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Cover page: an enlarged portion (4X) of a Skylab S190B color photograph taken
on November 30, 1973. Clark Hill Reservoir and the Savannah River are shown
in the center. Interstate 20 and the outer fringe of Augusta, Georgia, can-be
seen in the lower right corner. This black-and-white reproduction was made
from a color internegative. The scale js approximately 1:250,000.
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ABSTRACT

Four widely separated sites--near Augusta, Georgia; Lead, South
Dakota; Manitou, Colorado; and Redding, California--were selected as typi-
cal sites for forest inventory, forest stress, rangeland 1nventory,_and
atmospheric and solar measurements, respectively. Skylab bhotographic
data were examined monocularly or stereoscopically by photo interpreters
using a variety of magnifying interpretation devices. Land use, forest
types, physiographic sites, plant communities, and other natural resource
cover types, as well as forest stress, were interpreted and mapped. Micro- -
densitometric techniques and computer-assisted data analysis and sampling
procedures were developed and tested against ground truth.

Results indicated that Skylab S190B color photography 1§ good for
classification of‘Leve1 I forest and nonforest land (90 to 95 percent
correct) énd could be used as a data base for sampling by small- and medium-
scale photography using regression techniques. The accuracy 5f‘Leve1 I1
forest and nonforest classes, however, varied from fair to poor. Pine and
hardwood could be separated as classes 70 to 95 percent of the time. Agri-
" cultural classes--cropland, idle land, and abandoned Tland--as well as
grassiand, could not be separated on November Skylab imagery. Water was
classified in mosf instances as bare soil (sedimentation) and grassland.
Similar classification problems were encountered using both photo inter-
pretation and computer-assisted procedures with S190B color film and the
results were also much aiike. The use of color infrared photographs would
jmprove classification considerably.

Random and sysfematic sampling designs were tested for measuring

forest area proportions using a digitized ground truth map for one county.



The variance in fares; area proportion was always less using systematic
sampling. Systematié sampling, using digitized Skylab S190B optical
densities and linear.discriminant functions for postsampiing stratifica-.
tion, reduced variance in forest area proportions at the lower éampling'
rates--at sampling fraétions above 0.0004, the advantage decreased rapidly.

Results of plant community classification tests indicate that both
visual and microdensitoﬁétric techniques can separate Deciduous, Conifer-
© ous, and Grassland classes to the Region level in the ECOCLASS! hierar-
chical classification system. The classification accuracy was over 90 per-
cent by visual techniques on both Skylab and suppcyting aircraf§ photography.
Deciduous, however, was date, film-type, and scale dependent. Using
microdensitometry on SKkylab photographs, an accuracy of over 80 percent
was aqhieved-—Deciduous was Tilm-type dependent.

There was no consistency in classifying tree categories ;t the Series
Tevel by visual photo interpretation. Conifers were classified more often
{80 percent) on Skylab photos, whereas Aspen was most accurate on aircraft
photos. Under certain conditions, Grassland plant communities were clas-
sified at accuracies greater than 80 percent on Skylab photos, but on air-
craft photos they were consistently better than 80 percent regardless of
conditions. Results of microdensitometric techniques were variable and

highly dependent on date, film type, and scale.

lpfister, Robert D,, and John C, Corliss, task force cochairmen.
1973. ECOCLASS-a method for classifying ecosystems, Report on file at
Forestry Sciences Laboratory, Intermountain Forest and Range Experiment

Station, Missoula, Montana,
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Only the Conifer and Grassland Region classes were successfully
mapped on both Skylab and underflight photographs--over 80 percent
accuracy. Plant communities mapped at the Series level agreed with
ground truth 80 percent of the time, but only if class-compiexes were
formed. Cultural features could be mapped by visual technigues more
successtully on underflight photographs than on Skylab photographs.
Computer-assisted mapping of cultural features was unsuccessful.

The relationship between ground measurements and Targe-scale photo
measurements of foliar cover had a correlation coefficient of » 0.75.
Some of the relationships, however, were site dependent.

A comprehensive evaluation of Skylab dats showed that mountain pine
beetle infestations could not be detected on c¢olor-combined muitiband
black-and-white, normal-coior, and color infrared photographs from the
S190A multiband camera system, A1l positive i@entifications were made
on 3190B terrain mapping camera color photographs. Infestations detected
were always over 26 meters {85 feet) in the longest dimension. On one
site, only infestations over 50 meters {164 feet} could be detected.
Poor detection was blamed on timing of the imagery {(June) and Tow sun
angle., Optimum viewing was achieved with a microscopic viewer on a
good-quaiity Tight table at a scale of 1:75,000. Stereoscopic viewing
was preferred over monocular viewing and resulted in Tewer commission
errors. Infestations could not be detected by computer processing of
the five usable channels from the 13-channel multispectral scanner {S5192),

Wide-band terrain.refiectaﬁce measured from a Tow~fiying aircraft
was found linearly correlated with radiance measured by Skylab S190A

and S190B and LANDSAT-1 (ERTS-1) sensors. The results support the



proposition that the regression coefficients are a measure of the path
radiance and a quantity representing the product of total irradiance

and beam transmittance at the time of the satellite overflight. These
coefficients. should be useful to correct for solar .and. atmospheric effects
in extending spectral signatures in computer-aided classification of

satellite imagery.
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PREFACE

This is the‘final report of an investigation to evaluate the use-
fulness of the Skylab Earth Resources Experiment Package (EREP) data in
identifying forest, rangeland, nonforest, water, and foresf stressras
a first level of resource information. The experiments-reported here
were performed under a ‘Memorandum of Understanding {(Contract No. T-4106B)
between the Nafidna] Aeronaufics and Space Administration/Jdohnson Space
Center (NASA/JSC) and the United States Department of Agriculture (USDA).
The research was conducted by the combined professional staff members of -
the Remote Sensing Work Unit, Pacific Scuthwest Forest and Range Experi-
ment Station (PSW), Berkeley, California, and the Remote Sensing work
Unit,- Rocky Mounfajn-Férest and: Range Experiment Station (RM), Fort Collins,
Colorado. quért C. Hel]ér‘was originally identified as Principal Inves-
tigator and Robert C. Aldrich, Richard S. Driscoll, and Frederick P. Weber
were identified as coinvestigators. Robert C. Aldrich was made Principal
Investigator upon the retirement of Mr. Heller in August 1974. Technical
Monitors for NASA were Ryborn R. Kirby and Clayton D. Forbes:

The origihal research propesal was submitted to NASA on April 26,
1971, and entitled "Inventory of Forest and Rangeland Resources, Including
Forest Stress.” Portions of.the proposal and the Statement of Work. (SOW)
were amended effective August 28, 1974. Amendments were necessary because
some Skylab data were lacking and, in ‘'some instances; the data were either
too poor in quality to analyze or did not meet the reauirements set out in
the proposal.

The contract began on March 7, 1973, and was to be completed in a

period of 14 months. An extension to 30 months was obtained due to



operational problems that delayed receipt of Skylab data for all test sites
until September 1974. The last data were received on March 24, 1975.

' A11 Skylab data required to complete the amended contract were fur-
nished by NASA/JSC. The Earth Resources Aircraft Program (ERAP) Office

at NASA/JSC furnished high-altitude color infrared (CIR) transparencies
and/or aircraft mu]tispecfra1 scanner data for all test sites.

During_the period covered by this report, research was under the
administrative direction of Benjamin Spada, Assistant Director, PSW, and
Harold A. Paulsen, Jr.f'and Wiliiam A. Laycock, Assistant Directors, RM.
The authors gratefully gcknow]edge Professor Robert C. Heller, College of
Forestry, Wildlife, and.Range Sciences, University of ldaho, who, prior
to his Forest Service retirement in August 1974, coordinated the original
proposal and gave valuable technical direction to this research. As might
be expected in a program of long duration, many professional and nonprofes-
sional staff members, not included among the authors, have contributed to
the effort involved in these experiments. Richard J. Myhre, Scientific
Photog}apher, PSW, was responsible for aill phdtographic work required by
the investigators and for all reproductions used in the Forest Inventory and
Solar and Atmospheric Measurement sections of this report. Marilyn Wilkes
and Bruce McArthur, PSW, did a large part of the computer programming re-
quired for data analysis and computer-assisted classification. Emanuel E.
Moellman, Machinist, PSW, made special equipment mountings and fabricated
special devices required by the investigators. Anne L. Weber, Work Unit
Clerk, PSW, assisted in editorial review, typing, and administrative tasks.
Tomiko Hiromoto, Clerk-Typist, PSW, Diane M. Christensen, Work Unit Clerk,
RM, Jacie Sneed, Work Unit Clerk, RM, and Dixie L. Kinderknecht, Work Unit

Clerk, RM, performed typing and general administrative functions.
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A large number of temporary, summer, part-time, and wPrk Study em-
ployees assigned to the PSW and RM Work Units duriﬁg the contract pe-
riod also made contributions to the studies:

Joseph Afong, PSW
Greg R. Johnson, RM
Mike Keyes, PSW

" Roy A. Mead, RH
Dorothea Pigman, PSW
David L. Shanks, RM
Philiip Shaw, RM
Emanuel Suhl, PSW
Julian Suso, PSW
Peter E. Wikoff, RM

The 5192 data analysis reported in the Forest Stress section was
completed by subcontract with the University ﬁf Kansas Space Technology
Center. The analysis was performed by Dr. Robert Haraliék of the Remote
Sensing Laboratory; assisfed by Mr. Gary Minden, a graduate student in

the Department of Electrical Engineering.
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GLOSSARY

Alpha (a): (Also see Beta) The conditional probability of the X, and X

1 2

values, given a fixed classification category‘(c);

Band: One of the wavelength bands of the e]ectrémagnetic spectrum sensed
by a multispectral scanner (MSS) or passed by_a band-pass filter and
recorded on photographic film.

Band Pair: Any two defined wavelength bands of‘the electromagnetic spec-
trum used in.signature aﬁa]ysis.

Band-pass: Used to describe optical filters that aliow only defined por-
tions of the electromagnetic spectrum to pass to the sensor surface.

Beta (B): (A]so.gee Alpha) The conditional probability such that wifh
Xy and X, values fixed, the value for the classification category (C)
is allowed ﬁo &ary.

Bias: The difference between the expected value of a statistic over all
possible samples and the true population value of that statistic.

Color composite: A fglse-co1or reconstruction of multiband photographs
created from two or more filtered photographic bands. The four filtered
bands on Skyléb (S190A) were 0.5-0.6 ym (station 6), 0.6-0.7 um
(station 5), 0.7-0.8 um (station 1), and 0.8-0.9 um (station 2).

Computer-compatib1é tape (CCT): A reconstructién of Skylab MSS data or
digitized photographic opticaTrdensities in magnetic tape form suitable
for computer analysis.

Confusion matrix: A tabular presentation of classification data éhowing
the proportion of'actuaT.types that were classified as each of the

predicted types.

xifi



Contingency table: A table in which contingeﬁcy is the difference in the -
table cells between actual frequency and expected frequency, assuming
that the two characteristics are independent from a probability stand-
point.

Convolution window: A two-dimensional (X, Y} mathematical smoothing
process applied to a digital data array to improve classification. In
the simpiest form, déta for adjoining pixels are added togéther to im-
prove classification. This process usually resuits in poorer resolution.

Data element: A sinélg'picture element of digital image density recorded
on computer-compatible tape by a microdensitometer. The size of the
element varies with the microdensitometer aperture.

EAI: Electronics Associates Incorporated. Data plotter Model 430 used to
plot Tand-use maps in color from CCT's of microdensitometer data analysis.

IDECS: Acronym for 1ﬁage descrimination enhancement combination system
{University of Kansasj.

Irradiance: The amount of Tight measured on a surface. In physics, the
radiant flux density on a given surface. Usually expressed in watts per
square meter.

Multispectral scanner (MSS): For Skylab, an electronic opt%ca] line scan-
ning device (S192) that collects reflected and emitted radiation in 13
spectral intervals (bands} of the visible, near-IR, and therﬁa?-IR
regions of the electromagnetic spectrum. The S192 has a 6onica1 1ine
scan which meant 1line scan data had to be straightenad for computer
analysis.

Pixel (also called digital element): A single picture element of digital

image data recorded on Skylab MSS and microdensitometer computer-

compatible tapes. A single pixel of MSS data covers approximately 79

xjv



meters square (260 feet square). A pixel of microdensi%ometer data
used in this experiment covers approximately 0.08 hectare {one-fifth
of an acre). - ‘

Postsampling stratification {PSS): Stratified sampling in which the strata
assignments are unknown or are not used at the time of sample selection.

Prior: 1In statistics, a probability determined before further observation
trials are made or a probability based on a prior trial and related to
further trial ekperiments. In digital data analysis, a probqbi1ity
based on ground observations and used as a weighting factor to improve
classification. ‘ '

Radiance: The brightness of an object as seen from a remote obseryation
point. In physics, it is a measure of the power radiating from a unit
area of a source through a unit solid angle. Typical units of radiance
are watts/meter2-steradian.

Reserved decision: An assignment made by the decision rule when no cate-
gory has high enough likelihood of being correct. The cell is Teft
blank or unclassified.

Resolution cell: (See pixel).

SampTing fraction: Proportion of units sampled to the total number of
units in the population.

Set intersection rule: The intersection of two sets of categories with
elements common to both. |

Séatia] region growing process: Unassigned resolution cells are assigned
to a category label of a resolution cell closest to it.

Threshold: A beginning value selected from a data array to define a

signature for classification. The threshold value can be chaﬁged by

trial and observation to improve classification.

XY



UTM:  Universal Transverse Mercator map projection,

ZTS (Zoom Transfer Scope): An optical instrument for transferring data
from a small-scale photograph to a targer scale photograph or map.

-~ The scale -change range is from TX to 13X, Manufactured by Bausch and

Lomb Optical Company.

Xvi



SUMMARY

A 30-month-long investigation of Skylab photograpﬁic’anﬁ mqui;pectral
scanner data products was made to test potential applications for forest
and range surveyé. Four separate studies were conducted to test classifi-
cation of Tand use éhd forest and range vegetation, detection of stress on
forest vegetation; and méasurement of solar and atmospheric effects iﬁ
satellite imager&._ﬂSites selected for these studies were near Augustaa
Georgia; Man‘itm;, Colorado; the Black Hills of South Dakota; and Redding,
California. The Manitou and Black Hills sites were used in previous re-
mote sensing st@diés of aircraft photography and LANDSAT-1 (ERTS-1) multi-
spectral scanner data.

Skyléb data'were supptied by NASA as photographic transparencies or
computer-comﬁatib?e tapes for analysis by photo interpretatﬁve and
computer-assiéted £echniques. Photographic producfs inﬁ1uded dupticates
of S190B terrain mapping camera exposures on color or color infrared (CIR)
films. Also {ncfuded were color and CIR dupTicate transparencies and four
black-and-white: (B&W) duplicate transparencies from the S190A ﬁuitispectra]
camera. The foUr'Béw bands representing four spéctfa] regions of the
visible spectrum Qerg combined into false-coiorlcémposités. Computer-
compatible tapes iﬁefuded unstraightened conical scan &ata recorded from
the 13-channel mﬁ]t%épectra1 scanner (S192). Djfferent instruments and
methods were used at each site to satisfy separate experimental require-
ments and peculigf problems encountered.. The'app%oachés to the experi-
mental objectiveé‘aﬂsb varied considerably at eaéh site.

Generally speaking, the Skylab photographic data were found useful

at two resource-oriented sites for broad classification. Land-use classes,



such as forest and nonforest, and range vegetation classes af the Region
level (Deciduous, Cbn{ferbus, and Grassland) were distingd%shed wifh
acceptable accuracy when checked against ground truth. Maps produced
%rom digitized optical fjﬂm‘densities,=measured'on color film, were
acceptable for forest classes but unacceptable for nonforest. Regar@?ess
of interpretation technique, Level II nonforest classes could not be
accurately identified on color film, and plant communjties‘at the §eries
Tevel could not be classified with consistency on any film/season cpmei~
nation. _ '

Forest stress, in the form of mquntainrpine beetle-ﬁi1Ted,ponderosa
pine, was detected only on Skylab's terrain mapping camera photography.
However, no 1ndividua1 trees and only infestations over 26 mefers (85
feet) in the 1ongest -dimension could be detected Mountain pune beet1e
infestations cou]d not be detected by analysis of 5192 mu1t1spectra1 scan-
ner data. Both photographic data and multispectral data were acquired in
June--a period of Tow insect activity and a period when 1?tt1e discolored
foliage remains on the trees killed by the previoue year's bark beetle
population. Had data been available for Seetember, a period of high insect
aciivity and increasing dead-tree discoloration, results might have been

more encouraging.
Additional Conclusions:

1. Systematic or random-sampling designs can be bverJaie upon digi-
tized photographic data by computer and classified into broad forest-
nonforest classes for'estfmating area proportions. Acceptable results will
"dépend on improving both the classification system.ahd‘the c]aséif?catioﬁ

procedure.



2. Enlargements of Skylab terrain camera photographs (1:125,000)
can bé used with conéentiona] photo interpretation techniques to estimate
proportions of broad land cover classes within large political or admin-
istrative boundaries in two-stage sampling designs.

3. Skylab and high-altitude aerial photographs can be used to map
areal extent of Conifer and Grassland classes with greater than 90 percent
accuracy.

4, Paved aﬁd gravel roads, utility corridors constructed within the
past 10 years, large mining excavations, and clusters of buildings can be
mapped on enlarged Skylab photographs.

5. Radiance from Skylab S190B and LANDSAT sensors were linearly cor-
. related with widé~band terrain reflectance. Coefficients of the regres-
sion will be useful as Tinear conversion coefficients for extending spec-
tral signatures in computer-aided classification using satellite imagery.

Summaries of the individual studies composing this report follow. If
Skylab-quality data should become available on a recurring basis, further

investigation is needed to support, clarify, and extend these results.

Forest Inventory - Three independent studies were made of the poten-

tial application of Skylab photographic data in (1) forest resource eval-
uation, (2) sampling designs for computer appiication, and (3) automated
land classification and mapping. Multispectral scanner data were not
analyzed due to time constraints caused by a required late change in the
test site Iocatidn.

Sixteen land-use and forest classes, at three levels, were originaily
defined for both Human and computer-assisted classification. Two types

of photographic data*were used in the tests--multiband false-color



cdmposites of S190A data for September 12, 1973, and S1908_c010r‘f0r
November 30, 1973. These photographs were enlarged to a scale of 1:125,000,
1:250;000, and ]:500,006 for interpretation. Ground truth_for forest re-. ‘
source evaluation was p?bﬁiﬁéd'by a 1971 forest survey. High-altitude CIR
photographs (1:120,000) and ground checks were used to map one county %nto'
two forest and two nonforest classes for a sampling desién study. To eval-
uate computer-assisted classification, two study blocks were mapped into

31 Level III and lLevel IV Tand-use classes on high-altitude CIR pﬁotdgraphs
and corrected using ground observations.

In one forest resource evaluation, land-use proportions were esti-
mated for a four-county area. The estimate of forest area was within 2
percent of the 1971 Forest Survey figure for the four counties. ‘By.in-
dividual counties, the estimates were within 2 percent for three of ﬁhe
four counties. With the exception of pasture and idle Iéndz the four-
county estimates were all close to #1 percent of the 1971 Forest Survey.
estimates. A quasi-operétiona1 apptication test using rggression tech-
niqueS'{n one county estimated forest area 3 percent &bové the Forest
Survey estimate. The sampling error was +3,53 percent.

U;ing computer-simulation téchniques, samp]ing designs were tested
with a digitized ground truth map and digitized Skylab photographic data
for one county. The variance in forest area using systématic sampling
was always smaller than when using ;imp]e random sampling. When a dig-
itized type-map classﬁfied'from Skylab S190B microdénsitometer.data was
used in a postsampling stratification strateqy, thg variance of the_forest
area estimate was smaller than that for systematic samp]iqg a]one—-put

only when the sample intensity was Tow.



Computer-assisted analysis of microdensitometer scans made on Skylab
S190B color photographs separated forest land from nonforest land with an.
accuracy of approximately 95 percent. Pine and hardwoods could be sepa-
rated with an accuracy of approximately 70 percent.

Forest inventory studies in the Augusta, Georgia, site showed that
Skylab S190B photographs provide a good base for Level I forest classifi-
cation. Conventional photo interpretation will provide acceptable area
estimates for some nonforest classes; however, idle land, pasture, and

water were difficult to separate on nofma?-co]or Titm.

Range Inventory - Classification of range plant communities was

based ‘'on the ECOCLASS system. Identification at two levels--three Region
and eight Series classes--was attempted. Skylab photographs from the
S190A multiband camera and the S190B terrain mapping camera (June and
August 1973), high-altitude aircraft photographs (June and August 1973),
and Forest Service-acquired large-scale photography were used in the tests.
Both visual and microdensitometer techniques were tested.

Training and test sample cells were selected for interpretation
tests on a restricted random basis.- To be selected, a specific plant
community had to occupy an area at least 500 meters square {1,635 feet
square)., A T0-percent sample was picked at random from each plant com-
munity class for field validation. Overlays of sample cell locations
and plant community keys were used to aid interpretation. Procedures
were also developed to map cultural features from Skylab photographs.

In a separate study, foliar cover estimates made on large-scaie color

photographs were compared with measurements made on ground transects.



Photo interpreters classified Grassland and Conifer Region classes
with a mean accuracy of 98 percent or greater on both Skylab and Support
aircraft photography regardless of date or film type. The Deciduous (Aspen)
class. was. identified with 80 percent .or greater aceuracy on the August éIR
aircraft photographs, but the accuracy on Skylab photographs was not accept-
able. Tree Series classification was inconsistent. Aspen was classified
with 80 percent accuracy on August CIR aircraft photographs, but the accu-
racy on Skylab photographs was unacceptable. The coniferous Series class
accuracies were date, film-type, and scale dependent. -For instance, the
Douglas-fir class was accurately classified on June CIR Skylab photographs
but not on aircraft photograﬁhs. Lodgepole Pine and Ponderosa Pine classes
were interpreted accurately on Skylab color photographs for June but not on
aircraft photographs;‘ June color and CIR medium-scale aircraft photographs
were best for interpreting the Spruce/Fir class. The greater accuracies
at smaller scales were probably due to the mixing of tree‘species into
homogeneous units with a dominant species signature and a Tower resolution.
Within the grassland Series, Shortgrass had a classification accuracy of 95
percent or greater on both Skylab and aircraft photographs regardless of
date or film type. Wet Meadow had a classification accuracy greater than
90 percent on both June and August aircraft photographs regardless of film
type or scale. Classification of Wet Meadow was also acceptable on both
color and CIR Skylab photographs taken in August. Mountain Bunchgrass was
nét accurately classified on Skylab photographs, but on the August aircraft
photographs the classification was acceptable regardless of film type or
scale. Topographic slope and aspect, mountain shadows, ecotones, season, and

class-mixing affected classification of plant communities.



