTS and Skylab S190A

The ERTS imagery and S190A photographic products were processed
according to the information in Section 2.2 and sample color composites
from each system are seen in Figure 2.2.1. The Lower Hudson Valley
(Newburgh) test site interpretation was carried out from the ERTS imagery
using the three composites listed in Table 3.4.1. The ranking of 1 to 3
is on the basis of usefulness for category interpretations.

A complete evaluation of the ERTS imagery can be found in the Final
Report-"ERTS Evaluation for Land Use Inventory, (Resource Information
Laboratory, 1974). In general, the'ERTS color composites could be used
to interpret all Level I categories, except wetlands at this time of
year. However, the Level II categories could not easily. be interpreted;
this is primarily due to the Tack of resolution which made the Urban and
Built Up Land categories very hard to differentiate. The interpretation
map from the ERTS color composites contained a minimum mapabile unit of
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ten hectares. When compared to the $190A interpretational map, the
ERTS map appeared ve}y generalized in detail and limited in the cate-
gories interpreted. Part of this variation in interpretability per-
tains to the category definitions as discussed above in Section 3.1.

When the individual bands are compared between systems, the S190A
bands are superior in contrast and resolution; however, the ERTS band
7 does seem to show more spectral information. This is probably due
to an IR spectral record that extends further into the ‘near IR region
than does the S190A Filter DD.

TABLE 3.4.1 The Three Color Composites Used For The ERTS Interpretation
of the Lower Hudson Valley Test Site. The composites
specify the band, negative or positive, diazo film color,
and diazo exposure setting on the GAF Model #240.

1. Band 5- cyan (7)
Band 7+ yellow (4)
Band 4- magenta (8) 3. Band 7+ cyan  (8)
: Band 5- yellow (4)

Band. 5+ magenta (4)
2. Band 7+ cyan (5)

Band 7- yellow (6)
Band 5+ magenta (6)

3.5 Comparison of S190A and S192 Muitispectral Systems.

The S190A filter bands are relatively broad and overlap to some
extent as shown in Figure 2.0.1. As a result, the density ranges for
various spectral categories are not discrete and tend to overlap among
different spectral bands. This is illustrated in Figure 3.2.2 where a
density range histogram shows the relationship between different land
use categories. Where there is a significant overlap in all three bands,
it is difficult or impossible to achieve any color separation, as dis-
cussed in Section 3.2.
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Therefore, a request was made to NASA to obtain a sample of the
narrow band S192 multispectral scanner data. A sample was supplied
for the Lansing, Michigan area in all thirteen bands. Only six bands
were selected (3, 5, 7, 10, 11, and 12) and enlarged to a scale of
approximately 1:125,000. Using only a 1:250,000 scale USGS topographic
map for reference, the sample density values were chosen and the CIE
model color composites were generated. Four of these color composites
are shown in Figure 3.5.1 and listed in Table 3.5.1. These sample
areas were later defined with high altitude Color IR photographs ob-
tained for the same area during September, 1972.

A visual examination of the high altitude Color IR photo compares
favorably with the color composites. No actual interpretation was done
from the S192 color composites because the experiment was carried out
very late in the project. The main purpose of the experiment was to
test the CIE Color Prediction Model for color composites using narrow
band spectral data.

In essence, greater color contrast could be obtained among the
interpretation categories in the 5192 data than in the S190A data. [t
seems evident that the objective of improving category separation using
narrow spectral bands was accomplished, although additional tests are
necessary to explore the actual potential of the $192 narrow band multi-
spectral scanner data from the full 13 band array.

oy - . mm———— = - ———————— - —

TABLE 3.5.1 The Four Color Composites From the 5192 Exampies in Fig.3.5.1.
The composites specify the band, negative or positive, diazo
film color, and diazo exposure setting on the GAF Model #240.

UPPER LEFT UPPER RIGHT
Band 7+ cyan (4) Band 5- cyan (6)
Band 11+ yellow (2) Band 5+ yellow (4)
Band 5+ magenta (4)° Band 10+ magenta (2)
LOWER LEFT LOWER RIGHT
Band 5+ cyan (6) Band 12+ cyan (4}
Band 3+ yellow (2) Band 5+ yellow (2)
Band 3- magenta (6) Band 10- magenta (6)

B o —————
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FIGURE 3.5.1 Four color composites from the S192 multispectral
scanner system taken over Lansing, Michigan, and
shown here at a scale of 1:125,000.
| +(Reference Table 3.5.1)
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4.0 COMPARISON OF LAND USE DATA OBTALNED FROM SKYLAB S1S0A
AND S190B IMAGERY

In this section, land use data obtained from Skylab S190A and S190B
imagery is compared either to 1968 LUNR data or data interpreted from
1972 low altitude aerial photography. The New York State Land Use and
Natural Resources (LUNR) Inventory provides a comprehensive land use
inventory of New York State. Black and white aerial photographs taken
in 1968 are the major source of information. Other information sources
include existing maps, reports and directories, public agency records,
and direct contact with various public officials in most counties.

The LUNR inventory provided poin%.and linear/area information on
eleven major categories of Tand use: agriculture, forest land, water
resources, non-productive tand, residential Tand use, commercial areas,
industrial areas, public and semi-public land use, and transportation.
Most of these categories were disaggregated into more detailed cate-
gories. In all, 55 of these secondary categories were identified (see
Appendix B).

A new categorization system was developed for interpretation of
Skylab imagery. Six level I and 19 Level II categories were identified
primarily on the basis of spatial and spectral response {see Section 3.1).
In ordgr to make a comparison between the two data bases, most of the 55
secondary LUNR categories were uniquely assigned to a Skylab interpreta-
tion category (see LUNR ciassification system, Appendix B). Several
LUNR categories were, however, based brimari]y on ownership or activity
characteristics (e.g., public and semi-public, and outdoorhrecreation)
and had no consistent visual or spectral characteristics. Outdoor
recreation, for example, included such diverse uses as public parks,
campgrounds, and drive-in movies. When such categories were encoun-
tered, they were re-interpreted directly from the original aerial photo-
graphs and placed into appropriate Sky]gb categories.

In addition to the comparison with LUNR data in three test areas,
a comparison was made in a fourth area (Kingston, Ulster County) to Tand
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use data interpreted directly into Skylab categories from 1972 aerial
photographs. The significance of the comparisons presented in this
section is compromised by several factors which should be considered
when evaluating the results. First, the LUNR maps are comprised of
curvilinear figures which closely approximate polygons. These polygon-
Tike figures represent the interpreters' view of what appeared to them
to be the relative boundary 1ines delineating various land use features
in the black and white photographs. Likewise, the Skylab interpreta-
tions result in maps having polygon-like figures (see Figure 3.2.1)
defined according to spectral and spatial features. The dif%icu]ty
encountered in trying to update a detailed inventory such as LUNR is
similar to matching polygons from two different data sources. Each of
these inventories has its own set of parameters which define their
prospective polygons. Differences in these parameters include different
sensor systems, scales, category definitions, and the time of year that
the data was collected.

A second problem is that most of the comparisons are made to the
LUNR inventory which is based on 1968 aerial photography. In the last _
five years, that intervened between the LUNR inventory and the Skytlab
missions, many changes in Jand use have occurred.

A third problem is that any land use data acquisition system is
not completely accurate. This is true for both the LUNR inventory and
for the direct interpretation of the 1972 photography. These inherent
errors are minimized, however, by basing the comparison on the less
specific Skylab categories. For the purpose of calculating the accuracy
of the Skylab data, as shown in the various tables, the LUNR inventory
and the interpretation of 1972 aerial photographs are considered to be
100% accurate. Ground truth checks of the 1968 data exist for the
Hudson Yalley and Suffolk County test sites. For interpretations in
these areas, adjustments have been made and are discussed in the text.

Finally, it must be noted that each Skylab interpretation repre-
sents only a sample of size, one from an infinity of possible interpre-
taiong. Different interpreters working with the same S190A multispectral
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composites or S190B photographs would undoubtedly produce somewhat diffe-
rent maps.” It is impossible to know how large the variance for each
category is without an analysis of interpretations performed on the same
area by several interpreters. Spot field checks, however, were made on
each site to verify possible land use changes or classification problems.

4.1 Comparison of Skylab S190A Data to 1968 LUNR Data {Levels I and II)

>

- .

The tables in this section compare land use data interpreted from
SkyTab S190A multispectral composites to the 1968 New York State Land
Use and Natural Resources (LUNR) Inventory for each of the three test
areas. Separate tables are developed for Level I and lLevel II Tand
use categories. The following definitions apply to the statistical tables.

Error: a; - ki

Aggregate Error: L El a; - kil

Relative Error: (ai - kil//ki

Relative Aggregate Error: 5:’:2'31- B kil
Tk

Where: a; is the area in land use category i as determined from the
S190A interpretations; and
k1 is the area in category i as derived from the LUNR inventory.

Both the category specific error and relative error are straight
forward calculations. A negative value indicates an under-estimation
of the acutal area; a positive value indicates an over-estimation. Since
the categories are mutually exclusive and exhaustive, total under-estima-
tion must equal total over-estimation. Therefore, when calculating the
aggregate error, the sum of the abso?uté values of the error is divided
in half in order to avoid double counting. In order to achieve an over-
all measure of error, the absolute value of the relative error for each
category is multiplied by the proportion of the test area in that category.
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These weighted errors are then summed and divided in half to avoid dou-
ble counting. That is, relative aggregate error is equal to:

& {ai - ki 517 .y Eilaj - kjl

ki 2 kj 2 2 ki

Although this value is intended to give an overall measure of rela-
tive error, it should not be considered in isolation from the category
specific relative errors. It is, after all, the amount of land in each
category that practitioners are interested in. Furthermore, the over-
all measure Can be misleading if Targe areas of easily discernable
categories {ie, water) are included in the test areas. Contrarily,
relative errors must be considered in relation to the amount of Tand
in the category. Large relative errors are common when only a small
amount of land is contained.in a given category. This is frequently
the case in Level II categories.

Tables 4.1.1, 4.1.2, and 4.1.3 indicate the relative error of the
S190A interpretation for each caetgory in both Level I and Level II.
The aggregate error is also sumarized for both Level I aﬁd Level II
categories. Overall Level I aggregate error for the Tompkins County
and Newburgh test sites is 12 percent while somewhat Tower for Suffolk
County at 7 percent.

Ground truth checks on the 1963 LUNR data indicate an overall accu-
racy of 95% for the Newburgh and Suffolk County sites. Using these ad-
Justed accuracTeé, the aggregate Level I error for the Newburgh sites
is 7 percent and only 2 percent for the Suffolk County site. In the
case of Tompkins County, the only figure available indicates a 16 percent
increase in developed land over the five year period from 1968-1973.

In general, cultural features tend to be under-estimated while

+ vegetative features are over-estimated. As discussed in Section 3, this
may be due in part to advanced seasonal growth which would mask some of
the cultural features. The effective error is pronounced when it is con-
. sidered that the 1968 LUNR and 1972 Kingston photography was taken in
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TABLE 4.1.1.2 COMPARISON OF SKYLAB S190A {MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL 1):

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

EEVEL I 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR
1 3,481 2,272 -~1,209 - .35
2 41,512 36,380 -5,132 - .12
4 9,095 s 16,140 7,045 J7
5 5,185 5,208 23 .00
6 724 0 - 724 - 1.00
7 3 0 - 3 - 1.00

AGGREGATE 60,000 60,000 7,068 12

TABLE 4.1.1.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL II):

TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL IT 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 1,859 236 - 1,623 - .87
1.2 417 928 511 1.23
1.4 185 64 - 121 - .65
1.5 227 a0 - 147 - .65
1.6 650 964 314 .48
1.7 143 ] - 143 - 1.00
2.1 17,819 3,744 -14,075 - .79
2.2 118 0 - 118 - 1.00
2.4 23,575 32,636 9,061 .38
4.2 594 0 “ - 594 - 1.00
4.3 8,501 16,140 7,633 .90
5.1 63 0 - 63 - 1.00
5.2 5,046 5,208 162 .03
5.3 75 ¢ - 75 - 1,00
5.4 0 0 0 0
6.1 435 0 - 435 - 1.00
6.2 290 0 - 290 - 1.00
7.2 3 0 - 3 ~ 1.00
7.4 0 0 0 0

AGGREGATE 60,000 60,000 17,684 .29
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TABLE 4.1.2.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1958 LUNR DATA (LEVEL I):

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500}

LEVEL I 1968 LUNR SKYLAB 51904 _ ERROR RELATIVE

CATEGORIES ({Hectares) {Hectares) {Hectares) FRROR
1 7.558 6,724 - 834 - .11
2 7,929 12,808 4,879 .62
4 18,210 17,128 . = 1,082 - .06
5 3,781 e 3,340 - 441 - .12
6 2,509 0 ~ 2,509 - 1.00
7 10 0 - 10 - 1.00

AGGREGATE ) 39,997 40,000 4,878 .12

TABLE 4.1.2.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL II}:

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

ILEVEL II 1968 -LUNR SKYLAB S190A ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 4,720 3,620 - 1,100 - .23
1.2 290 1,260 970 3.3
1.4 513 396 - 117 - .23
1.5 480 632 152 .32
1.6 1,215 532 - 683 - .56
1.7 340 284 - 56 - .16
2.1 1,502 860 - 642 - .42
2.2 2,125 60 ~ 2,065 - .97
2.4 4,302 11,888 7,586 1.76
4.2 56 0 - 56 - 1.00
4.3 18,154 17,128 - 1,026 - .06
5.1 3,176 2,948 - 228 - .07
h.2 142 392 250 1.76
5.3 463 0 - 463 - 1.00
5.4 0 0 0 -0
6.1 831 ¢ - 891 - 1.00
6.2 . 1,618 0 - 1,618 - 1.00
7.2 0 0 0 "0
7.4 10 0 - 10 - 1.00
AGGREGATE 39,997 40,000 8,957 .22
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TABLE 4.1.3.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA ({LEVEL I):

RIVERHEAD-SQUTHAMPTON, SUFFOLK COUNTY (SKYLAB SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Mectares) {Hectares) (Hectares) ERROR
1 9,239 9,084 - 155 - .02
2 12,818 9,984 - 2,384 - .22
4 17,737 21,452 3,715 .21
5, 18,575 18,520 - 85 . oo
6 1,142 88 - 1,054 - .92
7 484 852 368 .76

AGGREGATE 59,995 59,980 4,091 07

TABLE 4.3.1.b COMPARISON OF SKYLAB $180A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL I1):

RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY (SKYLAB SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB S190A ERROR RELATIVE
CATEGORIES  (Hectares) {Hectares) (Hectares) ERROR
1.1 5,065 372 - 4,693 - .93
1.2 261 7,512 7,251 27.78
1.4 381 1] - 381 - 1.00
1.5, 1,036 688 - 348 - .34
1.6 2,111 512 ~ 1,599 - .76
1.7 384 0] - 384 - 1.00
2.1 7,494 9,120 1,626 .22
2.2 375 8 - 367 - .98
2.4 4,949 856 - 4,093 - .83
4.2 16 0 - 16 - 1.00
4.3 17,721 21,452 3,731 ‘ .21
5.1 111 0 - 111 - 1.00
5.2 167 260 - 147 - .88
5.3 155 0 - 155 - 1.00
5.4 18,142 18,260 188 .01
6.1 921 84 - 837 - .9
6.2 220 4 - 216 - .98

. 7.2 484 852 368 .76
7.4 0 0 0 0
AGGREGATE 58,995 59,980 13,221 .22
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early spring (late March and early April) before there was any leaf
development. Water is fairly accurately interpreted, but upland wet-
lands could not be interpreted. Again, as discussed in Section 3, the
spectral response of wetlands is highly variable depending on the
season. Forest is over-estimated for several reasons: 1) the time of
year, as indicated above; 2) the category definition of brushland for
LUNR included vegetation up to 30 feet in height, whereas the Skylab
classification incjuded vegetation Tess than 20 feet in height with
less than 50% canopy cover, (this would mean that there would likely
be some‘shift to forest from a change of category definition alone);
and 3) there has been a general trend over the last five years for an
increase in forest land in New York State.

The source of error on each of the Level II categories is more
difficult to assess. In large part, it is probably due to the effects
of resolution and scale (80-100 feet and 1:62,500 for S190A; 1-2 feet
and 1:24,000 scale for LUNR). However, there is a substantial amount
of discrepancy introduced from changes in category definition. For
instance, LUNR classified three residential categories on the basis of
lot frontage. Since lot frontage would be meaningless on satellite
data, housing units per area are used. This immediately changes the
interpretation particularly with repsect to "1ight and medium residential."”
In all three areas, light residential is substantially under-estimated and
medium to heavy residential is greatly over-estimated. Combining resi-
dential as singie category results in 48 percent under-estimation for
Tompkins County, a 3 percent under estimation for Newburgh, and a 48
perceﬁt over-estimation for Suffoik County. Tompkins County is substan-
tially more rural than either Newburgh or Suffolk County with much of
the rural residential occurring as strip development along secondary roads.
In addition, most of the residential areas are Tocated on the sides of the
the fairly steep hills., Therefore, it is 1ikely that the topography and
scattered patterns combined with masking vegetation greatly affected the
interpretability of this category. This is also likely the case in the
Newburgh site, although not nearly to the same extent. Suffolk County,
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however, has relatively flat terrain and a figure of 48 percent, while
1ikely an over-estimation, it does indicate a trend of growth over a
five year period similar to that found w{th the S190B 1interpretation.
(See Section 4.2).

Summing up the relative error for the remainder of Level II urban
categories, under-estimates occur of 8 percent (Tompkins County}, 28
percent (Newburgh}, and 69 percent (Suffolk Céunty). Again, part of
the under-estimation is Tikely.due to lack of resolution and the fact
that intensively developed categories are generally small in area and
also tend to be scattered. Therefore, there would be difficulty in
mapping many of these features at scales of 1:62,500. On Suffolk County.
the soil conditions are quite sandy, resulting in a high reflectivity
as compared to Tompkins County and Newburgh. This may have resulted in
some confusion with bare soil in active cropland areas.

In the case of adricu]tura] land, most of the active cropland was
piaced in the pasture/brushland category. Since, essentially, all the
crops would have been harvested or would have evidenced distinct spec-
tral changes as result of senescence, most of this error was likely due
to seasonal variation. Most of the active cropland was identified by
the spectral contrast produced by fall plowing. )

The Level II aggregate error for Tompkins County is .29 percent and
22 percent for the Newburgh and Suffolk County sites. Using the adjusted
accuracy figures of the 1968 LUNR inventory for Newburgh and Suffolk
County, the Level II aggregate error is reduced to 18 percent for each
site.

4.2 Comparisoniof Skylab $190B Data to 1968 LUNR Data (Levels I and II)
The tables in this section compare land use data interpreted from
Skylab S190B high resoiution photography (black .and white, color, and

color infra-red) to the New York State LUNR Inventory. Separate tables
are developed for Level I and Level II categories.
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Comparisons were made for each of three test areas, and a sub-area
in Tompkins County. In Tompkins County, S1908 black and white photo-
graphy was interpreted at a scale of 1:62,500, and in addition, a 17
square kilometer sub-area was interpreted at a scale of 1:24,000. For
the sub-area, interpretations at both scales were compared to the LUNR
data base. In the Newburgh (Orange County) test area, both S190B color
and color infra-red photography were interpreted at a scale of 1:62,500
and each was compared with the LUNR Inventory. Finally, in the Riverhead-
Southampton (Suffolk County) test ared, S190B color photography was
interpreted at a scale of 1:62,500 and compared to the LUNR Inventory.

The following definitions apply to the statistical tables:

Error: bi - k4

Aggregaté Error: % X |by - kil

Relative Error: (b - kj)/kji

Rehtlive Aggregate Error: e Zzl E: - kil

Where: bi is fhe area in land use category i as determined from S190B8

interpretation; and
ki is the area in category i as derived from the LUNR Inventory.

A total of six separate interpretations were done on S190B photo-
graphy. Two interpretations were done at scales of 1:24,000, one black
and white and one color. The color (1:24,000} interpretation was over
the Kingston site, which represents a special case and is discussed in
Section 4.5. The other 1:24,000 scale interpretation was on the city
of Ithaca, using black and white film enlarged to the same scale. The
remaining interpretations were all done at map scales of 1:62,500. Black
and white film was interpreted for Tompkins County; color film was inter-
preted for the Suffolk County and Newburgh areas; and color IR was also
interpreted for the Newburgh site.

Since there are three different film types with different resolu-
tions covering three different areas, the interpretation results are

1
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such that it is difficult to make overall generalizations. Therefore,
thg discussion will proceed on the basis of each site. The S190B
black and white film has the best overall resolution for high contrast
objects. Tables 4.2.1, 4.2.2, and 4.2.3 summarize the data for Tomp-
kins County and the City of Tthaca. Level I aggregate error is 13
percent for the whole site and 17 percent for the sub-area of Ithaca
at map scales of 1:62,500. The 1:24,000 scale interpretation has a
Level I aggregate error of 20,percént. Level II aggregate error is

33 percent and 38 percent, respectively at 1:62,500, and 23 percent

at 1:24,000.

Except for water, tﬁe relative error for each of the separate
categories on both Level I and Level II is quite high. The best ex-
planation appears to-be that the interpreter was unable to discriminate
successfully among the subtle shades of gray for the very small areas
representing some of the categories. Although the reéo]ution is the
best of any of the films Tooked at, it is insufficient to pick up the
subtle nuances which are generally used to interpret many of the cate-
gories on large scale aerial black and white photography. Hence, the
interpreter is left mostly with subtleties in tone and certain broad
spatial patterns.

Aggregating the urban category data, as in Section 4.1, the rela-
tive error for residential is over-estimated 17 percent (Tompkins
County - 1:62,500), 64 percent (Ithaca - 1:62,500), and 17 percent
(Ithaca - 1:24,000). 1Intensive development is under-estimated 47 percent,
46 percent, and 42 percent, respectively. As indicatéd in Section 4.1,
developed lands representing mostly urban categories increased during
the five year period by 16 percent. Based on the 1968 ratio of resi-
dential to commercial or intensive, about 35 percent of that increase
would have been commercial and 65 percent residential. It is Tikely
that much of what was classified commercial on LUNR was interpreted on
the black and white Skylab film as medium-heavy residential.

On vegetative categories, the results are worse considering that
total areas are much larger. Active agriculture and forest are greatly
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TABLE 4.2.1.a COMPARISON OF SKYLAB S190B (B&W} DATA TO 1968 LUNR DATA

TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)
LEVEL I 1968 LUNR  SKYLAB S190B ERROR RELATIVE
CATEGORIES (Hectares) (Hectares) {Hectares} ERROR

i 3,481 5,580 2,099 .60

2 41,512 34,436 - 7,076 - 17

4 9,095 14,848 5,753 .63

5 5,185 5,136 - 49 - .01

6 724 e 0 - 724 - 1.00

7 3 0 - 3 - 1.00
AGGREGATE 60,000 60,000 7,852 .13

TABLE 4.2.1.b COMPARISON OF SKYLAB S190B (B&W) DATA TO

1968 LUNR DATA
3

TOMPKINS CQUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)
LEVEL II 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 1,859 2,840 981 .53
1.2 417 2,104 1,687 4,05
1.4 185 0 - 185 - 1.00
- 1.5 227 68 - 159 - 70
1.6 650 568 - 82 - .13
1.7 143 0 - 143 - 1.00
2.1 17,819 28,532 10,713 .60
2.2 118 0 - 118 - 1.00
2.4 23,575 5,904 -17,671 - .75
4,2 594 0 - 594 - 1.00
4.3 8,501 14,848 6,347 .75
T | 63 72 9 .14
5.2 5,046 5,064 18 .00
5.3 75 0 - 75 -.1.00
6.1 435 I} - 435 ~ 1.00
6.2 290 0 - 290 - 1.00
7.2 3 0 - 3 - 1.00
7.4 0 0 0 ¢
AGGREGATE 60,000 60,000 19,752 .33
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TABLE 4.2.2.a COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1 986 1,108 122 .12
2 574 264 - 310 - .54
4 a3 216 133 1.60
5 50 LY 2 .0d
6 4 0 - 4 - 1.00
7 3 0¢ - 3 - 1.00

AGGREGATE 1,700 1,700 287 .17

TABLE 4.2.2.b COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA&SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB $5190B ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR '
1.1 232 148 - 8 - .36
1.2 291 712 421 1.45
1.4 0 0 0 0
1.5 26 0 - 26 - 1.00
1.6 383 248 - 145 - .37
1.7 44 0 - 44 - 1.00
2.1 175 104 - Fa) - .41
2.2 7 0 - 7 - 1.00
2.4 392 160 - 231 - .59
4.2 0 i) 0 0
4.3 83 276 193 2.33
5.1 30 8 - 22 - .73
5.2 20 44 24 1.20
5.3 ¢ 0 0 0
5.4 0] 4] 0 0
6.1 4 0 -~ 4 - 1.00
6.2 0 0 0 0
7.2 3 ¢ - 3 - 1,00
7.4 0 0 Q0 0

AGGREGATE 1,700 1,700 638 .38
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TABLE 4.2.3.a COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR

1 986 880 - 106 - L11

2 574 . 521 - 53 - .09

4 83 240 157 1.89

5 50 59 g .18

6 4 0 - 4 -1.00

7 , 3 0 - 3 -1.00
AGGREGATE 1,700 1,700 332 .20

TABLE 4.2.3.b COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY- TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL IT 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares)‘ (Hectares) {Hectares) ERROR
i.l 232 427 195 .84
1.2 291 185 - 106 - .36
1.4 0 0 0 0
1.5 26 4 22 - .85
1.6 393 257 - 136 - .35
1.7 44 7 - 37 - .84
2.1 175 157 - 18 - .10
2.2 7 38 31 - 4.43
2.4 392 326 - 65 - .17
4.2 0 0 0 g
4.3 83 240 157 1.89
5.1 30 41 - i1 .37
5.2 20 18 2 .10
5.3 0 a 0 0
5.4 - 0 0 0 0
6.1 4 0 - 4 - 1.00
6.2 0 0 0 0
7.2 3 0 - 3 - 1.00

~ 7.4 0 0 Q 0

AGGREGATE 1,700 1,700 394 .23
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over-estimated, whereas, pasture/brushiand is greatly under-estimated.

To scme degree, the error refiects the fact that the LUNR category
brushland is Tumped with pasture and compared to the. Skylab pasture/
brushland category. As discussed in Section 4.1, because of differences
in seasonality and category definitions, together with the five year
growth potential, it is probab]é'that LUNR brushland should have been
incTuded in forest.

Water is interpreted with' considerable accuracy; however, most of
this is due to defining the boundaries of Lake Cayuga. Wetlands could
not be distinguished.

A

The aggregate error on the Level II categories for the 1:24,000
scale interpretation improved considerably, almost matching that of
Level I. (See Tables 4.2.2 and'4.2.3). This is Tikely due to the scale
enlargement where some subtle features normally used by an interpreter
became apparent. For example, large buildings on the Cornell University
campus and the Cornell orchards could be identified at the Targer scale.

Two interpretations, one color and the other celor IR, were done
on the Newburgh site at a scale of 1:62,500. {See Table 4.2.4 and 4.2.5).
Level I aggregate error was 13 percent for the color and 11 percent for
the color IR. Level II aggregate error was 25 percent for the color and
20 percent for the color IR.

Adjusted for the 95 percent accuracy of the LUNR interpretation,
the Level I error is reduced to 8 percent on the color and 6 percent on
the color IR. Correspondingly, Level II error is reduced to 21 percent
on the color and 16 percent on the color IR.

Cultural features were under-estimated and vegetative features were
over-estimated on both interpretations. Water was accurately interpreted
especially on the color IR, but wetlands were not detected on the color
and only to a small extent on the color IR. Again, summarizing the
relative error for Level II urban categories, residential was under-
estimated 21 percent on the color and 28 percent on the color IR. In-
tensive development was under-estimated 52 percent on the color and 24
‘percent on the color IR.
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TABLE 4.2.4.a COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR
1 7558 5,216 - 2,342 - .31
2 7,929 . 10,624 2,695 .34
4 18,210 20,720 2,510 .14
5 3,781 3,440 - 34 - .09
6 2,509 0 - 2,509 - 1.00
7 10 ] - 10 - 1.00
AGGREGATE 39,997 20,000 5,204 .13

TABLE 4.2.4.b COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
1.1 4,720 2,112 - 2,608 - .55
1.2 290 1,855 1,566 5.40
1.4 513 208 - 305 - .59
1.5 480 552 72 .15
1.6 1,215 448 - 767 - .B3
1.7 340 ] 340 - 1.00
2.1 1,502 616 - 886 - .59
2.2 2,125 0 - 2,125 - 1.00
2.4 4,302 10,008 5,706 1.33
4,2 56 0 - 56 - 1.00
4.3 18,154 20,720 2,566 14
5.1 3,176 3,020 - 156 - .05
5.2 142 420 278 1.96
5.3 463 0 - 463 - 1.00
5.4 0 0 0 0
6.1 891 0 - 89 - 1.00
6.2 1,618 0 - 1,618 - 1.00
7.2 0 1] 0 0
7.4 10 0 - 10 - 1.00
AGGREGATE 39,997 40,600 10,206 .25
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TABLE 4.2.5.a COMPARISON OF SKYLAB S190B (COLOR INFRA-RED) DATA)TO
1968 LUNR DATA (LEVEL I}

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
1 7,558 5,560 - 1,998 - .26
2 7,929 I 9,764 1,835 .23
4 18,210 26,800 2,590 .14
5 3,781 3,696 - 85 - .02
& 2,509 136 - 2,373 - .95
7 10 44 34 3.40

AGGREGATE 39,997 40,000 4,458 .11

TABLE 4.2.5.b COMPARISON OF SKYLAB S190B (COLOR INFRA-RED} DATA TO
1968 LUNR DATA (LEVEL II)

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

~

LEVEL II 1968 LUNR SKYLAB S1908 ERROR RELATIVE

CATEGORIES {Hectares) (Hectares) (Hectares) ERROR
1.1 4,720 1,780 - 2,940 - .62
1.2 290 1,852 1,562 5.38
1.4 513 304 - 209 - .41
1.5 480 704 224 .47
1.6 1,215 304 . - 411 - .3
1.7 340 116 - 224 - .65
2.1 1,502 1,200 - 302 - .20
2.2 2,125 4] - 2,125 -1.00
2.4 4,302 8,564 ’ 4,262 .99
4.2 4] 0 0 0
4.3 18,154 20,800 2,646 .15
5.1 3,176 3,088 - 88 - .03
5.2 142 608 466 3.28
5.3 463 1] - 463 - 1.00
5.4 0 0 0 0
6.1 891 ) 76 ~ 815 - .91
6-2 1:618 60 - 1,558 - -96
7.2 0 0 0 1]
7.4 10 44 34 3.40

AGGREGATE 39,997 40,000 7,871 .20
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Pasture/brushland was greatly over-estimated. This was partly due
to factors discussed above: seasons, category definitions, and the five
year growth potential. However, on the Newburgh site, the LUNR brush-
Tand category was moved into forest. This fmproved the forest category,
but it still left the pasture/brushland category very high. It appears
that perhaps as much as 50 percent of the error is due to the large
number of orchards in the area being aggregated into pasture/brushiand.
Many of these orqhards may thg been detected on the basis of épatiaT
patterns at a grgater-magnification and mapping scale, as was the case
for the 1:24,000 scale interprétation of the Ithaca area.

The Suffolk County site was interpreted from color and had the
lowest aggregate error: 5 percent on Level I and 19 perdént on Level II.
(See Table 4.2.6) The aggregate error, however, is distorted because a -
large part of the site included ocean and estuaries. Subtracting these
areas,the aggregate error becomes 7 percent on Level I and 27 percent
on Level II. Again, adjusting these figures for the 95 percent accuracy
of LUNR yields a Z\percent aggregate error at Level T and a 23 percent
aggregate error at Level II. This is somewhat closer to the color in-
terpretation on the Newburgh site. The improvement on Level I cate-
gories over that of the Newburgh site is probably due to effects of the
level topography and the more concentrated land use on Long Island.

Aggregating the Level II urban categories relative error for resi-
dential was over-estimated by 35 percent compared to 1968 LUNR and in-
tensive was under-estimated by 32 percent. In comparing the Level II
relative error between light residential and medium to heavy residential,
based on the definitions applied to these categories, the LUNR inter-
preters placed most of the residential into the Tight category; whereas,
on Skylab it was mostly medium to heavy. In this case, most of the
developments on Long Island were cluster developments where the road
frontage was apparently relatively large as compared-to the lot depth.
Therefore, category definition probably affects the outcome in this case.

The errors in agricultural land cateéories are, again, probably
due to seasonal variations in the spectral character of the land. The
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TABLE 4.2.6.a COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA(SKYLAB SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
1 9,239 9,836 597 .06
2 12,818 10,449 - 2,369 - .18
4 17,737 18,264 1,527 .08
5 18,575 18,236 .- 339 - .02
6 1,142 997 - 185 - .13
7 484 1,227 743 1.54

AGGREGATE 59,995 60,009 2,860 .05

TABLE 4.2.6.b COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA {SKYLAB SCALE: 1:62,500)

LEVEL I1I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) {Hectares) ERROR
1.1 5,065 780 - 4,285 - .85
1.2 261 6,384 6,123 23.46
1.4 381 424 -~ 43 11
1.5 1,036 956 - a0 - .08
1.6 2,111 1,252 - 859 - .4
1.7 384 40 - 34 - .90
2.1 7,494 10,388 2,894 .39
2.2 375 0 - 375 -11.00
2.4 4,949 61 - 4,888 - .99
4.2 16 0 - 16 - 1.00
4.3 17,721 19,264 1,543 .0g
5.1 111 ! 24 - 87 - .78
5.2 167 260 93 .56
5.3 155 4] - 155 - 1.00
5.4 18,142 17,952 = 190 - .01
6.1 921 897 - 24 - .03.
6.2 220 100 - 120 - .55
7.2 " 484 1,147 633 1.37
7.4 0 80 80 1.00

"AGGREGATE 59,995 60,009 11,416 .19
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total amount of agricuitural land interpreted is off 18 percent. It
would probabTly not be too far wrong to assume that this represents the
approximate growth of developed Tand for this part of Long Island.

4.3  Comparison of Skylab SI190A and S190B Land Use Data (Levels I and II)

Tables in this section compare the errors and reiative errors as
calculated in sections 4.1 and 4.2 for each of the three test sites.
Separate tables are presented for both Level I and Level II categories
for each of the three test sites and each film type. In general, the
aggregate error for the S190A compares favorably with that for the S190B
on both Level 1 and Level II categories. This is somewhat surprising
in that the resolution of the S190B is two to three times that of the
SlQOA. However, it does seem to indicate that multispectral imagery
can be used to good advantage over that of conventional film types used
in photo interpretation. No trends are apparent in comparing the rela-
tive error among the Level 1 and Level II categories. The error rate
appears to vary independently between the S190A and S120B among the
various levels. Part of this variation results from variations in the
Sites and in interpreter judgment. Figure 4.3.1 summarizes and contrasts
the aggregate error for both systems on all three test sites.

Three staff members interpreted the S190A and S190B data. Since,
in each case, each interpreter was either working on a different site
or a different film type, variations would naturally be introduced.
Yariations in general were greater for catedgories comprising small areas.
No attempt was made to estabiish the variation on either the relative
or aggregate error. To do so would require special tests to determinq
the average learning curve of each interpreter for each film type, and
at least five to six-different interpreters interpreting each film.
The test would have to be set up as a typical "blind fold test" where
interpreters would train .on one area and then interpret an unknown area
using information acquired in the training set. This kind of testing
ought to be done with some of the Skylab data; however, it was consider-
ably outside the scope of this project's objective and funding.
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Aggregate Error

COMPARISON OF SKYLAB TO LUNR (1968)

MAP SCALE 1 82 500
FINGER LAKES HUDSON YALLEY LOKRG ISLAND
Tompkins Co Newburgh Suffolk Co
%
34
| —
32 4
28 _ =
4 -
g ¥
>
24 - g @ | ‘
— _._1 2
20 - —_ —
16
- N
12 - ==
8 - §
'] § g
0 [ P
< m « w mX < mos
2 % g 52 58 3 33
@ » @ ®» O ©ng » wo
3]

FIGURE 4.3.1 Comparison of Skylab S190A and S190B Data to the 1968
(Level I categories are indicated by hatched 1ines).
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TABLE 4.3.1.a  COMPARISON OF SKYLAB S190A AND S190B (BLACK AND WHITE)
TO 1968 LUNR DATA (LEVEL T)

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR  S190A  SIS0B  SI90A REL  S$190B REL
CATEGORIES  (Hectarss)  ERROR "ERROR ERROR ERROR

1 3,481, -1,209 2,099 - .35 .60

2 41,512 -5,132  -7,076 - .12 - .17

4 9,095 7,045 5,753 77 .63

5 5,185 23 - 19 .00 - .01

6 724 - 724 - 724 -1.00 -1.00

7 3 - 3 -3 -1.00 -1.00
AGGREGATE 50,000 7,068 7,852 .12 .13

TABLE 4.3.1.b 'COMPARISON OF SKYLAB S190A AND S190B (BLACK AND WHITE)
TO 1968 LUNR DATA (LEVEL II)

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATI N SCALE: 1:62,500)

LEVEL II 1968 LUNR 51904 $1508 S190A REL $190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR
1.1 1,859 - 1,624 981 - .87 .53
1.2 417 511 © 1,687 1.23 - 4.05
1.4 185 - 121 - 185 - .65 - 1.00
1.5 227 - 147 - 159 - .65 - .70
1.6 650 314 - 82 .27 - .13
1.7 143 - 143 - 143 - 1.00 -1.00
2.1 17,819 -14,075 10,713 - .79 .60
2.2 118 - 118 - 118 - 1.00 - 1.00

.4 23,525 9,061 -17,671 -39 - .75
4.2 594 - 594 - 594 - 1.00 - 1.00
4.3 8,501 7,633 6,347 91 75
5.1 , 63 - 63 9 - 1.00 .14
5.2 5,046 162 18 .03 .00
5.3 75 - 7% - 75 - 1.00 - 1.00
5.4 0 0 0 0 0
6.1 435 - 43 - 435 - 1.00 - 1.00
6.2 290 - 280 - 290 - 1.00 - 1.00
7.2 3 - 3 - 3 - 1.00 - 1.00
7.4 0 0 0 - 0 0

AGGREGATE 60,000 17,684 19,752 .29 .33
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TABLE 4.3.2.a COMPARISON OF SKYLAB S190A AND S190B (COLOR) TO
1968 LUNR DATA (LEVEL I}

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR S190A 51908 S150A REL S190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR
1 7,558 - 834 -2,342 - 11 . - .31
2 7,929 4,879 -2,695’ .62 - .34
4 18,210 -.1,082 2,510 - .06 .14
5 3,781 - M1 - 341 - .12 - .09
6 2,509 - 2,508 -2,509 - 1.00 - 1.00
7 10 - g - 10 - 1.00 - 1.00

AGGREGATE 39,997 4,878 5,204 .12 .13

TABLE 4.3.2.b COMPARISON OF SKYLAB:S190A AND S190B (COLOR} TO
1968 LUNR DATA (LEVEL IT)

NEWBURGH, ORANGE COUNTY TEST ‘AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SI90A 51908 S190A REL S190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR ,
1.1 - 4,720 -1,100 -2,608 - .23 - b5
1.2 290 970 1,566 3.34 5.40
1.4 513 - 117 - 305 - .23 - .59
1.5 480 152 - .72 .32 - .15
1.6 1,215 -.683 - 767 - .56 - .63
1.7 340 - 56 340 ~ .16 1.00
2.1 1,502 - 642 - 886 - .42 - .59
2.2 2,125 -2,065 -2,228 - .97 -1.00
2.4- 4,302 7,586 5,706 1.76 1.33
4.2 56 - 56 - 58 - 1.00 -1.00
4.3 18,514 -1,026 2,566 - .06 14
5.1 3,176 - 228 - 156 - .07 - .05
5.2 142 250 278 1.76 1.95
5.3 463 - 463, - 463 - 1.00 -1.00
5.4 0 0 0 o 0
6.1 891 - 891 - 891 - 1.00 -1.00
6.2 1,618 -1,618 -1,618 - 1.00 -1.00
7.2 0 0 0 o 0
7.4 10 - 10 - 10 - 1.00 -1.00

AGGREGATE 39,997 8,957 10,206 .22 .25
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TABLE 4.3.3.a COMPARISON OF SKYLAB S190A AND S190B {COLOR IR} TO
1968 LUNR DATA (LEVEL I)

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR  S190A  SI190B  SI190A REL  S190B REL

CATEGORIES  (Hectares) ERROR  ERROR ERROR ERROR
1 7,558 - 834 -1,898 - .11 - .2
2 7.929 2,879  1.835 62 ‘23
4 18,210 -1,082 2,580 - .06 13
5 3.781 - 441 - 8 - .12 Y
5 2509  -2,509 -2,373 - 1.00 - .9
7 10 - 10 3 - 1.00 3.40

AGGREGATE 39,997 4,878 4,458 .12 .11

TABLE 4.3.3.b COMPARISON OF SKYLAB S190A AND S$1903 {COLOR IR) TO
1968 LUNR DATA (LEVEL II)

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR S190A S190B $190A REL S190B REL

CATEGORIES  (Hectares) FERROR  ERROR ERROR ERROR
1.1 4,720  -1,100 -2,940 - .23 - .62
1.2 290 970 1,562 3.34 5.38
1.4 513 - 117 - 290 - .23 - 41
1.5 480 152 224 .32 .47
1.6 1,215 - 683 - 411 - .56 - .34
1.7 380 - 56 - 224 - .16 - .65
2.1 1,502 - 642 - 302 - .82 - .20
2.2 2,125  -2,065 ~2,125 - .97 - 1.00
2.4 4,302 7,586 4,262 1.76 .99
4.2 5 - 56 - 56 - 1.00 - 1.00
4.3 18,154  -1,026 2,646 - .06 .15
5.1 3,176 - 228 - @8 - .07 - .03
5.2 142 250 466 1.76 3.28
5.3 463 ~ 463 - 463 - 1.00 - 1.00
5.4 0 0 0 0 0
6.1 891 - 891 - 815 - 1.00 - .9
6.2 1,618  -1,618 -1,558 - 1.00 - .96
7.2 0 0 0 0 0
7.4 i - 10 34 - 1.00 3.40

AGGREGATE 39,997 8,957 7,871 .22 .20
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TABLE 4.3.4.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) AND
$190B {COLOR) ERRORS TO' 1968 LUNR DATA (LEVEL 1)

RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA{SKYLAB SCALE: 1:62,500)

LEVEL 1 1568 LUNR S190A SlShB $190A REL S190B REL
CATEGORIES  (hectares) ERROR  ERROR ERROR ERROR
1 9,239 - 155 597 - .02 .06
2 12,818  -2,834 -2,369 - .22 - .18
4 17,737 3,715 1,527 .21 .08
5 18,575 55 - 339 .0 - .02
6 1,142 -1,054 - 145 - .92 - .13
7 284 %8 743 .76 1.54
AGGREGATE 59,995 4,091 2,860 .07 .05

TABLE 4.3.4.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL)-AND
S190B (COLOR} ERRORS TO 1968 LUNR DATA (LEVEL II)

RIVERHEAD-SQUTHAMPTON, SUFFOLK COUNTY TEST AREA (SKYLAB SCALE: 1:62,500)

LEVEL II 1968 LUNR S190A 51908 S190A REL 51908 REL

CATEGORIES  (Hectares)  ERROR  ERROR ERROR ERROR
1 .1 59 065 ‘4: 693 '4:285 - -93 - .85
1.2 261 7,251 6,123 97.78 23.46
1.4 381 - 381 43 - 1.00 .11
1.5 1,036 - 348 - 80 -3 . - .08
1.6 2,111 -1,599 - 859 - .76 - 41
1.7 384 - 388 - 344 - 1.00 - .90
2.1 " 7,494 1.626 2,894 .22 .39
2.2 375 - 367 - 375 - .98 - 1.00
2.4 4,949  -4,093 -4,388 - .83 - .09
4.2 16 - 16 - 16 - 1.00 - 1.00
4.3 17,721 3,731 1,543 .21 .09
5.1 111 - 111 - 87 - 1.00 - .78
5.2 167 - 147 93 ~ .88 .56
5.3 155 - 155 - 155 - 1.00 - 1.00
5.4 18,142 118 - 190 .01 - .0
6.1 921 - 837 - 24 - .91 -~ .03
6.2 220 - 216 - 120 - .98 . - .55
7.2 484 368 - 633 .76 1.37
7.4 0 0 30 0 1.00

AGGREGATE 59,995 13,221 11,416 .22 .19
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4.4 Comparison of ERTS-1 and Skylab S190A to LUNR Inventory

The ERTS-1 interpretation from data cpllected over the Newburgh
site in August, 1973, is compared to LUNR in Table 4.4.1 and to the
SI90A interpretation in Tabie 4.4.2. ERTS-1 has a resolution of approxi-
mately 100 meters; whereas, the S190A photography has a resolution of
about 30 meters. The difference in aggregate error largely reflects
the difference in resolution as discussed above in Section 3.4. MWater
details were more accurately interpreted on the LANDSAT data than on
Skylab. However, other features appeared to be more discernable on
the Skylab data.

The accuracy obtained on the ERTS interpretation was quite poor.,
For sake of comparison, an ERTS scene of August 30, 1973, was inter-
preted. By using this particular scene, it was felt that the spectral
components of the scene would not have changed much from that appearing
on the Skylab photography 20 days later. No ERTS data was available
for the time of the Skylab coverage.

The aggregate error compared to LUNR is 28 percent on Level I and
42 percent on Level II. Adjusted to reflect the accuracy of LUNR, the
error is reduced to 24 percent on Level I and 39 percent on Levéel II.

Atmospheric degradation was quite severe on this ERTS scene. In
addition, from data obtained on previous studies (Hardy, et al, 1974),
middle to tate summer proved to be the worst season to inventory most
kinds of land use. These two factors combined Tikely contributed. to
a large amount of error, particularly on the Level I categories where
better results would have been expected.