Microdensitémeter point-sampling of Region level Conifer, Deciduous
(Aspen}, and Gras§1and classes showed significant differences in mean
optical densities at the 95 percent probability level. However, the
Deciduous class could be separated from the other classes with significant
differences only on color film, Ponderosa Pine was the only coniferous
Series class that ;ﬁowed a significant difference in mean optical density
with the other three conifers, regardiess of date or film type. Spruce/Fir
and Lodgepole Pine were not separable at any date or on any scale or fiim
type. The mean optical density for Aspen was significént1y different from
the Conifer classes, but the differences were dependent upon date, scale,
and film type. Douglas-fir was separable from the other three conifers
on both the June CIR and August color $190A Skylab photographs. Grass-
land classifications at the Series level varied in acceptability. However,
Shortgrass, Mountain Bunchgrass, and Wet Meadow did have mean optical
'density differencés which were significant on August S190A color photo-
graphs. Optical déﬁsity was more dependent on community mixing than the
growth stage of the plants at the time (season).

Both Skylab and aircraft photographs were useful to map.the areal
extent of Conifer and Grassiand. These two classes were qsugl]y mapped
with greater than §0 percent accuracy. The Deciduous class could not be
mapped with acceptabie accuracy at either the Region or the Series level.
Series level conifer and grassiand could be mapped with acceptable accu-
racy only if class-complexes were formed. Class-complexes were Ponderosa
Pine/Doug]as~f1r,_qugepo1e Pine/Spruce/Fir, ShortgrasglMountain Bunch-
grass, and Wet Meadow.

Paved and gravel roads, utility corridors const#ucted within the

Tast 10 years, 1a;ger mining excavations, and clusters of buildings could



be mapped on Skylab photograph enlargements. On the other hand, 1:100,000
scale aircraft photographs were needed to map dirt roads, minor earth
excavations, utility corridors older than 10 years, and individual buildings.
Foliar cover -and plant T+itter measured on Targe-scale CIR photographs ot non-
diverse grasslands were related to ground measurements with a correlation
coefficient of 0.75. This is considered acceptable for range surveys. The
relationship for foliar cover of shrubs was acceptable only on diverse

grasslands.

Forest Stress Detection - An evaluation of Skylab data in the Black
Hi1ls showed that .mountain.pine beetle infestations 1n1ponderosa pine could
not be identified on any ST90A multiband camera system photographic product.
A1l positive identification of bark beetle infestations were made on.color
photographs taken by the S190B terrain mapping camera. To be detected,
infestations had to exceed 26 meters (85 feet) in the -longest dimension.

On one site, only infestations over 50 meters (164 feet)} in size could be -
detected. Infestations over 100~méters (328 feet) in ‘the longest dimension
were .1ocated with 100 pércent accuracy. The optimum viewing scale with a
stereomicroscope was about 1:75,000. Best results were obtained when view-‘
ing on a high-quality, variable high-intensity Tight table; however, stereo-
scopic viewing was preferred and usually resulted in fewer comﬁissﬁén arrors
than monocular viewing. Inferpretation on a rear-projection yjewer with
high magnification was judged to be inferior to microscopic viewing on a
Tight table.

The June Skylab imagery used in this analysis was considered poorly
timed for stress detection. A1l dead ponderosa pine in the site weré

killed during the previous year and had lost most of their discolored



foliage before the Skylab pass. 'Since the distinct red-orange color
of dead tree foliage is used for recognition, many infestations were
missed. Also, fhé early morning low-sun angle, at the time of the
Skylab missions,.made interpretation difficult in the steep terrain of
the Black Hi]]s;bécquse west- and north-facing slopes were in shadow.
Ponderosa,pjpe_trees killed by the mountain pine beetie were not
detected by computer processing of 13-channel multispectral:scanner
{MSS) data (S192).° 0n1& five bands of the MSS were usable and misregis-
tration of the da't‘a‘serious'ly detracted from the -ana'lysis resuits.
Attempts to cognecf the registration 1mproved cTassification somewhat
in several insiances, but beetle~killed trees were not identified. The
MSS data wére cg11eéted on a June 9, 1973, pass and not during early
Sebtember--the period of peak spectral response of beetle-killed trees.
The analysis for stress detection in this report was a compromise
due to the 1ack of Skylab data during the time of year o% maximum insect
activity and max%mum spectral respénse of stressed trees. Late August
through mid-Septeﬁber’is considered the best period for detecting moun- .
tain pine beetle-caused stress. A Skylab earth resources pass.was
requested and schédu]ed during that period (September 18, 1973) and
correlative data needed in the analysis were coliected by ground-based
instruments on that date. However, the Skylab earth resources sensors
were turned off unexpectedly during the pass without explanation. Thus,
the results of the analysis in this report cannot be considered con-
clusive and further investigation is required to determine if forest

stress can be detected on Skylab-quality remote sensing data.



Measurement of Forest Terrain Ref1ectang§ - Terrain radiance and

solar irradiance data gathered on or near the Farth's surface céu]d con-
tribute to the-interpretafion and full utilization of calibrated satellite
data. One contnibution:TsAthe estimation of temporal -and locational vari-
ations in solar and atmospheric effects on satellite imagery for eaftﬁ
resource investigations. .

. This report describes efforts to make airborne radiance and irradiance
measurements and use them‘to compute'terrain reflectance values. These
values {when correlated Qith satellite radiance of the same terrain elements)
yield a first-order measure of solar and atmosphefic properties at the time
of a satellite overpass. Treating satellite radiance as the dependent vari-
éb1e, the corré1ation procedure produces an additive cqeffjcient.whiph is

the path radiance and a ﬁu]tipiicative coefficient representing the product
of total irradiance and beam transmittange.

The airborne system fér reflectance measurements consisted of an upward-
pointing irradiance mete%, a downward-pointing radiometer, a si]icon‘vidicon
camera (for support imagery)} and associated data-recorﬂihg instruments.
Spectral matching to the bandwidths of Skylab S190A aqd yﬂNDSAT;1 MSS sensors
was achieved for all three airborne sensors.

The S190A photograpﬁs:were scanned by a digitﬁl microdens%tometgr.
ongrams were written t0‘copvert microdensity values to diffuse.density and
subsequently to effective film exposure. Finally, a camera radiance equation
was used to compute the satellite radiance from film exposure‘vaiues. The
utilization of film samples, and the sensitometric package (provided by NASA)
necessary for these conversions, is fully outlined.

The analysis of one set of Skylab photographs and one set of LANDSAT-1

10



images resulted in a”high-linear correlation betwéen safe11ite radiance
and reflectance. ‘The derived path radiance values are in agreeﬁenﬁ with
other published values.

The ref]ect&hge measurement technique presents two-possibje advan-
tages over othef empirical methods. One is that the results are derived
in terms of the satellite scale of units without concern-for the calibra-
tion accuracy of grodnd—based or ajrborne radiometers. The dther is that,
- during stable per%dds in terrain reflectance propertieg, the reflectance

measurements need not be made on the same day as the safe]]ite overpass.
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INTRODUCTION

High—reso]uti@n sensors operating on board manned: space Taboratories
‘may play an important part in forest and rangeland surveys in the future.
* Although conventiohﬁ] aerial photographs have been anvéid in resource
sprveys for several decades, the role of the more sophisticated remote
sensors is groﬁing in importance every year. Th%s can be attributed to
several factors: (1) costs of acquiring resource data‘by coﬁvenfional
methods are raéjdiy increasing, (2) more resource data is required at
shorter interva}s tp measure rapid changes in Tand uge that affect the
environment, (3) urban and recreational uses of land are encroaching
upan available résoyrces and alternate sources must bg b]anned énd pro~
vided for, and (4) there is a continuing need for up-to-date resource
information for day-to-day Tand management decisions and program plan-
ning. The ear?h resourC§s sensors on board the NASA Skylab (SL) Spaﬁe—
craft from May 1973'until Februayy 1974 were capable of providing,high-
reso]utioﬁ resouﬁéé data. Unlike LANDSAT sate11i§esf however, Skylab
provided oq1y oﬁe opportunity to evaluate the sensors and the concept
of mannéd space 1&borator1es for resource surveys. .

The Skylab E@rfh Resources Experiment Package (EREP) was supported
by three Tow egﬁ%h;érbit missions. These were designated SL-2, SL-3,
and SL-4. For-eéch mission a three-man crew was launched in a space
véhic]e to dock-ﬁjth the Skylab Workshop (SWS) already in orbit: SiL-2,
1aunched on May 15;;1973,'c0ntinued for 28 days; SL-3, Taunched on
July 13, 1973, continued 74 days; and thé SL-4 ﬁission, jaynched on
November‘14, 19?5; continued 84 days. The Skylab experiment was cbm-

p?eted on Februékyhs, 1974. During each mission, the’ Skylab Workshop
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was in a circular orbit approximately 235 nautical miles (435 km) above
the earth. FEarth resources coverage was confined .by this orbit to the
Earth's surface Tying between the Equator and 50 degrees north latitude

and between the Equator and 50 degrees south latitude.
Objectives

The original objectives of this investigation as outlined in the NASA
contract proposal were these:

1. To test the hypothesis that Skylab data will permit identifica-
tion of forest, rangelgﬁd, nonforest, water resources, and forest stress.

2. To determine the gains to be made in using satellite imagery as
a first tevel of information when coupled with aircraft underflights and
ground examinations in a multistage and multiseasonal sampling system
for quantification of the forest-related resources.

3. To compare the utility and cost effectiveness of various data
and interpretation modes--such as single-channel versus multispectral-
channel data and human versus automated interpretation--to separate and
jdentify forest and rangeland resources.

A number of modificatiéns in specific objectives were necessary at
each of the four study sites used in the investigation. These changes
were necessary due to a number of operational and technical problems that
developed during the course of the Skylab experiment. For instance, a
lack of Skylab coverage for the Atlanta study site made it necessary to
move the forest inventofy study to an area north of Augusta, Georgia.
This move was made in March 1974 after the Skylab experiment had been

compieted. This precluded obtaining any supporting aircraft-flights or

14


http:confined.by

ground truth at the time of the Skylab passes. Thus, the multiseasonal
photographic and the multispectral scanner data evaluations were elim-
inated from the study. Propgr filters for the multispectral camera were
omitted during.the November 30, 1973, Skylab pass over the Augusta site
and prevented our combining these data for analysis. In the Black Hills,
a Skylab pass scheduled for September 18, 1973, was cance]iéd at the last
moment. Biophysical data collected on the ground during the pass could
not be analyzed. As a result there was no Skylab data or corollary bio-
physical data in the propér time frame to analyze for stress detection.

Originally the analysis at all sites was to include all data types
and all interpretation techniques. Because of insufficient data and time
constraints, howeQér, these were modified. Human photo interpretation
techniques were used at all sites. Microdensitometric analysis of photo-
graphic data was used on the Augusta and Manitou sites, and an analysis
of the multispectral scanner data was performed by a gubcontractor for
the Blaek Hills site. These modifications made it impossible to make

cost comparisons between all methods.
Study Areas

Experiments were conducted in four widely separated Tocations across
the coﬁntry (f}g. 1). We had originally planned to use the same sites
as those used in evaluations of aircraft imagery and LANDSAT-1 (ERTS-1)
data--Atlanta, Georgia, for forest inventory; the Black Hills in South
Dakota for forest stress; and Manitou, Colorado, for range inventory.
By retaining these sites, firsthand knowledge of conditions accumulated

over a period of years could be used in the analysis, and comparisons
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Figure 1.--The study areas indicated on this map were used for different
phases of the Skylab data evaluation: Augusta, Georgia - forest
inventory; Manitou, Colorado ~ rangeland inventory; Black Hills, South
Dakota - forest stress from mountain pine beetle; Redding, California -

solar and atmospheric effects on data evaluation.
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could be made between systems. However, due to problems in acquiring
data for the Atlanta site, two new sites were selected to carry‘out
studies originally proposed for this area.

Of the original sites, only Atlanta was not covered dufing thg en-
tire Skylab experiment. The study to develop techniques for measuring
andjcorrecting for .atmospheric interference, originally located at
Atlanta, was movedrto a new site near Redding, Ca1if0}nia. The site
selection was made early in the SL-4 mission so that both Skylab and
aircraft underflights could be scheduled for the same day. The forest
inventory stud& wéé moved to an area near Augusta, Georgia. As a result,
the study was redesigned, new ground truth was coliected 1 year follow-
ing the best SL-4 pass {November 30, 1973), and comparisons between
Skylab, aircraft, and ground data were made from this new beginning.

The forest inventory site just north of Augusta, Georgia, is repre-
sentative of a 1arde portion of the Southeastern United States where a
high level of forest management is taking place and rapid changes are
occurring. Forests here occupy 75 percent of the land érea and are
found in Targe contiguous bodies as well as in small woodlots inter-
mingled with nonforest land. Puipwood, wildiife, and recreation are
three major uses of the forest land in this area. With a major lake,
varied forest practices, and many forest and field border]ines, this
area is a challenge to the photo interpreter.

Rangelands éuéh as the Manitou, Fo]orado,-site are important na-
tional resources'and need to be inventoried, protectéd, and managed.
They are becoming more valuable é; our food and fiber sbpp11es become

more critical. An orderly system of classifying vegetation according
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to its relation to other plants and animais and its potential for vege-
tative development (ECOCLASS) has been devised by Forest Service ecol-
ogists. This hierarchical system was used to determine the level at
which Skylab data can accurately assess range vegetation types.

On the third site, in the Black Hills of South Dakota, a severe

outbreak of mountain pine beetle (Dendroctonus ponderosae: Hopk.)} has

ki]]éd several hundred thousand ponderosa pine trees (Pinus'ponderosa
Laws.) over the past 10 years. Early detection of the dying pines,
which discolor to a yellow and yellow-red hue, would assist‘forest man-
agers in assessing the severity of the outbreak and in planning control
and salvage operations--particularly if the'assessment'can be done
accurately and qy{ék1y from either manned or unmanned satellites.

The Whiskeytown Reservoir-Redding, California site was selected as
an alternate site for the experiment to measure loﬁ-a]titude reflectance
as an aid for quantitative analysis of Skylab photographs. This site
consisped of one east-to-west flight Tine from the réservoir to the
Redding Airport. Land-use and vegetative conditionslaiong this strip

were rather Timited because of a partial cloud cover. - Only mixed oak

and digger pine (Pinus sabiniana Dougl.}, pondercsa pine, brush species,
and water were available for reflectance measurements. The topography

ranged from roliling hills to moderately steep foothill slopes and deep
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gullies. A light, variable cirrus overcast was present during both the

aircraft and Skylab passes.
Data and Techniques

Six EREP sensors were on board the Skylab Workshop. These consisted
of a multispectral photographic camera (ST190A) with six high-precision
matched lenses, an earth terrain camera (S190B), an infrared spectrometer
(S191), a 13-channel multispectral scanner ($192), a microwave radiom-
eter/scatterometer and altimeter (S193), and an L-Band radiometer (S194).
Only ST90A, S190B, and S192 data were evaluated in the studies reported
here. We originally intended to use S191 infrared spectﬁometer data t&
evaluate the effects of the atmosphere; however, due to a Tack of coverage
that could be related to ground truth measurements, this part of the ex-
periment was eliminated.

S190A data were provided by NASA/JSC in the form of ?%" X 25" film
transparencies.. For each EREP pass over a test site, a set of s{x_pic-_
tures was received. A set consisted of one color infrared (CIR), one high-
resolution color, and four black-and-white transparencies. Of the black-
and-white transparencies, two were duplicates of panchromatié film and two
were duplicates of infrared sensitive film. Special filters used on the
camera lenses separated the visible and reflected infrared spectrum into
bands for multispectral analyéis. The films and filtered portions of the

spectrum are as follows:
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Filtered Specfréi
Film Type ] Region

Wave]ength/micrpmeters

Panatomic-X B&M 0.5 to.0.6
Panatomic-X B&W 0.6 to 0.7
IR Aerographic B&W 0.7 to 0.8.
IR Aerographic B&W 0.8 to 0.9
Aerochrome iR‘Color 0.5 to 0:88
ferial Color 0.4 to 0.7

For each gite»covered by an EREP pass, a sét of contact duplicate
'transparencies (5" x 5") was received for all S190B coverage. These
transparencies were either normal color or color infrare&, depending on
the reguirements Sf the greater number of investiéators'on each pass.
This often resulted in obtaining normal color when CIR was preferred.

Chmputer-éqmpaiib]e tapes (CCT's) with S$192 multispectral scannér
data were recei&ed‘%or only the Black Hills test site. These tapes were
used by a subcontractor to classify stressed ponderosa pine under attack
by the ﬁountain'b%ne beetle. The tapes, with 13 channels of MSS data,
covered six discrgté bands in the visible spectrum, six discrete bands
in the ref]ecteq-iﬁfrared, and one single thermal.infrared band from 10.2
to 12.5 micrometers. The spectral band covered by each MSS channel is

shown below:
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Spectral Coverage

Band Number (micrometers)
g 0.41 to 0.46
2 0.46 to 0.51
"3 0.52 to 0.56
4 0.56 to 0.61

5 0.62 to 0.67

6 0.68 to 0.76

7 0.78 to 0.88
8 0.98 to 1.08

9 1.09 to 1.19
10 1.20 to 1.30
11 1.55 to 1.75
i2 2.10 to 2.35
13 10.20 to 12.50

Techniques and instruments used by the investigators to analyze
Skylab photographic data varied from one site to the next. In both the
forest and the range inventory investigations, a Bausch and Lomb Zoom
Transfer Scope (ZTS)? was used for mapping and dual image correlations. In
thé,B1ack HiT1s investigation, a Bausch and Lomb 240 Zoom Stereo Microscope

was used to test a wide .range of image magnifications for siress

2Trade names and commercial enterprises or products are mentioned
solely for necessary information. No endorsement by the U. S. Depart-

ment of Agriculture is implied.
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detection~~both stereoscopically and monoculariy. The investigator here
also used a Variscan rear-projection viewer to interpret images at magni-
fications up to 29.5 times. On the forest inventory “s-ite, conventional
photo interpretation was carried out with both an 01d Delft Scarining
Stereoscope and a lamp magnifier. A Photo Data Systems (PDS) autoﬁatic
scanning microdens%tometer and process computer werealso used to scan
and record optical density on one S190B color photograph for computer-
assisted classification. At the range inventory site a General Aniline
and Film Corp. {GAF)} microdensitometer was used to relate film density
to plant communitieg. Similarly, a point-sampiing technique was used at
the Manitou site to classify plant communities by conventional interpre-
tation. Interpretations were verified on ground-truth maps prepared
from high-altitude color infrared photography and ground checks. At

the Augusta site, existing forest inventory photo samples and ground
subsamples provided a basis for land-use and forest-type evaluations.
The investigator at the Black Hills site systematically scanned each
sub-block study site to detect bark beetle-kiiled trees——fhe téees

were counted, infested spots were mapped, and the Sky1$b interpretation
veri%ied on aerial photography or by aerial observations.

During the studies described here, large quantities of data were
gathered over a 1oﬁg period of time. Many of the techniques used were
developed and modified in 1ight of required changes in the analysis plin
and from experience. In this report, only enough detail has been in-
cluded to help the reader understand what was done and evaluate the
results. The fepbrt is intended primarily to aid those who may be us-
ing manned earﬁh resources satellite data in forestry applications in

the future.
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FOREST INVENTORY
Forest Area Estimates, Sampling Design, and
Automated Land Classification
Robert C. Aldrich, Edwin H. Roberts, Wallace J. Greentree,

Nancy X. Norick, and Thomas H. Wa{te

The Skylab studies conducted near Augusta, Georgia, are part of a
continuing research program to improve extensive forest-{nventory tech-
niques. Intensive inventory techniques relate to individual forest
stands as sma]1.as 2 hectares (5 acres) whereas the research reported
here deals with the measurement of resource conditions within broad
natural, administrative, and political boundaries using sampiing proce-
dures. Additional information about specific locations within the survey
boundaries is useful but is not usually required.

Three independent studies were carried out by the investigators to
evaluate Skylab photographic data for national forest resource surveys:

1. An evéluation of Skylab S190A and S190B photographic data for
classifying forest and related land use. This study includes a quasi-
operational one-county forest evaluation.

2. A study to determine an effective methed for sampling digitized
remote sensing data. This study includes a one-county evaluation of
sampling designs and sampiing intensity using optical densities from an
S190B color photograph.

3. A study of microdensitometer techniques for classifying forest
and related land use on Skylab ST190B photography. Two 10,000-meter-
square (6.22-mile-square) blocks are used as experimental areas to map

Level II and Level III land-use classes.
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Background

Synoptic vertical photographs taken from space platforms are of
considerable interest to forest inventory specialists. In March 1969,
foresters found that cé]or"infrared photographs taken by Apollo 9
astronauts 6bu]d be used to stratify forest land into broad classes
(LangTey and others 1969; Aldrich 1970). This first-level stratification
was used in a mu]tistaée forest inventory in the Mississippi Valley and
it increased sampling efficiency by over 58 percent. Interest in multi-
stage sampling strategies using satellite imagery coupled with aircraft
photography and ground observations has increased as a result (Draeger
and others 1971; Kuusela and Poso 1972; Hildebrandt 1973; Nichols 1974).

Land-use classification has been the first stage in extensive
nationwide forest resource inventories since the early 1940's. This
classification is usually gone by photo 1nterpreteps on available medium-
scale panchromatic aerial photographs. Many times these photographs are
5 to 10 years old at the time they are used, Since the primary purpose
of land-use classification is to determine an accurate forest area base
for expanding forest resource statistics, changes in 1dnd use since the
photographs were taken can be a serjous problem. If the forest area base
is not accurate, data from grounq subsampies expanded by‘a forest area
eipansion factor can be inaécurate. Unless up-to-date photography or
other remote sensing imagery is available on a wide area basis, it will
be very difficult to adequately measure the changes in the forest area base.

In 1969, a research program was begun by the PSW Remote Sensing Work
Unit to study high-altitude aircraft photography and satellite iﬁagery for

land use and forest classifications as a first level of information in
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resource surveys. These studies were conducted un@er the Earth Resources
Survey Programs ﬁponsored by NASA. A study near Athnta, Georgia; uging
1:400,000 and 1?]20,000 CIﬁ aerial photography, showed that forest land
could be identified correctly over 96 percent of the time regar&]ess of
scale (Heller and @thers 1973). During this study, techniques for classi-
fying land use bx optical film density were invesiigated with on]y\1imited
success. Multispectral scanner data from aircraft f{ights over two 4,649-
hectare (T0,0dO—acre) study blocks were also analyzed. Although land-use
classifications were reasonably accurate, distortions in the processed data
were a iimiting factor (Weber and others.1973). In 1973, LANDSAT-1 (ERTS-1)
MSS data for the Atlanta test site were studied by bqfﬁ conventional photo
interpretation fechniques and by computer-assisted é1assification proce-
dures {Heller and others .1974).. Interpreters could correctly classify
Level I information (forest, nonforest, water) over 96 percént of the time
on false-color phoﬁo composites, Computer-asgistgd classification using
four bands of scanner data was 94 to 96 percent correct- for the Level I
classes. Neither ﬁuman nor machine classification could sepérate Lequ‘II
information with a high degree of accuracy. )

From the LANDSAT-1 (ERTS-1) studies it was concluded that, with im-
proved spectral and spatial resolution, satellite imagery could provide
the required firs%~1e&e1 information required in extensive forest inven-
tory sampling strategies. Skylab data provided an oppoktunity %o inves-
tigate and substantiate this conclusion using. both human and machine-

assisted classification procedures.
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Study Area

The study site near Augusta, Georgia, (fig. 2) 1ies in the Piedmont
physicatl divisioﬁ and is part of Georgia Forest Survey Unit 4.3 The
area is typical of a‘1arge part of the Southern United States with both
broad contiguous bodies of forest Tand and small farm woodlots mingled
with nonforest land use. Forest land is 75 percent of the total land
area. Major forest types are loblolly pine (Pinus taeda L.) oak-pine,
oak-hickory, ang oak-gum-cypress. Topography is gently rotling to hilly
with many narrow.sfream valleys. Principal Tand uses are forest, ‘grass-
land (pasture), urb;n, and water. Agriculture is not a major land use
though scattered grain and row crops are found throughout the area. . The
Clarks-HiTT Reservoir forms the eastern boundary and is-the site of homes,
hunting and fishing, and other recreational uses. -Major forest distur-
bances are caused by forest management practices and develophent of rec-

reation home sites.
Classification Systems

Because of the diversity of techniques used in thesg studies it was

necessary to use a variety of classification systems. - Although somewhat

3The Forest Survey is a branch of the Division of Forest Economics

and Marketing Research, U.S. Forest Service, USDA.
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Figure 2.--The Auguﬁtafsite, used for evaluating Skylab data in forest
Two intensive study sites (2.and 4) .

inventory, includes. four counties. 5 i
were used for computer-assisted mapping with digitized photographic

film densities.
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d1fferent in nomenc]ature, these systems have the same 0b3ect1ve,
e.q., to measure the forest area w1th1n an error of x3 percent per
million acres (404 858 hectares)

The class1f1cat1on system used in the forest resource evaluation
study included “10 %ndividua] land-use c]asses-(table 1)}. Not all of
these é1asses, however, were found uﬁthin the four—counfy site. 1In
some portions of fhe study the five agricultural q1asses were' combined
to conform with the ‘syst_em used by the Forest‘Surve& in their first-
Tevel stratificafién on aerial photographs.. ‘

The forest éémpling design study in McDuffie County used a classi-
fication heirarchy, of three Level I and two Level II dlassesl Forest
tand, nonforest land, and water were mapped at Level I for the purpose
of building a bése for testing computer sampling designs. Two Level II
c1a§ses--p1ne and deciduous forest--were also ﬁeTinea%ed to see if they
could be separated and stratified on Skylab data digiiized by microden-
sitometer.