4.5 Comparison of Skylab S190B (Color) to 1972 Aerial Photography

Data and comparisons in this section differ in two respects from
those in the previous sections. First, the baseline data is derived
from 1972 aerial photography, mitigating the error resulting from land
use -change which gecurred between the acquisition of the two data bases.
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TABLE 4.4.1.a COMPARISONS OF ERTS-1 DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS-1 [NTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR 1973 ERTS-1 ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
1 7,558 3,484 - 4,074 - .54
2 7,929 19,056 11,127 1.40
3 - - _— —
4 18,210 13,688 - 4,522 - .25
5 3,781 -~ 3,772 - 9 .00
6 2,509 ¢ - 2,509 - 1.00
7 10 0 - 10 - 1.00

AGGREGATE 39,997 40,000 11,126 .28

TABLE 4.4.1.b COMPARISONS TO ERTS-1 DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA‘(ERTS-l INTERPRETATION SCALE: 1:62,500)

LEVEL 1 1868 LUNR 1973 ERTS-1 ERROR RELATIVE

CATEGORIES {Hectares) (Hectares) {Hectares) ERROR
1.1 4,720 200 ~ 4,520 - .96
1.2 290 1,644 1,354 4.67
1.4 513 176 - 337 - .66
1.5 480 584 104 .22
1.6 1,215 876 -~ 339 - .28
1.7 340 -4 - 336 - .99
2.1 1,502 40 - 1,462 - .97
2.2 2,125 \ 0 - 2,125 - 1.00
2.4 4,302 19,016 14,714 3.42
4.2 56 .0 - 56 ~ 1.00
4.3 18,154 13,688 ~_ﬂ3466 - .25
5.1 3,176 3,128 - 48 - .01
5.2 142 644 502 3.53
5.3 463 4 - 463 - 1.00
5.4 0 0 0 0
6.1 891 0 - 89 - 1.00
6.2 1,618 1} - 1,618 - 1.00
7.2 0 0 a g
7.4 10 0 - 10 - 1.00

AGGREGATE 39,997 40,000 16,662 .42
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TABLE 4.4.2.a COMPARISON QF ERTS-1 AND S190A DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS AND SKYLAB SCALES: 1:62,50b)

LEVEL 1 1968 LUNR 1973 ERTS 1973 S190A ERTS REL  S180A REL
CATEGORIES  (Hectares) ‘ERROR ERROR ERROR ERROR

1 7,558 - 4,074 - 834 - .54 .11

2 7,929 11,124 4,879 1.40 .62

4 18,210 - 4,522 - 1,082 - .25 - .06

5 3,781 - 9 - 441 .00 - .12

6 2,509 --2,509 - 2,509 - 1.00 - 1.00

7 10 - 10 - 10 - 1.00 - 1.00
AGGREGATE 39,997 11,126 4,878 .28 .12

TABLE 4.4.2.b COMPARISON OF ERTS-1 AND. S19CA DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS AND SKYLAB SCALES: 1:62,500)

LEVEL IT - 1968 LUNR 1973 ERTS . 1973 S190A  ERTS REL  S190A REL

CATEGORIES ~(Hectares) ERROR ERROR ERROR ERROR
1.1, 4,720 - 4,520 - 1,100 - .96 - .23
1.2 290 1,354 . 970 4.67 3.34.
1.4 513 - 337 | - 117 - .66 -~ .23
1.5 480 104 152 .22 .32
1.6 1,215 - - -339 - 683 - .28 - .56
1.7 . 340 - 33 - 56 -~ .99 - .16
2.1 1,502 - 1,462 - 542 - .97 - .42
2.2 2,125 - 2,125 -~ 2,065 -1.00 - .97
2.4 4,302 14,714 7,586 3.42 1.76
4.2 . 56 - 56 - - .56 -1.00 - 1.00
4.3 18,154 - 4,466 - 1,026 - .25 - .06
5.1 3,176 - 48 - 228 - .0 - .07
5.2 142 - 502 250 3.53 1.76
5.3 463 - 463 - 463 -1.00  --1.00
5.4 0 0 L0 0 0
6.1 891 - 81 - 81  ~-1.00 - 1.00
6.2 1,618 '~ 1,618 - 1,618 - 1.00 - 1.00
7.2 0 0 0 - 0 0
7.4 10 -~ 10. - 10 - 1.00 - 1.00

AGGREGATE 39,997 16,662 8,957 .42 .22
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Second, data is referenced to the UTM grid at the hectare Tevel (ie, grid
Tines are at intervals of .01 kilometers). For both data bases, each
cell in the test area 1is coded according to its predominant use.

Three comparisons are made. Table 4.5.1 is an area-wide compari-
son of S190B to LUNR similar to those in Sections 4.1 and 4.2, except
that in this case the comparison is made on a cell to cell basis at the
hectare level. Table 4.5.2 makes the same comparison to 1972 photography
interpreted by using the same category definitions used for Skylab (see .
Table 3.1.1). Table 4.5.3 makes a direct comparison between the 1968
LUNR interpretation and the 1972 photo interpretation.

Data was recorded first on Opscan mark sense forms* along with the
UTM coordinates for each hectare cell for each of the three interpreta-
tions of an area 5 x 20 kilometers. This resuited in a total of 30,000
cells of information which had to be merged and compared. In addition
to the cell comparisons summarized in the tables, a Tisting was made of
the total number of cells compared to each category. This indicated
into which category misclassified or mismatched cells were placed.

A second variable in making comparisons that has not been discussed
so far is translational error. This is the error incorporated into
any map related to how accurately the interpreter records information
on a point to point basis. This is a particular consideration for com-
puter ‘storage systems since information stored cannot be easily adjusted
to account for a slight shift in boundary lines. When making visual
comparisons, the user generally compensatés by observing the shapes and
relative positions of the areas being compared.

The aggregate error shown on Table 4.5.1 comparing the S190B color
at 1:24,000 scale to the LUNR interpretation at the same scale, is 17
percent on Level I and 27 percent on Level II. The LUNR accuracy for
this site is only 84 percent. Therefore, the total adjusted aggregate
error would only be 1 percent at Level I and 13 percent at Level II.

*Manufactured by Optical Scanning Corpora%ion
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TABLE 4.5.1.a COMPARISON OF SKYLAB 51908 (COLOR} TO 1968 LUNR DATA
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB SCALE: 1:24,000)

LEVEL I 1968 LUNR 1973 S190B ERROR RELATIVE
CATEGORIES (Hectare;s ) {Hectares) (Hectares) ERROR
g* 138 138 0 0
1 1,497 538 - 959 - .64
2 2,442 1,883 - b5g - .23
4 5,407 7,093 1,686 .31
5 299 250 - a3 . - .16
6 216 98 - 118 - .55
7. 1 0 - 1 - 1.00
AFGREGATE 16,000 10,000 1,686 .17

TABLE 4.5.1.b COMPARISON OF SKYLAB S190B (COLOR) to 1968 LUNR DATA
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB SCALE: 1:24,000)

LEVEL IT 1968 LUNR 1973 51908 ERROR RELATIVE
CATEGORIES {Hectares) {Hectares) {Hectares) ERROR

% 138 138 . 0 1]
1.1 1,021 397 - 624 - .b1
1.2 261 35 226 .87
1.4 70 7 - 63 - .90
1.5 68 54 - 14 - .21
1.6 20 40 20 1.00
1.7 57 5 - 52 - .91
2.1 361 1,200 839 2.32
2.2 1 . 0 - 1 - 1.00
2.4 2,080 683 - 1,397 - .67
4.2 139 0 - 139 - 1.00
4.3 5,268 7,093 1,825 .35
R 245 250 5 .02
5.2 54 0 - b4 - 1.00
5.3 0 0 0 0
5.4 0 0 0 0
6.1 71 21 - 50 - .70
6.2 145 77 - 68 - .46
7.2 1] 0 0 0
7.4 1 0 - 1 -1.00
AGGREGATE 10,000 10,000 2,689 .27

*Cells not recorded in the computer tabulation.
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TABLE 4.5.2.a COMPARISON OF SKYLAB S190B {COLOR) TO 1972 PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1972 PHOTGS 1973 5190B ERRCR RELATIVE
CATEGORIES (Hectares) {Hectares) (Hectares) ERROR

0* 528 138 0 1]

1 834 538 - 29 - .35

2 2,167 1,883 - 284 - .13

4 5,951 7,093 1,142 .18

5 308 250 - 58 - .19

6 212 93 - 114 - .54

7 0 0 0 I

AGGREGATE 10,000 10,000 1,142 .11

TABLE 4.5.2.b COMPARISON OF SKYLAB 51908 (COLOR) TO 1972 PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL 11 1672 PHOTOS 1973 S190B ERROR RELATIVE
CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
0% 528 138 - 0 0

1.1 663 397 - 266 - .40
1.2 46 35 - 11 - 24
1.4. 25 7 - 18 - .72
1.5 65 54 - 1 - 117
1.6 35 a0 5 -14
1.7 0 5 5 1.00
2.1 1,163 1,200 37 .03
2.2 1 0 - 1 - 1.00
2.4 1,003 683 - 320 -3
4.2 1,001 0 -1,001 - 1.00
4.3 2,950 7,003 2,143 .43
5.1 269 250 - 19 - .07
5.2 39 0 - 39 - 1.00
5.3 0 0 0 0
5.2 0 0 0 0
6.1 0 21 21 1.00
6.2 212 77 - 135 - .68
7.2 0 0 0 0
7.4 0 0 0 0
AGGREGATE 110,000 10,000 2,211 .22

*Cells not recorded in the computer tabulation.
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TABLE 4.5.3.a COMPARISON OF 1968 LUNR TD 1972 AERIAL PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1968 LUNR 1972 PHOTOS ERROR RELATIVE
CATEGORIES {Hectares) (Hectares) {Hectaras) ERROR
o* 138 528 0 0
1 1,497 834 -~ 663 - .44
2 2,442 2,167 - 275 - .11
4 5,407 5,951 544 ‘.10
5 299 308 9 .03
6 216 212 - 4 - .02
7 1 0 - 1 -100
AGGREGATE 10,000 10,000 943 .09

TABLE 4.5.3.b COMPARISON OF 1968 LUNR TC 1972 AERIAL PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 13;24,000)

rd

LEVEL II 1968 LUNR 1972 PHOTOS ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
o* 138 528 0 0
1.1 1,021 663 - 358 - .35
1.2 261 a6 - 215 - .82
1.4 70 25 - 15 - 64
1.5 68 65 - 3 - .04
1.6 20 35 15 .75
1.7 57 0 - 57 - 1.00
2.1 361 1,163 802 2.22
2.2 0 0 0 0
2.4 2,081 1,004 . -1,077 - .52
4.2 139 1,001 862 6.20
4.3 5,268 4,950 - 318 - .06
5.1 245 269 . 24 .10
5.2 54 39 - 15 - .28 .
5.3 0 0 0 0
5.4 "0 0 0 0
6.1 71 0 - 7 - 1.00
6.2 145 : 212 67 . .46
7.2 0 0 0 0
7.4 1 0 - 1 - 1.00"

AGGREGATE 10,000 " 10,000 2,160 22

*Cells not recorded in the computer tabulation.
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Very T1ikely, these adjusted figures are somewhat specious. However,
this again demonstrates the necessity to apply more rigorous statis-
tical methods to determine the accuracy of the interpretation for
various categories in an inventory. Making the same comparison to

the 1972 photography, the Level I aggregate error is 11 percent and

22 percent. The relative error among the categories is also much Tower
in Table 4.5.2 than in Table 4.5.1. However, iooking at Table 4.5.3,
which compares LUNR to the 1972 photography, there is a aggregate error
of 9 percent on Level I and 22 percent on Level II. Part of this error
reflects land use change over four years, but probably a bigger source
of error comes from three sources: 1) differences in category defini-
tion, 2) interpretation variability, and 3) translational error. In
the case of the residential sub-categories, it is 1likely that the
discrepancies are due in part to the LUNR category definition and in
part to the actual interpretation. According to Tocal officials, the
region was supposed to have undergone an increase in the number of rural
residential units. If this is the case, then one can only conclude
that the 1968 interpretation was in error, or that the interpreter was
Tiberal in circumscribing areas around these uniis.

It should be stressed here that numbers representing various cate-
gories on any photo interpretation are only relative to the rest of the
interpretation. In no way should they be considered absolute numbers.
This poses certain problems in comparing data from two different Sources
in that the total error and variation about the mean error is seldom,
if ever, calculated. But without such information, it is not possible
to give precise accuracy figures or make statistical comparisons among
different interpretations of the same area or different areas.

In further examination of Table 4.5.2, only five of the nineteen
categoriés had any substantial number of hectares. Of these, light
residential was generally scattered. Even so, in absolute numbers the
error is not as great as the percentages would seem to indicate. Exami-
nation of the totals for the cell by cell comparison reveal that most
of the light residential, not categorized as such, was placed %n the
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forest category. As large areas are heavily forested, this would indi-
cate that the canopy was obscuring a good portion of the résidential
units. Photography obtained in a different season would probably reflect
a more accurate level for this category.

The same tabulation shows that active agriculture, pasture/brush-
Tand and forest were often confused. Some of the error is undoubtedly
translatijonal error; however, as discussed previously, additional varia-
tion is introduced with the time of year involved plus the small size
of the areas c9ncerned.

Coniferous forest was not detected. The cell by cell comparison
shows that most of it was lumped into the mixed forest category. Com-
bining these two categories brings the error down to 19 percent over-
estimation. An inventory update for this area, using 1972 photography
showed that the Catskill region, which included this test site, had an
increase in forest land although the average increase was not tha%'high.*

*Land Use and Natural Resources (LUNR) Inventory - Ulster County, prepared
for the Temporary State Commission to Study the Catskills, by the R.I.L.,
Department of Natural Resources, Cornell University, September 1974.
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5.0  ASSESSMENT OF SKYLAB PHOTOGRAPHIC SENSORS FOR LAND USE INVENTORIES

During the course of this study. a sample of each film type exposed
in the SL3 Mission has been examined from both the S190A and S190B photo
systems with respect to its interpretability for various land use cate-
gories. The results of various intrepretations have been described in
detail in Sections 3 and 4. This section will attempt to assess each
sensor/film type combination as to its relative utility for land use
inventory analysis and its potential for updating an existing inventory.

e R

For the readers' clarification, it should be kept in mind that
statements on assessments of the various film/sensor systems are limited
to this one time period. In various sections of the report, statements
appear in the text concerning seasonality effects. These are generally
based on previous experience with LANDSAT (ERTS-1) data or aerial photo-
graphy. Additional comments on seasonality effects will appear in
Section 5.3.

Overall, in terms of interpreter preference, a ranking of sensor/
film types would be as follows: 1) S190B color, 2) S190A multispectral
color composites, 3) $190B black and white {in certain categories, spe-
cific spatial patterns were characteristics: this would be preferred to
the color composites because of the increased resolution), 4) S190B
color infra-red, 5) S190A color, 6) S190A color IR. Because of the
gooé tonal contrast and excellent resolution, the S190B color proved
to be the overall best choice for conventional photo interpretation
assuming that special equipment is used to enlarge the scene to its reso-
Tution Timits. In situations where a facility does not have expensive
viewing equipﬁent, enlargements of black and white color separations can
be made to any desired scale and then reconstituted to approximate color
by the diazo process as shown in Figure 2.3.1. Although some detail may
be Tost in the color separation process, the overall effect is to in-
crease the amount of information that an interpreter can extract at this
larger scale, compared to interpretations done at smaller scales.

The black and white S190B has the best resolution properties. How-
ever, from an interpreter's view, the tonal distinctions feor various
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land use categories are often not discrete enough to give a high tevel
of confidence on accuracy, particularly on vegetative features. Never-
theless, certain features which have specific spatial patterns are
defined sufficiently only on the black and white (S190B), such as
orchards and residential categories (particularly light residential)}.
In these cases, extreme enlargements of the high resolution black and
white film can provide reasonably accurate information on the location
and areal extent of these categories.

The 51908 color infra-red film is best used for interpreting water
related information, including wetlands. The experience gained on
this project is 1imited to coverage near the end of the growing season
in the middle of September. Most agricultural crops have been already
harvested by this time leaving stubble and undergrowth in the fields.
Therefore, 1t is not expected that there is as much spectral distinc-
tion among vegetative categories at this time as might be the case in
different parts of fﬁe growing season.

The color and color infra-red films examined‘on the S190A were
the 4X enlargements provided by NASA. Although the quality in terms
of color balance and resolution appeared to be improved over the
original 70mm dupes, neither film type compared favorably with infor-
mation which could be derived from the S190A color composites. In
the case of the infra-red film, the resolution was much worse than
what could be obtained by synthetically constructing a color infra-
red composite from the black and white filtered S190A bands (AA+,
BB+, DD+). Likewise, neither the resolution nor the tonal contrast
of the S190A color film -could match that obtained with vardous color
composites constructed to enhance and contrast specific categories.

5.1 Information Content with Respect to Spectral Bands
In applying the CIE Color Prediction Model for analysis of the

density variations among the SI90A filtered black and white bands,
one can maximize the number of category separations. Since the model
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works on the basis of black and white density inputs, repeatability
is hampered mostly by variations in the diazo dyes. Except where
density differences between two categories are very slight, resulting
in poor color contrast, most people with normal color vision Should
not have much difficulty interpreting the results.

In view of the data analysis in Section 4, it is apparent that
the interpretation results from the S190A compared very favorably
with that obtained from the S190B. Since the resolution of the S190B
was two or three t{mes greater-than the S190A, one can only conclude
that compositing and color coding densities from the multispectral
bands results in better category discrimination and increased accuracy,
assuming equivalent resolution of the film/sensor configuration, than
in the case with conventional black and white, color, or color infra-red.

Certain problems exist with the spectral band configuration chosen
for the S190A. In general, the spectral bands are much too broad for
good category separation based on discrete density ranges. This is
complicated by the fact that in each case the filter bands overlap
considerably (reference Figure 2.0.1). Since the percent transmittance
in the overlap areas range up to nearly 40%, a considerable amount of
continuous tonal overlap can be expected, ie, densities from filter
band AA would tend to grade into densities in filter band BB. The
resuits of this filtering have been discussed in Section 3.2, and sum-
marized in Figure 3.2.2. As indicated in Section 3.5, narrow band data
obtained from an $192 converted film product collected over Lansing,
Michigan, upon inspection, appeared to give much more discrete separa-
tions than the broader band S190A coverage used in New York. This view
seemed to be confirmed when high altitude color infra-red photography
was obtained for the same areas. It should be noted, however, that
no comparison of bands from equivalant regions was made since there was
not immediate availability of S190A coverage of the Lansing, Michigan
area. Therefore, only a qualitative assessment can be made.

Only six of the spectral bands on the 13-channel S$192 scanner
were selected after careful inspection. Selection was based on
observable density shifts from band to band and on whether the bands
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collected data along important segmenté of the characteristic chloro-
phyll curve. Since only a singie test was run, it is not possible

to speculate on what the full potential of the narrow band S192 data
might be. However, it appears that enough distinctions are evident
between the S190A and S192 to make possible applications for proposed
narrow band multispectral scanner systems very intriguing.

It should be noted that many of the major density discriminations
on the selected $192 channels occurred in the infra-red bands from
1.0 to 2.43 nanometers. This region cannot be photographed. Since
this is the case, it is Tikely that electronic scanner systems which
also have the capacity of collecting thermal data will Tikely be the
major collection devices of the future, especially where great reso- )
Tution 7s not required.

In cases where resolution is a major factor, it seems quite rea-
sonable, based on the data shown, to suggest that four earth terrain-
mapping cameras be constructed in a S190A camera mode. Each camera
should have a narrow band filter which yiglds discrete data segments
from the characteristic chlorophyll curve. These data segments
should include the maxima and minima refleciance regions of chlcro-
phy11 in the visible region as well as a single band well into the
near infra-red which does not include the Teading edge of the infra-
red portion of the curve. That portion of the curve apparently shifts
considerably with changes in the growing season as well as with spec-
tral variations among different vegetation types. Since density values'
recorded on film are an average of the transmittance.received by that
band, care should be taken so that the average transmittance of the
“chierophyll curve in one band path does not approximate that in another
band path. If this occurs, a continuous gradation of tone in some
categories might occur between two adjacent bands making separation
difficult or impossible.

5.2 Effects of Resolution on Category Definitions

As it has been stated in previous discussions, the increased
resolution of the S190B film/sensor system contributed greatly to the
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ease in interpretability of those categories which have less distinct
spatial patterns such as 1ight residential, orchard, and intensively
developed areas. This is not to contradict the data shown in Section 4,
but merely to emphasize that interpretability is influenced by a number
of factors, one of which is being able to easily associate certain
patterns with a familiar category such as a residential complex. The
resolution 1imits of the $190B sensor are such that it does permit the
identification of very large man-made structures as can be seen in the
black and white enlargement of~Ithaca (Figure 2,3.2), but most physical
structures are not that large. As indicated above, the color $190B sys-
tem is preferred for two important reasons: 1) good resolution which
begins to put spatial patterns into more meaningful relationships, and
2) it presents a more pleasing scene which the interpreter can again
easily translate. The ground resolution element of the S190B color
covers about 2,500 square feet. Few residential units are that Jarge
and are therefore not directly identified on the basis of a single
point. but only as a pattern of points. In this sense, one would expect
a greater interpretation bias for picking up organized residential units
such as within a city or clustered subdivisions. There is considerable
evidence to suggest that a great deal of urbanized expansion takes

place intiallly as individual scattered units interspersgd among several
different land use types. Therefore, unless these units are large
structures,~ such as a shopping cenfer, they will probably go unde-
tected most of the time simply because they do not exhibit a readily
identifiable pattern and the resolution is insufficient to specifically
identify the object.

Another factor which may account for somz increased detectability
of new residential units vs. older ones is the type of roofing material
used. Many new houses tend to use light colored, highly reflective
roofing. Many older ones have darker non-reflective materials. To
what extent this is a factor is unknown, but anything that would raise
the albedo level would increase the detectability.

In the case of the S190A color composites, some of the areas were
correctly classified as being spectrally different from surrounding land
use on the basis of increased contrast. This contrast varies among the
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different spectral bands. As such, it is possible to generate a diffe-
rent hue reflecting a different Tand use even though the spatial pattern
may be indistinct. In the case of conventional black and white or color
film, the tonal contrast may not be sufficient by itself to identify
discrete features among integrating Tand uses. Therefore, except where
patterns are evident, a great deal of urbanized expansion is likely to
go undetected especially where complex land use patterns and topography
exist. This appears to be the case in the Tompkins County and Newburgh
sites in contrast to the more organized and uniform site on Long Island.
These difficulties are reflected in the tables in Section 4.

It should be kept in mind that one of the main advantages of sate-
Tlite systems is the synoptic view obtained from the space platform.
From its vantage point, the satellite can view macro-processes that
can only be glimpsed piecemeal, if at all, from airborne systems. Per-
haps, not enough attention is being focused on analyzing these macro-
processes, particularly those related to land use and natural resources.
(The weather satellites already prqvide important information on macro-
processes affecting our climate). It is undoubtedly a major feat to
classify individual acres of land or even smaller features from space,
but the guestion should be raised whether the information gained is
sufficiently accurate and useful to compete with data already available
or easily acquired by local agencies. This question as it applies to
New York State is addressed in part in Section 6.

Category definitions can be shaped by the resolution of the sensor
used or they can dictate the necessity of acquiring data with a minimum
resolution. To a large extent, both the type of sensor system and a
minimum reguired resolution are important to obtain useful information.
The difficulty is in defining the categories in some hierarchical order
from general to speeific that accounts for the spatial and spectral
properties at each level of classification. In order to arrive at an
optimal system more information is required on user needs and how data.
once acquired, is finally applied. Thereafter, better sensor systems
can be defined which will more fully.-meet the requirements of the user
community (see the discussion in Section 7).
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Restricting this assessment to sensors used in the Skylab Project,
the most optimal system with respect to resolution is the S190B earth
terrain camera. As indicated above, the maximum resolution of this
sensor using black and white film appears to be about 30 to 40 feet.
Referencing the discussion in Section 4, the maximum benefits of this
resolution are only evident with extreme magnifications. But, again,
Tack of tonal separation and spectral distinctions limits the usability
of conventional black and white film. The benefits of both tonal sepa-
ration and spectral distinction are evident when comparing the inter-
pretation results between the SI90A and the S190B. By increasing the
contrast of land use categories within a scene as can be done with
spectral data combined with the abitity to discriminate patterns with
increased resolution in the S]éOB camera, much more information should
be derived without the requirement for new technical developments.
Therefore, as discussed in the previous sections, using the earth terrain
camera in a spectral mode would appear to be the most efficient use of
existing equipment.

5.3 Effects of Seasonality on Land Use Interpretations

As indicated in various comments in Sections 3 and 4, seasonal
changes very 1ikely have considerable infiuence on the interpretability
of certain categories of land use. Most obvious are the categories
made up of vegetation or associated with vegetation. Phenological shifts
throughout the year dramatically affect the object to background con-
trast ratio. Such shifts will affect the interpretation of all the
vegetation categories. The most difficult part of the problem is
defining the transition zone of integrating categories, for instance,
forest to brushland to pasture to active agriculture, or pasture to
Tight residential, or forest/brushland to residential. The most diffi-
cult time to get éood object to background contrast is middie to late
summer. The best contrast ratio appears to be in Tate spring when
teafing is commencing, or early fall when senescence and coloration of
the foliage has started.
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Since MNew York State coverage on Skylab missions was restricted to
September 10-19, 1973, no seasonal changes were observed. However,
some seasonal analysis was accomplished on ERTS (LANDSAT) data (Hardy,
et al, 1974). Results of that study indicate that changes in the spec-
tral response of vegetation will cause shifts in the size of parcels
of vegetation categories and correspondingly in urban or residential
areas. Since vegetated areas may be small in spring and fall and
correspondingly expand in summer, areas for other categories adjoining
would show inverse relationships. On the basis of interpretation results
obtained in the ERTS study on New York State, mid-May or mid-October
would Tikely provide the best results on land use interpretation for
most categories. The period of June through September appeared to
yield the worst results when compared to the 1968 LUNR data. There was
also some indication that combining data from different seasons in a
single color composite often improved the results of the interpretation.
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6.0 INFORMATION/DATA REQUIREMENTS SURVEY

6.1 Introduction

It has already been noted that a significant gap exists between
research and application in the field of remote sensing (Henderson,
1974, p. 985-987). Floyd M. Henderson states that the researcher
in remote sensing is frequently unaﬁare of what data and information
the potential user requires, and users are often unaware of the capa-
bilities and limitations of remote sensing syétems. The result is
a dearth in operational applications of remote sensing technology.

This communications gap is also considered in a recent paper by
Ronald L. Shelton and Ernest E. Hardy (Shelton and Hardy, 1974).
They note that "General public understanding of the technologies
{remote.sensing and computer-based information systems) is weak, and
engineers and technicians often fail to communicate the full potential
{and Timitations)} of their devices to the potential and actual user.”
They further note that repeatediy, technology application projects
dealing with Tand use and natural resources are failing because the
administrator was unaware of the technical constraints, or because the
technologist failed to communicate or té understand these himself,
or because the technologist ignored or did not fully understand the
needs or context of the project.

Henderson offers three suggestions for applied research to help

remedy these problems:

- Potential users should be familijarized with basic remote
sensing techniques, applications, capabilities and Timitations.
‘Emphasis should be directed toward-methods applicable to the
users' particular needs and budgetary constraints;

- The needs of potential users at all jurisdictional levels
should be ascertained. Once this information is obtained,
then research can be directed toward solving these applied
problems; and

- Display format and classifications schemes must be oriented to
the intended user. ‘
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6.2 Objectives of Study

Based on the above mentioned considerations, two primary objec-

tives were conceived for the Data/Information Requirements Survey:

- To acquaint users of land related information with satellite
imagery (ERTS, as well as Skylab) and with the general concept
of multispectral analysis; and

- To attempt to determine their land related information needs
in terms of scale, geographic accuracy, categorical detail,
and frequency, and insofar as possible, to relate these needs
to satellite acquired information.

6.3 Design of Investigation

6.3.1 Study Areas. Three study areas were chosen in New York
State for the overall Skylab project: the Finger Lakes area, the
Hudson Valley, and Suffolk County on Long Island, These areas were
chosen primarily because good coverage was available from both the
SkyTlab ST90A and S190B camera systems.

In each of these three areas, several counties were selected for
inclusion in the Data/Information Requirements Survey. In the Finger
Lakes area, Cayuga, Monroe, Ontario, Seneca and Tompkins counties were
selected. Monroe County Tacks Skylab coverage, but was included because
it contains a major urban area (Rochester} and has experienced rapid
suburban growth.

The remaining counties are largely rural in character, but each,
with the exception of Seneca County, contains a moderate size urban
area. Dutchess, Orange and Uister counties were selected in the Hudson
Valley. Each of these counties has experienced considerable population
growth, and each contains at least one moderate size, albeit declining,
urban area. Suffolk County on Long Island experienced by far the great-
est rate of growth of any county in the state between 1960 and 1970, and
is the most populous county included in the survey. In terms of land
use, it is also one of the most diverse.

6.3.2 Survey Procedure. 1In each of the counties in the three
study areas, several governmental agencies, functional departments, and

non-governmental organizations that make use of land related information
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were selected for inclusion in the survey.

As a preliminary step in the survey process, discussions were
held with Cooperative Extension agents from Dutchess, Orange, Ulster
and Suffolk counties. Extension education, along with teaching and
research, is one of the principal responsibilities of the statutory
colleges at Cornell University. The county agents provide the link
between the University and the citizens of the state. Consequently,-
the county agents have first-hand knowledge of those local and regional
agencies and organizations with interests in land use and natural
resources, as well as considerable insight into local problems and
needs. The agents provided a preliminary 1ist of contacts in their
respective counties. This Tist was augmented with several regional
agencies whose jurisdiction overlapped the study areas. In the Finger
Lakes area, direct contact was made with the appropriate agencies.

A Tist of the selected agencies, departments, and organizations con-
tacted is provided in Appendix A. ’

Due to the apparent communications gap that exists between
researcher and information user, a two-phase survey procedure was
initiated. The introductory phase was intended to acquaint the poten-
tial user with Skylab and ERTS imagery, with the concept of multispectrai
analysis and with the use of false color composites to delineate certain
Jand uses and natural characteristics. The advantages and Timitations
of this type of analysis in particular, and satellite imagery in
general, were discussed. Factors considered included scope, scale,
resolution, categorical detail and definition, and frequency of coverage.
Examples of S190A and S190B imagery, both hard copy and false color
diazo composite transpaﬁencies, were demonstrated to survey participants.
It was intended that this introductory phase would provide participants
with a common knowledge base, and allow them to respond to questians in
the second phase with a broadened understanding of remote sensing tech-
nology. The second phase of the survey procedure consisted of an
in~depth interview structured around a detailed questionnaire.

In order to facilitate the study of a diverse group of information
users, a conceptual framework was devised. In a sense, each agency or
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organization (potential user) can be viewed as an information process-
iﬁg unit. Here information is interpreted in a general way so as to
include such things as numerical data, maps, written reports, recom-
mendations, actions, etc. Information comes into the agency or organ-
jzation, and there, may be combined with additional “information, or
otherwise transformed. The agency/organization output is new infor-
mation, or in some cases the same information. The three .components
of information flow may be characterized as reception, conduction
{processing or transformation) and output transmission (Churchman,
Ackoff and Arnoff, 1957, p. 76). The various agencies and organiza-
tions, Tinked by information flows, together form a communication
network.

The conceptual framework described above provides the basis of the
interview questionnaire. The network model may suggest points in the
system where different types of information might best be acquired,
where different acquisition systems might be used, and how this infor-
mation might be developed into an integrated information system.

The questionnaire was organized into five sections:

1. Agency/Organization Characteristics. Possible distinguishing
characteristics include: function, subject area, geographic jurisdic-
tion, organizational relationhips, personnel, and kinds and scope of
activities.

2. Data/Information Needs. Factors include: categorical detail
and definition, resolution and desired frequency.

3. Data/Information Acquisition and Storage. Factors include:
methods of acquisition and storage, and transmission of data and infor-
mation between various agencies and organizations.

‘ 4, Data/Information Processing and/or Analysis; Factors include:
extent and methods of analysis, and use of computing equipment. These
factors méy bare on the kinds, quality, format and amounts of data/infor-
mation required.

5. Agency/Organization Products and/or Services. Factors include:

products and services {output transmission) and immediate users and
beneficiaries of this output (including the nature of the 1inks between
them and the transmitting agency).
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For this particular survey, it was felt that an in-depth inter-
view structured around a questionnaire had several advantages over
other techniques:

1. It mitigates ambiguities which might otherwise exist bacause
of the diversity of respondents:

2. It aliows the respondent to make conditional responses, and
to expand on his answers where appropriate;

3. It allows for additional, unanticipated avenues of inquiry;

4, The questionnaire structure ensures a systematic and complete
interview; and

5. In those cases where the follow-up interview was not possible,

the availability of the questionnaire allowed the participant to respond
by mail.

6.4 Investigation Phase

A rather diverse group of users of land related information was
studied. For purposes of analysis, they have been categorized as
follows:

Planning Agencies
Town Planning
County Planning
Regional Planning

Other Agencies and Organizations
County Environmental Organizations
Operating Agencies
Research Organizations

6.4.1 Planning Agencies. In the conduct of this survey, contacts
were limited to those planning organizations with full-time professional
personnel. Discussions were held with professionals in agencies at the
town, county and regional levels. In addition to these jurisdictions,
many minor civil divisions (cities .and villages) have active planning
boards, some of which are professionally staffed; however, because of.
their 1imited geographic jurisdiction and the intensity of deveiopment,
it was decided to omit these agencies from the survey.
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Town Planning. In New York, towns are the major political subdivi-
sions of the counties. There are some 930 towns in the state. Many,
but not all, of these have citizen planning or zoning boards. Very
few, however, employ full-time professionals. Most of those that do
are located on Long Island and in the Tower Hudson Valley - areas sub-
Ject to considerable development pressure. Town planhning boards not
having their own staff usually rely on the county planning departments
for technical assistance, or employ consultants on a part-time or
contingency basis.

Five town planning departments were included in the survey - two
in the lower Hudson Valley and three in Suffolk County. Also included
was a privately funded, professionally staffed planning group with an
area of interest that includes most of two towns on eastern Long Island.
This group will be discussed separately.

These agencies were small, employing from one to three planners or
professionals in related areas. The geographic area of the towns ranged
from 23 to 100 square miles. Population densities ranged from about
200 to over 4,000 persons per square mile.

Most of the work of these agencies consisted of analysis and eval-
uation of specific projects and deve]opment proposals - site plan anal-
ysis, subdivision review, recommendations for re-zoning, etc., and other
short-term studies. For the most part, town planning agencies were
engaged primarily in what might be termed management functions - coping
with recurring, short-range problems. Except for the planning activities
in one town, policy formulation was clearly of secondary importance to
those management functions.

Because most of their activities involved specific sites and rela-
tively small areas, town planners desired land related information with
a high degree of geographic accuracy - well under ten meters. For
specific projects, land related information referenced to the parcel
was considered desireable.

Land use classification schemes varied from town to town. They
were either based on the Standard Land Use Coding (SLUC) system, The
New York State Land Use and Natural Resources: (LUNR) Inventory, or
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developed internally without particular regard to existing systems.

The required level of categorical detail varied among and within
agencies, depending on the use to which the information was to be put.
Using the four level SLUC system as a reference scale, no agency
required much more than second level detail for general planning pur-
poses. For specific projects, however, considerably more detail was
required. It should be recalled that most activities at the town level
are related to specific projects.

There was no consensus in the responses to the question of how
frequently land related information should be updated.: Responses ranged
from two to five years for urban and rural areas, and from one to five
years for suburban areas and areas of environmental concern.

Town planning agencies usually noted Tand use change in two ways:
through periodic field surveys and through development of proposals
submitted for review. In one intensively developed town, air photo
coverage is obtained every five years and used with ground surveys to
update their inventory. v )

In general though, because of the management orientation of these
agencies, the comprehensive updating of land use assumes a less impor-
tant role than in more policy-oriented agencies. At the town level,
up-to-date information, with the required degree of detail, can be
obtained as needed for specific projects either through ground surveys
or aerial photography,.or a combination of the two.

At the town level, field surveys were a useful and viable inventory
method. They were not only capable of yielding as much categorical
detail as was required, but they also afforded the planning staff the
opportunity to become intimately familiar with the area in which they
worked. This is of no mean importance in the field of planning where
credibility and citizen acceptance are essential to success.

Field observation is particularly well suited for noting new devel-
opment, where changes are abrupt and usually obvious. Changas in natural
characteristics, however, may be more subtie and may not always be appar-
ent from the ground. fNatufaI characteristics, including wetlands, water
areas, vegetation type, are becoming increasingly important factors in
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land use planning. This information, however, was largely absent from
otherwise complete inventories at the town level.

None of the town planners had any previous professional con}act
 with either Skylab or ERTS imagery. The initial reaction to satellite
imagery was positive, particularly.to the high resolution Skylab
photography. Upon reflection, however, the inevitable question was
"what can it do for me?" The reaction is understandable when one con-
siders the geographic area with which they are concerned. The towns
range in area from about 23 to 100 square miles. The Skylab ST90A
image covers a ground area approximately 100 miles on a side or roughly
10,000 square miles; the ERTS image covers a rhombus-shaped area of more
than 13,000 square miles. Thus, with Skylab imagery the town planner is
concerned with about only % to 1 percent of the total field of view;
the ERTS imagery, even less.

The broad and synoptic view afforded by satellite imagery is,
however, not without benefit to town planners. The imagery showed the
towns in their regional context. In particular, the false color enhanced
imagery dramatically showed large scale associations between general
land uses and natural features.

The privately funded, non-profit planning group included in the
survey was less concerned with -management functions, and more with influ-
encing decisions which affect long-range Tand use policies. In general,
many of the same comments concerning information requirements apply to
this group as apply to official town planning agencies. Largely because
of the need to establish support for a policy plan developed outside of
the usual government framework, the information on file is generally
more comprehensive and categorical detail greater than that of their
official counterparts. They too felt that satellite information could
not compete with the information they obtained through conventional
methods, but that the. photographic overview was a useful supplement to
this information.

County Planning. The county is the primary political subdivision
of the state outside of New York City. Excluding the five counties that
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comprise New Yofk City, there are 57 counties in the state. Only two
of these counties lack citizen planning boards, and ail but four of
those with planning boards employ professional personnel.
Ten county planning departments were included in the survey:
Suffolk County on Long Island; Orange, Ulster and Dutchess counties
in the lower Hudson Valley; and Monroe, Ontario, Seneca, Cayuga, Tompkins,
and Broome counties in the generously defined Finger Lakes study area.

NEW YORK STATE COUNTIES IN SURVEY

County 1970 Pop. Land Area 1970 Pop. % 0Of % Of
(Thous.) (sq.mi.) (per sgq.mi.) NY Pop. NY Area
Broome 221.8 714 310.7 1.22 1.49
Cayuga 77.4 698 110.9 .42 1.46
Dutchess 222.3 813 273.4 1.22 1.70
Monroe 711.9 675 1054.7 3.90 1.41
Ontario 78.8 651 121.1 .43 1.36
Orange 221.7 833 266.1 1.22 1.74 .
Seneca 35.1 330 106.3 .19 .69
Suffolk 1127.0 929 1213.2 6.18 1.94
Tompkins 77.1 482 159.9 A2 1.01
Ulster 141.2 1141 123.8 77 2.39
Total 2914.3 7266 401.1 15.98 15.19
State 18,241.3 47,831 381.4 -- --

County planning departments varied considerably in organiza-
tion, staff size and range of staff specialties and type of activities
with which they were involved. Staff size was largely dependent on county
population and rate of growth, but was also influenced by organizational
ties with regional planning agencies. 1In some cases, regional planning
boards provided technical support, and in other cases, staff personnel
were shared with the regional agencies. The departments were staffed
largely by people whose primary academic training was in planning, but
other specialties included: Tlandscape architecture, geography, civil
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engineering, geology, sociology and demography. The more guantita-
tively oriented subject areas, e.g., operations research, systems
analysis, statistics and economics, are conspicuously absent. Only
the Targest agencies had personnel with any significant specialized
training in air photo interpretation.

The work: of county planning departments was largely a mixture
of policy planning (anticipatory decision-making) and management func-
tions {day-to-day decisions involving recurring sorts of problems).

The relative amount of staff reéources‘devoted to each category of
.activities varied considerably from county to county. Some county
departments were involved almost exclusively in policy formulation,
and the towns either had professional staff or engaged consultants
to carry out management functions. In other cases, these activities
were provided for the:towns by the county planning staff.

To some degree, all county planning agencies engaged in research
but this was usually applied research directed to specific local prob-
lem areas. The research findings were intended to provide an informa-
tion base for management-type decisions and policy planning.

Almost all of the departments régarded their activities, visa-vis
land related information, as embracing four ‘basic functions: collection,
processing and storage, analysis and ﬁnterpretation, and to some extent,
use of interpreted information for decision making (or at least for
making recommendations to decision makers).

Not all agencies had a standard Tand use classification system or
up-to-date land related information file. In several cases, this was
due to the need to resolve a specific problem as it arose ~ an activity
which regquires more detailed and up-to-date information than could be
maintained in a comprehensive file. In these cases, information was
obtained as needed.

Those departments that did have a Tand use classification system,
based it on either the New York State Land Use and Natural Resources.(LUNR) -
Inventory, the Standard Land Use Code (SLUC), or the New York State Board
of Equalization and Assessment Property Title Classification Code (NYSEBA),
or some combination of them. The LUNR system was most widely used, but
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usually with some modifications. Modification amounted usually to the
combining of several related land use categories. Much of the popular-
ity of LUNR was attributed to the fact that this _inventory was available
to their county at minimal cost.

The statewide LUNR inventory was produced primarily through the
manual interpretation of aerial photographs, backed up with secondary
sources of information. Quality control was accomplished througﬁ‘sys—
tematic field checks. Because of the methodo]ogy)used and the fact
that the inventory was statewide, it tends to have a strong bias toward
visually discernable characteristics, as opposed to land uses defined
by social or economic activities. As a result, the inventory was gene-
rally considered more than adequate in rural areas, but deficient in
intensively developed areas. Planners in these latter areas preferred
the SLUC or NYSBEA systems, both of which are based more on actual activ-
ities than is the LUNR system. Specifically, several counties were
developing classification systems based on the NYSBEA Property Title
Classification Code. Depending on the degree of cooperation that exists
between county planning and assessment departments, such land use infor-
mation files have the potential for virtually continuous updating. Such
systems could provide a new dimension in the analysis of regional dynamics.

For general planning purposes, the county planning departments
required categorical detail in the 1-2 to 3 digit range in the four Tevel
SLUC system, (and between the first and second levels in LUNR). For
specific projects of limited geographic dimension, most required still
greater detail.

Significantly, except for several externally produced transportation
studies, little or no use was made of statistical models or simulation
techniques. Most of the "models"-used.in the planning departments were
subjective and intuitive, based in a large part on experience and quan-
titative urban theory. This is not to say they are invalid, but uniike
more rigorous models, the planner never has to definitively state his
information requirements. Because of the subjective nature of their
models, most planners appeared more comfortable with more detailed and
gpecific information.
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Requirements for locational accuracy varied in much the same way
as did needs for categorical detail. Accuracy requirements ranged
from Tot Tine referencing for specific studies in more intensively
developed areas to general patterns in rural areas.

There was 1ittle consensus as to how often land use information
should be updated except that revised information should be available
at intervals of no more than five years. In general, frequent up-
dating of urban and agricultural areas was considered less necessary
than for suburban and rural non-farm areas, and areas of environmental
concern.

Even though the counties studied ranged in size from 330 to 1,141
square miles, field surveys were still an integral part of the land
use inventory updating process. In some areas, the field survey was
supplemented by aerial photography and/or reports from individual towns,
where town planning departments operated. Such reporting, however, was
not done systematically. Field surveys were found acceptable where
development was minimal or where most change occurred in relatively
Timited areas.

Direction, extent, and rate of development were of primaﬁy concern
to county planners. Development can occur in three ways: "infilling,"
widely scattered, and/or.along the fringes of presently developed areas.
The inventory updating system must be capable of detecting such changes.
Further, the acceptable error 1imits are largely a function of the actual
rate of change. The inherent error in the detection system must be
sufficiently small so that error does not either obliterate or overstate
actual change. This, together with requirements for categorical detail,
is-in the end the most important factor in determining the utility of
satel1ite acquired land use information for planning purposes.

Although, at present, satellite data appears to be of limited value
to county planners in terms of providing acceptable mapped or quanti-
fiable information, the images themseives are useful for overall visual
anaTysis. Depending on the particular geographic configuration, most
counties can be completely covered within a single satellite image,
versus several hundred Tow altitude aerial photos in mosaic. The satellite
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image thus provides a valuable device for communicating large scale
county planning problems to the general public.

Regional Planning Agencies. For planning purposes, New York is divided
into eleven major regions. Three of these, the Genesee-Finger Lakes,
Central and Southern Tier East Regions, intersect, at least in part,
the Finger Lakes study area. The three counties in the Hudson Valley
and Suffolk County on Long Island are contained in the New York Metro
Region. This region is divided into three subregions. Mid-Hudson,
New York City and Nassau-Suffolk. The three upstate regions and the
two downstate subregions with counties in the survey, contain 28 of
New York's 62 counties and approximately 39% of its total Tland area of
47,831 square miles. In 1970, 36.1% of New York's population of 18.75
million people resided in these three regions and two subregions.

Six government supported regional planning agencies were included
in the survey: 1) Central New York Regional Planning and Development
Boards; 2) Genesee-Finger Lakes Regional Planning Board; 3 Southern
Tier East Regioné] Planning and Development Board; 4) Southern Tier
East Regional Planning Board; 5) Tri-State Regional Planning Commission;
and 6) Nassau-Suffolk Regional Planning Board.

The jurisdiction of the Nassau-Suffolk Regional Planning Board is
the two Long Island counties east of New York City. These two counties
comprise one of the three subregions in the New York Metropolitan Region
(except for Sullivan and Ulster counties), as well as southeastern
Connecticut and northern New Jersey. The Regional Plan Association (RPA}
was also included in the survey. RPA is a privately ?unded, non-profit
planning and research organization concerned with a 12,800 square mile,
three state area centered about MNew York City.

For the most part, the functional activities of these agencies were
research {primarily applied), planning and policy formulation (largely
recommendation). Although these regional agencies were at times invoived
with management type functions, such activities occupied a far smailer
fraction of staff time and resources than they did at or below the county
level. In addition to region-wide planning activities, these agencies
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sometimes provided specialized services to county agencies within their
Jjurisdiction.

Most of the regional agencies were concerned to some degree with a
range of substantive areas. These included: Tland use, natural resources,
housing, transportation, economic and human resources development, social
policy planning, and environmental quality. Emphasis, however, varied
considerably from region to region, and often changed within regions
over time. For example, at the time of the survey, one region was in-
volved largely with physical planning, while another was concerned pri-
marily with economic and human resource development.

Agencies ranged considerably in size - from a staff of four in one
case to a staff in excess of 150 at the Tri-State Regional Planning
Commission. The remainder ranged between about 10 and 40 persons. In
some cases, however, personnel were shared by both the regionaﬁ and
county pianning boards, which increased the range of talent available
to each. In most cases, staff were sufficiently large to allow for
greater specialization than was found in the subregional agencies. The
larger regional, agencies employed specialists in aerial photo interpre-
tation and cartography, which enhanced their ability td utilize newer
techniques for obtaining land related information. In addition, because
of the extensive area for which information had to be collected, regional
agencies appeared to be more amenable to innovative methods of collection
than were the subregional agencies.

A1l of the regional agencies had comprehensive land use information
files. With the exception of the Tri-State Regional Planning Commission
and The Regional Plan Association, all agencies used the LUNR system, or
some modification of it, or used LUNR in combination with the Standard
Land Use Classification System. Tri-State and RPA used a highly aggre-
gated derivative of the SLUC system. In these classification systems,
commercial public and semi-public, and industrial land use, and utilities
are categorized as "non-residential.” Agriculture, forests and extrac-
tive industry are categorized as "vacant." The other regional agencies
used a breakdown that was more specific than the eleven major LUNR cate-
gories, but in general was not so specific as the second Tevel LUNR cate-
gories.
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For some Tocalized projects, however, greater categorical detail was
required. ‘

Tri-State and the Nassau-Suffolk Regional Planning Boards refer-
enced land use information to a grid system having cells one mile on
a side. Both of these systems had been developed prior to the incep-
tion of LUNR, which employs a one kilometer grid based on the Universal
Transverse Mercator (UTM) system. The axes of the coordinate system
used by Tri-State run parallel to the Manhattan Street system and reflect
the Commission's earlier, more Timited role as a transportation plan-
ning agency. Tri-State is presently converting to the metric based
UTM system.

Central New York and the Genesee-Finger Lakes Regional Planning
Boards used the one kilometer LUNR grid. The former agency found this
grid generally too- course, and prefered % km2 cells. The latter agency
also prefered % km2 cells in intensively developed areas.