To test the use of computer classification algorithms developed for
LANDSAT-1 (ERTS}]),-a'c1$ssif1cation'system of four Tevels was developed
for Skylab (tab]e_?). The land area in two 10,0001met¢r*squére (Q.Zé-
mile-square) blocks was mapped to a-0.4-hectare (]—acré) mjnimum using
this system. On five randomly selected. 1,000-meter (.62-mile) sub blocks
within the test blocks, forest Tand was classified by three stand-size

classes to help explain variations in the Skylab film densities.
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Table 1. A land-use hierarchy adapted from the Forest Service Resource Data Standards Handbook?!
and Forest Survey Manual for the Southeast.?

Classification

Definition

Forest Land

Cropland

Idte Farmland

Improved Pasture

Grassland

Other Agriculture

Marsh and Swamp-
Tand

Urban and Other
* Areas

‘Areas .4 hectare (3.acre) or larger in size and capable of supporting more than

10 percent cover by forest trees and not developed for nonforest use.’

Land currently being utilized to produce agricultural crops that are harvested
directly and not indirectly as pasture forage consumed by livestock.

Former cropland, orchards, improved pasture, and farm sites not tended within

the past 2 years and presently less than 10 percent stocked with trees.

tand currently improved for grazing by cultivation, 'seeding, irrigation, or clear-
ing of brush and trees,

Land other than improved pasture on which the primary natural cover is grass and
forbs.

A1l other farm land not used for crops, idle, or pasture. Includes farmstead,
buildings, and service areas, |

Land temporarily or partially covered by water and poorly drained land capable of
supporting more than 10 percent cover of swamp vegetation (marsh grasses, cattails,
etc.). Does not include spruce bogs, cypress land, or other hydric forest sites.
Areas within the legal boundaries of cities and towns; sublirban areas qeveloped for
residential, industrial, or recreational purposes; sbhoo]yards; cemeteries; roads;
railroads; airports; beaches; powériines and other rights-of-way; or other nbnforest
tand not included in any other specific Tand class.
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Census Water Streams, sloughs, estuaries, and canais more than .2 kilometers {1/8 of a
statute mile) in width; and lakes, reservoirs, and ponds more than 16.2
hectares (40 acres) in area.

Noncensus Water Streams, sloughs, estuaries, and canals less than .2 kilometer {(1/8 of a
‘statute mile) in width; and lakes, reservoirs, and ponds less than 16.2
hectares (40 acres) in area. Minimum width of streams, etc., is 9.1 meters
(30 feet) and minimum size of lakes, etc., is 9.1 meters (30 fget)'in,diameter.

IForest Service Handbook, Chapter 1309.}3, U.S. Department of Agriculture, Forest Service.
®Forest Survey Manual for the Southeast, Parts 1 through 5, 1968, U.S. Department of Agriculture,

Forest Service, Southeastern Forest Experimént Station, Asheville, North Carolina. Definition of
Terms, Pages D-1_through D-9.
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Table 2.

A Tand-use classification hierarchy for remote sensing and ground information sources compatible
with current nationwide forest resource evaluation objectives.

Color definitions are based on

high-altitude color infrared photography and simulated color infrared composites of LANDSAT data.

Classification

Color definitions (based on Munsell 1920-60, ISCC-NBS 1975)

I FOREST LAND
11 Conifer

ITI Pine
Pine-Hardwood

IV Seedling and Sapling
" Poles
Sawt imber

11 Deciducus Hardwood

II1 Upland Hardwood
Bottomland Hardwood

IV Seedling and Sapling
Poles
Sawtimber

I NONFOREST LAND
IT Grassland

II1 Undisturbed Grass
Disturbed Grass
Dead Grass {(Annual)
New Improved Grass

Density of conifer stands, number of hardwoods mixed in stand, and stand
size influence color value and chroma. Dense stands are darker with less
chroma. In the fall, before advanced hardwood coloration and leaf fall,
conifer stands appear dark purplish red. Separation between Conifer and
Hardwood classes is less distinct in fall than in winter -or early spring.
Where -hardwoods and conifers are mixed in stands, hardwood color predom-
inates, and stand is usually classified as Hardwood. In spring before
hardwoods are foliated, conifers appear moderate to dark purplish red.
Seedlings and saplings on prepared sites appear lighter than poles and
mature sawtimber with closed canopies.

Stands appear moderate grayish purplish red in fall and pale purple to
moderate purplish red in spring. In fall, upland hardwoods cannot be dis-
tinguished from bottomland hardwoods. In spring, before foliation, up-
land hardwoods appear pale purple to 1ight grayish purplish red.
Bottomland hardwoods are generally a moderate purplish red. Stand size
class (texture), density of crown canopy, and ground cover influence color
value, density, and chroma but to a lesser extent than in conifer stands.

Grassland appears deep pink in both fall and spring; sometimes mistaken for
immature cropland in spring.
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II Cropland
IIT Immature Grain

Immature Row Crop
Mature Crop
Harvested Crop
Orchard
Farmsteads.

II Bare Soil
JIT Plowed Fields

Erosion '
Urban (site preparat1ons)

" Rock Outcrop .

IT Wild Vegetation
III Idle Land

Abandoned Land
Transitional

© Kudzu

Marshland
Alder Swamp

IT Urban,
ITI Transportation

I WATER

UtiTities’
Home Developments
Commercial Developments
Recreation

1T Water
I11 Clear Lakes & Ponds

Turbid Lakes & Ponds
Rivers & Streams

" Areas are 1ight blue in the fall and very pale blue in the spring.

Mature crops in fall appear bluish gray to grayish blue. 1In spr%ng,.im-
mature crops appear deep pink and may be mistaken for grassiand.

In fall and spring bare soil appears cream colored on LANDSAT imagery.
There is no distinction between plowed agricultural fields and sites
prepared for new commercial developments. Generally in spring most areas
of- bare s0il are newa plowed fields either recently or _soon-to-<be

. p1anted

- In fa11, areas range from grayish purple of idle land to grayish pur-

plish red of abandoned Tand to deep pink of Kudzu vine.,” Marsh and alder
swamps are a moderate purple because of wet background. In spring, idle
Tand -becomes light grayish red to dark pink because of influx of new infra-
red-reflectant vegetation, Abandoned-transitional land (reverting to for-

~est), on the other hand, is grayish purplish red and marsh and alder swamps

are grayish violet. Deciduous Kudzu vine, purplish gray in the spring,
easily separates itself from all other vegetation when fall and spring
images are viewed together.

Unfor-
tunately, because of low resolution of LANDSAT data, secondary roads,
minor roads, and most utility Tines are not resclved.

Mater 15 dark greehish blue in fall and Tight-greenish blue in spring.

Farm ponds of less than .4 hectare (1 acre) can be seen on LANDSAT images
if there is sufficient contrast with background.



Skylab Data

Restrictions imposed by short missions, seasonal data requirements,
and the scientists' Tack of control over scheduling reduced the proba-
bility of obtaining a clear photographic day for Skylab data colilection.
For this reason, remotely sensed data were not obtained for the original
inventory test site near‘At1anta, Georgia. To complete the proposed
research, an alternate site was selected after the Skylab experiment had
been completed and all data tabulated. This meant that SL-3 and SL-4 data
for the new site were already 4 to 6 months old and precluded gathering
any time-dependent ground truth.

The Skylab data used in these studies include only S190A and S190B
photography (fig. 3). The bhotography was taken on September 12 (SL-3)
and November 30, 1973 (SL-4)(tab1e 3}.

The SL-3 S190A multiband photography was combined and enhanced on an
128 additive color viewer. A color internegative was made of the combined
imagé following the technique described by Myhre for combining LANDSAT-1
(ERTS-1)} film chips {Heller and others 1974). From the internegative
1:500,000 and 1:250,000‘en1argements were made on color transparency film.
These films were used in combination with S190B color transpa%encies for
forest and land-use classification. When used together with an S190B
transparency the lower réso]ution and graininess of the SIQOA_cémpos%te
caused eye fatigue. The effept was to increase interpretation time. Al-
though the spectral infOfmation was helpful in making land-use and forest-
type decisions, it is felt that high-resolution CIR film from the S190B
terrain camera would have been much more useful. We did not use the S190A

CIR or color films in our analysis because, after a careful reviewﬁof the
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Figure 3. A Skylab S190A multiband composite for September 12, 1973,
(1eft) and a Skylab S190B color photograph for November 30, 1973, (right)
were used in the data analysis. The area outlined includes four counties

identified in the left-hand photograph: (1) Columbia, (2) Lincoln, (3)
McDuffie, and (4) Wilkes. Photographic scale is approximately 1:850,000.
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Table 3.

Augusta, Georgia.

Sensor  Skylab Pass Track Mag. Frame
System Mission No. No. No. No.
S190A SL-3 36 43 40 111, He
SL-4 54 19 52 69, 70, 71
S190B SL-3 36 43 86 284, 285
SL-4 54 19 90 46, 47

Skylab data used in the forest inventory studies;

Film Band
Type' Width
Pan, S0-022 0.5-0.6 um
Pan, S0-022 0.6-0.7 um
IR, 2424 0.7-0.8 um
IR, 2424 0.8-0.9 um

Color, S0-356 0.4-0.7 um

CIR, S0-127 0.5-0.88 um

Color, S0-242 0.4-0.7 um

'Each Skylab mission used the same film types.
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materials, we felt that they contained only redundant information and at

a lower resolution than the S190B imagery.

The S190A multiband photography for SL-4 (November 30, 1973) could
not be used in the analysis because the films had been exposed without
filters."

Of the two sets of photographs produced by the S190B terrain camera,
only the SL-4 (November 30, 1973) could be effectively used. The SL-3
photographs (September 12, 1973) were low in contrast, there was a general
haze condition present, and there was no overlap for stereoscopic viewing.
The SL-4 photographs, on the other hand, were taken on a clear day, con-
tained reasonably good contrast between land uses and forest conditions,
and had 60 percent overlap for stereoscopic viewing. We found this photog-

raphy most useful for forest inventory purposes because (1) a single photo-

graph includes 8 to 10 counties, (2) a photograph can be enlarged to 1:125,000

without Toss of information, and (3) a scaled map overlay of county boundaries

can be used on the photograph without serious photographic distortion prob-
lems.

Generally speaking, forest land can be easily separated from nonforest
land on S190B color photographs. There are some conflicts, however, with
shadows, small bodies of water, streams, and idle land. Where forest land
borders on nonforest land, shadows cast by timber stands on west- and north-
west-facing edges blend with the forest and can cause misclassification bias

in favor of forest land. Small bodies of water within forested areas are

“SKYLAB PROGRAM, Sensor Performance Report, Volume I (S190A), MSC-05528,
National Aeronautics and Space Administration, L. B. Johnson Space Center.

September 6, 1974. p. 3-6d.
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not easily separated from the surrounding forest--particularly pine forest--

because, to the eye, both features have the same density and hue. Although
small bodies of water within hardwood stands show more contrast with sur-
rounding features, they too can be misinterpreted as pine. Idle land in
many instances appears very similar to abandoned land stocked with hard-
wood and pine saplings. The difference is very subtle and can cause a bias
in favor of forest land.

Pine land is easily separated from the deciduous hardwoods in November.
The separation is made by density (tone) and hue to a limited extent. Pine
is much darker than the leafless deciduous forest, and the ground cover
under the deciduous forest is a gray-green. Because of a limited range in
color hues, pasture, cropland, idle land, and wild range are difficult to
separate. Graininess of the film gives the impression of texture that inter-
preters look for in idle, abandoned, or transitional land-use types. Unfor-
tunately, pasture land with this artificial texture appears very much like
idle land. This can be a problem in breaking down land use beyond broad
classes.

A11 major roads and secondary roads are clearly visible as are util-
ity corridors. However, woods roads are difficult to see and secondary
roads are not resolved where they pass through areas of little contrast--

agriculture land, primarily.
Ground Truth

Ground truth for the forest inventory studies came from a number of
sources. High-altitude color infrared (CIR) photography, Forest Survey
ground sample data, and field checks were used independently, or together,

as a basis for evaluating Skylab data interpretation. Because we lacked
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ground and aerial photographic support for these studies at the time of

the Skylab pass (November 30, 1973), we had to rely very heavily on high-
altitude CIR photography taken on April 25, 1974. The quality of these
photographs was excellent.

In the forest resource evaluation study we used both Forest Survey
ground plot and 16-point cluster classifications made in 1971. These
classifications included first- and second-level information for land use
and forest stratification. Since the data were 2 years old at the time
of this study, subsamples of locations were checked on high-altitude CIR
photographs taken within 5 months following the Skylab pass. With only
minor differences in agricultural use, the photographs reflected land-use
conditions at the time of the Skylab pass and showed where changes had
occurred since the ground data were collected.

The ground truth for the forest sampling design study was derived
from the April 1974 CIR photography and a ground check in December 1974
that included nearly 20 percent of the county.

Initial ground truth for the automated land classification study was
obtained using the April 1974 CIR photography. Photographs were selected
from the coverage for two 10,000-meter-square (6.2-mile-square) sample
blocks to be used in developing and testing digitized Skylab film densities
for land classification. These two blocks were located by random selec-
tion from the total number of 10,000-meter UTM intersections within the
four-county test site.

Ground truth maps were made for the two sample blocks in the follow-
ing way:

1. The photo for each sample block was mounted on a Zoom Transfer
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Scope and enlarged five times to match a USGS 1:24,000 quadrangle sheet

used as control (fig. 4). A 1,000-meter (0.62-mile) grid template

(10 x 10 grid) was placed over the outlined block on the control map to
facilitate mapping.

2. Four forest and 27 nonforest classes (Level III) were delineated
within each 1,000-meter (0.62-mile) grid cell.

3. In five randomly selected 1,000-meter (0.62-mile) cells, forest
land was further subdivided into three stand-size classes: (1) seedlings
and saplings, (2) poles, and (3) sawtimber. Recognition of the classes
was based on a combination of crown closure, crown size, amount of bare
soil, and the arrangement of vegetation. These refined delineations were
needed to explain discrepancies in automated classification.

In early December 1974, a trip was made to the test site to check
map classifications and to observe conditions that could have an effect on
land-use interpretation. To aid in this effort, enlargements of the
aerial photographs were made on which land use, forest conditions, and
other observations were recorded directly in the field. Several photo-
graphic examples of local forest management practices that were found to
affect image interpretation are shown in Figure 5. Examples of land use
on Skylab and high-altitude CIR were used in photo interpretation aids
(fig. 6).

Finally, after the ground checks had been completed, the ground truth
maps were adjusted and corrected where necessary. The maps were photo-
graphed and both prints and film overlays made to the scale of digital
maps produced by the computer-assisted classification procedures. The map
for block 4 was used to develop training sets for the computer classifica-

tion algorithm and the map for block 2 was used to test the system once it

was developed.
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Figure 4.--A Zoom Transfer Scope (top left) was used to interpret and
transpose forest and related land-use classes from 1:120,000 CIR photo-
graphs to a map control base. This instrument was also used to verify
Skylab interpretations on 1:120,000 scale CIR photographs. An 01d
Delft scanning stereoscope (top right) was used at 4X power to inter-
pret overlapping 1:500,000 scale enlargements of S190B color photo-
graphs with stereoscopic effect. A lamp magnifier (bottom left) was
used to interpret combined land-use classes on a 16-point cluster grid
overlay (bottom right).
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Figure 5.--Forest management and other land-use practices caused varia-
tions in image patterns on Skylab photographs. Intensive management
of Toblolly pine involves pure, even-aged stands. The stand in (a)
has an avera?e height of 19.8 meters (65 feet) and a d.b.h. of 22.9

centimeters (9 inches). These stands are the darkest images in the
photograph with the exception of water and shadows. The clear-cut
area at (b) shows that debris has been windrowed and burned, and the
soil harrowed for machine planting. Pioneering weeds and hardwood
reproduction have not yet invaded the areas between rows. In (c) the
pioneering species have filled in spaces between pine seedlings.
Sometimes logging debris is still visible in windrows (d) because sap-
ling-size pines are not large enough to completely cover the ground.
Thinning operations before stand maturity remove every other row and
appear as in (e).
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Figure 6.--A Skylab photograph (1eft) and a 1:120,000 CIR photograph

(right) were used in photo interpretation aids to illustrate the

forest and related land-use classes: (a) pine forest, (b) hardwood
forest, (c) grassland, (d) cropland, (e) bare soil, (f) wild vege-
tation, (g) urban, and (h) water.
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Photo Interpretation Procedures

Procedures used for the forest resource evaluation study and for the
sampling design study differed by objectives. The forest resource evalu-
ation study was geared to the current photo procedures used by the Forest
Survey in the Southeastern United States.” The sampling design study ob-
jective was to develop and test computer techniques for sampling digitized

remote sensing data recorded on computer-compatible tapes.
Forest Resource Evaluation

The Forest Survey procedure followed in the 1971 inventory of the
State of Georgia included solving for regression coefficients for each
grouped land-use class in a photo sample. In the procedure, a photo inter-
preter examined points in a 16-point (4 x 4) cluster design printed on
1:20,000 scale panchromatic aerial photographs purchased from the Agricul-
tural Stabilization and Conservation Service (ASCS)(fig. 7). The design
consisted of 25 clusters in a systematic pattern on each photograph. Each
point in a cluster represented a circular 0.4-hectare (1-acre) plot and was
classified into one of five classes--forest land, urban and other, census
water, noncensus water, and other miscellaneous land uses. This sample
was designed to estimate forest area within a sampling error of +3 percent
per million acres (404,858 hectares).

After photo interpretation was completed, a subsample of photo clus-

ters was selected for ground examination. Each point in the clusters was

SForest Survey Manual for the Southeast, Parts I through V. U. S.
Department of Agriculture, Forest Service, Southeastern Forest Experiment

Station, Ashville, North Carolina. 1968. Part I, p. 1-6.
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Figure 7.--The Forest Survey uses 16-point photo clusters imprinted on
ASCS 1:20,000 scale panchromatic photographs to determine land use in
each country.
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located on the ground with the aid of the photographs and the individual

land-use class determined at the time of the inventory (table 1). Since

the photographs were taken in 1967, and were 5 years old at the time of

the inventory, the subsample provided information that reflected changes

that had occurred since the date of photography.

Using the photograph and corresponding ground-cluster classifications,

the regression coefficients were computed for each grouped land-use class.

The proportion of points in the photo clusters and the corresponding pro-

portion of points in the ground clusters were used as continuous variables

in the computation.

To evaluate Skylab photographic imagery as a source of first-level

information, we adopted the Forest Survey procedure. All photo subsample

clusters located on 1:20,000 ASCS photographs had to be located on Skylab

photographs and the points classified by individual land use. This was ac-

complished using an 01d Delft stereoscope, a scaled cluster template, and

a photo illuminator (fig. 4).

Three separate evaluations were made. In the first, Lincoln County

was used to test three combinations of Skylab photographic data to find

the one most suitable for the remaining evaluations. These combinations

were:

Combination 1:

1:250,000 enlargement of an S190B color photograph
(November 30, 1973) made at PSW and a 1:250,000
enlargement of an S190A false-color combination
(September 12, 1973) made at PSW. Interpretation

was without stereoscopic effect.
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In this evaluation we used all 210 16-point clusters in the four-
county area. Interpretation procedures were identical to those described
above. Classifications made on ASCS photography, on Skylab imagery, and
on the ground were anatyzed by both grouped and ungrouped. 1and-use classes.

-In the third and final evaluation, Lincoln County was used as a case
study to test the hypothesis that Skylab photographic data could be used
in the Forest Survey procedure to measure forest area within specified
accuracy limits. For this evaluation, a 1:125,000 scale enlargement was
made of one Skylab $1908 photograph that covered the entire test site. A
grid overlay of 16-point é1usters was constructed to sample the photograph
at an intensity very similar to that used by the Forest Survé& Unit. The
boundary of Lincoln County was drawn from a 1:250,000 USGS map sheet_and an
overlay made to the scale of the photo enlargement. Interpretation was com-
pleted using a lamp magnifier (fig. 4). The grouped land-use class was
fecorded for each cluster point. Forest type and disturbances were recorded
for the cluster center. Time to complete interpretation was recorded for
cost effectiveness analysis.

Using the proportions in each cluster as a continuous variable, compu-
tations were made for each combined land-use class in the photo sample (see

footnote 5).

Where:
x = proportion of land use in a photo subsample’ cluster (ASCS).
y = proportion 0f_1and use in a ground or Skylab subsample
cluster.
p = proportion 6f land use in the photo éampie cluster. -
P = adjusted land use proportion in the county.



= regression constant.

= regression slope coefficient,

= number of clusters in subsample.

= total number of photo clusters.

= total number of sampTling units in the population.
= adjusted area in land-use class.

= 3 3 T o
!

= total area being sampled.
and:
SSy = corrected sums of squares of y.

2 _ (zy)?
Iy“ . n

i

.corrected sums of squares of x,

x2 - {2

n

SSX

SP

Xy corrected sums of squares of the cross products.

y - (2)(E)

variance of y.

Y 5SS
_ Dy
n-1

Computations were made for:
1. The mean proportions for individual land-use classes using

ground or Skylab data.

n
yj _-——-—7;-4L-
where
yij = proportion of the 1th cluster in land-use class j.
§3' = mean proportion in land-use class j.

2. The-mgan proportions for grouped land-use classes using

ASCS, Skylab, and ground data.

7T 1(y1)
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jth cluster in grouped land-use class k.

i}

proport1on of the i

mean proportion in grouped land-use k.