The grid system is used primarily to reference mapped information
for computer storage, and subsequent suﬁmarization and analysis. Mapped
information generally reflects a ‘higher degree of geographic detail.
Most final regional maps were produced at a scale of 1"= 2 miles. At
this scale, a ground accuracy of 100 meters would appear to be tolerable
since 100 meters on the ground is .0031 inches on the map.

It was generally agreed that land use information for suburban
areas (areas of rapid development} and areas of environmental concern
should ideally be updated annually; and that updating at five year in-
tervals would be sufficient for agricultural apd rural non-farm areas.
For urban areas, the suggested interval for iand use updates ranged from
one to five years.

Most of the data and information used by these agencies was obtained
from secondary sources. These saurces included county planning depart-
ments, and local,state and federal governmental agencies. Outside of
the Metropolitan New York Region, the New York State Land Use and Natural
Resouces Inventory was the major source of land related information.

The Tri-State region, however, is flown periodically in order to update
their Tand use inventory. The Nassau-Suffolk Regional Planning Board
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and the Regional Plan Association, as well as county agencies in the
region, also used this photography. The other regional agencies made
some use of low altitude black and white aerial photography for partial
updating of land use inventorjes and for special studies of projects

in Timited areas. Nassau-Suffolk and Tri-State also made use of high
altitude black and white photography.

Analytic techniques employed by the regional agencies were generally
more sophisticated then at the subregional level. They ranged from
visual analysis of mapped information (subjective models) to quanti-
tative and statistical analysis, to mathematical modeling and simuiation.
The tatter activities were usually contracted out, except at Tri-State
where their large and specialized staff allowed them to do such work
“in-house.” A consequence of the greater emphasis and quantitative
analysis and modeling, was a more explicit determination of informa-
tion requirements. ,

6.4.2 Other Agencies and Organizations. Because of the consid-
erable variation in the function of these agencies and organizations,
and the limited number surveyed, it is impossible to make even
tentative generalizations. Rather, a description of the activities
and Tand-related information requiremtnts of each is presented. These
agencies and ordganizations can be roughly grouped into three categories:
County Environmental Organizations, Operating Agencies, and Research
Organizations.

County Environmental Organizations. Three county-wide environ-
mental groups were included in the survey. Two were Environmental
Management Councils, funded 50% by the New York State Department of
Environmental Conservation and 50% by th county. The third organi-
zation was a creation of, and entirely funded by, the county. A1}
three groups, however, served in a similar advisory capacity to their
county Tegislatures on environmental and related matters. Most of the
manpower was voluntary, although one EMC did utilize the services of
a staff member of the planning department on a full-itime basis. A1l
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of these organizations relied heavily on their respective county planning
departments as the primary source of data and information. Some initiated
limited field surveys for supplemental information.

Most projects of these organizations were done on an ad hoc basis,
with both categorical detail and geographic specificity largely depen-
dent on the specific project. Most of these projects were intended to
provide information for developing or influencing environmental policies.
For those organizations without professional staff support, analysis was
Targely qualitative, relying heavily on mapped information and to a
Tesser extent on aerial photography.

One of the primary functions of these environmental groups is to
stimulate citizen interest. (onsequently, information must be presented
so that it is interesting and understandable to the general public.
Because of the considerable information content and credibility of sate-
11ite imagery, it was considered ideal for educational and public rela-
tions applications. |

Operating Agencies. Three operating agencies in Suffolk County were
included in the survey: Suffolk County Department of Parks, Recreation
and Conservation, Suffolk County Department of Environmental Control,
and Town of Babylon Department of Environmental Control.

The Department of Parks, Recreation and Conservation was primarily
concerned with the development and management of the county's park
system. Land use and natural resource data, and much of the analysis
usedito determine the amount, typg and location of parks and recreation
areas was provided by the County Planning Department. In addition, the
computerized assessment file was usedito locate large tracts of land
which might,.be suitable for park development. The land use and natural
resource information required for the design and development of sites
and facilities had to be both categorically detailed and geographically
specific. Low altitude black and white photography was freqeuntly used
in site planning.

The Department of Environmental Control was charged with county-
wide resource management and environmental planning. Their concerns
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included land, water and air quality, and waste disposal. Staff special-
ties included: civil and environmental engineering, planning, ecology,
geology, hydrology, and marine science.

Because of its impact on the quality of the environment, intensively
developed land and the concomitant effluent were a primary concern of
this agency. Accordingly, they required detailed information about man's
activities on the Tand. This type of information, they found, was best
provided by the county assessment office and/or site plans provided by
developers. The land use classification system employed was based on
that developed by the New York State Board of Equalization and Assessment.

In addition, because much of the work &one by this agency was
of an engineering nature, considerable map accuracy was required.

The town of Babylon Department of Environmental Control performed
monitoring functions for the Town of Babylon similar in many respects
to those done by the County Department of Environmental Control. In
addition, they were responsible for the management of solid waste dis-
posal operations in the town. They worked closely with both the Town
and County Planning Departments and found these to be adeguate sources
of land related information.

Research Organizations. Three research-oriented organizations were
included in the survey: The Marine Resources Council, the Cary Arboretum
of the New York Botanical Gardens, and the Brookhaven National Laboratory.

The Marine Resources Council {Long IsTand) is a professionally
staffed agency concerned with research and monitoring of marine water
quality, marine resources, tidal wetlands, and other coastal zone
resources. It is closely allied with the Nassau-Suffolk Regional Plan-
ning Board and cbtained all required land use information from thenm.

The most useful application of satellite information that they could
foresee was the continual monitoring of erosion and shoreline changes
and marine water quality.

The primary function of the Cary Arboretum is plant research (both
pure and applied), and the propagation and collection of plant species.
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They were to some degree, involved with land use and environmental
planning and management, particularly as it applied to natural resources
They had prepared environmental and resource impact statements, environ-
mental management plans, and have made recommendations to various levels
of government and private activities.

At the time of the survey, projects had not been of sufficient
scope to warrant satellite acquired imagery. However, since most of
their work concerned analysis of vegetative cover, multispectral imagery
acquired through low altitude flights was thought to be potentially
useful. Satellite imagery might alsc be useful in some of the educa-
tional functions of the Arboretum.

The Brookhaven National Laboratory was involved in a large array
of research projects related to energy demand, production and its
environmental impacts. One project invelved, in part, the development
o7 a mathematical air quality model for the northeastern United States.
One independent variable considered for inclusion was generalized Tand
use, since some activities on the land are a source of poliutants.

The Targe geographic area eliminated the need for both categorical
detail and geographic specificity. In fact, in such a large scale model
too much detail could be a Tiability.

The multistate scope, and the many political jurisdictions made
the accumulation of data from separate files difficult. Since the model
was under development, specific land use categories could be designed
so as to accomodate available data. Such large scale (multistate) pro-
jects requiring only very generalized land use information would appear
to be potential clients for satellite information.

6.4.3 Previous Surveys. Two earlier mail surveys of information
needs were conducted, and the responses summarized. (Wulff, ]973, and
Stevens, 1974). These feports are included as Appendices C and D,
respectively.

The November, 1975, Progress Report tabulated the responses from

' the 51 questionnaires which were returned out of the 160 which were

134



mailed to regional and county planning boards, county Cooperative
Extension agents, and private planning consultants in New York State.

The most significant finding was that "1and assessment and plan-
ning should be conducted with information as specific as one to ten
acres.” This is in general agreement with the findings of the more
recent survey. It was also noted that "only a few respondents voiced
skepticism about the planning potential of Skylab data.” The planners
who were contacted in person in the recent survey were generally not
so optimistic, probably because they were afforded the opportunity to
evaluate the product first hand. .

The January, 1974, Progress Report tabulated the responses from
the questionnaires which were mailed to wildlife biologists and envi-
ronmentalists at the regional Tevel in state and federalbagencies.
0f the 81 questionnaires which were mailed, a total of 24 were com-
pleted and returned.

As in the other mailed survey, there was a general concensus for
geographic specificity. Seventy-four percent of the respondents re-
cuired data as specific as one to ten acres. Twenty-one of the respon-
dents indicated that knowledge of present land use was necessary for
their work. '

6.5 Land Use and Natural Resources Information Workshop

As part of the Information/Data Requirements Survey, a Land Use
and Natural Resources Information Workshop was held at Cornell Univer-
sity on April 7. The participants included those agencies and organi-
zations contacted in the two phases of the survey, as well as planners
from nearby counties and Cooperative Extension personnel. The purpose
of this Workshop was two-fold: first, to introduce the conferees to a
range of remote sensing and aerial photo research, and to the resources
at the Resource Information Laboratory; and second, to bring professionals
and interested citizens from different parts of the state together to
discuss common problems and different approaches to their solutions.
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Topics covered were:

Land Use Inventories and Information Systems

Large Scale Land Use and Natural Resource Inventories, such as,
New York State Land Use and Natural Resource Inventory
Land Use Update for the Temporary Catskill Study Commission
New York State Wetlands Inventory
Analysis of Land Use Change/USDA

Aerial Photo Interpretation

Multispectral Analysis and Satellite Imagery

Automated Data Storage and Retrieval

Integrated Planning Information Systems
-Information Needs Survey: Results and Conclusions

The presentation on Integrated Planning Information Systems was
made by Lawrence Stid, Deputy Director, Genesee-Finger Lakes Regional
Planning Board. All other presentations were made by either Resource
Information Laboratory personnel or consultants.

Both objectives of the Workshop appeared to have been accomplished.
Information was presented in each area that was new.to many of the par-
ticipants. The topics covered were generally considered to be compli-
mentary, and to comprise a balanced, integrated program. Particular
interest was generated by the presentations on the hierarchical Tand
use information storage and retrieval system under development at the
Resource Information Laboratory, and on the analytic capabilities of
the integrated information system in use at the Genesee-Finger Lakes
Regional Planning Board. '

Many of the questions asked during the Workshop were specific and
directed to particular aspects of the presentations. One general theme
which did emerge, however, was the need for a more coordinated approach
to the acquisition of Tand use information.
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6.6 Synfhesis

Because of the diversity of agencies and organizations included in
the survey, it is impossiblie to make any statistically valid generali-
zations. Even among public planning agencies, differing objectives,
jurisdictions, budgets, staff sizes and specialties made each agency
virtually unique. Based on a subjective evaluation of the interview
responses, some general patterns do, however, emerge.

6.6.1 Planning Activities. In order to assess the utility of
satellite imagery as a source of land related information, it is use-
ful to look at what planners do. Their activities might be divided into
two general categories:

- Policy P1aﬁning
~ Management Functions

Policy Planning is generally conceived of as long-range, antici-
patory decision-making. Planners try to devise strategies for dealing
with uncertain contingencies. They are concerned with a variety of
physical, social and economic variables and paraﬁeters.

Mariagement Functions usually involve shorter range, recurring types
of problems, usualily of Timited scope. Examples of management functions
include: subdivision and site plan review, project impact statements,
and design of specific facilities or sites.

To some degree, all planning agencies were involved in both policy
planning and management functions, but the relative propoftion of
resources devoted to each activity varied considerably. For example,
some county planning departments were involved largely in policy formu-
lation, whereas, another somewhat harried, county planner described the
butk of his work as "putting~out brushfires."” A subjective assessment
of the range of relative proportions of the two activities is shown
graphically in Figure 6.6.1 below. Operating agencies, as well as
planning agencies, are included in this illustration.

The significance of this, vis-a-vis land related information require-
ments, is that management functions generally require both greater
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geographic accuracy and greater calegorical detail than does policy
planning. Policy planning involves the prediction of the consequences
of alternative actions and evaluation of these consequences and requires
generally comprehensive, albeit Tess detailed knowledge of the area.

> Operating Agencies

A

< Towns

< > Counties

Regions >

[ L
[ ] [ ]

0 Policy Planning Policy Planning 100%

100 Operations & Management Operations & Management 0%

FIGURE 6.6.1
Range of Mix of Planhning Activities at Different Jurisdictional Levels

6.6.2 Land Use Classification. The specific land use classifica-
tion system required or employed is another important factor in evalu-
ating alternative methods of data acquisition. Any land use may be
characterized by several components, including:

- man's activities on the land;
- the characteristics of the land, and;
- ownership.

Different systems of classification emphasize different components,
and their suitability to different situations varies accordingly.

Several widely acknowledged Tand use classification systems exist,
each based on somewhat different criteria and objectives. The agencies
that participated in the survey generally based their particular systems
on a modification of either the LUNR, SLUC, or NYSBEA systems, or a com-
bination of two or more of these. The first two classification levels
for each of these systems, as well as those suggested in the U.S. Geo-
logical Survey Circular 671, are presented in Appendix B.
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The LUNR classification system was widely used at all Tevels of
p1ann1ng activity (to a Targe degree because the inventory had already
been done), howevers it was not found to be universally adequate. This
classification scheme was found to be particularly deficient for the
more intensively developed areas.

LUNR was a statewide Tand use inventory - the first such inventory
in the country. Most of the, Tand use information was obtained from
aerial photography, and accordingly, the LUNR categories exhibit a strong
emphasis on natural resources and visual characteristics. This categori-
zation scheme was found tc be generally adequate in rural areas, however,
as the intensiveness of development increases, so does the importance of
information based on activities. Activities are, in part, a determinant
of future growth, they generate traffic and require services. In general,
actijvities can only be inferred from aerial photography and, often,
serious discrepancies were found to exist between visual characteristics
and actual activities.

Two other systems were used as a basis for classifying land: The
Standard Land Use Coding System (SLUC) and the New York State Board of
Equalization and Assessment Property Type Classification System (NYSBEA).

The SLUC system is based on man's activities and classification
systems based on it were generally used in intensively developed areas.
An inventory based on this system invariably requires a ground survey.

The NYSBEA code is intended to provide a uniform property classifi-
cation system for local assessment and taxation purposes. Accordingly,
the system is based on economic activities and the income producing capa-
bility of property. This system has the potential for almost continuous
updating of land use if a suitable degree of cooperation exists between
the assessment and planning departments. Several county planning depart-
ments were in the process of developing land use information systems
based on the NYSBEA code.

6.6.3 Categorical Detail. Based on the discussions with partici-
pating planning agencies, the range of desired categorical detail at
each level has been subjectively referenced to the four-level SLUC systgmi
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This is illustrated in Figure 6.6.2. In general, the higher in the
planning hierarchy and the greater the jurisdictional area, the less
detailed.need be the categories.

It is significant to note that only the largest regional and county
agencies used mathematical modeling, simulation or computer analysis in
their activities. These analytic techniques, whatever their merits or
faults, require that underlying assumptions and information requirements
be made explicit. Most planning, however, remains to a large degree
based on subjective judgment and experience. Information requirements,
therefore, need not be made explicit. .It was found, in general, that
planners felt more comfortable with greater categorical detail in that
specific categories can always be aggregated into more general categories.

Graphic Comparison of Categorical Detail Required at
Different Jurisdictional Levels

SLUC Level

Jurisdictional .
Level 1 2 3

Tri-State -

Region e

County = eeeemmmmememe——ee-
Town L emmmmmmeee

Project  emmeemee———

FIGURE 6.6.2

6.6.4 Map and Air Photo Scales. Comparison of the scales of the
maps which are used for storing and/or analyzing land related informa-
tion is helpful in assessing the utility of satellite data at various
Jurisdictionai levels. In addition, since most agencies use aerial
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photography to some extent, a comparison of commonly used air photo
scales provides further insight. This information is provided in
Table 6.6.1 below. In Table 6.6.2, the smallest regional, county and
town map scales encountered are compared to the scales of the basic
ST90A and S190B imagery.

TABLE 6.6.1 Frequently Used Map and Air Photo Scales
by dJurisdictional Areas

MAP SCALES AIR PHOTO SCALES

1:250,000_ i"* = 2000°
Regions: (1" = 4 miles)

1:125,000 1" = 400"

(1" = 2 miles)

1" =1 mile 1" = 2000

T = 4000' 1" = 800'
Counties: 1" = 3000' 1" = 400"

™ = 2000° 1" = 200"

" =1000"  emmeme-

1" = 3000' 1" = 1000'
Towns: 1" = 2000" 1" = 400"

1" = 600" 1% = 200"

" = 400" 1" = 400"
Projects: 1" = 200" ™ = 200"

----- "™ = 100"
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TABLE 6.6.2 Ratio of Smallest Regional, County and Town Map Scales
Encountered to Scales of Basic S190A and S190B Imagery

MAP SCALES (1:2221?830) (15:1928?000)
Regions (1:250,000) 11.4 ¢ 1 3.8: 1
Counties (1:62,500) 45.6 : 1 ' 15.2 ¢ 1
Towns (1:36,000) 79.2 : 1 26.4 : 1

6.6.5 General Comments. Although generally skeptical about the
value of Skylab (and ERTS) imagery as a potential source of mappable or
quantifiable information of sufficient detail for decision-making, many
planners felt that it might be nonetheless a significant visual adjunct
to information acquired in other ways. The most frequently cited advan-
tages of Skylab imagery were that:

- it provides a sing]é synoptic view of the area in question;
- it shows large scale associations and inter-relationships;
- it places the given area in its regional context; and

- it has dramatic impact and credibility that mapped infor-
mation often lacks.

The Tatter point is not unimportant. Planning recommendations must
be implemented if they are to have any effect and citizen approval is a
prerequisite to impiementation. Any device which helps support the
recommendation is of importance to the planner.

6.6.6 Comparison of Acquisition Systems. As was noted previously,
a piece of land possesses several sets of attributes which may be used
to classify it. This suggests a multidimensional classification system
(Guttenberg, 1959), or at least a systematic ﬁay of incorporating infor-
mation acquired from several sources, and at several levels, into a
unified whole.

One might visualize a muitidimensional system as a series of over-
lays, each showing a separate dimension or set of attributes. Nota-
tionally, a land use might be denoted as a vector rather thar a single
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symbol. Each element of the vector would represent a different dimen-
sion, e.g., the first element might be used to classify a piece of land
accordiﬁé to its visual characteristics, the second element might re-
Such a multi-
dimensional scheme suggests areas of application for different informa-
tion acquisition systems.

present activity, and the third might represént ownership.

Based on the interviews with planning agencies
and organizations in New York State, a tentative scheme for incorporating
data from alternative acquisition systems is presented in Figure 6.6.3
below.

Multi-Dimensional Framework for Relating Several
Land Related Information Acquisition Systems

Visual Activities Ownership
Characteristics -
Satellite
National = |----=------- el e et L b
T Y PO D S e Seme b e
Multi-State Rir Phrotos i
State e T
Region ~  |-====-f==-=-omme- F ! B Raresswent™ "
r
County  [-==—==p-—--="---- Mo b8
Town ﬁ%F ------------- et Rttt EEEESSR
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FIGURE 6.6.3

When evaluating the utility of any acquisition system for land use
inventories, and its range of application, the character of the area
{intensive vs. extensive} and the availability of other data sources
must be considered. In particular, several factors 1imit the applic~
ability of satellite acquired data for land inventories in New York State:

- the availability of LUNR as a baseline land use inventory;
- the amount of intensively developed land; and

- the introduction of the NYSBEA coding system, and the
potential for almost continuous updating.
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Conversely, in other, less intensively developed states, where no
comprehensive inventories exist, satellite obtained land information
may have a greater range of applicabitity.

Figure 6.6.3 also suggests that some land related information might
best be obtained at Tower levels in the planning hierarchy and channelled
upwards and aggregated as necessary. Such a system would require the
adaptation by individual agencies of classification systems that are,
if not identical, at least compatible at each Tevel. It further suggests
a need for greater coordination (both horizontal and vertical) between
agencies, and development of more systematic channels of communication.

6.6.7 Summary. As planning activities become more Tocalized,
greater Tocational accuracy and greater categorical detail are required
for land related information. This is primarily a function of:
the smalier Jurisdictional area;
the increased emphasis on management functions;

I

the increased level of citizen participation, and
the concomitant need for greater credibility; and

the relative ease of obtaining more detailed infor-
mation for smaller geographic areas.

As the intensiveness of development increases, the emphasis on
activities as a factor in the classification of Tand use increases.
The dichotomy between land use requirements in intensively and exten-
sively developed areas suggests a multidimensional classification system.
By identifying several dimensions, a systematic connection between the
information needs of planners and the methods of acquiring Tand related
information has been established.

I
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7.0 SPACE REMOTE SENSING AND APPLICATIONS TO LAND USE AND
NATURAL RESOURCE SURVEYS

The major difficulty of those who attempt to deal with the problems
of increasing demands, resource management, planning land use, and pro-
moting ways of protecting the environment, is trying to find information
from™ the systems already in existence that is adequate for their needs.

It is hard to locate, and it is in forms that are not useful for
& particular purpose. Moréover, systems may not aliow the user to assem-
ble or aggregate the data in the way most'useful for his needs.

Land use planning, at any level, requires a great assortment of in-
formation sources. Land use planning, to be productive, must consider
the human needs for the product of the resource in terms of social, cul-
tural, and economic values of the society to be served. It should con-
sider the inherent biological capabilities of the resource to meet
society's needs. The statistical data reguired to make the predictions
necessary to promote good land use planning are extremely hard to assem-
ble. Consequently, at most Tevels of government, and for individual
managers as well, there exists a massive problem to create from any
source a data base that is both adequate and functionally efficient in
meeting the needs of the p?annér, the resource manager, and society as
a whole.

Requirements for information change, sometimes rapidly. As a stan-
dard procedure in our democratic society, production is-most efficient
when the best resources are used. Our technology has rarely succeeded
in making the use of lower quality resources an economic success. Con-
sequently, it is a natural sequence of events that Teads us to situations
that require ever increasing amounts of information about our dwindling
supply of natural resources. Data requirements of Tand {and resource)
planners must be determined by whatever issue is being addressed. And
the'issues vary widely over time. We are currently working with planning
guides and legislative control measures that were designed to manage
resources in the face of ever increasing pressure from an expanding pop-
ulation, and the deﬁan@s that increased population would create. In spite
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of predictions and the closeness of the date when the population pressure
may cease to be as important a factor, we have had 1ittle or no prepara-
tion for such a major change. But in spite of changes in absolute fig-
ures, due to our economic processes that reward best those who utilize
the best resources, we will still see great demands for accurate, fre-

quent and comprehensive data concerning our Tand and the natural resour-
ces it provides.

In an early report concerning potential benefits of remote sensing
in land resource management, it was concluded that the major beneficial
application of satellite remote sensing would be for land use and natural
resource planning and management. (Belcher, Hardy, Shelton, and Schepis,
1967). That conclusion is still valid. For if government units are to
have any impact on the decisions concerning the way land resources will
be used, there must be provision for the frequent acquisition, proces-
sing, storage, and retrieval of data as an integral part of the process.
Satellite acquired data appears to be a source of information that meets
the stated requirements.

7.1 Limitations and Advantages of Satellite Data

Space acquired imagery offers a new tool to land use managers and
p1annefs. As with all "new" tools, the potential audience of users is
skeptical about using it until examples of substantial rewards from its
use are provided. And, in addition, it faces the predictable problem
of proving itself to be more efficient and a better source of informa-
tion than existing sources already familiar to the users. In practice,
these conditions place satellite acquired information in a direct com-
petitive position with conventional Tow altitude aerial photography.
The professional planners are using low altitude aerial photography.
They are used to working with it, they understand its capabilities, and
they know how to budget for its use. It is natural for them to evalu-
ate any and all new sources of information directly against those sources
currently in use. '
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In the test sites selected for this project, we had a representa-
tive sample of some of the most difficuit areas of the country in whicﬁ
to apply remote sensing techniques to land resource planning applica-
tions. Land ownerships are small. Local government areas are small
and complex. Climatic conditions are highly varjable, and land manage-
ment patterns are extremely complex and show high degrees of variability
over time. These conditions offer a severe test of the utility of any
source of data.

There tends to be a major difficulty in the intermixing of different
Tand uses.in the imagery. When Tand use patterns are independent 1ﬁ
units of pixel size or even smaller, the amount\of intermixing is high.
In addition, we found substantial unique land use areas with identical
spectral responses to completely different uses. For example, the urban
core of a city may show the same spectral response as a stone quarry and
frestily ploughed gravel soil where there is a high content of stone (a
common event in the northeastern United States).

The solution to the limitations composed of factors of complexity
Ties in different approaches to the classification theory and how it
is applied. In the description process of the classification system,
and through the use of interpretation techniques that use either manual
or human interactive capabilities, it is feasible to account for the
condition generated by the compiex land use patterns. The classification
needs to be based on a process of aggregation of basic information rather
than the relatively simpler process of direct read-out of a land use
identified only by a particular spectral response.

This will lead to inferential concepts of analysis, which put
greater demands on the interpreters' talents. The process can be assis-
ted by automated procedures, but will not be completely successful if
only automatic processes are used. Inferential analysis depends on the.
users' ability to recognize patterns that are generated by an association
of events that are subsequently recognizable in the "cover" pattern that
can be recognized on the remotely sensed data. When this approach to
classification and interpretation is developed, then we can approach a
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higher degree of maximization of utility of the satellite acquired
resource information. But the ability to maximize the use of informa-
tion retrievable from satellite acquired data can not be realized until
inferential concepts are applied in the classification and interpreta-
tion phases of data processing.

In as much as we have a prior-established hardware package on the
satellite, the spectral characteristics are predeterminad as far as
most any user is concerned. Therefore, his classification system must
be based on the spectral characteristics the system can provide. 'This
requirement Teads to the recognition that the definitions of the class-
ification system must incorporate the variations that occur in the
imagery. This requires great knowledge of local conditions including
atmospheric conditions, phenological characteristics, and Tand manage-
ment practices, as well as the social, cuitural, and economic conditions
of the area.

With the above concerns considered, it was feasible to perform
mapping activities for the test areas that qualify for high accuracy in
the use of the USGS 671 classification scheme. That system calls for a
Tevel I classification based solely on satellite imagery. That was
accomplished, with the exception of some wetland types that were not
identifiable. The level II units, designed for use with high altitude
imagery, also were identifiable with limited modification and with a
process that enlarged the imagery to a much Targer scale. Many land
uses that would Togically fall in a Tevel III system of classification
(here considered similar to the New York State Land Use and Natural
Resource Inventory (LUNR) classification) were also readily retrievable.

There is a major advantage possible in relation to the use of sate-
11ite imagery with a USGS 671 type of classification. With a uniform
source of data, then each user may make his own modifications for his
special purpose . But they should be made in a way that allows re-
aggregation within the chosen standard system. In this way, total area
data can be made available that will be comparable on a region to region,
or even nation-wide, basis.
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Another major problem of concepts of analysis that remains to be
solved is the propensity of researchers to report the accuracy levels
of their findings on the basis of comparisons with an existing, unveri-
fied inventory product. This Teads to major deviations of accuracy.
There is a general Tack of statistical verification of accuracy of class-
ification systems, especially in large area studies, where time lapse
situations produce high variability on a "per category" basis. Accur-
acy levels need to be presented, based on the relation to true accuracy
on the ground as determined by post-analysis surveys. This step is
most frequently omitted in studies where "training 'sets" or areas are
used in the preliminary phase, but post-survey field analysis is omitted.

Scale of imagery is a frequently discussed topic. One goal of this
project has been to develop techniques that allow us to work with what-
ever scale of imagery we receive. In photographic data acquisition
processes, we select the scale the user feels will best meet his needs.
In the case of satellite acquired imagery, the user is "given" a scale
which he must work with. Through the use of the photographic and pro-
Jection processes described in this report, it is feasible to remove
the basic restraints of scale in relation to satellite imagery. Enlarge-
ment to sca]eé of 1:250,000, 1:125,000, and 1:62,500 are entirely
feasible. And they will maintain interpretabie fidelity to those levels.
Projection to scales of 1:24,000, 1:12,000, and even Targer is possible,
and has been done with high degrees of accuracy and consistency.

Simply increasing the size of an image does not 1increase the
amount of retrievable information. But recognizing that our audience
of users expects to work with information at a Targe scale (1:24,000
or larger), it is essential that we have the capacity to present the
. data to them in a format and scale they are willing to use in their work.

Most decisions on resource management are made at a Tow unit
level of government. In the northeast that is the town or village.
Most towns are about 36 square miles in area and fit within the area
of one 1:24,000 topographic map. Satellite imagery, at a scale of
1:3,000,000 represents the typical town in an area of less than one
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quarter of a square inch on the image. Unless this scale can be enlarged
in a manner that provides a high degree of recognizable data, most poten-
tial users are convinced they have no use for the imagery.

A 1ist of Timitations of satellite acquired imagery that are readily
recognized, (for many of which solutions are possible) would include:

1. Climatic conditions - can not be selected to the advantage of the
user as readily by satellite acquired sources as with Tow altitude
platforms.

2. Scale of imagery ~ still considered by most users as a major problem,
but techniques for resolving this are being developed.

3. Time frame of acquisition - user has less control over time of ac-
quisition, but the greatest problem is the delay between date of
acquisition and availability of processed imagery.

4. New skills required - satellite imagery is a new tool requiring new
skills. Acceptance is very dependent on our ability to create fav-
orable situations relative to technology transfer. Education for
the user community is essential.

5. User contacts - there is a need for more general conferences for
users of data. The community of technicians needs to be broadened
to incorporate the user community.

6. Technical problems of standardization - many such problems stiil
exist, and relate directly to responses of various images to varia-
tions in atmospheric conditions, recognition of seasonal variations
and accuracy over periods of time.

There are many advantages to satellite acquired imagery for the user.
Those currently applicable are within the area of technology related
to data acquisition. The major identified advantages inciude:

1. Low cost ~ as long as the user can acquire imagery in a manner simi-
lar to present arrangements, Tow cost is a readily recognized benefit.
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7.2

Frequency of cover - satellite imagery can be obtained at frequent,
regular intervals, providing a much needed time lapse information
source.

Large area coverage - this is a major advantagg, providing working
material for major resource inventory projects. It is rare to find
uniform coverage for an area the size of a state. Satellite imagery
provides whole country or even continental coverage.

Standardization within scanner systeﬁ - the equipment in the system
provides highly standardized products. Therefore, the variables that
do occur have an identifiable source which often can be calibrated.
Photographic processes frequently have high degrees of variability

in the final product. .

Storage and cataloging - storage and organization of the materials
can be managed in very efficient systems, whether organized for large
or small areas. Storage space required for the imagery is minimal.

Geographic referencing - in manual and visual processing procedures,
geographic referencing is readily achieved. Adaptation to standard-
ized map systems is feasible and adds greatly fto the utility of the
imagery.

Synoptic views - pilanners and resource managers need the opportunity
to view their area of concern in relation to its surroundings. Sate-
11ite imagery provides this opportunity.

Presentation source - satellite imagery provides an excellent means
of presenting planning programs and projects to the general public.
It has great utiltity as a tool to win public support for planning and
management decisions, which is an extremely important step in the
total resource planning/management process.

Cost Effectiveness

It is not possibie to provide a complete, tested comparison of a

Targe area of the cost effectiveness of satellite imagery. To do so
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requires development of a major, large-area survey that could be carried
out using both conventional photographic sources, and compared with infor-
mation retrievable from satellite imagery. The results would have to be
carefuily weighed to consider the levels of accuracy achieved, and the
true utility of the information. Although an adequate comparison test
has not been undertaken (for a large area such as a whole state) in a way
that the utility of the information could also be tested, it is possible
to discuss costs of different systems based on experience obtained in
managing resource inventory projects and the research undertaken in this
project. It is a compiex problem to attempt such an analysis, as we can
not deal with inputs and results that are directly -comparable. The
following are among the major difficulties in making a cost comparison

of the two sources of data.

1. We do not know how much information can actually be retrieved from
any of the sources of data under study.

2. The costs of data acquisition are only fragmented parts of any re-
source inventory and changes proportionately according to the design,
scope, area, and purpose of the inventory.

3. It is not possible to do exactly the same kind of an inventory from
the various sources of data, except in the case of gross classifica-
tion units.

4. There is a great number of methodologies to be considered, ranging
from completely manual processes to completely automated systems.
Assignment of amortization costs for capital eguipment has not been
determined in a realistic or satisfactory way. (For example, if one
project must hire computer services, while another has access to a
computer on a no charge basisy or in some instances, the computer is
considered a capital item of the institution involved; therefore,
depreciation costs are not charged to individual projects).

5. Differences in availability of sources of talent are difficult to
quantify. The labor requirements for various government agencies
and institutions vary widely, and have a major influence on costs.
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6. There may be no need for the information available from a particular
source of data, thereby negating the value of any comparison of cost
effectiveness. Some countries or local areas may have no resource
information and satellite imagery would provide excellent first level”
data. But other countries may have such complete coverage of good
sources of data that satellite sources would contribute no new
information.

7." Photography provides a source of both area and point data. Usually
other forms of imagery currently available provides mainly area data.

7.2.1 Acquisition Costs. Recent research projects carried out
by the authors which required acquisition of various types of aerial photo-
graphy were reported on in June, 1975. (Hardy and Hunt, 1975). The
following costs for air photo acquisitions were reported.

Type of Photography Cost Per Square Mile
Low Altitude B&W $ 4.00+

High Altitude B&W $73.11

High Altitude Color $ 6.00+

High Altitude Color $ 6.22

In addition to the above costs, some companies queried stated the
cost for a well verified index mosaic would be about the same as the
cost of photography. Therefore, if useful base maps are not available,
the cost could double.

Acquisition of photography, especially the high altitude coverage,
may have restrictions due to time frame requirements and local climatic
conditions. There is always the problem of acquisition during suitable
weather, for Tow or high altitude photography. But it was pointed out
by contractors that metropolitan areas create their own climatic and haze
problems, and therefore, the aerial survey companies were reluctant to
guarantee Eatisfactory results in acquiring high altitude coverage with
color film, or any other film with similar exposure characteristics. The
chances of acquiring comparable Tow altitude, high altitude, and space
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imagery of any particular large area within a specified time frame are
not very good. If large urban areas were to be covered, no guarantees
of success were offered.

s

In considering acquisition of imagery for a 10,000 square mile
area, we can present some comparisons. Costs for manual preparation of
satellite data, using photographic enhancement techniques, are $.04 per
square kilometer for S190A imagery. This includes the cost of ten color
composites for comparing at least five Level I type categories.

Cost figures for machine processed data presented by NASA represen-
tatives at a conference in Albany, New York, on June 19, 1975, identi-
fied costs for three systems of processing. Their products were differ-
ent and additional interpretation by the user was expected. Costs quoted
for machine processing of one 10,000 square mile image were: Process A =
$2,217., Process B = $4,667., Process C = $39,375. No recognition was
made of equipment costs or depreciation. ‘

With this information, the following table can be presented concerning
data acquisition.

TABLE 7.2.1 COST OF IMAGERY ACQUISITION FORM VARIOUS SOURCES FOR AN
AREA OF 10,000 SQUARE MILES

Cost for 10,000

Type of Imagery Square Miles Condition Statement
Low Altitude B&W (1:24,000) $40,000 Manual inter. required
High Altitude B&W (1:78,000) $31,000 " " b
High Altitude Color IR (1:78,000) $62,000 " " "
High Altitude Color (1:67,)00) $62,000 Difficult to acquire

. in urban areas

Satellite Imagery
Hanual Photographic Processing*

(Scale: 1:250,000) $ 1,040 Wide variety of map units
Process "A"* (scale unreported) $ 2,217 Unigue equipment required
Process "B" (scale unreported) $ 4,667 " " "
Process "C" (scale unreported) $39,375 Unique process system

required
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*It was sugges%ed that equipment .for digital image display would
cost about $32,000, and a 1ine printer for read-out could be acquired
for $12,000. Manual photographic processing equipment costs are below
$8,000 and the process can be performed with off the shelf photographic
equipment.

Cost effectiveness can be discussed only in part in terms of the
cost of data acquisition. Some major questions to consider are:

What kind of an inventory can be produced?

What are the scale restraints?

How available is the data source?

With Tow altitude imagery, the number of units possible to use in
an inventory is extremely high. Over 300 items can be identified with-
out exhausting the capabilities of the imagery. There are few scale
restraints, as information can be transferred to most any desired base
map for display. The data can also be incorporated in computerized
data banks. Perhaps a major advantage, freguently overlooked, is the
fact that it can be co-referenced easily with information f;om other
sources. A major problem is the low freguency of available cover dates. .
However, in most instances, the frame of reference for sequential cover-
age is in at Teast years, and frequently decades. Much of the country
and the world have no coverage available to the general public.

High altitude photography can produce inventories similar to those
developed with Tow altitude imagery. Far fewer jtems of point data can
be provided, however. And only a few major improvements are found with
the use of high altitude color photography over black and white photp-
graphy. The more efficient way to work with high altitude photographs
for large area land use inventories, using manual interpretation, appears
to be in mono rather than stereo mode. This process requires identifi-
cation of land use based primarily on recognizable cover types. (Hardy
and Hunt, 1975). High altitude photography, whether color or black and
white, offers trade-off situations that need to be considered carefully
in comparing it, and the results it can produce, with other sources of
data. There is very 1jtt1e high altitude photography available, and it

155



is only available to a selected audience of users. Scale restraints with
regard to enlargement of high altitude photography are not severe, as
most applications require transfer to base reference maps of desired
scale for publication use.

Satellite imagery has @ number of distinct advantages to enter into
cost considerations. It is available, there are major areas of coverage,
and it is acquired at known frequencies within a desired time frame. The
major concerns are directly associated with cost of retrieving data and
the method of processing desired.

There is 1ittle chance of directly matching an intensive inventory of
of land use prepared for acquisition through photo interpretation with
results from satellite acquired imagery. A major restraint is the loss
of much of the point type information in the satellite imagery. There-
fore, we are concerned mainity with area measurements and selected linear
features. Well documented research comparing the different sources and
their utility in providing definitive statistical comparison is avail-
able in Timited situations.

t

Some comparisons are possible, however, drawing on an assortment of
experience and published records. Recent projects involving detailed
inventories, and using aerial photography have been carried out satis-
factorily in non-profit institutions with costs of approximately $14.
per square mile for an inventory of 120 items. This prepared the mate-
rial for input into a computer system, but the intended product was
drafted maps at a scale of 1:24,000. If an inventory of 30 to 40 items
was required, this same process could be accomplished for approximately
$8. to $9. per square mile.

Considering the interpretation of imagery suitable to extract data

" to inventory land resources at Levels I and II of the USGS Circular 671
classification model, we would be acquiring about 30 types of cover
information that could be aggregated from Level II to Level I categories.
Using this as a standard and considering the results found in this re-
port, this kind of inventory can be p%oduced from satellite imagery

156



mapped at a scale of 1:62,500 for approximately $.50 per squarg'm11e.
(No cost is identified for acquisition of the satellite imagery).

On a state-wide basis, for a state the size and compiexity of
New York State (approximately 50,000 square miles), this identifies
the cost of a level II classification with hard copy maps as the end
product at about $25000 if satellite.acquired imagery (S190A) is used.
The cost for conventional photographic approaches would be: Photo
acquisition =,$2Q0,000; Interpretation and wmap preparation at a scale
of 1:62,500 (estimated) = $125,000, for a total of $325,000.

It appears there is Tittle question that satellite acquired imagery,
processed in the manner discussed would show a distinct cost effective-
ness ratio for the applications considered. The other approaches pre-
viously mentioned as "A", B", and "C" would have successively less cost
effectiveness with the higher figure exceeding that of conventional air
photo interpretation on a state-wide basis.

* There is a residual value 1in aerial photography that is diffi-
cult to evaluate. The photography would be available and of use in a

great many other applications, so its cost would legitimately be
shared over time with many applications.

7.2.2. Accuracy Considerations. There is concern expressed by many
users over the cartographic accuracy of much of the satellite acquired
information, as well as that acquired from photographic interpratation
techniques. This concern seems to center on the accuracy of the product
relative to meeting national map accuracy standards. A question of
greater importance would appear to be whether the accuracy of the class~
ification decision process is maintained at its highest possible level.
After that activity maintains high accuracy levels, then the concern- for
meeting map accuracy standards gains validity.

This situation needs more exploration and research. The accuracy
of decision making is relatively unspecified in most projects. There~
fore, we have little true knowledge of the accuracy of the inventory data
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in most cases. A general statement that has been used in discussion

of this topic with professional planners and which was not seriously
refuted, was to the effect that most information used in the decision
making process falls within an 80 to 90 percent level of accuracy. This
identifies a range of accuracy we}shou]d use as an initial goal, with
higher levels of accuracy reserved for the near future.

7.2.3 Unsual Benefits. A previous publication on applications
of remote sensing discusses the possibility of acquiring unique infor-
mation from satellite souvrces that would prove unusually beneficial
and might not be available from any other source. (Beicher, Hardy,
Shelton, and Schepis, 1967). There is reason to believe these oppor-
tunities continue to exist. Some of the examples cited included gener-
ation of world wide' maps of forest resources, soils, etc., the potential
discovery of disease —free strains of major edible grain crops, and con-
trol of major epidemic or disaster situations.

These opportunities still exist, and although we cannot claim cost
effectiveness benefits, nor can we identify their value, it should be
.recognized that major intangible benefits are possibie. If one such
benefit materializes, it could conceivably dwarf any cost-benefit rela-
tionship discussed in this paper, whether considered on the basis of
application at thé state or national {and perhaps world-wide) level.

7.3° Considerations for a National Land Use Classification System
Based on Remote Sensing

Concern for the management of the nation's (and the world's) land
resources recently has created a recognition of the need for some form
of action to foster inventory procedures at the national Tevel. Land
based resources are a fundamental finite resource. In two hundred years
this country, with its profit motivated economy, has succeeded in bringing
the scarcity of land based resources to the forefront as a major issue
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of concern to the nation. National legislation has been proposed and
legislative action may be close at this time. The need for a national
land use survey has been recognized and the proposed classification of
land use, based on remotely sensed information and reported in USGS
Circular 671, was an outgrowth of that recognized need.

The basic concerns are influenced by a wide variety of situations,
including changes in the population (increase or decrease), our stance
as a nation concerning the food/population relationships for the world
as a whole, and our ability to develop technological improvements rapidly
enough to counter increasing demands.

Recent announcements about the declining rate of population increase
at first indicate we can relax our concern for anticipated demand for
land resources. But continued concentration of the population inte
areas of favored, but limited land-based resources must be anticipated.
Therefore, a decrease in the population growth rate, even down to zero
population growth, will not necessarily reduce our need for knowledge
about our Tand resources.

The basic concepts and ideas of inventoﬁying the nations Tand re-
_sources is not new. The past efforts have been centered around statis-
tical estimation processes, mainly because of financial restraints related
to data acquisition. Remote sensing systems now offer a means of acquir-
ing the raw data efficiently and it now remains a problem for solution

by the scientific community to find efficient ways of using the data to
develop a national land use inventory.

Major problems exist in trying to generate a national inventory.
First, an acceptable classification system must be designed that meets
the needs of the potential user audiences. It must take into account
the existing data base, and if possible, allow for the continuation of
data acquisition that maintains the same standards and the same basic
types of information. Meeting this criteria was one of the major goals
of the authors of USGS Circular 671. That classification system was de-
veloped with the assistance\of Federal Agency Personnel with major concern
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and/or responsibility for acquiring and recording land use data. If it
is followed to a reasonable extent it will aliow for the aggregation of
data that is currently in use or considered of value.to Fegera1 agencies.

There are many levels of government to consider below the Federal
level. These include the regional units (made up of groups of states),
state governments, intra-state reg1onaf groups, and local government units
within states, which in the Northeast include county,town, city, and
village government units. Due to the concept of residual powers deferring
to the next lower Tlevel of government, the major demand for land resource
information occurs at correspondingly lower levels of government. As
local governments are concerned with smaller units of land, they tend to
acquire information in large scale map units {1:24,000 or larger). This
situation counter-balances their interest in 1afge area surveys to the
extent Tocal resource managers frequently are reluctant to consider the
use of satellite acquired data. This points to the need to consider the
concerns and abilities of the professional planinng staffs at the level
of local governments when we survey the possible audience of users of
satellite sensed data. This also identifies the situation that sub-
stantiates the idea that highly sophisticated processing techniques for
remotely sensed resource data may not be acceptable to the largest prob-
able audience of users. The typical user at the local government level
is familiar with, and feels confident with data derived from, air photos.
He has developed his data base for his work on this kind of information
It will be extremely difficult for him to justify switching to a new '
source of unknown quality and one that may not provide working data that
corresponds to his present data base. Premature sophistication of the
satellite data processing procedures may exclude this group from the
audience of users for an extended period of time.

. To a great- extent a similar analogy could apply to foreign applica-
tions of satellite data. In many cases, the schism between individual
talent, need, and financial resources may be even wider than that recog-
nized within the United States. If so, we can predict a similar reduction
in the audience of potential users on an international basis.
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The generation of the USGS Circular 671 classification system was
undertaken with the hopg of meeting a number of goals. It was under-
stood that most states and Tocal governments would want more detailed
land use inventories. The hope has been expressed that the 671 class-
ification would provide a framework for aggregating data from lower
levels of government, and from smaller area studies, up to units that
are useful for statistical records of land use at the national level.
This still appears to be feasible.

Another major goal in the design of that inventory was to under-
stand what information could be acquired if a national Tand use survey
was undertaken using 1) satellite imagery and 2} high altitude imagery.
The reports received concerning the "state of the art" of remote sensing
at the time the inventory was designed indicated level I units of class-
ification were feasible from satellite acquired imagery, and level II
units could be acquired from high altitude imagery. These considera-
tions still hold.

As a result of our research, it appears the "level" concept is jus-
tified and still valid. The fact that*more information can be acquired
from satellite imagery than is required to satisfy Tevel I demands is a
very favorable situation. If that were not the case, a major revision
of the concepts on which the system is based would be required.

A natural resource inventory should be designed in such a way that
it can draw on any source of information that can provide input data.
it is expected that more detailed inventories will be prepared at state
and local government levels. They will have to use imagery of appro-
priate scale and detail to meet their special needs. If possible, it
would be desirable to aggregate that kind of resource information into
a national inventory system. If that is not a feasible approach, or
is feasible for only parts of the country, the 671 classification can
serve as the basis for a whole-country inventory, or as the means of
fi1ling in missing areas in a uniform, standardized classification system.

The total land area of the mainland of the contiguous 48 states is
3,000,000+ square miles. This amounts to approximately 300 frames of
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imagery if each frame covers 10,000 square miles. According to the costs
previously identified, a nation-wide level I classification of land use
could be produced with the following range of costs. Provision for

base maps, and various processing steps not taken into consideration.
Based on 300 frames of imagery.

Photographically-enhanced (scale of 1:62,500)$1,500,000 @ 50¢/sq. mi.

Process "A" @ $2,217/frame -§ 665,100
Process "B" @ $4,667/frame -~ 1,400,100
Process "C' @ $39,375/frame - 11,812,500

There is a great variation in the products that could be produced, and
that is not discussed here. Based on previous experience in managing
large scale inventories, it would be possible to inventory the land

use of the same 48 states using conventional large scale aerial photo-
graphs and c¢lassifying the Jand use into as many as 100 classification
units for an estimated $50 million. There would be many obvious pro-
blems in managing such a large scale project, and it would require a
number of years to accomplish a complete inventory. But this at Teast
provides a background against which we can measure the significance and
feasibility of a nation-wide level I inventory.

There were difficulties experienced in this research project in
using the test imagery for certain applications. One major area of
difficulty occurred in relation to classifying wetlands.

Basically, wetland is a mixture of land with water. The percentage
of the component parts vary, producing an array of mixtures of spectral
responses., They vary over short and long periods of time, and they are
not spatially or spectrally discrete. Certain common wetland types are
not identifiable from spectrally based sensors due to the amount of
above ground vegetative cover. These circumstances frequently exist
in the case of upland wetlands in humid areas. Spruce forests and
shrubby cover frequently mask wetland areas beyond recognition from
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any form of readily available remote sensors. Highly refined, discrete
wavelength bands in the near infra-red and thermal infra-red ranges
may be capable of providing this information.