=
=
3l

3. Regression constant (a) and siope coefficient (b) were com-
puted for (1) the re]atiqnship between Tland-use propérfions on ASCS photo-
graphs and the corresponding proportions on the ground, {2) the relation-
ship between 1and—use'pr0p6rtions on the ground and the corresponding
proportions on Skylab photography, and (3) the relationship between land-
use proportions on ASCS bhotographs and the corresponding proportions on
Skylab photographs. Theﬁequation for adjusting Tand-use proportions took

“the form:

" pP=a+b(p)

4. The squared standard deviation from the regression for each

method. SP:)?
5§ - E__§¥1_
y S5,
Yo% n-2
5. The adjusted area for each combined Tand use class for each
method.
= (P)(A)

6. The standard error of the adjusted forest area for .each

methodzexpressed as a percent.
z m
\I b el [0 W]
y
) )

(s _
(§§— (100) at the 67-percent level of confidence.

52



Forest Sampling Designs

McDuffie County, Georgia, is one of four counties in the Augusta
test site covered by SL-4 S190B photographs. It was used as a test area
to examine the feasibility of using Skylab photographic products as one
stratum of data for obtaining Level I and some Level II land-use statis-
tics now obtained for extensive forest inventories without the aid of
satellite photography.

To provide a data base on which to evaluate several sampling strat-
egies, a land-use map (fig. 8) of the county was made from interpretation
of 1:120,000 scale CIR photography from RB-57 Mission 274. A1l Level I
land-use classes (forest, nonforest, and water) and Level II classes
(pine and hardwood) were mapped at a scale of 1:50,000. The mapping
interpretation was done using a ZTS. A control base enlarged from the
1:250,000 scale USGS Athens, Georgia, quadrangle was placed on the ZTS
mapping table. Class boundaries were interpreted from the CIR photo on
the easel and drawn on clear acetate overlaid on the map base. This
method eliminated cumulative positional errors.

The photography used allowed rather easy, though time-consuming,
interpretation into the four land-use classes. A ground-check which
covered nearly 20 percent of the county showed that the only classifica-
tions which might cause a problem were those involving a judgment deci-
sion between idle farmland and transitional land reverting to forest.

The decision is made on the ground on the basis of the density of natu-
ral stocking with commercial seedling species. Lands classified as forest
using this criteria are often plowed the following season and returned to
farmland. Changes back and forth between forest and farmland can be

quite rapid in this part of the country.
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Figure 8.--Land-use map of McDuffie County, Georgia, produced by photo
interpretation of 1:120,000 scale CIR photography. Geometric control
obtained by mapping onto a USGS base map.
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In addition to the extensive ground sampling as stated above, 6 per-
cent of the county was intensively mapped on the ground directly onto
1:10,000 scale photo prints. The ground data were used to check the ac-
curacy of the land-use classification and correct the map produced from
interpretation of high-altitude CIR photography. Thus, the land-use map
produced from CIR high-altitude photography is an accurate representation
of the actual land use on the ground within the 1imits of the classifica-
tion system used,

In order to use this map as a data base on which sampling strategies
could be tried, and against which results of microdensitometer scanning
of Skylab imagery could be compared, it was necessary to digitize the map.

A dot grid at a frequency of 16 dots per inch, representing approx-
imately 50.3-meter (165-foot) spacing on the ground, was laid over the
completed map. Each grid point was classified according to its mapped
land-use type and recorded on magnetic tape through a keyboard interface.
The position of each data point is known by line number and position
within the data string for that line. The resulting data matrix samples
the ground area to a resolution of about 0.6 hectare (1.5 acres).

Having the data on magnetic tape allowed a digital display to be
generated in color on a tape-controlled plotting device. The output dis-
play is seen as Figure 9.

A scanning microdensitometer was used to make optical density mea-
surements on a 9" x 9" (1:500,000) S190B color photograph from SL-4. The
microdensitometer was programmed to sample points in the same matrix
used to sample the land-use map, i.e., an array of 278 (x) by 539 (y)

sample points. The ground positions of the four corners of the land-use

55




MCDUFFIE CBUNTY. GAR.

Figure 9.--Land-use map produced by digitizing, at a resolution of 0.6
hectares (1.5 acresg, the hand-mapped data shown in Figure 8 and re-
plotting with a computer-controlled plotter. The resolution of this
map matches that of the microdensitometer data.
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map were located on the S190B photograph and the microdensitometer pro-

grammed to scan this area and make measurements at each of the 149,842
points in the array. Density ranges for each of the four land-use types
were established by measuring sample areas just prior to the programmed
scanning. Density slicing was then used to classify each of the points
on the resulting scan data into one of the four land-use types. This is
the simplest type of classification and was tried to determine if even
this crude classification yielded a stratification which would improve
the statistical efficiency. Each microdensitometer point has a counter-
part in one of the sample points on the land-use map. Each is located by
the same line and column number, and each represents the same point on
the ground. The counterpart of each microdensitometer point was located
in the land-use map data tape and put in one of the four land-use type
strata for sampling purposes. A more powerful classifier which is also
being used is linear discriminant analysis using maximum 1iklihood and
Gaussian assumptions. Training sets are chosen from among the data and
used to establish the expected spectral statistics for each class. The
land-use map is stratified according to the resulting classification and
sampling effectiveness compared with random sampling and with systematic
sampling,

The effect of sample spacing for systematic sampling of the land-use
map was investigated by sampling the data matrix for all possible place-
ments of grid spacing from 50 x 50 to 2 x 2. Descriptive measures are
compared for these sample spacings and for the expected values from ran-

dom sampling.
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Automated Land Classification Procedures

A Photo Data Systems (PDS) microdensitometer and companion Model
2300 process computer (fig. 10) were used to scan and record optical
density on one S190B color photograph for November 30, 1973. Computer
routines necessary to meet the special data formatting problems presented
by the Model 2300 computer were already written and operational. It was
necessary, however, to update these programs for use with a new Executive
9 operating system on a Univac 1108 computer. The microdensitometer tapes
were then rewritten in binary code decimals (BCD) to use with a CDC 7600
computer. Statistical methods and a nearest neighbor classification algorithm
developed for LANDSAT data (Heller and others 1974) were modified as nec-
essary. The algorithm was then applied to diffuse densities using the
CDC 7600 computer at the University of California Lawrence Berkeley Lab-
oratory. A more complete description of the PSW procedure is in Appendix 1.
Two 10,000-meter-square (6.22-mile-square) study blocks were selec-
ted for this experiment. These blocks were purposely selected to satisfy
two criteria: (1) each had to have a broad representation of land-use
types with a significant amount of forest and nonforest land and (2)
the Skylab photo coverage for each site had to be complete. Boundaries
of the two study blocks (called block 2 and block 4) were delineated
on each of the photographs to be studied. Since annotating directly on
the photos was undesirable, templates were made for each photo containing
the blocks or parts of the blocks. The template was precisely oriented with
the photos and fiducial marks; then major highways and other identifiable

features were outlined with a fine drafting pen. These templates were used
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Figure 10.--A Photo Data Systems automatic scanning microdensitometer
(top) and companion Model 2300 process computer used to read and
record film densities on CCT tapes. The EAI tape-driven plotter
. (bottom) was used to plot color-coded classification maps.
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on the microdensitometer for purposes of orientation only and removed

before scanning began,

Block 4 was used to develop training sets and classifiers for 16
Level II and Level III forest and nonforest classes to be recognized in
the study (table 2). The S190B color photograph was scanned using four
scanning apertures (28 pm, 37 um, 56 um, and 74 um). The microdensi-
tometer was programmed to read densities at an interval approximating the
aperture diameter. This procedure avoided excessive data integration and
redundancy. The smallest area of interest for our classification pur-
poses was 0.4 hectare (1 acre). With this in mind, the range of aperture
settings sampled the 1:900,000 scale photograph in units of approximately
0.05 hectare (0.12 acre) in effective ground area at the 28 um aperture
to 0.35 hectare (0.86 acre) at the 74 um aperture. The 37 um aperture
sampled approximately 0,09 hectare (one-fifth of an acre).

The microdensitometer was calibrated before each run after the proper
aperture setting and optical filter were in position. After each filter
run, the filter was changed and the microdensitometer recalibrated. A
run for the complete block was made for each aperture setting and for four
filter settings--blue (Wratten-94), green (Wratten-93), red (Wratten-92),
and clear (no filter)--before continuing to the next aperture. In addi-
tion, a step tablet furnished with the SL-4 sensitometry package was scan-
ned before the scanning began and again after the scanning was completed.
This made it possible to convert microdensitometer optical density read-
ings to NASA/JSC-PTD diffuse densities. The entire procedure was repeated

for each of the four aperture scans.
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Originally, we intended to evaluate aperture size by producing an

eight-class land-use map from each aperture scan, Time limitations would
not allow this, however, and we had to modify the plan. Instead, we pro-
duced an eight-level gray-scale map for each aperture scan. By examining
the gray-scale maps it was apparent that the 37 um aperture resulted in a
ground resolution that best suited the requirements of this study. Clas-
sifiers were then developed for the 16 land-use classes and applied to
the diffuse densities for block 4 using a nearest neighbor classification
procedure.

A color-coded land-use map was produced on an EA1 tape driven plotter
for block 4 (fig. 10). The classifiers developed for block 4 were then
extended to the data for block 2 and a plotter map produced to determine
the operational capability of the classification system.

Accuracy of computer classification was checked in two ways. The
first computed the proportional areas in each land-use class and compared
them with proportions determined from the ground truth map. A second
method checked the positional accuracy. That is, the plotter map was over-
laid with a systematic grid of 480 points for which the classification on the
ground truth map was known. The classification was recorded and compared
with its counterpart on the ground. Plotter maps for both blocks were
checked in this way and the number of correct calls determined and analyzed.
Points falling in five randomly selected 1,000-meter cells with detailed

classifications were checked to explain any discrepancies.
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Results and Discussion

Each of the forest inventory studies was carried out independently to .
meet a separate objective. Thus, comparisons between results in this re-

port must be made intuitively because of differing study conditions.
Forest Resource Evaluation

The choice of a Skylab data combination for conventional photo inter-
pretation had less effect on accuracy than expected. We reached this con-
clusion by comparing omission and commission errors for land-use classifica-
tion in one county. Some omission and commission errors are caused by
misinterpretation of the photo images. In many instances, however, the
errors are the result of chance judgements. For example, a point falling
on a boundary line between forest and cropland may be called forest by the
interpreter but called cropland by the field man. The field man can make
judgement errors, but they are usually ignored because the ground tally is
accepted as the truth. In comparing results of the Skylab interpretation
with ground truth, this factor should be kept in mind.

Table 4 shows omission and commission errors resulting from the inter-
pretation of three combinations of Skylab data for Lincoin County. The pur-
pose of this comparison was to select the best combination for interpreting
first- and second-level information in a four-county survey. At first glance
it appears that many omission and commission errors are compensating. This
is true for all combinations. Combination 1 had the fewest errors and |
Combination 2 had the greatest number of errors. Although Combination 3
resulted in a higher number of errors than Combination 1, the resolution
was bettér, stereoscopic viewing was an aid in making borderline decisions,

interpretation was faster, the interpreter felt more confident in making
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. Table 4.

Number of points interpreted per hour and number of omission
and commission errors for three Skylab data combinations.
Data based on 640 observations in Lincoln County, Georgia.

Number of
Skylab data PI points Total Omission Commission
combination! per hour hours errors errors
1 121 5.3 34 34
2 98 6.5 58 46
3 160 4.0 36 42

ICombination 1: 1:250,000 enlargement of an S190B color photograph
(PSW) and a 1:250,000 enlargement of an S190A false-color combination (PSW)

Combination 2: 1:500,000 enlargement of an S190B color photograph
(NASA) and a 1:500,000 enlargement of an S190A false-color combination (PSW)

Combination 3: 1:500,000 enlargement of an S190B color photograph
(NASA) and an overlapping enlargement of an S190B color photograph (NASA)
for stereoscopic viewing.




decisions, and there was less eye strain. Based on this evaluation, Combi-
nation 3 was used to interpret land use in a four-county survey.

A comparison of individual land-use proportions resulting from a four-
county survey shows close correlations between Skylab and ground truth for
some classes (table 5). Only in pasture and idle land are the discrepan-
cies much greater than 1 percent. The differences of -6.61 percent for
pasture and +4.34 percent for jdle land for the most part represent errors
in classification--either on the ground or on the Skylab imagery. These
classification errors can be attributed to several causes: (1) borderline
judgements where a point falls on or near a field boundary, (2) seasonal
differences between the date of the imagery and the date the field crews
located the points, and (3) changes that occurred since the ground data
were recorded. If pasture and idle land are combined, the difference seems
less apparent--0.1801 on the ground as compared to 0.1595 on the Skylab
data. Since a major purpose of land-use classification in forest resource
surveys is to measure the forest area base, it appears that despite differ-
ences in agricultural land use, forest land would be well within the accu-
racy limit of 3 percent per million acres of commercial forest land. In-
creases in urban development during the 2-year span between ground and Sky-
lab data acquisition can account for the increase in urban area (+0.8 per-
cent). Noncensus water measured on Skylab normal-color film is underesti-
mated because small bodies of water cannot be distinguished when background
contrast is low. This limitation would be overcome using CIR film.

Land-use proportions listed by individual counties in Table 5 show
much greater variation between Skylab and ground data than the grouped county

data. The greater variation is due to the smaller sample size and the

64




Table 5. Summary: Individual land-use class proportions determined by ground examination (1971) and
by Skylab photo interpretation (1973).

Individual counties and combined counties

Land use
Data Sample Other Census  Noncensus
Source County Clusters Forest Cropland Pasture Idle Ag. Urban Water Water
-------------- Proportion = == = = = = = = = = = = = =« = = -
Ground Columbia 49 0.6812 0.0293 0.0867 0.0294 0.0128 0.0816 0.0548 0.0242
(33¥;) Lincoln 40  0.6984 0.0000 0.1062 0.0110 0.0094 0.0313 0.1359  0.0078
McDuffie 44 0.6932° 0.0909 0.0582 0.0356 0.0213 0.0611 10,0281 0.0156
Wilkes g7 0.7597 0.0130 0.1542 0.0390 0.0008 0.0227 0.0041 0.0065
e Combined
Counties 210 0.7158 0.0307 0.1092 0.0307 0.0095 0.0461 0.0452 0.0128
Skylab Columbia 49 0.7283 0.0268 0.0166 0.0867 0.0013 0.0689 0.0574 0.0140
(;33?) Lincoln 40  0.6812 0.0187 0.0314 0.0578 0.0062 0.0625 0.1391  0.003]
McDuffie 44 0.70885  0:0639 ~0.0171 0.0852 0.0071 0.0824 0.0270 0.0085
Wilkes 77 0.7597 0.0381 0.0811 0.0682 0.0057 0.0422 0.0049 0.0000
Combined

Counties 210 0.7268 0.0372 0.0431 0.0741 0.0051 0.0607 0.0473 0.0057




vagaries of sampling. Normally, if area statistics are required by
county they should be based upon a much larger sample.

If agriculture and pasture classes are grouped into the Forest
Survey class, "other miscellaneous," much of the problem in separating
these classes is overcome (table 6). The data do indicate, however,
that either "other miscellaneous" is slightly underestimated or there is
a real increase in forest and urban area. This point is explored later
in this report.

Four additional classifications would be useful in forest resource
evaluations: stand origin, physiographic site, forest type, and treat-
ment class. Attempts to classify these parameters are discussed in the
following paragraphs.

Classification of stand origin into two categories, natural and
artificial, was unsuccessful. Failure to classify stand origin is at-
tributed to the 20- to 30-meter (66- to 98-feet) ground resolution of the
color film. The effect of poor resolution was to make all stands within
types (pine type particularly) to look alike.

Physiographic site was classified for 148 forest plots but due to
the restricted geographical area within the study site, 90 percent of
the plots fell in one category--rolling upland. Ninety-seven percent of
these plots were correctly classified. No attempt was made to analyze
the remaining data because the observations were too few to be relevant
to normal operating conditions. It was observed, however, that to suc-
cessfully classify physiographic site, stereoscopic coverage is essential.

Forest types in the four-county area were classified correctly on

Skylab S190B color only 50 percent of the time. Accuracies ranged from
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Table 6. Summary:

Agriculture and pasture class proportions grouped
into "other miscellaneous."

Sample Other
Data Source County Clusters Miscellaneous
-proportion-
Ground Columbia 49 0.1582
1971 Lincoln 40 0.1266
(July) McDuffie 44 0.2060
Wilkes 77 0.2070
Combined
Counties 210 0.1801
Skylab Columbia 49 0.1314
1973 Lincoln 40 0.1141
(Nov.) McDuffie 44 0.1733
Wilkes 77 0.1931
Combined
Counties 210 0.1595
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a low of 16 percent for mixed pine-hardwood to a high of 59 percent for

pine. The distribution of 161 plots by Skylab and ground types is shown
in Table 7.

Two conclusions can be drawn from this test. One, mixed pine-
hardwood cannot be separated from pine and hardwood with sufficient ac-
curacy to be useful in resource surveys. The problem here is that a pine-
hardwood classification is based on the decision rule, "Does pine comprise
more than 25 percent but less than 50 percent of the stocking?" This rule
can be tested by stem counts on the ground. On photographs, however, the
decision must be based on crown counts which cannot be accomplished on 20-
to 30-meter (66- to 98-feet) resolution imagery. The second conclusion we
can draw from the results is that upland and bottomland hardwood cannot be
separated on normal-color film except in the most obvious situations.
Experience with CIR film, however, indicates that high moisture content in
bottomland sites can be detected during late fall, winter, and early spring
seasons and would result in higher classification accuracies.

On Skylab S190B color, forest types must be combined to maximize their
usefulness. For instance, when pine and pine-hardwood plots are combined
in a single pine class, the accuracy of classification would increase to
73 percent--a much more respectable figure. By combining upland and bottom-
land hardwoods into a single hardwood class, the accuracy improves to 69
percent.

Treatment classes, redefined as disturbance classes for remote sensing,
were classified for 40 plots in Lincoln County. To compare relative ac-
curacy at three levels of remote sensing, classifications were made on
LANDSAT-1, Skylab S190B, and 1:120,000 CIR photographs. The results are

shown in Table 8.
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Table 7. Distribution of forest plots by Skylab and ground forest

type classes.

Photo interpretation was by stereoscopic
examination of overlapping S190B photography in a four-
county area.

Pine- Upland- Bottomland- Non-
Skylab class Pine hardwood hardwood hardwood forest TOTAL
Pine 54  { 5 1 3 70
Pine-hardwood 20 4 1 1 2 28
Upland-hardwood 13 12 13 1 2 41
Bottomland-hardwood 1 2 L 4 0 11
Nonforest 3 0 1 1 6 11
TOTAL 91 25 24 8 13 161
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Table 8. Accuracy of detecting disturbances by four methods--

Lincol

Disturbance class
(Ground)

n County, Georgia.

Detection method
Ground! RB-572  Skylab® LANDSAT"

--Number of plots correctly classified--

No disturbance 22 21 21 19
Prescribed burn 1 0 0
Cleaning, release, or inter-

mediate cutting 5 4 1
High grading 1 1 0
Commercial thinning 7 2
Harvesting with artificial

regeneration 1 1 1 1
Clearing of site preparation 1 1 1 1
Natural regeneration on non-

forest land 1 1 1 1
Artificial regeneration on

nonforest land 1 1 1 1

Total detected 40 32 32 25

-------------- Percent -=---=---=--
Detection accuracy 100 80 80 63

July, 1971

2April 25, 1974
3November 30, 1973
“February 17, 1973
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As would be expected, detection varies by the ground resolution of

the sensors and the level of disturbance. The greater disturbances, such
as harvesting with artificial regeneration and clearing or site prepara-
tion, are detected on LANDSAT-1 data. However, only 63 percent of the
plots were correctly classified on LANDSAT imagery compared with 80 per-
cent on both Skylab and the RB-57 imagery. One possible explanation for
not detecting commercial thinnings and the more subtie disturbances might
be the 1%- to 3-year time lapse between ground observation and the dates
of the imagery.

To evaluate Skylab data in a quasi-operational test, land use was
classified for Lincoln County using a cluster overlay that sampled at a
slightly higher intensity than the existing Forest Survey design. The
overlay, unlike the Forest Survey design (every other photograph in alter-
nate flight lines), covered the entire county area. This eliminated the
chance of oversampling some classes and undersampling others. The results
in Table 9 show that, according to Skylab, the unadjusted forest propor-
tion is almost 3 percent higher than that obtained on 4-year-old Depart-
ment of Agriculture (ASCS) photographs. The "other miscellaneous" class
decreased, urban increased, and both census water and noncensus water were
reduced using Skylab data. These could be real differences detected by
the more recent Skylab data and the improved distribution of the photo
sample--unfortunately there is no way of checking this because of the time
lapse since the data were collected.

A 40-cluster subsample was examined on Skylab and ASCS photographs
and on the ground to classify land use in Lincoln County by combined classes.

The unadjusted forest proportion computed from Skylab data was almost 2
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Table

¥

Unadjusted mean land-use proportions from ASCS and Skylab S190B
photographs. Computed from intensive photo sample for combined

land-use classes--Lincoln County, Georgia.

Data Total Other Census Noncensus
Source Clusters Forest Misc. Urban Water Water
-------------------- proportion-----=-cececee-cococeae=
ASCS 536 0.6472 0.1351 0.0169 0.1725 0.0283
(1:20,000)
Skylab 667 0.6747 0.1201 0.0260 0.1636 0.0150
(1:500,000)
Difference --- +0.0275 -0.0150 +0.0091 -0.0089 -0.0127




percent lower than the ground check and 3 percent lower than the ASCS

photo estimate (table 10). The latter is a complete reversal from the
estimate made from the larger photo sample and reflects differences in

the two samples. The small subsample apparently sampled areas under
development for homes at a greater intensity than the larger photo sample.
The larger proportion of the land area estimated in the urban class on
both the Skylab photos and the ground seems to indicate this. By inter-
preting forested areas within residential developments as urban, an over-
estimate of urban and an underestimate of forest land resulted. Errors
of this sort can be avoided by improving the criteria for interpreting
urban land.

The 40 subsample clusters were examined on 1:120,000 scale CIR photo-
graphs to verify the mean Skylab proportions (table 10). As can be seen,
forest proportion is more than 3 percent higher and urban 4 percent lower
on the CIR photography than on the Skylab imagery. This seems to sub-
stantiate the previous analysis that urban developments within forested
areas are overestimated on Skylab. Because the ground estimate of urban
is higher than either Skylab or ASCS, it can be assumed that the CIR
estimate is lTow and that the true proportion of urban area is nearer 3
percent.

In the Lincoln County case study, mean forest proportions determined
from a large photo sample were adjusted by regression techniques. Un-
adjusted forest proportions determined from the large area photo sample
(table 9) on both Skylab and ASCS photographs, were adjusted using regres-
sion equations developed from the small photo subsample checked on the

ground. The results are shown in Table 11, Skylab techniques estimated
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Table 10.

Unadjusted mean land-use propor
and high-altitude color infrared photographs, an

tions from ASCS, Skylab S190B,
d from ground

samples. Computed from small photo subsample for combined
land-use classes--Lincoln County, Georgia.