Another major problem exists in the evident Tack of adequate docu-
mentation of classification units and systems. Most classification sys-
tems are not comparable or transferable from one part of the country to
another because they lack adequate description, or have been designed
on the basis of very narrow use concepts. This is an even greater pro-
blem when considered on a world wide basis.

We can design inventory processes in two basic ways. One would )
“allow each user to set up his own classification requirements and then
have sensors designed to acquire that data. The other approach would

be to acquire data in a fixed reference frame and let the user select
desired information from that source. The second approach is most de-
sirable of the two because of data analysis cost factors, it allows
standardization of image components, and it permits users to draw ma-
terial from a standard source based on known or identifiablie values.
This also will allow aggregative procedures for use by resource managers
at successively higher levels of generalization.

Decision makers do not necessarily know what data source will serve
their purpose best. Due to typical financial restraints, they are gener-
ally forced to use what is available rather than explore or experiment
with new approaches. Consequently, satellite data, almost without excep-
tion,will be compared directly to air photos of the same area (low or
high altitude) with a resultant quick decision that it is not as good
or as useful as the information already available. In interview situa-
“tions it required lengthy discussions in most cases to get professional
planners to recognize potential applications for satellite imagery.

Favorable conclusions concerning this section can be drawn. Skylab
type data can-accomplish and provide a remote sensor program geared to
land resource management. Many more problems exist in the areas of tech-
notogy transfer, user education, classification theory, and categorical
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definition and description than remain in the area of acquisition of
Skylab type remote sensor data. wjth some modification of Skylab sensors,
there is no doubt all of the level I and level II units of the USGS 671
classification could be acquired. In addition, major portions of a level
IIT classification system, similar to the New York State LUNR Inventory
could be acquired from the same sources. The major remaining problem

to be solved involves the design of classification systems suitably
related to the sensor configuration to maximize acquisition of useful
data.

7.4 Land Resource Management from Space Acquired Information

Management decisions concerning our land resources are made on the
bhasis of information provided to or by local planners and managers.
The accuracy Tevél of this information frequently is unknown. In con-
versations with this group of decision makers, there is a general con-
currence that resource management decisions are frequent1y’made on the
basis of information with an accuracy level of 80 to 90 percent. In
spite of the existence of new techniques, new sources of data, and new
kinds of information available, there is an urgent need in the eyes of
professional planners to defend the previocus, or older systems of data
acquisition. ‘

Two.reasons are given for this need. The first is a danger of
removing credibility of their previous decision making processes if they
simply shift to a new, unproven data source. The second is that it is
. extremely difficult to guarantee the accuracy levels of the new sources
of data. These reasons are fundamental to the problem of promoting the
use of satellite acquired information in natural resource management.

In the work of Belcher, Hardy, Shelton, and Schepis (1967) it was
concluded the major benefit from space acquired data would be in the
field of management of natural resources. It also was recognized that
benefits could be derived in two ways. One, the Tower cost of acquiring

164



data can be compared diréctly in terms of dollar costs and if comparable
data can be acquired, benefits can be calculated easily. The second
benefit source was identified as improved production from our resources
due to better management based on the satellite sources of information.
This is by far the greatest source of dollar benefit, but it is a much
more difficult source to monitor and evaluate.

The results of current research show that the satellite acquired
data is a suitable means of providing useful information for resource
management. Resolution capabilities in certain processes allow repro-
duction in scales normally used by resource managers and the minimum
unit of information. (pixel) is satisfactory for a majority of basic re-
source management concerns. These circumstances Tead Togically to a
search for other basic problems that might Timit the use of remotely
sensed data for management applications.

The pattern of progressive events is not organized in the most fruit-
ful order. Generally, satellite imagery is wost useful., and has its high-
est proportion of direct applications for relatively large areas of the
earth's surface. On the other side of the problem, Tand resource manage-
ment is most often applied to small areas of a few acres or a few square
miles at most.

This pattern of events is particularly true in areas of high popu-
lation density. Where population pressure is great, we tend to have
strong local governments. They are involved with a high proportion of
decisions, and they acquire good data, at large scale, to assist in the
process. Unfortunately, this places satellite acquired information in a
Tow relative position for these kinds of applications. The resuit is that
satellite data sources have a decreasing relative value (in the view of
the potential users) as the number of potential decision-making groups
increases. ' .

Land use managers and the institutional arrangements within which
they must operate result in a highly fragmented pattern of concern and
authority. It is rare that areas larger than a county can be Tooked at
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in terms of management decisions that will actually be applied. The
solution to this problem will require major changes in the structuring

of political considerations and in the resource management of those units.
These are restraints that greatly influence the use of sateliite imagery,
yet their solution is not within reach of the community of researchers
involved with remote sensing. There are some areas of progress, however,
where groups of towns or counties are joining together for the solution
of certain problems. And river basin commissions, as well as regional
agencies, are organized across local political boundaries in many areas.

In some cases, specially organized units are performing without
direct concern for the local resource management units. Special topic
studies are being conducted at higher levels. Special areas of concern,
such as the coastal zone areas, are being surveyed and inventoried by
specially organized units. They are frequent users of information de-
rivable from remotely sensed sources.

In view of the range of audiences to be served and the disparity
in capability to work with sophisticated sources of data, it is evident
2 wide range 6f products should be made availabie from satellite acquired
data sources. There is a need for manually prepared visual materials
as well as the automatically processed products. It is frequently ob-
served by people experienced in this field that the more sophisticated
the system employed for data acquisition and processing, the smaller is
the number of potential users. (After six years of running the User
Serivce for the New York State Land Use and Natural Resources Inventory,
we found 90% of the requests are for map products, while less than 10%
call for computer graphic displays. The Canada Land Inventory now provides
hard copy maps as a readily available product. This experience can be
documented in a number of instances in addition to those cited).

In ;iew of our experience, when applications involving decision
making groups organized at levels below the federal and state governmenis,
and which are concerned with correspondingly smaller land areas of natu-
ral resources, the most 1ikely product requést will be for hard copy maps
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or images for direct use in mapping presentation material. If these
kinds of users can not be served, it will greatly reduce the number of
users and uses of satellite acquired data. This situation calls for
continued consideration of automated, manual, and inter-active process-
ing and retrieval systems.

Research has shown a high degree of genuine utility for sateliite
acquired data for land resource management.} But there appears to be a
number of "missing 11nk§“ that require connection before its use can be
maximized. There is a need to increase the speed with which the trans-
fer of this new technology can be made from the scientific/research com-
munity to the audience of users. There is a need to show the new know-
ledge and how it can be used by resource managers at all levels, but
especia]ly'at the lower levels of government. There appears to be a
major lack of research in relation.to basic classification theory. This
is prohibiting the use of satellite acquired data for inferential analy-
sis, which is Tikely to be the most rewarding form of application.
{Currently, most all work is simply producing information by direct
identification which is at the Tower 1e§e1 of potential rewards). And
there is a need to generate the realization among potential users that
satellite imagery can provide the synoptic, over-all view of their study
area and neighboring areas.

In summary, research has shown that the satellite acquired informa-
tion is useful in land resource management. But to maximize that use, pre-
paration to increase its value to users at the lower levels of the deci-
sion making processes is necessary. To maximize its use will require con-
tinued production of data and information in a variety of formats, ranging
from completely manual to completely automated systems. And there will
be a need to emphésize research activities to resolve the four problems,
mentioned above, identified with the realm of technology transfer.

It appears the technical phases of the total process are well developed.
The use this system of data acquisition will receive is now Timited by the
Tack of adequate so]u%ions to the above probiems.
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8.0 -RECOMMENDATIONS, SUMMARY AND CONCLUSIONS
8.1 Recommendations

(1) In designing future data collection systems (electronic or
photographic), greater attention should be placed on the most important
kinds of information to be collected. For instance, most of the earth's
population is associated with Tand masses covered with vegetation.

Aside from water, chiorophyll is probably the dominant spectral response
during the growing season. From an assessment of where 1ife can be
supported, chiorophyll and water are certainly the most important spec-
tral responses. Therefore, it is strongly recommended that in the
selection of filter bands for future systems the maxima and minima
reflectances of the characteristic chlorophyll curve be observed. In
addition, for electronic systems a thermal band to indicate human or
natural activity should be included. Based on data analysis on both

the S190A and 5192 multispectral system, the following channels expressed
in nanometers are suggested for future designs: Band 1 - 0.52-0.58,
Band 2 - 0.60-0.67, Band 3 - 0.75-1.0, Band 4 - 1.1-1.35, Band 5 - 1.48-
1.85, Band 6 - 2.0-2.43, Band 7 - 10-12.

(2) Resolution is also an important feature especially for urban
areas. The resolution (10-12 meters) obtained on the black and white
film of the Earth Terrain Mapping camera would be very desirable. In
manned data collection missions, a multispectral camera array made up
of four Earth Terrain cameras in an S190A mode would be most acceptabie.
Three cameras should carry black and white film configured with narrow
band filters with approximate band pass of 0.52-0.58, 0.60-0.67, and
0.75- 0.90. The fourth camera should have high resolution color film
This system could probably permit classification down to some Level III
type categories. For electronic scanning systems, 30-40 meters would
be a very usable scale. This should allow accurate classification of
data down to Level II type categories.
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(3) Greater attention must be paid to land use category defini-
tions, with more emphasis being placed on the basic spectral and spatial
components of each category being defined. In trying to provide updated
information for inventories and at the same time satisfy various users,

a unified land use classification system is necessary. Categories should
not be defined so much with names, but more so, with the spectral and
spatial components; eg., residential could be defined as patterns of
roof tops and pavement interspersed with vegetation such as trees or
grass. Knowing the spectral characteristics of each material and approx-
imate percentagelof each component, a good general definition of resi-
dential can be made. Similarly, spectral and spatial components could

be considered for other categories. A further consideration is that all
categories have a range of variability and definitions must accommodate
these variables to the extent that is practicable.

(4) Considerably more emphasis is needed on techﬁo]ogy transfer.
The pubTic, including government officials, has to be convinced that
in some cases data can be obtained more efficiently by satellite or
high altitude aerial coverage than by more conventional techniques. At
the same time, they need to be made ‘more aware that new kinds of infor-
mation are potentially available from satellite. Since town and county
level planning boards generally represent small areas, which do not
often have serious data acquisition problems, more emphasis should be
placed on supplying information to officials at the state and multistate
or federal levels. At the Tocal Tevel in New York State most satellite
data is not sufficiently detailed to meet the users' needs. It is,
however, ideal for large scale planning at the state level. Here for
the first time, state planners can view inter-associations throughout
their state. Such information should be very useful in planning trans-
portation corridors, water resource management, managing prime agricul- .
tural land, forest management and, planning for controlled. urban growth
centers. Further research in technology transfer to determine users'
needs will undoubtedly produce many more applications.
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(8) Finally, much more emphasis should be placed on the contin-
ued development of Tow cost analysis systems. The system. presented
in this report, while not complete in every respect, does represent
a significant step in that direction. In terms of world-wide appTli-
cations, most data analysis centers cannot afford large capital invest-
ments in specialized hardware and software packages. Therefore, there
should be continued support for supplying photographic type products
either from camera systems or electronic scanners, so that researchers
working individually or with small budgets are not unnecessarily pena-
lized in obtaining satellite data. Eventually, costs for analysis of
any satellite data, either by computer or manual methods, should not
exceed several hundred dollars per frame. As costs are brought down
to this level, public acceptance of an operational satellite resource
management system will become more of a reality.

8.2 .Summary and Conclusions

Simplified photo processing steps using a conventional dark room
set up have been developed to balance the contrast. and density range of
muitispectral bands for either the Skylab S190A system or the LANDSAT
(ERTS) system. These steps are low cost, require only conventional
photo technician knowledge and they produce consistent and reproducible
results. Enrhanced black and white enlargements of the Si90A filter
bands (AA, BB, and DD)'are used to produce color composites of various
land use categories.

, Density readings obtained from each S190A spectral band for known
areas representing different land uses are fed into a computerized CIE
Color Prediction Model. This model relates the density values 1in each
spectral band for each category of land use to the spectral properties
of the various diazo films. It then produces a combination of spectral
band, diazo hue and exposure value for each diazo Tilm which will maxi-
mize the color contrast among the land use categories being examined.
Three categories per composite can be compared. Up to 20 composites
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can be generated for under $25 plus the cost of diazo materials.

Two special experiments were conducted to investigate the po-
tential for other photo enhancement techniques. The first used
color separation techniques to make black and white negative sepa-
rations of both the S190B color and color IR films. These black
" and white separations were then enlarged to scales of 1:48,000 and
reconstituted into color and color infra-red by using suitable com-
binations of diazo material. The final product was quite acceptable
for interpretation; however, the procedure involves dark room techni-
ques requiring very controiled procedures. Therefore, it is not a
recémmended procedure uniess adequate enlargements of the S1908 data
cannot be made by other means.

The second experiment used Agfa coutour film to see if further
enhancement would result. The concensus was that this film type was
too difficult to use, expensive, time consuming, and produced unre-
liable and non-reproducible r¢§u1ts.

The filters on the S190A camera array are too broad. They also
overlap considerably in transmittance. These two factors severely
Timit the potential of the multispectral camera system as used in the
present configuration. Even though these limitations exist, the S190A
data, when sufficiently enhanced photographically and with the CIE
Color Prediction Model, can produce information nearly equal in detail
and accuracy to the S190B system. This is surprising in that the
S190B has two to three times the resolution of the S190A. Information
extracted from S190A imagery is theoretically at its maximum level
of interpretability using manual techniques; whereas, unmodified S190B
film types are not necessarily interpreted at maximum efficiency with-
out the use of special PI equipment which was not available for this
study. (The 1:24,000 scale interpretation of the Ithaca and Kingston
sites does show improvemernt in the error rate which seems to indicate
that the interpretation teehniques employed were insufficient to take
advantage of all the resolution capability of the S190B films). These
resuIEs combined with that obtained on the S192.multispectral scanner
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tend to support the thesis that narrow band multispectral sensor system
can provide better data than that obtainable from conventional formats
of the same resolution. Furthermore, as discussed in Section 5.2, in-
creasing contrast along with resolution- should increase detection and
interpretation accuracy.

Based on resolution alone, the Skylab $190A sensor proved to be
significantly superior to the LANDSAT (ERTS) system in acquiring land
use information. Spectrally, the S190A was not an improvement over
ERTS. 1In fact, the infra-red bands were significantly degraded due
to emulsion grain. They also contained less spectral information than
did the equivalent LANDSAT bands.

Land use information can be interpreted for Level I and most
Level II categories at accuracies acceptable for policy planning.
However, it has not been shown that satellite data can successfully
update existing detailed inventories such as LUNR to acceptable accuracy
levels. MNeither is such data acceptable. for operational planning or
site planning. Improvements towards satisfying some of these needs
might be made by using a combination of S190B cameras in a S190A mode
configured with narrow band filters.

Satellite coverage provides users with a unique synoptic view
that shows large scale relationships not readily available from other
sources. This snyoptic view is especially important in studying land
use dynamics operating on a macro-scale. Moreover, satellite scenes
are an important tool in themselves to quickly demonstrate landruse
features of a region to public officials. In terms of policy planning
decisions, there is much to the axiom "seeing is believing." Likewise,
satellite scenes are a credible educational tool to instruct the public
on a variety of geographical or environmental topics.

In“assessing the utility of any information acquisition system,
other available data sources should be considered, eg, existing inven-
tory %nfbrma@ion, soils maps, etc. Other factors that should be con-
sidered include the size of the area in question; the extent of the
planning activities and the number of jurisdictional Tevels which are
to be served; and the varying requirements for categorical detail and
geographic specificity.
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APPENDIX A

AGENCIES/ORGANIZATIONS PARTICIPATING IN SURVEY:

Babylon Town Department of Environmental Control
Babylon Town Planning Department

Brookhaven National Laboratory

Broome County Planning Advisory Board

The Cary Arboretum of the New York Botanical Gardens
Cayuga County Environmental Management Council

Cayuga County Planning Board

Central New York Regional Planning and Development Board
Dutchess County Cooperative Extension

Dutchess County Department of Planning

Genesee-Finger Lakes Regional Planning Board

Group for America's South Fork
Huntington Town Planning Department
Monroe County Department of Planning
Nassau-Suffolk Regional Planning Board

Onatrio County Planning Board

Orange County Cooperative Extension

Orange County Environmental Control Commission

Poughkeepsie Town Planning Boadrd

Regional Marine Resources Council (L.I.)

Regional Plan Association

Seneca County Planning Board

Smithtown Town Planning Board

Southern Tier East Regional Planning and Development Board
Southern Tier East Regional Planning Board

Suffolk County Cooperative Extension

Suffolk County Department of Environmental Control

Suffolk County Department of Parks, Recreation and Conservation
Suffolk County Planning Commission

Tompkins County Planning Department

Tri-State Regional Planning Commission

Ulster County Cooperative Extension

Ulster County Environmental Management Council

Ulster County Planning Board

Warwick Town Planning Board
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APPENDIX B

STANDARD LAND USE CLASSIFICATION SYSTEM {SLUC)

ONE DIGIT
COBE CATEGORY

1 Residential

2 Manufacturing

3 Manufacturing-
(continued)

4,  Transportation,
Communication and
Utilities

*Not Elsewhere Coded

TWO DIGIT
CODE CATEGORY

Household Units

Group Quarters

Residential Motels

Mobile Home Parks or Courts
Transient Lodgings

pther Residential, NEC*

Food and Kindred Products

Textile Mi11 Products

Apparel and Other Finished Products Made
From Fabrics, Leather, and Similar Materials
Lumber and Wood

Furniture and Fixtures

Paper and Allied Products

Printing, Publishing and Allied Industries
Chemicals and Allied Products

Petroleum Refining and Related Industries

Rubber and Miscellaneous Plastic Products
Stone, Clay and Glass Products

Primary Metal Industries

Fabricated Metal Products

Professional, Scientific, and Controliling
Instruments, Photographic and Optical Goods
Watches and Clocks

Miscellaneous Manufacturing, NEC

Railroad, Rapid Rail Transit and Street
Railway Transportation

Motor Vehicle Transportation

Aircraft Transportation

Marine Craft Transportation

Highway and Street Right-of-Way
Automobile Parking

Communication

Utilities

Other, NEC



N~

ONE DIGIT TWO DIGIT
CODE  CATEGORY CODE  CATEGORY

5 Trade 51 Wholesale Trade

52 Retail Trade, Building Materials, Hard-
ware, and Farm Equipment

53 Retail Trade

54 Retail Trade: Food

55 Retail Trade: Automotive, Marine Craft,
Aircraft, and Accessories

56 Retail Trade: Apparel and Accessories

57 Retail Trade: Furniture, Home Furnishings
and Equipment

58 Retail Trade: Eating and Drinking

59 Other Retail Trade, NEC

6 Services 61 Finance, Insurance, and Real Estate
Services
62 Personal Services
63 Business Services
64 Repair Services
65 Professional Services
66 Contract Construction Services
67 Governmental Services
68 Educational Services
69 Miscellaneous Services

7. Cultural, 71 Cultural Activities and Nature Exhibitions
Entertainment, 72 Public Assembly
and Recreational 73 Amusements
74 Recreational Activities
75 Resorts and Group Camps
76 Parks
79 Other, NEC

8 Resource Produc- 81 Agricq]ture
tion and 82 Agricultural Related Activities
Extraction 83 Forestry Activities and

84 Fishing Activities
85 Mining Activities
89 Other, NEC

9 Undeveloped Land 81 Undeveloped and Unused Land Area
and Water Areas 92 Noncommercial Forest Development
93 Water Areas
84 Vacant Floor Areas
g5 Under Construction
99 Other, NEC

Source:

Marion Clawson, with Charles L. Stewart, Land Use Information (Washington,
D.C.: Resources for the Future, Inc., 1955).
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NEW .YORK STATE BOARD OF EQUALIZATION AND ASSESSMENT PROPERTY

TYPE CLASSIFICATION (NYSBEA)

CATEGORY
CODE  CATEGORY
100 Agriculture
200 Residential
300 Vacant Land

400

500

C.=

Commercial

Recreation and
Entertainment

DIVISIONS
CODE DIVISION
110 Livestock and Products
120 Field Crops
130 Truck Crops (Mucklands)
140 Truck Crops
150 Orchard Crops
160 Other Fruits
170 Nursery and Greenhousa
180 Fur Products
190 Fish, Game and Wildlife Preserves
210 One-Family Year-Round Residences
220 Two-Family Year-Round Residences
230 Three-Family anr-Round Residences
240 Rural Residence with Acreage °
250 Estate
260 Seasonal Residences
270 Mobile Homes
310 Residential
320 Rural
330 Commercial
340 Industrial .
350 Urban Renewal or Slum Clearance
410 Living Accomodations
420 Dining Establishments
430 Motor Vehicle Services
440 Storage, Warehouse and Distribution
Facilities
450 Retail Services
460 Banks and Office Buildings
470 Miscellaneous Services
480 Multiple Uses or Multi-Purpose
510 Entertainment Assembly
520 Sports Assembly
530 Amusement Facilities
540 Indoor Sports Facilities
550 Qutdoor Sports Activities
560 Improved Beaches
570 Marinas
580 Camps, Camping Facilities and Resorts
590 Parks
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CATEGORIES
CODE  CATEGORY

600 Community
Services

700 Industrial

800 Public Services

800 Wildlife and
Forested Lands

DIVISIONS
CODE  DIVISION
610 Education
620 Religious
630 Welfare
640 Health
650 Governmental Centers
660 - Protection
670 Correctional .
680 Cultural and Recreational
690 Miscellaneous
710 Manufacturing and Processing
720 Mining and Quarrying
730 Wells
810 Electric and Gas
820 Water (Supply and Flood Control)
830 Communication
840 Transportation
850 Waste Disposal
860 Special Franchise Property
910 Private Wild and Forested Lands
920 Private Hunting and Fishing Clubs
930 State-Owned Forest Lands
940 County-Owned Reforested Lands



NEW YORK STATE PAND USE AND NATURAL RESOURCES INVENTORY (LUNR)

PRIMARY SECONDARY
CODE  CATEGORY CODE  CATEGORY
R Residential Land Rh High Density {50° Frontage)
Use Rin Medium Density ((50'-100' Frontage)
R1 Low Density (100'+ Frontage)
Re Residential Estates {5+ Acres)
Rs Strip Development
Rr Rural Hamlet
Rc Farm Labor Camp
Rk Shoreline Cottage Development
C Commercial Areas Cu Central Business District
. Cc Shopping Center
Cs - Strip Development
Cr Resorts
P Public and No Secondary Area Categories
Semi-Public Areas
OR Qutdoor Recreation No Secondary Area Categories
Facilities
I Industrial Areas Il Light Manufacturing
Ih Heavy Manufacturing
T Transportation Th Highway Interchanges, Limited Access,
Rights-of-Way, etc.
Tr Railway Facilities
Ta Airport Facilities
Tb Barge Canal Facilities
TP Marine Port and Dock Facilities
Ts Shipyards
T Marine Locks
Tt Communication and Uti11ity Facilities
E Extractive Es Stone Quarries
Industry Eg Sand and Gravel Pits
Em Metallic Mineral Extraction
Eu Eu Underground Mining
A Agriculture Ao Orchards T
Av Vineyards
Ah Horticulture, Floriculture
Ay Special Farms
At High Intensity Cropland
Ac Cropland and Cropland Pasture
Ap Permanent Pasture
Ai Inactive Agricultural lLands
Ui Other Inactive Lands
Ue Lands Under Construction
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PRIMARY SECONDARY

CODE  CATEGORY COBE

CATEGORY

F Forest lLand Fc
Fn
Fp

W Water Resources Wn
We
Ws
Wh
Wm
Wb
Ww

N Non-Productive Ns
Land Nr

Forest Brushland
Forest Land
Plantations

Natural Ponds and Lakes {1+ Acres) (
Artificial Ponds and Reservoirs(1+ Acres)(
Streams and Rivers {(100'+ Width)

Hudson River

Marine Lakes, Rivers, and Seas

Shrub Wetlands, Bogs, and Marshes

Wooded Wetlands

Sand {Unstabilized)
Rock (Exposed)

Two-digit numbers in parentheses indicate cétegory as ignment of LUNR
information to the Skylab interpretation categories.
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LAND USE CLASSIFICATION SYSTEM FOR REMOTE SENSING DATA (671)

LEVEL I

CoD

CATEGORY

1

Urban and Built Up
Land

Agricuitural Land

Rangeland

Forest Land

Water

Unforested Wetland

Barren Land

Tundra

Permanent Snow and
Ice Fields

LEVEL II

CODE  CATEGORY

11 Residential

12 Commercial Services

13 Industrial

14 Extractive

15 Transportation, Communication and

UtiTities

16 Institutional

17 Strip and Clustered Settlement
18 Mixed

19 Open

21 Cropland and Pasture

22 Orchards, Groves, Bush Fruits, Vineyvards,

and Horticultural Areas

23 Feeding Operations

24 Other

31 Grass

32 Savanna

33 Chaparral

34 Desert Shrub

41 Deciduous

42 Evergreen (Coniferous and Other)
43 Mixed

b1 Streams and Waterways

52 Lakes

53 Reservoirs

54 Bays and Estuaries

55 Other

61 Vegetated

62 Bare

71 Salt Flats

72 Beaches

73 Sand Other Than Beaches

74 Bare Exposed Rock

75 Other

No Secondary Classifications

No Secondary Classifications
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APPENDIX C

INITIAL SURVEY TO EVALUATE THE USE OF SATELLITE IMAGERY AS AN
INFORMATION SERVICE FOR LAND USE AND NATURAL RESOURCES*

The Resource Information Laboratory, in Tate October and early
November, 1973, forwarded some 160 questionnaires to Regional Planning
Boards, County Planning Boards, County Cooperative Extension Agents,
and private planning consultants throughout the State of New York.