Grouped Land-use

Total Other Census Noncensus
Data Source Clusters Forest Misc. Urban Water Water
ASCS 40 0.7094 0.1313 0.0156 0.1375 0.0062
(1:20,000)
Skylab 40 0.6812 0.1141 0.0625 0.1391 0.0031
(1:500,000)
Ground 40 0.6984 0.1266 0.0313 0.1359 0.0078
CIR 40 0.7141 0.1250 0.0187 0.1391 0.0031

(1:120,000)
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Table 11.

Adjusted mean forest proportions, adjusted forest land area,
and standard errors of the estimates for Lincoln County,
Georgia.

Photo Sub-
Data Sample sample Adjusted Adjusted SE of
Source Clusters Clusters Proportion Area Estimate
-=ha--
ASCS 536 40 0.63753 42,123 x3.17
Skylab 667 40 0.69229 45,741 £3.53
Difference -- -- +0.05476 +3,618 --
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forest area 3,600 hectares (8,892 acres), or 8,6 percent higher than the

ASCS technique. Despite this, the standard error of the adjusted forest
area estimate using Skylab data was +3.53 percent--slightly higher than the
adjusted estimate on ASCS photography. The difference in the estimates can
be attributed to differences in sampling intensity, sample distribution,
and misclassification of urban areas as forest land.

The flow chart in Figure 11 shows the general procedure followed in
computing adjusted mean forest proportions, adjusted forested area, and

standard errors for Lincoln County.
Forest Sampling Designs

The digitized land-use map for McDuffie County (hereafter called the
ground truth map to distinguish from other maps) and the 1971 Forest Sur-
vey agree closely when the areas of commercial forest (69.6 percent map,
69 percent Forest Survey) are compared. The Forest Survey data gives no
information about the location of commercial forest and other land-use
types; therefore, no cross-checks can be made with the ground truth map.
The area of noncensus water (defined in Table 1) in the county is less
than 2 percent. The mapped area of noncensus water differs from the For-
est Survey figure primarily because much of the water was excluded from
the land-use map where the northern boundary of the county crosses Clark-
Hi1l Reservoir and could not be accurately located. Noncensus water,
therefore, is included with all other nonforest for stratification pur-
poses in this study.

A facsimile gray-scale map was produced on a line-printer from the
red-filtered microdensitometer scan of the Skylab S190B color image.

Alphabetic characters were used to represent four optical-density ranges
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(density slices). Maps produced in this way are stretched in the Y direc-
tion due to the greater spacing between rows of characters than between
the characters along a row., Using this same procedure with digitized data
from the ground truth map, a -geometrically similar line-printer facsimile
was produced for comparison. The two facsimile maps were compared and the
registration appeared to be good. Based on this result, we went to a more
powerful classifier using three spectral bands of microdensitometer data.

Training sets for ;ach of the land-use types were identified on the
ground truth map and then Tocated in the microdensitometer scan data
matrices. Optical densities from the red, green, and blue microdensitom-
eter scans, and generated statistics, were used to develop linear discrim-
inant functions to classify the entire county into land-use types from the
Skylab data. A facsimile type-map was generated on a Tine-printer using‘
this classification procedurel This type-map is compared with the Tine-
printer ground truth map'(fig. 12).

The Tinear discr{miﬁhnt functions used in the classification procedure
coujd not separate piné and hardwood with sufficient accuracy for inventory
purposes. Thus, all férest Tand was aggregated into a single forest type
and all nonforest land wés_aggregated into a single nonforest type for
further analysis. The confusion matrix for the training set is shown in
Table 12 as both number of points identified and percentages by types.
Table 13 is the confusiéﬁ¥matrix for the entire population. These classi-
fications were used to test systematic sampling with postsampling strati-
fication in the f0110w§nglaiscussion.

Having the ground truth map digitized as a regularly spaced grid of

data points at 80.5-meter (264-feet) spacing allowed a comparison to be
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Figure 12.--The northwestern portion of McDuffie County, Georgia, is

shown on the land-use maps.

digitized from the land-use map shown in Figure 8.

The upper map was produced from data

The Tower map

was produced from the classification of microdensitometer scans on

an S190B color transparency.

Many nonforest areas, most1y roads or

road segments which were below the minimum mapping size to separate

on the land-use ground truth map (top),
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Table 12. Training set confusion matrix for classification of microdensi-
tometer scan data from Skylab image,

Predicted Type - Actual Type (Ground Truth)
~(Skylab)- - . ~ -Forest -~ - - - "“Nonforést

Forest 479 (94.7) 109 (17.7)
Nonforest 27 (5.3) 506 (82.3)

Table 13. Ent1re population confusion matrix for classification of
microdensitometer scan data from Skylab image.

-Predicted Type Actual Type (Ground Truth)
(Skylab) Forest Nonforest

Forest 59,783 (80.5) 9,781 (30.0)
Nonforest 14,507 (19.5) 22570 {70.0)
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Table 14. Characteristics of grid sizes used to sample the land-use map data matrix.

Grid Spacing Number Sample Ptis. Ground Spacing Sample Fraction Ground Area per Samplie Pt.
(data elements) meters feet percent hectares acres
50 43 4,020 13,189 0.04 1,667 3,873
42 61 3,377 © 11,078 0.06 1,106 2,733
36 82 2,894 9,496 0.08 813 2,009
25 17 2,010 6,594 0.16 392 . 969
21 242 1,688 5,539 ©0.23 277 684
18 329 1,447 4,748 0.31 203 502
14 544 1,126 3,693 0.51 123 304
12 741 965 3,165 0.70 90 223
10 1,066 804 2,638 1.00 63 155
9 1,317 724 2,374 1.24 51 126
7 2,176 563 1,846 2.04 31 76
6 2,962 482 1,583 2.78 23 56
5 4,266 402 1,319 4.00 16 39
4 6,665 322 1,055 6.25 10 25
3 11,849 241 791 11.11 6 14
2 26,660 161 528 25.00 3 6
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Table 15. Comparison of bias and.variance for forest proportions estimated using simplie random
sampling (SRS), systematic sampling (SYS), and systematic sampling with postsampling
stratification (PSS) for 16 sampling fractions,

Sampling Fraction Grid Spacing Bias of Forest Proportion Variance of Forest Proportion

(proportion) -data pts.- -SRS- -5Y¥S§-  -SYS&PSS- ~-SRS- -S5YS- -SYS&PSS-
0.0004 50 0 -0.0006 _.0,0008 0.00495 0.00412 000334
0.0006 42 0 0.0000  0.0005 0.00350 0.00278  0.00241
0.0008. 36 0 0.0002  0.0007 0.00257 0.00231 - 0.00181
0.0016 25 0 0.0001  0.0003 0.00124 0.00075 0.00074
0.0023 21 0 0.0000  0.0000 0.00087 0.00057  -0.00052
0.0031 18 0 . 0.0000  0.0000 0.00064 0.00035 0.00032
0.00571 14 0 0.0000  0.0000 0.00039 0.00015  0.00018
0.0070 12 0 0.0000  0.0007 0.00029 0.00014 0.00015
0.0700 10 0 0.0000  0.0000 0.00020 0.00011 0.00010
0.0124 9 0 0.0000  0.0000 © 0.00016 0.00007.  0.00008
0.0204 7 0" -6.0000  0.0000 0.00070 0.00004  0.00005
0.0278 6 0 0.0000  0.0000 0.00007 0.00003 0.00004
0.0400 5 0 0.0000 - 0.0000 0.00005 . 0.00002  0.00002
0.0625 4 0 0.0000  0.0000 0.00003 0.00001 0.00001 °
0.1111 3 0 0.0000  0.0000 0.00002 0.00001 0. 00001
0.2500 2 0 0.0000  0.0000 0.00001 0.00000  0.00001



The study has shown that forest area proportion is more.efficient]y
determined using systematic sampling rather than simpie random samp]%ng
when applied to an aréa-with forest distribution as in McDuffie County,
Georgia. The precisioﬁ of the estimate is further increased by using
postsampling stratification from the computer classification of Skylab
S1908B microdensitometef data. However, there is no advantage when the
sampling fraction is 1ar§er than 0.0016. If it had been possible to
direct more effort to developing better discriminant fgnctions for the-
supervised Skylab data classification, an advantage might have been shown
for larger sampling fracpfons. We are planning to continue our ef%orts to
improve the c]assificétipn in the future..

The classification effort pointed out the difficulty of trying to
classify photo data into categories which reflect the intent of 1andiuse
rather than actual groun& conditions, With the ineviﬁable revision of
resource classification systems into a common and aggregative‘type of
inventory system it should be possible to more effectively use unsuper-
vised classification to provide a more useful data stage for futuré

sampling systems.
Automated Land Classification

Optical film dens%tiés measured on normal-color film (S190B), and
analyzed by the nearest néighbor classification algorithm, showed promise
for computer-assisted land classification, Only broad Levél I land classes
and Level II forest t}pes; however, could be separated with reasonable

accuracy (table 16), For instance, in block 4, pine area was 17 percent

" lower and the hardwood area.was 40 percent higher than the ground area.
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Table 16. ‘Comparison of percent accuracy of area estimates and sample
point.classification for PSW computer mapping procedure .for two
test:bTocks, Skylab S190B color photograph, November 30, 1973.

Block and land- °  Ground! Skylab  Number of Skylab
use class . area area . points [ classification
(Levels I&In). _accuracy accuracy
‘--Ha-  ---Percent----- " -~~Percent----
Block 4
I Forest 6,055 80.55 64 .41 290 92
IT Pine .. 4,427 44 .27 36.62 217 70
Hardwood 1,628 16.28 22.82 73 68
Cutover . = --2 - 4,97 0 --
I Nonforest 3,616 36.16  32.14 180 74
IT Grassland- 1,548 15.48 9.51 78 53
Crops .- - 61 0.61 6.57 2 0
Bare Soil 881 8.8% 6.90 52 37
Wild Veq. 441 4.4 4.96 26 27
Urban : 685 6.85 4.20 22 14
'I Water 329 3.29 3.45 10 20
Block 23 -
I Forest 5,151 51.51 53.48 271 a3
IT Pine - 73,327 33.27 26.95 150 83
Hardwood 1,824 18.24 20.84 121 74
Cutover - --2 -— 5.69 0 -
I Nonforest 4,721  47.21 44.04 204 85
11 Grassland - 1,473 14.73 8.25 57 ‘54
Crops © 151 1.51 5.00 23 <35
Bare Soii 700 7.00 22.92 33 67
Wild Veg. 805 8.05 4.4 26 4?2
Urban 1,592 15.92 - 3.46 65 17
I Water 128 1.28 2.48 5 80

'Areas were determined by dot count on ground truth maps at an
intensity of approximately one dot per 0.4 hectare (1 acre).

2Cutover Tand wés not classified separately én the ground truth map.
This means cutover forest land was placed in the appropriate forest type.

3Block 2 is approximately 61 kilometers (38.miles).southeast of
Block 4.
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The latter figure seems high, but as a percentage of the total area 1t
represents only about 6l5 percent--22,82 percent compared with 16.28 per-
cent on the ground. In block 2, pine area was 19 percent lower and hard-
wood 14 percent highef than- the ground areas, This was true -even though
block 2 was c]assified using training sets derived from block 4--61 kilo-
meters (38 miles) away. The total forest area in block 4 was‘G percent
higher and in block 2 oni; 4 percent higher than the ground truth. Pine
was always underestimated and hardwood was always overestimated. "

Total nonforest area, 1ike total forest area, was'estimated’within
reasonable accuracy—-B]éck 4 within 11 percent and block 2 within 7 per-
cent--and both were underestimated, Area estimates by Level II nonforest
classes varied consideréb]y from the ground truth and can be explained by
seasonal differences between the Skylab data (late November) and the
ground truth (late spring), This problem will always be a factor in
machine classification ﬁnless land classifications are restructured to
recognize whét is preserit on the ground rather than trying to interpret
what local-land managefs—intend to use the Tand for. The best time of"
year to measure the 1an36wner's intent is in the 1até spring when the
fields are plowed or planted and can be separated from grass{and and idle
Tand.

Areas of water and urban land estimated in both blocks 4 and 2 in
some instances appear‘to'be guite accurate. This is mis]eédiqg, however,
because majbr bodies of water in both blocks were called Bare soil, grass-
land, and crops, Water was misclassified because high levels of sedimen-
tation created false signatures. Urban areas were miscliassified as grass-

land, bare soil, and crops, because on color film the spectral signatures

86


http:percent--22.82

are very similar. Roads and utility rights-of-way, passing through

forested areas, can be detected by the spatial alignment of pixels but
not by their spectral characteristics.

The computer maps shown in Figures 13 and 14 allow a visual comparison
to be made with both the Skylab S190B photograph and the ground truth map.
The agreement between Level I forest areas and nonforest areas, and be-
tween Level II forest types, is quite apparent. A point-by-point com-
parison was made between points located on the ground truth map and the
same points on the computer map. We found that 92 and 93 percent of for-
est points were correctly classified on the computer map for blocks 4
and 2, respectively (table 16). Of the points in pine type, 70 percent
(block 4) and 83 percent (block 2) were correct. Points falling in hard-
wood were correct 68 and 74 percent of the time for blocks 4 and 2, respec-
tively. Although nonforest points were found accurate 74 percent (block 4)
and 85 percent (block 2) of the time, the accuracy for individual Level III
classes was extremely poor.

The results show that forest area can be stratified on high-resolution
Skylab-quality photographs (20- to 30-meter resolution) with an accuracy
of approximately 96 percent. In other words, the forest area can be mapped
and an estimate of the area made within 1imits that can be accomplished us-
ing aerial photographs. We also found this to be true in our LANDSAT-1
experiment (Heller and others 1974)., However, because of geometric dis-
tortions in the LANDSAT image, point-by-point comparisons were correct only

50 percent of the time.
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GROUND TRUTH (Prepared from 1:120,000 CIR photo, April 1974)

Pine 1 Harvested crop 12 Marshland 23
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Computer map Skylab S190B
November 30, 1973
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Figure 13.--The computer map (above left) was made using diffuse densities
converted from optical densities measured on the S190B photograph (above
right). The photograph was scanned with a PDS Microdensitometer and
optical densities digitized and recorded on tape. The map was produced
by the PSW computer classification system using nearest neighbor theory
and an off-line tape-driven plotter with eight colored marking pens.
Point-by-point evaluations can be made with the ground truth map (opposite

page).
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Block 4
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November 30, 1973
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Figure 13.--The computer map (above left) was made using diffuse densities
converted from optical densities measured on the S190B photograph (above
right). The photograph was scanned with a PDS Microdensitometer and
optical densities digitized and recorded on tape. The map was produced
by the PSW computer classification system using nearest neighbor theory
and an off-line tape-driven plotter with eight colored marking pens.
Poing-by-point evaluations can be made with the ground truth map (opposite
page).
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November 30, 1973
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Figure 14.--The computer map (above left) was made using diffuse densities
converted from optical densities measured on the S190B photograph (above
right). The photograph was scanned with a PDS Microdensitometer and
optical densities digitized and recorded on tape. The map was produced
by the PSW computer classification system using nearest neighbor theory
and an off-line tape-driven plotter with eight colored marking pens.
Spectral signatures developed for block 4 were used in this classifica-
tion without modification. Point-by-point evaluations can be made with
the ground truth map (opposite page).
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Applications

Under certain assumptions, Skylab-quality photographs will provide a
data base for Level I and Level II land use and broad forest-type strat-
ifications (as defined in this report) by both human and machine-assisted
procedures. The assumptions are that:

1. High-resolution color infrared photography is available.

2. Radiometric measurements by supporting aircraft flights are avail-
able within a few days of a satellite pass.

3. A high-speed scanning microdensitometer is available for record-
ing optical film density on computer-compatible tape.

4. An off-line minicomputer and interactive display (CRT) are avail-
able for preprocessing remotely sensed data for input to a large non-
dedicated high-speed computer for classification mapping or sampling. If
a minicomputer is not provided, an interactive display--on-line with a
dedicated large, high-speed computer--must be available.

5. A classification system is designed which is based upon land cover
rather than land use intent.

In this investigation, normal-color photography taken from orbital
altitudes did not allow complete land-use classification even at Level I.

In this regard, the failure of both human and automated classification pro-

cedures to resolve differences between water, grassland, bare soil, and idle

fields was important. However, examples of Skylab CIR photographs for near-

by areas indicated that the infrared reflectance and absorption differences
for these classes will provide excellent separation. Thus if CIR film is
available, both human and computer classification of land use and forest

type should be more effective.
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1and cover to classify use based on the intent of the manager. Using this
definition, an area which had been clearcut and prepared for planting
would be considered forest although no trees were present. Computer-aided
c]ass%fication would probab]y classify the area as bare soil. While in
some parts of the country it might be inferred that a forest opening of
bare soil was a clearcut to be planted, in the Southeast it is just as
probable that the area is agricultural land. ‘

There is a much greater probability of high classification accuracy
if classification is in terms of present iand cover. The spectral signa-
tures of classifications based on present land cover have inherently less
variability than classifications based on intended use which may include
diverse land cover categories. However, a system based solely on Tand
cover, although appealing from the standpoint of identification from re~
mote sensing data, may not be amenable to aggregatioﬁ and disaggregation
into the classes des{red by the data users.

An alternative clgssification system might be one which utilizes
information directly attainable from satellite data and calls for a sep-
arate subsamplie of tﬁose élasses not well characterized by the land cover.
Before the system couid;be implemented, however, it would bg necessary %o
know the land cover types that can be recognized in a given region. To
date, most studies have concentrated on determining the accuracies. attain-
able when classifying land into predetermined categories. Results of these
studies have often been discouraging because a satisfactory classification
accuracy could not be attained for the predetermined categories. At the
same time, the possibilities for further subdivision within easiiy iden-

tified categories went unexplored. We feel that operational applications
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of machine-assisted classification will depend on additional research. to
determine the land cover categories which are, and those which are not,

spectrally separable with acceptabie accuracy.
Cost Comparisons

The primary -advantage of Skylab-quality photography in forest re-
source surveys is the broad areal coverage within a single frame. In the
four counties uéeé in this eiperiment, it required 183 aerial photographs
(1:20,000) to cover an estimated 80 percent of the total area. This was
single photographic coverage without the advantages of stergoscopic 5ver—
lap. A Skylab SfQOB photograph, on the other hand, will cover these four
counties and two to four additional counties as well. Complete county
coverage offers better distribution of photo sampies and reﬁuces data
hénd]ing and photo acquisition costs--assuming that only printing and
processing costs are involved, '

_'If all other survey costs are considered equal, the costs of Level

I and Level II land use and forest stratification would be 49 percent

lower on Skylab photographs than on conventional 1{20,000 scale photo-
graphs (table 17). The major difference between the twe methods is the
cost of photographs. Because of the small scale and the use of normal-
color film, more time was required to make interpretative decisions on
Skylab photographs. However, if color infrared photographs were avail-
able on a regular recurring basis, the advantages of up-to-date informa-
tion far outweigb any additional interpretation time, .

Because of variations in system efficiency and,effectiveﬁess, it is
very difficult to make comparisons between conventional interpretation

and computer-assisted classification and mapping techniques. Numerous
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TabTle 17. ~ Comparative cost of Tand use and forest
stratification on Skylab photographs and
on 1:20,000 ASCS photographs. ’

Data Photo- Photog- Photo Inter-

Source handling? raphy cost? pretation® * ‘Total
--------------------------- dollars~=-=mmcmmmem e m e me
ASCS 140.00 .366.00 36.35 . 542.35

Skylab 125.00 100.00 50.90 275.90

'Based on time studies--includes ordering, organizing, and Tabeling
photographs and transferring plots. Rate: $5.00 per hour.

2Based on 1974 ASCé price 1ist and cost of one S190B color inter-
negative and one 1:125,000 color print.

3Based on time stud}es--ASCS interpretation at 5 clusters/minute,
Skylab interpretation at 3 clusters/minute. Rate: $5.00 per hour.

"Based on time Studies--ASCS forest type classification at 40 plots/

hour, Skylab forest type classification at 30 plots/hour. Rate: $5.00
per hour.
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computer classification procedures are now available for resource anal-
ysis, but there have been no comparative tests. Computers and acces-
sories vary widely.. There are nondedicated computers accessed thrbugh
terminals on a iime-sharing basis, dedicated computers with on-line inter~
active displays, and complex systems including off-Tine minicomputérs

and interactive_d{;plays to preprocess data for classification and map-

- ping on large éomputers. An analysis of the efficiency of one system
over another is 1$§£ing.

In this study a system was used that included a nearest neighbor
classification algorithm and two time-sharing computers. Without an
interactive display, two or more iterations of the classifications were
required to improve accuracy. This is more time consuming than an inter-
active display énd'1ess efficient. The cost breakdown in Table 18
compares our PSW cpmputer-assisted technique with coﬁventiona1 mapping
and transfer ﬁrocedures on a ZTS. Although the computer technique was
more expensive ($177.00 more), it required only one—fourih the man-hours.
Thus, when manpbﬁer and time are short, the machine-assisted system

would be beneficiai despite the higher cost.
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Table 18. Cost comparison to produce classification map for 40,000-hectare (98,800-acre}

area using conventional mapping and computer-assisted techniques.

Time
Method Task description Man- Machine Man-
hours time hourst Machine
Conventional photo Map and transfer class bound-
interpretation aries from 1:120,000 CIR to
1:24,000 map base. 100.00 0 617 0
Total 100.00 0 617 0
Computer-assisted Microdensitometry 2.00 4 hrs? 12 240
classification Computer classification
IHIST-rewrites raw density
tape and interleaves scans 0.50 356 sec3 3 41
IGREY-gray-scale printout;
area location, training set
selection 16.00 560 sec? 99 50
TAPEJOB-rewrite tape from
IHIST in BCD 0.25 700 sec3 2 63
PROTO-produces sums of data
used in TYPEPIX 2.00 6 sech 12 2
TYPEPIX-produces classifica-
tion map {4 parts) on EAI
plotter 4.00 389 secS 25 245
Total 24.75 4.56 hrs 153 641

1GS-9, $6.17 per hour rounded to the nearest dollar
2Computed at the commercial rate of $60.00 per hour.

SWnivac 1108; $0.09 per second.

second.

5CDC 7600; average for 4 runs = 218 AUS @ $0.07/AUS.

Averages $0.63 per second.

*CDC 7600; charged for 34 accounting units (AUS) @ $0.07 per AUS. Averages out at $0.38 per



RANGE "INVENTORY
Classification and Mapping Plant Communities

Richard E. Francis and Richard S. Driscoll

Never in our Nation's history has our natural resource base been under
such scrutiny and at the same time been in such great demand. The Nation's
forest-range resources are being continuously sought by a demanding, eco-
logically aware.pub11c for various goods and services. -These resources,
within natural ecosystems that produce or could produce herbaceous and
shrubby vegetation, occur on approximately 63 percent of the land area of
the 48 contigubué states {Forest-Range Task Force 1972). Natural resource
inventories and reinventories are required to assess—causes and effects of
change to meet multiple resource management decisions.

The initial requisite for forest-range inventory and moﬁitoring is to
determine what thé resources are, where they are, and how much 1is preseﬁt.
What they are involves a hierarchy of plant community c1assjfication.

Where they are involves geographic location. How muéh is present involves
area measurement of the communities and quantification of their parameters.
How Skylab data Eouid fulfill this requisite formed the basis for the re-
search reported‘hérg.

The primary objective of this research was to determine at what level
in a plant community classification hierarchy Skylab photographic products,
or their equivalent, can be used for plant community classification in a
central Colorado mountainous area. Secondary objectives were (1) to deter-
mine the kind ofwairbraft support photography needed to extend these classi-
fications to other levels in the hierarchy, (2) to determine how both

Skylab and aircraft support photography can be used to detect and identify
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cultural features of a mountainous landscape that could affect resource
management alternatives, and (3) to make quantitative estimates of certain

plant community characteristics from large-scale aircraft photography.
‘Background -

This is the latest in a series of studies that began in 1967 to eval-
yate remote sensing technology for range inventories. The Rocky Mountain
Forest and Range Experiment Station, located in the center of a variety
of range plant community:systems, was a proper focalipoint for thi; research.

Initial studies.conduc@ed in 1967 investigated 1§rge-sca1e 70-mm color
and color infrared (CIR)} photographs (1:600 to 1:4,600) for identifying
plant species (Drisco11:1969). From this work it was conciuded that major
rangeland species can be identified most consistently oﬁ 1:600 and 1:1,200
scale CIR photographs, .

In 1968, the Rocky Mountain Station entered into a 4-year study under
the NASA Earth Resourcéﬁ‘Aircraft Program to evaluate multiband photography
and multispectral scanner imagéry taken from both éircraft and spacecraft.
Results indicated that éIR‘photographs taken from space (Apolio 9, 100-
meter ground resolution) can be used to map general plant community systems
(Driscoll and Francis 1972)., However, larger scale (1:20,000 to 1:80,000)
ajrcraft photographs with 3- to 10-meter groynd resolution were required
to determine the areal extent of the individual habitat types. Still
larger scale aerial photographs (>1:2,400) were needed to analyze commu-
nity components. Initial efforts to relate optical film density measured
on sma11-§ca1e CIR photdgﬂaphs to plant communities showed promise.

In 1972, the Rocky Mountain Station and its range inventory research

team initiated a study to.assess the value of Tow-resolution (65- to 100-
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meter ground resolution) LANDSAT-1 (ERTS-1) MSS data for classifying

plant communities (Heller and others 1974). This study showed that
LANDSAT imagery acquired in August was best for the Region level
(ECOCLASS) classification. Aspen can be reliably separated from conifer
only during this time of year (92 percent accuracy). Conifer and grass-
land, on the other hand, can be classified on June-to-September LANDSAT
and high-flight aerial photos with 95 to 99 percent accuracy. Regardless
of season, interpreters could not classify to the Series level (ECOCLASS)
with acceptable results. An analysis of optical film density measured on
LANDSAT photographic color composites showed highly significant differ-
ences between all Region level vegetation classes. Thus, automatic scan-
ning of LANDSAT photographic data and computer-assisted classification of
Region level vegetation classes seemed possible.

Skylab photographs used in this study have better ground resolution
(ST90A, 30 to 120 meters; S190B, 20 to 30 meters) than either Apollo 9 or
LANDSAT images. An evaluation of this improved data was important for
planning future earth resources satellite programs for forest-rangeland

assessments.
Study Area

The study area is located between 38°30' and 39°30' north latitude
and 104°40' and 106°10' west longitude and includes approximately 14,000
square kilometers (5,400 square miles)(fig. 15). Included within the
area is the NASA/Manitou Test Site, No. 242. From 1969 to 1972, consider-
able work was done there to determine the best aerial photo film, filter,
scale, and seasonal combinations to characterize and quantify plant com-

munity systems and their components.
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Figure 15.--Geographic location of the mountainous central Colorado study
area. The area included approximately 14,000 square kilometers
(5,400 square miles). Two intensive test sites can be seen--South
Park and the Manitou Experimental Forest. Colorado Springs appears
near the SE corner of the area.
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This nonurban, nonagricultural area in central Colorado is charac-

terized by extreme diversity in plant community systems and extreme var-

jations in topography. For example, ponderosa pine (Pinus ponderosa Laws.)
forests occur mostly 6n ridges and slopes between 2,000 and 2,700 meters
(6,500 and 8,800 feet), but extend below this zone to 1,800 meters (5,900
feet) and above the zone to 3,000 meters (9,800 feet) depending on local
environmental conditions. Other community systems vary similarly. In
general, however, the vegetation aligns itself to changes in elevation,
but frequently terrain slope and aspect compensate for elevation differences.
The vegetation in the area consists of a variety of forests and grass-
lands. The forests, ranging from approximately 1,900 meters (6,232 feet)
above mean sea level to tree line at approximately 3,500 meters (11,480

feet), include: (1) ponderosa pine, (2) Douglas-fir (Pseudotsuga menziesii

var. glauca [Beissn.] Franco), (3) lodgepole pine (Pinus contorta var.

latifolia Engelm.), and (4) spruce/fir--primarily a mix of Engelmann spruce

(Picea engelmanni Parry) and subalpine fir (Abies lasiocarpa [Hook.] Nutt.).

Intermingled throughout the area are deciduous forests of quaking aspen

(Populus tremuloides Michx.). These forests occur as "pure" types, but

frequently there are varying mixtures of species in the ecotones between
forest types or as a result of plant succession due to man-caused disturb-
ance. In addition, the forest canopy varies from open to dense. The open
tree stands permit the development of an extensive herbaceous and/or
shrubby understory; little understory exists within the dense forest stands.

Mountain bunchgrass parks, in which Arizona fescue (Festuca arizonica

Vasey) and mountain muhly (Muhlenbergia montana [Nutt.] Hitchc.) were the

dominant grasses, occur in the lower elevation areas and are principally
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associated with the ponderosa pine forests. These dominants are replaced
by other species of fescue (Idaho fescue (F. idahoensis Elmer) and Thurber .

fescue (F. thurberi Vasey)) and oatgrass (Danthonia parryi Schribn.) at

higher elevations. In many instances the gradation from forest to grass-
land is subtle, and it was difficult even at ground level to establish the
line of demarcation between the two systems (fig. 16).

Within the central part of the study area is South Park, a large,
nearly treeless area. The vegetation of South Park is generally of low

stature in which blue grama (Bouteloua gracilis [H.B.K.] Lag.), slimstem

muhley (Muhlenbergia filiculmis Vasey), and several low-growing shrubs and

forbs are the most prominent. These and associated species provide the
aspect of a shortgrass prairie. Around the fringes of the Park, and in
some places within the Park where herbaceous communities interface with the
forests, mountain bunchgrass communities become prominent.

Wet meadow and stream bank communities are especially well developed
in South Park and occur as occasional narrow strips throughout the entire
area. Various species of sedges (Carex L.), rushes (Juncus L.), and bul-
rush (Scripus L.) predominated either as monospecific or mixed stands in

the moist areas. Tufted hairgrass (Deschampsia caespitosa (L.) Beauv.),

mixed with species of bluegrass (Poa L.), formed communities in those areas
that are less moist. In association with the meadows throughout the study
area, there are shrubby communities dominated by species of willow (Salix L.)

and shrubby cinquefoil (Potentilla fruticosa L.).

The main portion of the study area varies topographically from 2,100
to 4,300 meters (6,888 to 14,104 feet) above mean sea level. Elevation

variations are dramatic--as much as 400 meters per kilometer (2,000 feet
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Figure 16.--Ground photo shows the gradation and mixing between and with-
in the forest and grassland vegetation systems. The forest system is
a mixture of aspen and spruce/fir. Mountain bunchgrass (on slopes)
and a high elevation wet meadow (valley floor) are the grassland
systems. Note the extremely dense shadow on the north slope (Teft
center) which affected classification.
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per mile) in many places. The average elevation of South Park is 2,750
meters (9,020 feet) above mean sea level.

The eastern portion of the study area is associated geologically with
the Pikes Peak and Kenosha batholiths, comprised primarily of granitic
mountains and outwash. The mountains in the eastern portion consist of
highly intruded sediments; the intrusions are primarily of granite or gran-
ite-gneiss material with some schists. Trachytic and andesitic extrusive
flows are relatively common, especially in the southwestern part of the
area. The western mountains have been highly dissected by glaciation--
the outwash conglomerate deposits are common within and around the moun-
tains. The northern end of the area is framed by the Kenosha batholith
and other intrusive materials. The southern part of the area is associ-
ated with the Arkansas Hills, an ancient volcanic region from which exten-
sive andesitic flows originated. Also associated with the southern portion
are geologically old uplifted sediments. Igneous intrusions and flows are
abundant through South Park (Weimer and Haun 1960).

Generally, the mountain ranges in the area are oriented on a north-
south axis, but many spur-fragments, as well as individual units within the
major ranges, are oriented east-west. This presented a complex matrix of
various slope-aspect relationships that influences vegetation patterns and

adds to the complexity of interpreting the remotely sensed data.
Skylab and Support Data

Only S190A and S190B photographic data from SL-2 (June 11, 1973) and
SL-3 (August 4, 1973) were used in this analysis (table 19). Of the S190A
Multispectral Camera System products, only color and CIR 70 mm photographs

could be used. S190A material was available from both SL-2 and SL-3 but
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the overall image quality was only fair. Photographs trom the SIYUB
Farth Terrain Camera System were available only from the SL-3 mission,
The overall gquality of these photographs was very good.

‘Our initial proposal also called for the analysis of data from both
the S191 Infrared Spectrometer and the 5192 Multispectral Scanner systems.
However, the imagery from both of these systems was excluded from the
analysis due to delays in obtaining the rectified data and the workload
time constraints that resuited. It should be noted, however, that the
sampling design used for testing photographic products in this study was
based on the expected resolution of the S191 system (435 meters or 1,427
feet)ﬁ

" Two aircraft missions were flown by the NASA aircraft support program
to assist the interpretation of the Skylab products for the defined objec-
tives. MX-239 {Jurie 22, 1973) and MX-248 (August 9, 1973) provided both
color and CIR photograﬁhic products at three scales (table 19}. The over-
all quality of these photographs was very good. This photography was
timed to represent p1ant phenclogical conditions on the dates of the Sky-
lab passes. In addition, both color and CIR large-scale 70 mm photog-
raphy was flown by a U. S. Forest Service aircraft (table 19). These
photographs were obtained on August 24, 1973--within three weeks'of'the
SL-3 photographs. Only the CIR was analyzed to estimate specific quanti-
tative grassland plaﬁt community parémeters. Film quality Qas poor due

to severe reticulation.
Classification System

The hierarchical vegetation classification scheme used to evaluate

the effectiveness of the Skylab and supporting aircraft data was
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ECOCLASS (Ecosystém Task Force, 1973}, which was established according

to ecological principles of polyclimax concepts (Daubenmire 1952)}. This
system is in current use by the Forest Service to classify plant communi-
ties for land management planning, and is in accord with that established
by the International Biological Program for classifying terrestrial com-
munities (Peterken 1970).

The system defines five categories proceeding from the most general
to the most specific, as follows:

V. Formation - The most general class of vegetation, characterized
by general appearance: Grassland, Coniferous Forest, Deciduous Forest, etc.
The basis of this category is continental in scope, i.e., all of the United
States, and is controlied by continental climatic differences.

IV. Region - Subdivisions of the formation, associated regionally and
therefore determined by subclimates within continental climates: Montane
Grassland, Temperate Mesophytic Coniferous Forest, Alpine Grassiand, etc.

III. Series - A group of vegetation systems within the Region category,
with a common dominant climax species: Ponderosa Pine Forest, Fescue Grass-
tand, Herbaceous Meadow, etc,

II. Habitat Type - Units within a series, each with refatively pure
internal biotic and abiotic structure: Ponderosa Pine-Arizona Fescue habitat

type, Arizona Fescue-Mountain Muhly habitat type, etc. These are the ele-

mental units of the classification scheme upon which primary management

is _based. These units are frequently related to c¢limax vegetation or veg-
etation held in a relatively stable state of high succession by proper
management.

I. Community Type - A system that appears relatively stable under
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management and may be equivalent to the habitat type. Usually the biotic
components are dissimilar, but abiotic components are analogous to hab-
itat type. |

The entire study area is. considered to. be within one géneral-physio—
graphic province, the Central Rocky Mountains, in which three Formation
categories occurred: Grasslands, Coniferous Fofests, and Deciduous Forests.
Within these Formatién categories, three Region and eight Series categories

were defined for this study:

IV. REGION II1I. SERIES
1. Coniferous Forest 1. Ponderosa Pine

2. lodgepole Pine
3. Douglas-fir
4

Spruce/Fir
2. Deciduous Forest 1. Aspen

3. Grassland 1. Shortgrass
2. Mountain Eunchgrass

3. Wet Meadow
Ground Truth

A combination of ground checks and existing maps were used to verify
the interpretation of Skylab and underflight photographic data.

Visual and microdensitometer classifications of plant communities
were checked with a 10 percent ground sample of the 660 photo samples
used {n the study. Less than 5 percent of the ground samples were found
misclassified. This Tead us to believe that the remaining classifications

would be acceptable to meet the study objectives.
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Vegetation maps prepared from Skylab and underflight photographs
were verified against existing Forest Service range and forest vegetation
type-maps. To prepare.a base vegetation map from Forest Service type-maps,
Series level (ECOCLASS) class boundaries were traced directly on the base.
However, since the Forest Service type-maps were functionally developed
they had to be reoéganized on an ecological basis. This meant combining
and integrating some of the existing type-groups te meét our objectives.
As an example, an the forest type-map, aspen was separatéd into commercial
and noncommercial classes. For our purposes, the two classes were combined.

Foliar estimates made on Targe-scale color photographs were verified
using ground dafa obtained from two grassland sites within South Park--
subsequently referred to as Eleven Mile and Antero. Five plots were estab-
lished at the Eleven Mile site and four plots at the Antero site. Each
plot was 10 meters (32.8 feet) square. Within each plot, four 10-meter
(32.8 feet) trahgéc£s were established and marked with whité wooden surveyor
stakes Taid flat on the ground. The transect 1ocation§.wggg_marked prior
to the photo mission so that they could be located in the subséquent aerial
photography. .

Estimates of plant species foliar cover, litter, and bare soil were .
obtained using a Tine intercept technique (Canfield 1942). 'The technique
was modified to use 10-meter (32.8 feet) transects rather than 100-foot

transects as specified by the author,
Photo Interpretation Procedures
Visual Interpretation

Plant Community Classification

Vegetation type-maps, topographic maps, ground reconnaissance, and

aerial photographs were used to select and locate sample cells for photo
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interpretation of both the Skylab and support aerial photographs. The
sample cells were initially selected and piotted on vegetation type-maps
and topographic maps to fepresent an area approximately 500 meters square
(1,640 feet gquare). The size of the -data cell was determined by: +(3)
the expected resolution of the Skylab S191 EREP products which were to be

6 (2) the expected positional errors in

compared with photographic products,
both the satellite and déta collection systems, (3) the plotting errors in
transferring sample cells from maps to the Skylab and supporting aircraft
photographs, and (4) the need to minimize edge effects of cell-wall Tines.
There were 660 cells used for training and testing photo interpretation--
at least 20 cells were selected in each vegetation class.

Photo interpretation was conducted using: (1) the SL-2 and SL-3 ST190A
color and color infrared photographic products, (2) the SL-3 SlQOB color
photographic products, and (3) the MX-238 and MX-249 color and color infra-
red support aircraft photography.

Transparant overlays were constructed for the Skylab photographs’which
showed the training andutest cell locations for the study a;;;_(fig. 17).
The Universal Transversé Mercator (UTM) coordinates representing the loca-
tion of each cell were precisely plotted to a scale of 1:100,000 on the
overlay. Obvious landmarks were also plotted to assist in positioning the
overlays on the Skylab frames. These over1a&s were then photographically

reduced on 0.004 miT clear positive film to the aborooriate scale matching

the SkyTab S190A and S190B formats.

6Skylab S191 and S192 data were subsequently exciuded from any

analysis procedures.
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Figure 17.--An example of the transparent overlays used to locate train-
ing and testing sample cells. These cells were used for visual and
microdensitometer interpretation of the Skylab photographs. Each

“small square represents an area approximately 500 meters square
(1,640 feet square).
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The same sample cell locations were used again to interpret the aircraft
support photographs. Cell locations were transferred directly from the veg-
etation and topographic maps to overlays on the aerial photographs.

A factorial design for analysis of variance was used to test for dif-
ferences between the appropriate factors of film type, photo scale, flight
date, photo interpreter, and plant community class. All factors were con-
sidered to be fixed effects. The highest order interaction term was used

as the error term to obtain the F statistic.

Plant Community Mapping

U. S. Forest Service vegetation type-maps were used as base data to
develop both a Region and Series level plant community classification map
for areal comparison with maps drawn from Skylab and support aircraft photo-
graphs. The base map covered 138 square kilometers (54 square miles) within
the Manitou area (fig. 15) and was initially drawn to the Series level.
Region level maps were made by consolidating Series classes into the three
Region categories of coniferous, deciduous, and grassland.

The photographic products used were: (1) the SL-3 S190A color trans-
parencies and (2) the MX-248 1:100,000 scale CIR transparencies. The two
photographic products were not truly comparable film types but
were used because they offered the best photographic quality available from
the two types of photography. The area to be typed was imaged within one
frame of the aircraft photography, thereby reducing interframe differences.
Photographs from SL-2 S190A and SL-3 S190B could not be used because of
cloud cover over the Manitou area.

Separate and completely independent vegetation maps were made to the

Series level from stereoscopic examination of Skylab and underflight
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photographs. Once the maps were completed, they were brought to the same

scale for comparison using a Bausch and Lomb Zoom Transfer Scope {ZT5)3
Areal comparisons between the vegetation base map and the Skylab

and underflight vegetation maps were accomplished using planimetric methods.

Cultural Feature Mapping

To examine the possibilities of using Skylab photography to interpret
and map cultural features, a 156-square-kilometer (61-square-mile) area
was selected within the study site. Within this area cultural features
were mapped from Skylab and underflight photographs and compared with
cultural features traced from a 1956 USGS quadrangle sheet.

Photo interpretation was carried out on SL-3 S190B photographic prod-
ucts enlarged to twice their original scale (1:500,000) and underflight
CIR photos (1:100,000 scale). In attempting to map from the Skylab mate-
rial, detail could be seen under a zoom stereoscope, but the majority of
detail was lost while transferring information to a map under the ZTS.
Therefore, an overlay was placed on the Skylab photo and a needle was used
to etch the location of road systems into the overlay. Using this tech-
nique, the zoom stereoscope coyld be used and more detail seen and mapped.
Once the road system net was etched into the overlay, the etched overlay
was put onto the ZTS and enlarged. Using the enlarged road system net
overlay as a reference, the other cultural features were mapped by refer-
ring back to the original Skylab photos under the zoom stereoscope. Next,
a photo-revised cultural feature map was made.with additional information
obtained by photo interpretation of the underflight photos. The under-
flight photography offered better resolution than did Skylab; therefore,

the road system net was transferred directly to an overlay base map with
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the ZTS. Once this was done, the other cultural features were mapped by

referring back to the underflight photos under the stereoscope.

Foliar Cover Estimates

Large-scale (1:600) 70 mm CIR photographs taken from a Forest Service
aircraft were used to determine the proportionate amounts of live vegeta-
tive foliar cover and bare ground for selected grassland sites within the
study area. The ultimate intent is to use these kinds of data in quanti-
tative sampling of ground surface characteristics as imaged in the satel-
lite photographs.

Transects measured on the ground were located on the large-scale
aerial photographs and foliar cover measured using three methods: (1) a
zoom stereoscope, (2) a hand-held measuring micrometer, and (3) image magni-
fication using the viewing screen of a GAF microdensitometer.

Linear regression was used to determine the relationships between image-

measured cover estimates and those estimates obtained on the ground.
Microdensitometric Interpretation

A GAF Model 650 microdensitometer (fig. 18) was used to evaluate the
Skylab photographic products for classifying plant communities. A micro-
densitometer measures the optical density of an image on a photographic
transparency using a calibrated light source. S190A normal-color photos
and CIR photos from SL-2 and SL-3, and normal-color photos from S190B,
(SL-3) were used in the evaluation.

A1l normal-color photographs were examined using a green filter in the
optical system; the CIR photos were examined with a red filter. These fil-

ters were inserted into the light-beam path for enhancement of the color
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Figure 18.--Photo shows a GAF microdensitometer used to obtain optical
image density. The 1light beam tube and moveable image-holding stage
can be seen in the center of the photo., In the Tower center of the
photo the circular viewing screen can be seen. The viewing screen
and stage also aided in the estimation of foliar cover from large-
scale photos.
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and CIR vegetation signatures. An effective circular aperture covering

an image area of 6,640 square microns was used with the S190A material.

For the S190B material, an effective circular aperture covering an image
area of 41,500 square microns was used. These effective areas provided

a circular image with the diameter approximating the side dimensions of

the sample cells used for visual interpretation.

The same sample cells used in the photo interpretation test were
measured with the microdensitometer. Optical image density measurements
were made of each sample cell. The calibrated 1ight beam of the micro-
densitometer was aligned with the cell location using the sample-cell
overlay described under visual interpretation procedures. The apparent
optical density of the transparent overlay was compensated for to remove
this effect from the apparent image density values. Values from all
sample cells were obtained.

A two-tailed t test was used to determine whether there was a signi-
ficant difference between optical density sample means for both the Series
and Region level classifications. It was assumed that the sample vari-

ances were equal.
Results and Discussion

Results indicate that Skylab and support aircraft photographic prod-
ucts can be successfully used to classify and map the areal extent of
native plant communities to the Region level of classification using visual
photo interpretation. Series level classification from these same photo
products indicatesthat the results are dependent on date, scale, and film
type. Areal mapping of plant communities at the Series level required

formation of class-complexes.
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Table 20. Accuracy of visual classification for Region Tevel plant
communities by date, scale, and film type.

Region classification

Data : Deciduous Conifer Grassliand
source Date/Scale ¢l CIR? ¢ CIR C CIR
--------- percent- - - = = - - - -
June 1973
Aircraft )
RB-57 1:50,000 nd® 88.9 nd 99.4 nd 100.0
1:100,000 58.8 72.2 99,7 98.9 100.0 100.0
1:400,000 nd 63.9 nd 99.7 nd 98.4
Skylab _
S1908B 1:1,000,000 nd nd nd nd nd nd
S190A 1:2,800,000 33.4 40.0 100.0 97.3 97.5° 89.8

August 1973

Aircraft

RB-57 1:50,000 nd 77.8 nd 98.2 nd  100.0
1:100,000 44.2 88.1 98,9 96.8 100.0  100.0
1:400,000 50.0 87.9 98.2 98.6  98.2 98.2

Skyiab

S1908 1:1,000,000 25.0 nd 98.4 nd  95.8 nd

S190A 1:2,800,000 20.6 41.5 %9.3 97.9 100.0 95.8

1¢ = color film; mean percent correct for two interpretérs
2CIR = color infrared film; mean percent correct for two interpreters
nd = no data available
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The Deciduous category was date, film-type, and scale dependent; only
CIR provided acééptab]e accuracies (table 20), One acceptable Tevel (88.9
percent) 'was obtained for the June 1:50,000 scale photos, and the August
date provided two acceptable levels from 1:100,000 (88.1 percent) and
1:400,000 (87h9‘percent) scale photos.' Interpretation accuracy on 1:50,000
scale August phdtos was only 77.8 percent--not as acceptable as the June
1:50,000 scale photos--probably due to interpreterrfatigue or the result of
the testing sequénce used, .

Differences between photo interpreters.were generaily small and non-
significant. However, the photo interpreter most knowledgeable about the
physiography and-végetation of the test area provided the grea%er {although
nonsignificant) accuracies.

The majority of commission errors for both.color and color infrared
fi1m occurred wheg the Deciduous class was identified as Conifer (table 21).
This was due to the heterogeneous mixing of these two classes of Qegetation
in the Deciduous %est cells {fig, 19) and the difficulty of the interpreters
to make a decision as to Deciduous dominqnce'within a test cell. Very few
of the Conifer E]ass were committed to the Deciduous class, however, be-
cause most of the Conifer test cells were obvious in their homogeneous
Conifer dominance. Those test cells that were correctly identified as
Deciduous were homogeneous (fig. 19). The June and August dates, using
CIR film, had significantly (p = 0.99) fewer cqmmission errors of the Decid-
uous class to Cbnife? thaﬁ.when using color film. Also with. CIR fiim,
the August date had significantly (p = 0.90) less Decidubus.class com-
mission errors to Conifer than did the June date. This was due to the
greater separability between Deciduous. and Conifer using CIR, and that an

even greater separation occurred at the August date due to the beginning
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Table 21. Visual classification accuracy and commission errors for
Region plant communities from Skylab and aircraft photos
by date and film type.

Data Date/Region Correct Commission errors

source classification classification! Deciduous Conifer Grassiand

---------- percent- - =« « = - - - - -

June 1973

Aircraft
Deciduous . 58.8  75.0 X X 41,2241 0: 0.9
Conifer 99.7 99.3 0 0.4 X X0.3 : 0.3
Grassland 100.0  99.5 0 0.5 0 0 X: X

~ Skylab ) f
Deciduous 33.4 40.0 X X 59.9 56.7 6.7 3.3
Conifer 100.0 97.3 0 1.4 X X 0' 1.3
Grassland . 97.5 89.8 0 2.5 25103 X X
_ August 1973 '

Aircraft
Deciduous -~ 47.1 84.6 X X 52.9 15.4 0
Conifer - 98.6 97.9 0.9 1.7 X X0.5 0.
Grasstand, . 99.1 99.4 0.9 0.6 0 0 X X

Skylab ‘
Deciduous 20.6 41,5 X X 72.351.57.1. 7.0
Conifer 993 97.9 0 2.1 X X071 o0
Grassland 100.0 95.8 0 0 0 4.2 X % X

r

IMean percent of three scales from aircraft photos and two scales
from Skylab photos; two interpreters

2C = color film
3CIR = coloyr infrared film
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Figure 19.--An example of 1:50,000 scale CIR late-season (August) aircraft

photography. Squares are training and test cells used to visually
classify native plant communities from Skylab and aircraft photos.

Each cell represented an area on the ground of approximately 500 meters
square (1,640 feet square). In this example, training cells are labeled
SF (Spruce/Fir) and D (Douglas-fir). Test cells are labeled 67 (Aspen)
and 66, 68, and 69 (Ponderosa Pine). Interpreters classified each test
cell to the Region and Series level, Note the Deciduous/Conifer (Aspen/
Ponderosa Pine) mixing in cell 68, the variability within and between

the Ponderosa Pine cells, and the similarity between the Spruce/Fir (SF)
and Ponderosa Pine cell (69).
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of leaf-color change of the Deciduous class. Deciduous leaves at the June
date were only 1/2 to 2/3 developed and gave a low IR reflectance relative
to the sensor altitude. Therefore, deciduous foliage was difficult to
separate when mixed with conifers.

Commission errors of the Deciduous class to the Grassland class type
resulted most often on the Skylab photographs (table 21). This was due to
the extremely small scale and resultant difficulty of the interpreters to
separate these two classes in ecotonal situations. This was further com-
plicated by the subtle color difference between the Deciduous class and
some members of the Grassland class in both the June and August photographs
regardless of film type. Another factor involved in commission errors was
the lack of topographic (stereo) relief near the mountain/grassland inter-
face. Some misclassification was due to the positional accuracy of the
photo overlay.

There were a small number of Conifer and Grassland commission errors
for both film types (table 21)--the majority of them committed on Skylab
photographs due to class mixing and misregistration of the sample Tocation
overlay.

Series Level - In general, of the five tree categories included, only
Aspen was consistently classified with an acceptable level of accuracy and
then only for the August CIR aircraft photos (table 22). The 1:50,000 scale
approached an acceptable level with 77.8 percent while the 1:100,000 and
1:400,000 scales both exceeded the 80 percent accuracy level. The satellite
photos had no acceptable levels for the Aspen Series class.

The Douglas-fir, Lodgepole Pine, Ponderosa Pine, and Spruce/Fir classes
were occasionally classified with accuracies of 80 percent or greater, and

then usually with the early-season smaller photo scales (table 22),
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Table 22. Accuracy of visual classification for tree Series plant communities
by date, scale, and film type.

‘ Tree Series classification

| Data Lodgepole Ponderosa
| source Date/Scale Aspen Douglas-fir Pine Pine Spruce/Fir
3 CIR? C CIR C CIR C CIR C CIR
------------------ PEYEeNt it s ) wiagie ) S . = e B SaTe .,

June 1973

Aircraft

RB-57 1:50,000 nd? 88.9 nd 46.2 nd i nd 71.8 nd 86.1
1:100,000 58.8 T2.2 40.7 49.1 58.9 58.4 773 79.1 (82.5 2Dt
1:400,000 nd 63.9 nd 45.4 nd 45.2 nd 79.1 nd 7.8

o Skylab
& $1908  1:1,000,000  nd nd nd nd nd nd nd nd nd nd

ST90A 1:2,800,000 33.4 40.0 78.2 81.3 80.0 70.0 80.3 68:2 ./15.0 60.7
August 1973

Aircraft

RB-57 1:50,000 nd 7.8 nd 48.0 nd 33.4 nd 713.2 nd 69.4
1:100,000 44.2 88.1 56.9 59.1 52.3 48.4 69.9 0.7 #78.3 7.3
1:400,000 50.0 87.9 43.6 39.2 42.9 54.8 73.1 75. % 83.8 66.8

Skylab

S190B 1:1,000,000 25.0 nd 76.3 nd 66.7 nd -0 nd 75.0 nd

S190A 1:2,800,000 20.6 41.5 65.9 65.8 72.9 66.7 73.2 82.6 70.0 48.6

IC = color film; mean percent for two interpreters
2CIR = color infrared film; mean percent for two interpreters
‘ 3nd = no data available




The greater accuracy at smaller scales was due to the blending of
species mixtures into a more apparent homogeneous unit with the dominant
species signature predominating. The decreased resolution at these smaller
scales allowed the photo interpreter to classify the dominant characteristics
with greater ease. However, some classification difficulty was still encoun-
tered due to species mixing and somewhat broad color signatures.

These classification difficulties resulted in commission errors for
all the tree categories. Aspen was generally confused with Spruce/Fir
regardless of date, scale, or film type due to their overlapping geographic
range. The smallest commission error (5.9 percent), Aspen to Spruce/Fir,
was obtained from the August CIR aircraft photos (table 23). At this date,
CIR provided the necessary separation between the fall foliage coloration
of Aspen and the dark green foliage of Spruce/Fir. Douglas-fir and
Ponderosa Pine were most often confused with each other for all film types,
dates, and scales. Generally, both Douglas-fir and Ponderosa Pine had the
least commission errors (15.4 percent) on early-season (June) color and CIR
satel1ite photography. At the same date, and on both color and CIR, commis-
sion errors were the greatest on the underflight aircraft photos (26.7 per-
cent) and were essentially the same (nonsignificant differences) on the late-
season (August) photography. The large number of commission errors on under-
flight aircraft photographs resulted because the Ponderosa Pine and Douglas-
fir overlap and occupy the same geographic range but different physiographic
positions in the landscape. Douglas-fir generally occurs on north and east
slopes while Ponderosa Pine, within the same geographic range, generally
occurs on south and west slopes. There is a topographic position, however,
depending on the degree of slope and aspect, where the two species form a

heterogeneous mixture. These facts cause severe problems in mountainous
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Table 23. Visual classification accuracy and commission errors for
Series level plant communities from Skylab and aircraft
photos--August 1973, CIR.

Correct
Photo classifi-
Series class type cation’ A2  D-f2 LP2 PP? SF?2 MBG® SG* WM?

------------ pEreent i~~~ a = it
Tree
Aspen u? 84.6 X y Rl f s s 5.9
g» 41.5 % 7.2 10.0 - 28.3 i did
Douglas-fir U 48.9 1.3 L E 05 121
S 65.8 2.4 sl - s o | B TR
Lodgepole U 45.2 0815 35X, /14:.0./24.3
Pine S 66.7 B.A6F . K 8.4
Ponderosa U 72.9 0.6 24.6 1.8 X
Pine S 82.6 1.3 14:8 X 1.3
Spruce/Fir U 78.8 1.3 1.5 W08l X =5 0.5
S 5e:5 10.025.0..,12:5 X
Grassland
Mountain
Bunch- U 80.4 : R X 4.9
grass S 20.0 20.0 X 60.0
Shortgrass U 98.6 & YR
S 100.0 X
Wet Meadow U 100.0 X
S 87.5 12.5 X
IMean percent; see ® and *
Zp = Aspen SF = Spruce/Fir
D-f = Douglas-fir MBG = Mountain Bunchgrass
LP = Lodgepole Pine SG = Shortgrass
PP = Ponderosa Pine WM = Wet Meadow
3y = aircraft photos; mean percent for three scales, two interpreters
“S = Skylab photos; mean percent for two scales, two interpreters
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terrain: (1) where the two species mix, separation is difficult and (2)

in heavy shadows on north-facing slopes, it is difficult to determine where .
Ponderosa Pine forests terminate and Douglas-fir forests begin. Therefore,
commission errors occur, from one species to the other, on the larger scale
photos. The difficulty also arises when the photo interpreter makes a
decision to call one type or the other based on crown density. His estimate
may in fact be accurate, but the vegetation base maps used to establish the
correctness of the classification may not be entirely accurate. The base
maps differ in the way they were originally derived and their original
intent, which was based upon merchantable timber and not necessarily cover-
type dominance. Also, the smaller scale (satellite) photos allowed a greater
synoptic view with less resolution, thereby providing the use of inference
based on dominant color signature and topographic aspect for easier separa-
tion of community Series.

Interpretations of the Lodgepole Pine and Spruce/Fir community Series
were also often confused. In general, the late-season (August) satellite
photos, regardless of film type, provided fewer commission errors (9.9 per-
cent) between the two Series classes. One exception was the lower commis-
sion error from Spruce/Fir to Lodgepole Pine on late-season CIR under-
flight photos (table 23).

The confusion between the Spruce/Fir and Lodgepole Pine classes most
frequently occurred within ecotonal areas, and similar physiographic areas,
where the geographic range of the two classes overlapped. Within these
areas, especially on shadowed north slopes, the color signatures and image
texture of the two classes were difficult to separate. Also, due to less
resolution on the satellite photos and the synoptic view, fewer commission

errors resulted between classes. Improvement in classification of the
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Spruce/Fir class, however, resulted from interpretation of the underflight

photos regardless of date (season) or film type. The Lodgepole Pine class
was more correctly identified from the satellite photos. The accuracy of

Lodgepole Pine and Spruce/Fir classes was the result of commission errors

going to classes other than Lodgepole Pine or Spruce/Fir. This was due

to the area overlap of some of the other tree Series or the lack of orien-
tation and vegetation knowledge of the photo interpreter. In general, the
photo interpreter with the most knowledge of the study area classified the
tree Series more accurately by using inference and deductive reasoning

as well as image signatures.

The three grassland Series classes (fig. 20) were correctly clas-
sified with mean accuracies of 80 percent or better from the underflight
photos regardless of film type or season (table 24).

In both underflight and satellite photos, most of the commission
errors occurred between the Mountain Bunchgrass and Shortgrass classes
and between the Wet Meadow and Mountain Bunchgrass classes (table 23).
Mountain Bunchgrass was most often classified as Shortgrass due to the
ecotonal situation that exists between them. The two classes form a con-
tinuum and were difficult to classify especially on the satellite photos.
The underflight photos, especially the 1:50,000 scale with improved reso-
lution, provided a better estimate of the Series class "boundaries" and
therefore fewer commission errors. Even though the satellite photos
provided a greater synoptic view, the reduced resolution did not allow
Series separation. The greater synoptic view and reduced resolution
appear to be a disadvantage when compared to the tree Series classifi-
cation which was more accurate due to the blending of color signatures

which produced a dominant response.
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Figure 20.--An example of 1:50,000 scale CIR early-season (June) aircraft
photography. Squares represent test cells used to visually classify
native plant communities from Skylab and aircraft photos. Each cell
represented approximately 500 meters square (1,640 feet square) on the
ground. Cells show the three Grassland communities classified: Wet
Meadow (66), Shortgrass (67), and Mountain Bunchgrass (68). In this
example, there is maximum distinction between the three Series classes.
However, cell 68 approaches the ecotone between Mountain Bunchgrass
and Shortgrass. Interpreters classified the cells to both the Region
and Series level.

130



The Wet Meadow Series was generally classified with an accuracy
Tevel of 80 percent or greater from both underflight and satellite photos
(table 24). However, the underflight photos provided the most consistent
results and were not date or film-type dependent. Few commission errors
(2.7 percent) occurred for this Series class using underflight photos.
Commission errors thAt averaged 21 percent did occur using the satellite
photos. In both cases, the classification errors went to the Mountain
Bunchgrass class. Thjs was due primarily to the natural mixing of the two
classes near mountain slopes. High density Mountain Bunchgrass provided
the same color signature as lower density Wet Meadows on the very small-

scale satellite photos.

Plant Community Mapping

Late-season (SL-3) 'ST190A Skylab color photos and late-season {MX-248)
underflight CIR photos -were used to_determine vegetation boundaries and
.estimate their area1‘exfént within a 138-square-kilometer (54-square-mile)
area of the Manitou site. These two film types were not totally compar-
able, but were chosen because they offered the best photographic quality
needed to establish veggtation boundaries. U. S. Forest Service timber
and range type-maps, reconstructed into a vegetation base map, were used
as the basis for ground truth.

Region Level - The Skylab and underflight photos were both success-
fully used (accuracy > 80 percent) to map the areal extent of the Conifer
and Grassland Region classes (table 25). Considering only these two
classes, the greatest difference occurred between the vegeéation base map
and fhe Skylab map within the Grassland Regioﬁ. The difference was due

to the extremely small scale of the Skylab material and lower resolution.
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Table 25. Comparison of base map areas with areas from underflight and
Skylab maps for Region and Series classification levels.

|

1

) Base map
Classifica- Classifica- (Ground truth) Underflight map' Skylab map?
tion level tion type Area (A) | " Percent “Percent
|Area (A)%of base | Area (A) of base
i !
Region _ : 5
‘ Deciduous (Aspen) 786 285! 36.3 . none 0
Conifer 27,687 28,202& 101,9 - 28,923 104.5
Grassland 2,690 2,676 99.6 ‘2,240 83.3
(w/lake)
TOTAL 31,163 * 31,163, --- 31,163  ---
| .
; ;
Series 1
Aspen 786 285  36.3 none 0
Ponderosa Pine 15,729 7,744. 49.2 4,887 31.1
Douglas-fir 10,269 8,630. 84.0 6,546  63.7
PP/D-f Complex?® 25,998 26,707 102.7. 25,788 99,7
Lodgepole Pine 1,434 . 7T C—-- -—-
Spruce/Fir 163 S — .- e
LP/SF Complex* 1,597 1,495f 93.6 3,135 196.3
Grassland ; 2,397 2,092 87.3 2,240 93.5
Wet Meadow - - i 277 566 : 204.3 none 0
Lake ] 16 181 112.5 _— _—
!
; TOTAL 31,163 31,1637  --- 31,163 -
! ’ :

1l ate season, CIR, 1:100,000 scale

" 2p5te season, color, S190A

3ponderosa Pine/Douglas-fir compiex
| odgepole Pine/Spruce/Fir complex
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The result was a reduction of about 17 percent in the Grassland class
which, at the Manitou site, occurred in long narrow stringers between
the tree stands. Manitou Lake was distinguishable in the Skylab photos,
but it occurred—witﬁin one of these narrow stringers and was too small
to be measured planimetrically. Therefore, it wag included with the
Grassland class 16 all three Region maps. '

The Deciduous {Aspen) class was not successfully mapped from either
the underfiighf or the Skylab photos (table 25), This was due to small
stand sizes and class mixing between it and the Conifer class. No decid-
uous class areas'wére mapped from the Skylab photos because of small
stand size and scale and resolution restrictions of the imagery.

Small areal differences {about 2 percent) between the three maps
were attributed to the mapping procedure, planimetric error, and nearly
. 20 years difference between the original source base map compilation and
‘the current mapping attempts.

Series Leve1-- The Mountain Bunchgrass and Shortgrass Series classes
could not be distinguished well enough in the Skylab photos to be mapped
separately. The}efore, they were combined into a single grassland Series
class--the grassland Series class differs from the Grassland Region class
in that the Region class includes Wet Meadows and® Manitou Lake. With
this Series coﬁbihgtion, both the underflight and Skylab photos were
used successfully (> 80 percent accuracy) to map the grassliand areas
(table 25). ‘

The Wet Meadow class was overestimated from the underflight photoé
when compared with the vegetation base map (table 25). However, the map

made from the aerial photographs provided a better estimate of the
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ground condition than the base map; the base map was kndwn to underestimate
the classes. This was due to the difference in criteria used to identify
Wet Meadows in the development of the base maps. For instance, the orig-
inal timber-type base maps had no Wet Meadow category, and the range type-
maps had a very limited Wet Meadow category which did not correspond with
ground information from the Manitou site. Therefore, artificial Wet Meadow
class boundaries were determined from the original type-maps and ground
information. Furthermore, because the Wet Meadow class occurred as long
narrow stringers, both within the grasslands and intermingled with the tree
classes, the decreased resolution of the Skylab photographs would not per-
mit mapping any of the Wet Meadow class (fig. 21).

The Douglas-fir Series was the only conifer class mapped successfully
(> 80 percent accuracy) that was mapped from the underflight photos
(table 25). Attempts were made to map the Lodgepole Pine and the Spruce/
Fir Series but, due to the extreme difficulty in class separation, no area
figures are given in Table 25.

In order to obtain successful mapping accuracies for all the tree
Series classes, two class-complexes were formed: (1) Ponderosa Pine/
Douglas-fir, and (2) Lodgepole Pine/Spruce/Fir. These complexes were nec-
essary due to species mixing at ecotones, and slope/aspect relationships
within these groups. Once the classes were combined, successful mapping was
accomplished (table 25). The Ponderosa Pine/Douglas-fir complex was mapped
within 1 to 3 percent of the base map estimates from both underflight and
Skylab photos. The Lodgepole Pine/Spruce/Fir complex was mapped with 8 per-
cent of the base map estimates from underflight photos, but was overestimated
by nearly 100 percent from the Skylab photos. The smaller differences can

be explained by mapping and planimetric error. The larger (100 percent)
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(B) Underflight map
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(C) Skylab map

LEGEND

SPRUCE -FIR/ LODGEPOLE PINE COMPLEX
PONDEROSA PINE

DOUGLAS FIR

PONDEROSA PINE / DOUGLAS FIR COMPLEX

ASPEN

UPLAND GRASSLAND

EO N EmEm

WET MEADOW

Fiqure 21.--Series level plant communities mapped by visual interpretation

from a 138-square-kilometer (54—square-mi1e) area within the Manitou
site. Original maps were scaled to approximately 1:50,000 using a 8 it
Copies here represent: (A) base map (facing page) compiled from U. S.
Forest Service timber and range vegetation type-maps, (B) underflight
map (facing page) compiled from late-season, 1:100,000 scale CIR air-
craft photos, and (C) Skylab map compiled from late-season (SL-3)
S190A color photos.
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difference was also due to mapping error caused by including Aspen and
Wet Meadow classes which were not discernible in the Skylab photos.

The planimetric error was due to an increase in areal measurement error
with smaller size mapping units, -

The Aspen Series class could not be mapped from either the under-
flight or Skylab photos at the Manitou site (see Region Level-Deciduous
class for details).

Manitou Lake was successfully mapped from the underflight photos and
was distinguishable in the Skylab photos--however, it was too small to be
measured planimetrically (table 25). Manitou Lake was not included with
the grassland or Wet Meadow Series classes (as in the Region Level). Thus,
a more representative areal estimate was obtained for these two classes
at the Series level. The difference between the base map area for the
lake and the area obtained from the underflight photos was due to the
water level difference between the two map compilation dates,

The three resultant Series type-maps (ground truth base, underflight,

and Skylab) can be compared in Figure 21.

Cultural Feature Mapping

Skylab S190B color photographs (August 4, 1973) enlarged two times
and underflight CIR 1:100,000 scale photos (August 9, 1973) were used to
update a cultural-feature inventory map. Ground truth information was
obtained from the most recent (1956) USGS quadrangle and revised using
the 1973 underflight photography (fig. 22). The cultural features found
within the 156-square-kilometer (61-square-mile) area and a qualitative
assessment of their interpretability is shown in Table 26 and discussed

below.
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Table 26.

Qualitative assessment of Skylab and aircraft photographs for
interpreting cultural features.

Cultural feature’

Photo type Paved Gravel Dirt Jeep Utility corridor Buildings Excavations Wind
highway road road trail <10 yrs. >10 yrs. groups single general specific mills Cemetery
Skylab E El . D=N N u-D N U D U N N N

(1:500,000)
Aircraft
(1:100,000) E E U-D D E-U U E U E ] D N

'E = Cultural feature easily identified

U = Cultural feature usually identified

Cultural feature
Cultural feature

difficultly identified
not identified




(A) Base map (B) Underfl iht map

(c) Skylab map
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(D) Photo-revised map

Figure 22.--Cultural features mapped by visual interpretation from a 156-

square-kilometer (61-square-mile) area within the study site. Original
maps were scaled to 1:24,000 using a ZTS. The illustrations on the fac-
ing page represent a USGS quadrangle (1956) used as the base map (A), an
underflight map compiled from 1:100,000 scale CIR aircraft photos (B),
and a Skylab map compiled from 1:500,000 S190B photos (2X)(C). A photo-
revised map compiled using the 1956 USGS quadrangle and the 1973 aircraft
photos is shown above (D). The buildings grouped near the reservoir
(upper left) in (C) were identified as single buildings in (B) and (D),
but due to the large number they were grouped and totaled with the build-
ing complex at Lake George (upper left in (B) and (D)). Legends within
(A), (B), and (D) also apply to (C).
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Those features most easily identified from both satellite and under-
flight photos were paved highways and gravel roads. However, small seg-
ments of gravel roads that passed under tree canopies or across treeless
areas could not be differentiated due to lack of scene contrast in open
areas. This was especially evident in the satellite photos. The same
problem existed when using the underflight photos but the problem was not
as severe. The majority of the gravel road systems could be aligned on
the underflight photos due to the larger scale, better resolution, and
occasional openings in tree canopies which allowed at least partial viewing.

Infrequently used dirt roads or jeep trails could not be distinguished
on the satellite photos and distinguished only with great difficulty on the
underflight photos. These roads and trails have the inherent problems of
canopy cover and related shadows, low scene contrast, and lack of resolu-
tion due to their narrow track width.

Utility corridors through forested areas, and those constructed within
the past 10 years, were identifiable from both Skylab and underflight
photos. The kind of utility corridor could not be determined from Skylab
photos, but could generally be determined as either pipeline easement or
power line from the underflight photos. Corridors older than 10 years
usually could not be detected from Skylab photos due to vegetation re-
growth, but generally could be detected and identified from underflight
photos.

Earth excavation activities, including underground mining evidenced
by refuse dumps, open stone quarries, and sand or gravel pits, could be
identified as a group but not as to specific activity from the satellite

photos. The specific activity could usually be identified from the larger
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scale underflight photos. None of these excavations was shown on the
USGS base map used as ground truth. Difficulties in identifying the
specific activity from Skylab photos weredue to Tack of scene contrast
and lower resolution.

Eew individual residential or smaller commercial-sized buildings were
detectable from Skylab photos, whereas most of these same structures were
detectable from the underflight photos. Structures that were detectable
from Skylab photos could not be differentiated as to kind, except the
larger industrial facilities. Most individual buildings could be differ-
entiated from underflight photos, except those in close proximity to one
another or those that occurred near gravel and paved areas. In general,
identification was based on the color and reflectivity of the roofing
material, building size, and the scene contrast between the building and
its surrounding environment. Buildings with bright-colored and/or highly
reflective roofs (metal), located on grassy areas, were the easiest to
identify or at least to detect.

Cemeteries could not be differentiated on either Skylab or underflight
photos, even though they were generally located in treeless areas and the
grassland vegetation was dissimilar inside and outside the cemetery sites.

Windmills could not be identified in either Skylab or underflight
photos. However, areas could be detected which appeared to be windmill
sites on the underflight photos. These areas had either more lush vege-
tation than surrounding areas, due to water seepage and little animal use,
or they were more denuded due to cattle concentrations. The mills them-
selves could not be seen due to their small size.

In cultural-feature detection, convergent and divergent inferences

can be made to aid identification and differentiation of particular
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features by well-trained, knowledgeable photo interpreters. The result-
ant cultural feature maps (base, underflight, Skylab, and photo-revised)

can be compared in Figure 23.

Foliar Cover Estimates

Large-scale (1:600) CIR 70 mm aerial photographs were used to obtain
estimates of plant foliar cover, bare soil, and litter from two grassland
sites (Antero and Eleven Mile) in the South Park portion of the study area.
Aerial photo estimates were compared with ground estimates made prior to
the overflight. Linear regression techniques were used to make the compar-
isons. Only correlation coefficients of 0.75 or greater were considered
valuable.

Data were obtained for three cover type classes from the aerial photos:
(1) shrubs, (2) herbaceous vegetation and litter, and (3) bare soil.

Attempts were made to estimate foliar cover by plant species; however, due
to strong vignetting at the photo edges and extreme emulsion reticulation,
only the above three classes could be estimated.

Three interpretation techniques were used to estimate ground cover from
the large-scale photographs: (1) a zoom stereoscope at 20X with monocular
optics and a micrometer scale with 0.1 mm divisions, (2) same as above except
stereo-optics were substituted for use with stereo photo pairs, and (3) a
microdensitometer (MDT) with a moveable stage and a viewing screen (10X)
with crosshairs to align the on-ground transect markers with the photo images.

The stereoscope and measuring micrometer with monocular optics provided
only two correlation coefficients of 0.75 or greater for the three cover type

classes at the two sites. Using the stereoscope and micrometer with stereo
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Figure 23.--Ground-photo comparison of the vegetation associations at
two grassland sites within the South Park portion of the study area.
These two sites were used to compare on-ground and aerial photo
estimates of plant foliar cover. The vegetation at the Eleven Mile
site (A) was less diverse, lacked shrubs, and was of a Tower stature
than that of the Antero site (B). The plot frame pictured represents
1 meter square (3.28 feet square).
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photos, however, provided three correlation coefficients greater than 0.75

for the cover classes. Generally the correlation coefficients were higher

for all other cover classes within both sites using this technique (table 27).

It was felt that the micrometer used with the stereoscope was a source
of error for two reasons. First, the micrometer was difficult to align
with the imaged transect location markers, and once aligned it was difficult
to maintain the alignment. The smallest movement of the instrument caused
misalignment and repeatability was difficult, if not impossible. Secondly,
the micrometer increments became so large under 20X magnification that it
was difficult to "see beyond" the markings onto the image even using
stereo pairs.

The MDT, used as a viewing and scanning device, proved to be the most
convenient and precise. The MDT allowed the transect location markers to
be aligned precisely with the viewing screen crosshairs under 10X magnifi-
cation. The alignment and measurements were also repeatable. The viewing
screen also allowed for smaller incremental measurements (0.0001 mm). The
major disadvantage was a lack of stereo coverage capability. Three cor-
relation coefficients were significantly improved by this technique--the
bare soil and litter/herbaceous classes on the Eleven Mile site and the
bare soil class on the Antero site (table 27).

An outstanding fact became apparent from the results of this test.

The correlation coefficients for the three classes were generally higher
for the Eleven Mile site than the Antero site, regardless of the tech-
niques used. This was difficult to understand because the photographs for
both sites were taken on the same day (within an hour of each other), the

photographs were of the same quality (although somewhat poor due to
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vignetting and reticulation), and both sets of photographs were inter-
preted using tﬁe same techniques. Apparently the difference was due to
the spatial arrangement, stature, and amount of vegetation at ihe two
sites. _Gene}al1y, the vegetation at the Eleven Mile site was less com-
plex, less diverse, essentially lacking shrubs, and of Jower stature
than that of the Antero site (fig.23). The simp]ist&c nature of the veg-
egation at the Eleven:-Mile site allowed a more precise estimate of the
ground-cover classes. That is, the majority of the vegetative associa-

tion was matte-forming.blue grama and fringed sagebrush (Artemisia frigida

Wi11d.), interspersed with definite areas of bare soil and Titter. The
fringed sagebrush and bare areas were readily interpretable, which left
the remainder in the herbaceous/litter class. At the Antero site, fringed

sagebrush was scarce and rabbitbrush (Chrysothamnus spp. Nutt.) and Actinea

(Hymenoxys spp. Cass.) were the taller components_of the system.‘_fhese
taller shrub and half-shrub components cast shadows which made interpretation
difficult for those lower growing herbaceous plants which formed“the under-
story. It was therefore relatively easy to differentiate the shrubby compo-
nents, but quite difficult to differentiate the bare soil and herbaceous
plant components in the shrub shadows. -
Another factor affécting the cover class corre]atidns was the fact that
the mean bare so01i1 e;timates between the two sites were not éignificant]y
different (p = 0.95), but the range in bare soil percentages'between tran-
sects within sites was significant]y different (p = 0.99). The Eleven Milé
and Antero sites had mean bare soil on-ground estimates of 24.9 and 25.4 per-
cent, respectively, whiTé individual transect estimates ranged from 10 to 54

percent at the Eleven Mile site and 15 to 45 percent at the Antero site.
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Indications from these results are that bare soil, shrubs, and
total vegetative'cover can be estimated from large-scale photos in two-
dimensional space avoiding plant shadows, Also, more accurate and
precise eétimates could be made by using photography that is not vignetted

nor severely reticuiated.
Microdensitometric- Interpretation

An MDT was_used to point-sample the optical image density of vege-
tation sample cells of established vegetation classes imaged on Skylab
photographs. Standard t tests for unpaired plots and unequal sample sizes
were used to détermine whether there was a significant (p > 0.95) differ-
ence between oﬁtica] density sample means for the Region and Series level
vegetation c1a§ses.

Region Level - The optical density means for-the Region level vegé—
tation classes were significantly different except for the Deciduous
(Aspen) versus Conifer class which was film-type dependent (table 28).

The two classes were not significantly different from each other on CIR
film from either the early- or 1ate-séason photos. This lack of separation
was primarily due to the fact that even though the Deciduous and Conifer
classes had dissimilar visual color signatures, they had similar optical
densities on CIR film. There was also a class-mixing effect due to eco-
tonal situations between the individual type classes within these two
broader classes. therefore, the mean optical density saemed to‘be more
dependent upon the mixture than the photo date. However, the Deciduous

and Conifer c1as§es were separable using color film even though it was

somewhat date dependent. This film type provided a greater separation

149



Table 28.

Region class

Deciduous
vsS.
Caonifer

Deciduous
Vs,
_Grassland

Conifer
vs.
Grassland

Mean optical density and the significance of differences
between Region level plant communities from Skylab photo-
graphs by date, scale, and film type,

Mean obtica]jdensity

June, S190A  ° August, S190A August, $190B

¢l CIR? c CIR c CIR
3.32 3,86 4,08 2.06  3.90 o data
%% ns -« ns . sk
3.45 3,94 3.88 2.23 3.63
3.32  3.86 4.08 2.06 ~ 3.90 no data
SR *k sk * **x
3.017  3.42 3.36 1.79 3.21
3.45 . 3.94 3.88 2.23 3.63  no. data
*k *%k *% *% ) *k )
3.01 3,42 3.36 1.79 3.21

1C = color film

2CIR = color infrared film

ns = nonsignificant difference at p = 0.95
* = significant difference at p = 0.95

** = gignificant difference at p = 0.99
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when the June S190A photos (p = 0,99) were compared with the August S190A
photos (p = 0.95), The greater separation was probably due to the fact
that the Deciduous class was in the midleaf to full-leaf stage at the

early date and the leaves produced a very strong "light green" reflec-
tance due to their.active growth, The color of the Tush new deciduous
leaves provided less optical density than the darker needles of the Conifer
class. The late-season Deciduous provided a darker density due to mature
Jeaves, cessation of leaf activity, and some Teaf drop at higher elevations.
Therefore, its optich]_deﬁsity was nearly as dense as that of the conifers
and somewhat 1es; separable.

Serjes lLevel - fhe MDT interpretation results for classification to
the Series 1evé1‘were varied. For the three grassland Series tested, there
was a significant (p = 0.99) difference between optical density mean values
for all three Series classes from the late-season S190A color photos.

There was also a significant (p = 0.99) difference between the Mountain
Bunchgrass versus Wet Meadow and Shorigrass versus Wet Meadow Series class
from both the early- and late-season normal-color photos (table 29). Lack
of separation between the Mountain Bunchgrass/Shortgrass Series classes
was pfobably due to their very close physiographic proximity. In most
cases, they grow in a very pronounced ecotonal situation within South Park
and are frequently difficuit to separate on the‘ground. The two classes
actually form a broad ecotone where the Mouptain Bunchgrass communities
gradually blend into the relative flat terrain Shortgrass communities
within the Park (fig. 24); both classes are short statured within the
ecotone.

The CIR film type from the early-season S190A photos provided no

significant differences between the three grassland Series classes
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Table 29.

Mean optical density and the significance of differences between

grassiand Serjes plant communities_from Skylab photographs by

date, scale, film type.

Mean optical density

June, S190A August, S190A

August, S190B

Series class

¢ = color film

2CIR = color infrared film

ns = nonsignificant difference at p = 0.95

* = gignificant difference at p = 0.95
** = gignificant difference at p = 0,99
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"¢t CIR? C CIR C CIR
 Mountain Bunchgrass 2,98 3.47 3.38 1.86 ‘ 3.15 no data

VS. ns ns *k hid ns

Shortgrass 2.99 3.42 3.21 1.75 3.13

Mountain Bunchgrass 2:98 3.47 3.38 1.86 3.15 no data
vs Jede ns k% ‘ns *k )

Wet Meadow 3.12 3.38 3.77 1.81 3.63

Shortgrass 2.99 3,42 3.21 1.75 3.13 no data
Vs *k ns ** ns *k

Wet Meadow 3,12 3.38 3.77 1.81 3.63



Figure 24.--An example of August 1973 Skylab color photography; original

scale was approximately 1:900,000 (SL-3, S190B). The small squares
represented 500 meters square (1,640 feet square) on the ground and
were used for both visual interpretation and microdensitometric point-
sampling of plant communities at the Region and Series level of classi-
fication. Note the difficulty in discriminating between square number
1 and 2 (center). Number 1 was ground validated as Shortgrass and num-
ber 2 was validated as Mountain Bunchgrass. The overlap between the
two squares forms an ecotone between the two classes along a ridge.
Number 39 (lower center) is a typical Mountain Bunchgrass site at a
higher elevation. Two Wet Meadow sites (WM) can be seen left of center.
The area imaged is South Park.
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(table 29). However, the CIR late-season S190A photos did provide a sig-
nificant (p = 0.99) difference between the Mountain Bunchgrass/Shortgrass
Series classes. The lack of separation was due in part to the ecotonal
situation between classes and the aggravation of that situation by the
positional accuracy of plot overlays on the very small-scale S190A photo-
graphs. Failure to separate the three grassland Series classes was also
due to the time of year and poor film quality. The vegetation was in the
primary stages of growth and 1ittle vigorous foliage was present to provide
a strong infrared reflectance for discrimination by mean optical density.
In addition, the film was of very poor quality with a strong blue color
saturation predominating. Film quality was not considered a factor in the
color S190A photographs from the same date (early season) which, as previ-
ously mentioned, provided for differences between two of the three grassland
Series classes.

Within the tree Series classes, Ponderosa Pine was the only class
that had a mean optical density that was significantly different (p = 0.99)
from the other four tree classes at any one time; that difference was ob-
tained from the late-season S190A and S190B color photos (table 30). Pon-
derosa Pine was also the only single class consistently separable (p > 0.95)
from the other three conifers regardless of date, film type, or scale. The
results in the above two examples do not mean that the other four tree
classes were separable from each other within the same date, film type,
and scale combinations. For instance, in the second example above, Ponder-
osa Pine was separable from Douglas-fir, Lodgepole Pine, and Spruce/Fir re-
gardless of date, film type, or scale. However, Spruce/Fir was not sepa-

rable from Lodgepole Pine at any date, film type, or scale.
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Mean optical density differences between Aspen and the Conifer classes
were not consistent and were date, film-type, and scaie dependent (table
30). For examp1e, Aspen was separable (p = 0. 99) from Lodgepo]e Pine in
the early- season ‘but not in the late-season S]QOA color and CIR photos.
Aspen was also separable (p > 0.95) from Spruce/Fir in both the early- and
late-season CIR phétos, but only separable {p = 0.99) in the early-season
color photos. The Ponderosa Pine and Aspen Series classes were separable
(p = 0.99) on the late-season S190A and S190B cé]or pﬁotos as mentioned
previousiy. Héwéve?, Aspen and Ponderosa Pine were not separable on early-
season S190A color and CIR photos. ‘ ‘

Another example of dependency Qas within the Douglas-fir Series class.
This‘c1ass was separable (p > 0.95) from the other three Conifer classes
‘in both the early-season CIR and late-season'go1or S190A photos (table 30).
But as can be seén, Dougias-fir was not consistently seﬁarated from the
other conifers by any one film type and season combination.

It is not &0mp1ete1y understood why these separation inconsistencies
occurred, but it is believed that the major factors were the pheno}ogical
stage of development and Series class mixing in both econtonal and over-l
lapping site situations. As an example, Lodgepole Pine anﬁ Aspen frequent-
1y grow together. on the same site, or in ecotones. On éar]y-season pho-
tographs the two classes were separable on color and CIR S190A photos, but
in the ST90A late-season photos the classes wgfe not separable. The early-
season Aspen was in the 1/2 to 2/3 leaf deyelopmgpt stage which provided
increased discrimination (optical density) from Lodgepole Pine. However,
later season Aspen with mature leaves was not separable from Lodgepole

Pine because of their similar dark reflectance (optical density). Another
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example is the fact that Lodgepole Pine was not separable from Spruce/Fir
at any date. This was due to class mixing and overlapping of the physio-
graphic range of the two classes; both classes grow in the same area and
had similar optical densities. It is believed that most of the inconsis-
tent Conifer class separation was due to that fact.. Where the Conifer
classes were separabie, it could be partly attributed to differences in

crown foliar cover and the homogeneity of the stands.
Applications

Some applications of Sky]aﬁ photographic products for range surveys
in mountainous terrain have already been alluded to in this report. Areal
plant community mapping on an extensive basis appears to have a high degree
of success at the Region Jevel. Intensive plant community mapping at the
Series Tevel appears to be applicable if the land managef realizes the
constraints imposed by mountainous terrain and the necessity to’form com-
munity complexeﬁ in some areas. The necessity to form comhunity complexes
results from natural mixing of dominant species, terrain sTope, and aspect.

Plant community mapping involves rangeland and forested areas as well
as grasslands and shrublands where trees are not dominant or are absent.
This type of information can be useful to update existing vegetation maps,
most of which are over 10 years old and are outdated due to changing manage-
ment schemes, catastrophic events, or changes in land-use patterns.

Extensive cultural feature mapping and monitoring can also be accom-
plished using Skylab~type photographic products. Depending on the mapping
objectives, cu1tuta1-mapping, however, can require supplementary aircraft
photography at 1ar§er scales. For instance, an aircraft photographic

scale of 1:100,000 proved highly successful for most of the cultural
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features mapped in th%s'study. Some features will require either larger
scale photos or the use of inference in making interpretative decisions.
These decisions require. sk111ed photo interpreters trained in eco1og1ca1
principles. One examp]e of applied cuTtural feature mapp1ng was a dirt
road system being developed within the Manitou area. These roads are to
be used for access to a mountain home development and were discernible on
the S190B color photds; the roads are about 6.1 meters (20 feet) wide.
This type of information will show a land manager the size and extent of
developing areas--information not now readily available for large tracts
of land, but required for total land management.

In areas where vegetation has not been mapped or_only mapped super-
ficially--e.g., South Park--Skylab-type photographs can be useful as a
first level of stratification for both mapping and mul%istage sampling of
natural vegetation resources. Stratification was especially successful
with vegetation units that display a high scene contrast--e.g., wet
meadows within a grassland system-—brovided thpse units do not occur in
narrow stringers as ecotones and are large enough to be reso1;;;_on Skylab~
type photographic products.

Sky]ab-typé photographs, coupled with aircraft underflights, can pro-
vide a Ease‘for multistage sampling schemes. Mulitistage sampling schemes
can be used to stratify and quantify specific plant commupity systems
through the estimation of plant community paﬁameters--when ground based
data is used as a final stage. In this stydy, ]arge;sca1e (1:600) air-
craft photos and ground measurements were used to sample areas delineated
on high-altitude aircraft and Skylab photographs to estimate foliar cover
of plants and shrubs. Success appears to be dependent upon- plant commu-

nity diversity in relation to the parameters measured.
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Descriptive and dichotomous keys may also be an aid to the land man-
ager using aircréft and Skylab-type photographic products. These keys can
be compiled at various levels of classification to chayacterize the appear-
ance of plant communities (table 31). The ﬁ?ant cnmmunit& characteristics
can be used as an aid to stratify plant community units at various.classi-
fication levels for area measurements and to delineate boundaries for
sampling with Qery large-scale aircraft photos to quanf?f& foliar cover by
individual speciés,_ Keys can be used effectively provided tﬁe user is
aware of their constraints within mountainous terrain--especially using
smaller scale photographs which provide synoptic landscape views. Daécrip—
tive characteristics, especially Image color signaturé and texture, are
affected by terrain siope and aspect {shadows), degree of plant species
mixing, ecatones,_ﬁhd general "condition" of the plant community or species.
It must also be récognized that image characteristics represent both plant
and soil componén?s.

The research on plant community c}assjficatian and quantification of
plant foliar coven‘was not replicated sufficiently to fully evaluate the
experimental resu]ﬁs. Therefore, the tests should be repeated in the same
area, or similar area, using the same procedures before the results can be
applied in an operational framework. Contipned research is aiso neéded to
measure the effects of terrain features, amounts of Tive vegetative cover,
plant titter, and 6are soil on the spectral response of specific targeis

in relation to sun azimuth and elevation.
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Table 31. Descriptive key of plant community characteristics imaged on early-season (June) 1:400,000 scale
CIR aircraft photos. Image characteristics were determined from known {training) sample cells
used for visual interpretation.

Descriptive characteristics
Plant Crown or
Community foliar Apparent
Color? Aspect cover density Distribution? Texture height3
Forest
Aspen very red (11} or all; 60-90 percent; uniform to even or rare if
deep red (13) . drainages med.-high clumped; often  rough clumped
. ‘ ‘ “in stringers , ‘
Douglas-fir . very deep red (14) generally 50-80 percent: generally uni- .even or no~--
deep red brown (41) N, E ““med.-high “form when pure mottied a mass
Lodgepole deep red brown (41) all; in 70-90 percent; generally uni- smooth or no
Pine dark gray olive (111) saddles med. -high form when pure slightly
T mottled
Ponderosa dark olive brown (96) all; but 10-60 percent; vrandom, slightly rarely
Pine deep red brown (41) usually Tow-med. not uniform mottled
not "N
Spruce/Fir deep red brown (41) all; com- 50-90 percent; generally slightly no
dark red brown (44) monly N med. ~high uniform mottied
Grass- .
land
Mountain very Tight all slopes 30-70 percent; varied with smooth no
Bunch- bluish green (162} to nearly Tow-med. terrain;
grass . flat’ ‘ uniform -
Shortgrass pate purple pink (252) flat 10-50 percent; uniform smooth to no
' blue white (189) . Tow-med. if pure mottled
Wet Meadow deep red (13) filat or 30-70 percent; uniform; smooth or no
dark pink (6) drainages Tow-high near water broken

) J ' .
1Color notation standardized using National Bureau of Standards ISCC-NBS system of color designa-

tion.

Overlap in colors due to natural mixing of species and terrain slope and aspect.

2ppparent pattern (distribution) of the dominant p]ani species within the sample cell.
3Apparent height and resolution of individual dominant‘species within the sample cell.



FOREST STRESS DETECTION
Pondérosa Pine Mortality from Mountain Pine Beetle

Frederick P. Weber

The detection of stress in our Nation's wi]d{ands.and forests
is a large multiagency task for which several miﬁTions of dollars are
spent each year_éonducting aerial and ground survéys. Stress detection
in the National Fdrest System as well as on State énd private lands
usually means the detection of insect or disease damage and the'gva1u—
ation of impact in terms of counting the number of killed or damaged
trees. The detection of damage caused by forest pest§ at the earliest
possible time iﬁ'the development of the pest buildup is important to
rapid and effective remedial action. Early and reliable detection
methods are required where damage or threat of damage from insects and .
diseases extendé over large areas and involves many ownerships.

The purpose of this part of the Skylab research program was to
assess the usefuiness and comparative effectiveness of data products
from three separate systems of the Earth Resources Experiment Package.
In terms of detecting forest stress, data analyses were made to deter-
mine the benefits of high spatial resolution {S190B) in comparison to
improved spectra1.q1scrimination (S190A and S192) and automatic p]assi—
fication (5192) compared to manual interpretation {ST90A and S190B). We
established the experimental hypothesis that Skylab could not be used
to detect stress in forests, and then attempted to disprove it. The
Black Hills Mational Forest and surrounding lands were chosen for the
site of the forest stress detection investigation, where an 8-year
cooperative reseérch effort in detection and impact evaluation of dam-

age by the mountain pine beetle had been carried on.
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Background

The mountain pine beetle (Dendroctonus ponderosae Hopk.) is a

threat to ponderosa ping'(Pinus ponderosa Laws.) throughout the central

Rocky Mountain region and the Black Hills in particular. Aircraft have
been used since the mid-1920's to detect and appraise damage caused by
the mountain pine beét]e.l The first remote sensing research to improve
aerial detection and appraisal of mountain pine beetle damage in the
Black Hills was established in 1952 (Heller and others 1959). During
an epidemic outbreak of the mountain pine beetle in the northern Black
Hills in 1963-64, the Forest Service Remote Sensing Research