The overall return was approximately 31.9% (51 responses).

The Regional Planning Boards, County Planning Boards, and private
planning consultants gave an approximate 61% return (29 out of 48).
However, only 28 were calculated as one return was left blank and
stated that they were not qualified to answer the questionnaire. Gene-
rally, the response from the group was quite high for most questions.

The response from the County Agents was rather poor. There were
a total of 112 questionnaires circulated to County Cooperative Extension
Agents throughout the state and only 22 were answered (19.6%). Part of
the poor returns can be attributed to the type of questions asked, e.g.,
regional planning matters. Several responses stated that they were not
qualified to answer the type of questions asked, and one specifically
said that this tybe of information was not relevent to county agricul-
tural agents' role in planning. (This reply was not calculated in the
tables). Nevertheless, the present stiuation indicates that there is a
tremendous need to illustrate and educate county agents on the potential
of satellite data, if it is to serve a useful purpose at the county level.

This appendix is a brief review of the returns. The format is as
follows: 1) Question, 2) Main Responses to the Question, 3) The Sig-
nificance of the Replies.

Question I:

Do you-conduct regional studies? If so, what is a typical area covered
(to the nearest square mile)? '

* R.T. Wulff, Progress Report, November, 1973.
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Response:

Table 1. Average Size = 4,210 square miles”
Number of Responses = 31
Did Not Respond = 18

There was a large variation in the areas of concern, from the smallest
area of 10-15 square miles, to the largest area of 14,067 square miles.

‘Question 2:

What is the size of the smallest data unit that you would use (i.e.-
for vegetation, it may be 10 acres; or, for waterbodies, 1 acre, etc.)?

Response:

., This question was asked in order to obtain an approximate idea of the
data unit size presently required by land use planners.

Table II. Size in Acres Percentage Number of Users
#1 #2
(41 Responded, 0 2.0 48,9 58.% 24
8 Did Not) 2.1 - 5.0 12.3  14.7 6
: 5.1 - 10.0 12.3  14.7 6
10.1 - 25.0 - - --
25.1 - 5.0 8.1 9.7 4
65.1 2.0 2.4 1
* 100.0% 41

NOTE: #1 - Percentage of total received.
#2 - Percentage of those actually answering the guestion.
These questions allowed the user to respond to wmore than one
category.
Not all the answers are given in this report.

*e
1

Tokek

The present‘ERTS information at 1:62,500 has an approximate resolution of
45 acres. However, the Skylab imagery is believed to have a greater
resolution and the user needs are more 1ikely to be met. There were
only a few responses that indicated an interest in using less definitive
imagery (e.g., 25 acres + data size) as a guide to indicate seasonal and
general land use trends. Mo?eover, the thinking ‘of almost all planners
and county agents was that land assessemnt and pianning should be con-
ducted with information as specific as 1 -~ 10 acres.
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Question 3:

In what form do you want the initial data (e.g., computer tapes, acetate
overlays, USGS topographic map bases, etc.)?

Response:

This question was asked for several reasons including: which format is
most acceptable to present planning techniques; would output from the
satellite be compatibie with these techniques; and, are there any cate-
gories not presently used that could be supplied by satellite data.

The strongest aggreement was the use of acetate overitays with USGS-type
maps.

Table III. * Form of Data Percentage Number of Users
[ 7]
Acetate overlays with
USGS topo map base 55.1 57.4 27
Acetate dverlays without
USGS topo map base 22.4 23.4 H
Computer tapes 18.4 19.1
USGS topo maps 14.3 14.9
*% *%

(47 Responded, 2 Did Not)

Question 4:

What is your area of concentration (e.g., regional recreation planning,
water quality analysis, etc.)?

Response:

The question was asked to see what cross section of experts were answer-
ing the form. It also was asked to clarify whether the given areas of
concentration could be obtained from remote sensing techniques. Factors
such as social, economic, and political concerns are obviously important
in planning. However, these are difficult, if not impossible, to obtain
from satellite imagery. There was a strong agreement %or a general
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category that was called County and Regional land use planning

(44 out of 48). This category included environmental inventory, plan-
ning, and land uses in general.

Table IV
Percentage
Area of Concentration #1 #2 Number of Users
County & Regional Land Use Planning 89.8 91.7 - T 44
Water Quality and Utility Planning 16.3  16.7
Education 6.1 6.3
Transportation 6.1 6.3
(48 Responded) *% *k *k
Question 5:

Do you use consultants and/or regional maps of other disciplines in your
analysis? If so, what disciplines?

Response:

The intent of this question was to ascertain what types of consultants
and maps are used by the people interviewed. Some 38 out of 48 respon-
dents said that they used consultants in their operations. There was

a considerable variety of data maps (23 different types). The main cate-
gories mentioned included soils (16 out of 48-33.3%), geology (19 out of

48-20.8%), and transportation maps (9 out of 48-18.8%). i
Table V

Percentage
Consultants &/or Type of Maps #1 #2 Number of Users
Do you use regional consultants (yes) 77.5 79.2 38
Do you use regional consultants (no) 20.4 208 10
Soils-maps 32.7 33.3 16
Geology maps 20.4 20.8 - 10
Transportation maps 18.4 18.8 9

*k ok 33



Question 6:

Do you use any of the following natural resource data? If not, please
state the data that you use.

Topography slope Wildlife habitat
Topography orientation Unique resources
Yegetation type . Geology (surface)
Vegetation edges (ecotone) Geology (sub-surface)
Water (if so, state type) Soils
Wildlife quality Other

Response:

The main purpose o% this question was to obtain an idea of what natural
resource data is presently being used in the planning fields. With this
information, it would be possible to guide future data retrieval. Gene-
rally, the answers for this question had a strong agreement. Table VI
indicates that the following categories were used extensively: §oi1s—
46 out of 47-97.8%, topographic siopes-45 out of 47-95.7%, water, ponds,
Takes, and streams-39 out of 47-83.0%, vegetation type-35 out of 47-
74.5%, geology (surface)-34 out of 47-72.3%, unique resources-33 out of
47-70.2%, and topographic orientation-32 out of 47-68.0%.

Table VI Percentage

Natural Resource Data #1 #2 Number of Users
Soils 94.0 97.8 46
Topographic slopes 91.8 95.7 45
Water,Ponds,lakes, & Streams 79.6 83.0 39
Vegétation type 71.4 74.5 35
Unique resources 67.3 70.2 33
Topographic orientation 65.3 68.0 32
Geology (sub-surface) 59.2 61.7 29
Geology (surface) 69.4 72.3 34
Wildlife habitat 51.0 52.2 25
(47 Responded, 2 Did Not) *k *k *k
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Question 7:

What existing cultural conditions are most important to your needs?

Present ownership Project demand

Distance from present development Cost of Tand

Present use Present property taxation
Possible future use Other

Existing Tegislation & financing

Response:

This question was designed to determine what cultural data is either
presently being used or is required by land planners. Several categories
in the Tist would be iypossib1e to obtain from either conventional remote
sensing methods (aerial photographs, etc.) or satellite imagery, and they
include present land ownership, project demand, and existing legislation
and financing. However, other categories may be obtainable from satellite
imagery, and they include present use and distance from present develop-
ment. There were no questions in the questionnaire that asked for weighting.
The answers to this question, however, had some weighted replies. Eight of
the nine gave first preference to ‘present use {the last choices did not
agree).

Table VII
Percentage

Existing Cultural Conditions . #1 #2 Number of Users
Present lse 91.8 93.8 45
Possible Future Use 79.6 81.3 39
Present Ownership 63.3 64.6 31
Cost of Land - 57.1 58.3 28
Distance from Present Development 53.1 54.2 26
Existing Legislation & Finaqcing' 51.0 52.1 25
Project Demand 49.0 50.0 24
Present Property Tax 46.9 47.9 23
Sewage ana Water 10.2 10.4 5
(48 Responded, 1 Did Not) *k k% ¥k
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Question 8:

Generally, there are several elements considered important as guides for
the spatial allocation of activities. The factors include type of activi-
ty, surrounding uses, distance from other activities and settlements,
availability and diversity. Are there other factors that you consider
important?

Response:

This question was designed to see what guides planners used for location
activities on the land. There was no attempt to delineate every factor
affecting lTocation. For example, people's values and choices were not
mentioned but they would play a major role in any planning. Due to the
general nature of this question, there was a tremendous variation in the
answers. It was impossible to draw trends from the responses. There were
three categories that received more than four responses.

Table VIII

Percentage Number of Users
Categories #1 #2
Demand, Need, Feasibility 35.7 47.6 10
Transportation/Accessibility ~ 18.4 32.1
Natural Factors/Envirommental Constraintsi8.4 32.1
Population Density/Migration 8.2 14.3

(28 Responded, 21 Did Not)

Question 9:

What natural resource data not presently obtainable would you 1ike to see
more available?

Response:

The intent of this question was to obtain ideas for possible new data
types. There were twenty-six responses that varied from the need to know
forest stands to historic settlements.
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Table IX

Percentage

Category #1 #2 Number of Users
Floodplains (5,10,20 & 50 yr Tevels) 10.2  19.2
Seasonal coverage - 10,2 19.2 5
Forest (nature stands, heights, types

boundaries, etc.) 8.2 15.4 4
Ground water data (movement quantity,

quality, etc.) 8.2 15.4 4

Historic settiement 6.1 11.5
Wildlife Habitat 6.1 11.5
Publication on What Information is

Presently Available 6.1 11.5 3
(26 Responded, 23 Did Not) ek La ok

Question 10:

Any other comments? -

Response:

The last question responses varied from enthusiastic: "practical appli-
cation of this new wealth of information is unlimited," to skepticism:

"T am a bit skeptical of your product, frankly. Nonetheless, I hope you
are successful in influencing the pattern of development for the better."
There were only two comments that showed obvious skepticism and sixteen
that gave positive responses.

Table X
Percentage N

Response #1 te Number of Users
Keep us informed 16.3 42.1 8
Education on the matter needed 6.1 15.8 3

Data must be more detailed 6.1 15,8 3

z

When is it available 4.0 10.5 2
Skeptical 4.0 10.5 2

(19 Responded, 30 bid Not) ok *k ok
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SIGNIFICANCE OF THE SURVEY:

The survey, although limited in sample size (restricted to New York
State), gave some guides for future research with satellite data and indi-
cated the need for better communications with the users. Many respondents
asked to be kept informed and only a few voiced skepticism about the plan-
ning potential of Skylab data. However, thirty-six {36 out of 41 or 77.9%)
answers stated that they used data units of 10 acres or less. Moreover,
at this time the mapping resolution of present ERTS information at 1:62,500
is approximately 25 acres. It is thought that this problem is one that can
be resolved through education on the Skylab's potential. For example, the
phenological qualities did not appear to be fully understood (5 responses).
It is the feeling of the Resource Information Laboratory that genera1ized‘

1

data taken at regular intervals™ can be used to augment the current more

detaited information.

<

The survey indicated that the present information being used by
land ptanners can, to some extent, be supplied by satellite imagery.
The natural factors that were most widely used included soils, topo-
graphic slope, water-ponds, lakes, and streams, vegetation type, geology
(surface), unique resources, and topographic orientation {approximately
+in that order of importance):

The most outstanding natural data required by planners but not
presently available included floodplains (5, 10, 20 & 50 year levels),
forest (nature stands, heights, type boundaries, etc.}, and ground water
information.

1ERTS Evaluation for Land Use Inventory, Type II Report, December 13, 1972,
to June 13, 1973, Contract NAS 5-21886, Department of Natural Resources,

- Cornell University, Appendix B, page 8 figures show 52.1% required data

of one year or less; this is more frequent than what is presently available.



APPENDIX D

NATURAL RESOURCE INQUIRY*

A questionnaire was sent out to wildlife biologists and environ-
mentalists on the regional level in state and federal agencies. It's
aim was to assess the value of satellite data to people involved in
environmental studies. Eighty-one guestionnaires were distributed and
thirty-one were returned. This was a 38 percent return. However, 7
of those returned did not reach the addresses, presumably because they
had moved. The return of actual responses was 24 or a 32 percent
response.

A few of the respondents indicated that they did not actually feel
qualified to answer the questionnaire because either they only reviewed,
or remote sensing data was not applicable to their work. This may
explain the poor response received.

The review of the questionnaire data includes a 1isting of the
questions and the responses along with an analysis of the responses.

Question 1: Do you conduct regional studies? If.so, what is the nature
of the study (ie, analysis of wildlife habitat, hunting
activitity, etc.)

Response: 95.8% conducted regional studies:
Category

Environmental analysis ' 12.5%
Wildlife and fisheries habitat 58.3%
Hetlands 20.8%
Timber - 8.3%

Of the respondents studying wildlife and fisﬁerﬁes habitat, 38 percent
were working on the applied field level while the other 62 percent were in
regional supervisory capacity. Some of the respondents were studying one
*D. §. Stevens, Progress Report, January 1974.
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or more species, such as: pheasant, wild turkey, beaver, or bear. Others
studied specific regions.

Question 2: What is the typical area covefed'in your regional study?
(In approximate square miles)

There was a great range in responses to this question. Some respondents

Tisted several regions of different sizes.

Square Miles Percentage of Respondents
Less than 100 37.5
19000 - 53000 25.0
5,000 - 10,000 8.3
Greater than 10,000 29.2

Question 3: What is the minimum size of the data unit required for your
study (ie, for vegetation it may be 10 acres, for water-
bodies it may be 1 acre, etc.)

This question wdﬁ included to see how the data unit requirement for
wildlife habitat analysis corresponded to the interpretable unit size

of satellite imagery. The minimum interpretable unit for the ERTS imagery
was about 25 acres at a scale of 1:62,500.

Response:
(Acres)
Data Type Minimum Unit Size Percentage of Respondents
Forest = 5 - 20 8.6
Open Land 1-10 45.7
40 - 100 ) 8.6
Wetlands 1-10 ' 17.1
Water 1-10 11.4
Not Applicable 8.6

This indicates thet 74.2 percent of the respondents required data in a
unit size of 1 to 10 acres. This resolution capability is not possible
with the present ERTS imagery using manual interpretation. However, a
preliminary view of the Skylab imagery indicates that it has consider-
ably greater resolution so it may be useful for these studies.
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Question 4: Do you currently use any of the following data sources?

Response:

Data Sources Percentage of Yes Scale

Air photos 100 varied

USGS topographic maps 100 90%-1:24,000
County Maps 70.8 varied

Tax Maps 16.8 varied

Other

I you do not use any of the above or similar sources, what is your
data source?

1

-This question was included to find whether the personnel in wildlife
used any map data. It is clear that they do use at Teast some data of
this kind. Other specialty maps used were soil maps, road maps, and
flood plain maps, in approximate order of importance.

Question 5: Do you use consultants or information from other disci-
plines 1in your analysis? If so, what disciplines?

Response:

None 7 Extension Agents 2
Soil 9 Census 2
Forestry 6 Outdoor Recreation 2
Engineers 5 National Marine Fisheries 1
State Fish & Game 5 Archeology 1
EPA Water Quality 3 Planners 1
Landscape Architects 3 Weather i
Hydrolic Tables 3 Transportation 1
Geologists 2 Power Transmission 1

Response to thi;rquestion indicates a variety of disciplines are used in
wildTife habitat evaluation. Only 29 percent did not use any consultants.
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Question 6: In what form would you like your initial datal(ie, computer
tapes, acetate overlays, topography maps similar to USGS)?

Response:

Data Type Percentage of Respondents
Topographic Maps 95.8

Acetate Overlays 79.2

Computer Printout 4.2

Vegetative Diversity 4,2

Undecided 4.2

This question was asked to find what format was desired by researchers,
and whether satellite imagery could be presented in a compatible format.
79.2 percent wanted acetate overlays that could be used with topographic
maps. This would be a suitable format for mapping vegetational or
cultural information from satellite imagery. Only one person desired
computer information, several said they definitely did not want any
computer analysis.

Question 7: Do you use any of the following resource data? Please
check whether the data is required, or of no use for your

anglysis.
Response: Percentage of Responses
Required Desirabie No Use
Topography
STope 43.5 '52.2 4.3
Aspect 23.8 61.9 14.3
Geology
Surface 26.0 . 60.9 13.0
Sub-Surface 13.6 54.5 31.8
Soil Type 45.5 54.5 0.0
Climate
Rainfali
Monthly Averages 21.7 60.9 17.3
Seasonal Averages 23.8 52.3 23.8
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Required Desirabie No Use

Other: Largest Storm, Evapotranspiration

Temperature
Monthly Averages 22.7 50.0 27.3
Seasonal Averages 17.0 50.0 33.0
Other: First and Last Frost, Solar Radiation

Vegetation Type (

Forest General 66.6 19.0 4.3
Deciduous 77.3 13.6 9.1
Coniferous 77.3 13.6 9.1
Species Composition 56.5 34.8 88.7

Brushland General 72.7 18.2 9.1
Species Composition 43.5 390.1 17.4

Agricultural General 66.6 19.0 14.3
Abandoned Fields 54.2 33.3 8.3
Pastures 56.5 34.8 8.7
Active Cropland
General 33.3 42.9 18.5
Crop Type 33.3 42.9 18.5

Index of Diversity of

Vegetative Types 50.0 31.8 18.2

" Water

Ponds and Lakes 90.5 9.5 0.0
Streams and Rivers 85.7 14.3 0.0
Wetlands 82.6 17.4 0.0
Seasonal Fluctuation 61.9 T 33.3 4.8

Other: Developed Areas, Tidal Range, Marsh Vegetation, Topography of
Lake Bottoms, Beaver Flowage, Native Hay

This 1ist of resource information was included to find what types
of data were used. Some of this information cannot be obtained from
satel1ite imagery (ie, weather information); however, it can be moni-
tored in other ways by satellite. The vegetation was broken down into-
several levels of precision in hopes of determining how specific the
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needs of the respondents were. Unfortunately, most repsondents indi-
cated they wanted all levels rather than distinguishing between levels.
56 percent of the respondents required species of vegetation. Informa-
tion this specific is difficult, if not impossible, to obtain from sate-
T1ite imagery. However, 20.8 percent could use a break down of forest
into deciduous and coniferous types, which can be determined from sate-
11ite data. Specific agricultural information was required by only

33.3 percent of the respondents.

Question 8: What factors do you feel are necessary to define wildlife
habitat? Please indicate what specific species, if any,
you are considering.

Response:

Cover Percentage of Respondents
Generalized Vegetation Types 66.6
Specific Species 66.6
Specific Vegetation Conformations 58.3
Topographic Features 58.3

Food
Generalized Vegetation Types 50.0
Generalized Animal T&pes 50.0
Specific Species 45.8
Abundance 54.1

Water
Type 62.5
Minimum Amount 54.1
Seasonal Fluctuation 45.8

Space
Minimum Area Characterized by:

Vegetation Type 58.3
Human Density 41.6
Diversity 33.3

No Response 16.6



This was asked to determine what factors were required for habitat
analysis; to determine if habitat could be analyzed by satellite. Vege-
tative cover was judged the most important factor. However, species
was required. Many of the other factors could be determined by satellite
jmagery.

Question 9: Do you feel wildlife habitat can be accurately mapped over
extensive areas using any of the above criteria?

Response: 83.3 percent of the respondents did feel that habitat couid
be mapped with the above information. 16.7 percent did not
respond to this question.

Question 10: What cultural information is necessary for your needs?

Response: Percentage of Respondents
Population Density 62.5
Present Land Ownership 4.2
Present Land Use 87.5
Size of Land Parcel 54.2
Possible Future Use 66.6
Cost of Land 33.3
Present Property Taxation 12.5
Hunting/Fishing Pressure 62.5
Hunting/Fishing Success 62.5
Other: Shoreline Development, Recreational Habitats
No Repsonse 8.3

Th1§ question was designed to see what cultural information was
used or would be used by wildlife biologists. Some factors such as
cost of land, land ownership, and hunting/fishing pressure or success,
cannot be determined by satellite data or other remote sensing methods.
However, others such as present land use and parcel size, could possibly
be determined by satellite. Present land use was the factor of most use
to the -respondents, (87.5%).
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Question 11: Are there natural resource data not presently obtainable
- that you would Tike to see more available?

Response: Response to this question was 54%. The responses varied
widely, some requests did not deal with data applicable to
remote sensing. The responses can be roughly grouped into
categories as follows:

Categories Percentage of Respondents
Digest of Information Availabie 23.0

Shoreline Vegetation Inventories 15.4

Analysis of Critical Habitat (ie, endangered 23

species, breeding or wintering habitat)

Analysis of Urban Fringes 15.4

Data on Specific Game Species Habitat 15.4

Time Pursuing Game 7.8

Apparently, the other 46 percent of the respondents did not have
any need for new information.

In general, it would seem that personnel responding to this
guestionnaire would like to obtain information in the same general
format that it has been availabie to them in the past. This would be
in the form of acetate overlays showing cuitural or natural configurations.

The vegetational information required by wildlife personnel, such
as species composition of forests, is not feasible from satellites. How-
ever, generalized vegetational types, agricultural areas, water and
topography can be obtained using satellite data. The greatest difficulty
in application of satellite data to this field is the reguirement of data
units Tess than 10 acres for most features.

This questionnaire did indicate the need for greater communication
with wildiife personnel since 23 requested greater availability of sate-
11ite data. These people were apparently not aware of the distribution
sources currently available.
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ATthough this questionnaire is of lTimited extent (24 replies),
it does give some idea of the needs of wildlife personnel and feasibility
of using sateilite data to meet these needs.

D-9






026125

RESOURCE
INFORMATION
LABORATORY

ENHANCEMENT AND EVALUATION OF SKYLAB
PHOTOGRAPHY FOR POTENTIAL
LAND USE INVENTORIES

PART Il

DEPARTMENT OF NATURAL RESOURCES
NEW YORK STATE COLLEGE OF ‘
AGRICULTURE AND LIFE SCIENCES

AT CORNELL UNIVERSITY

INFORMATION SERVICE

US Dopartmen! of Commerce
Spnngfield, YA 22151

T ot vy T
NATIONAL TECHNICAL 1

= o






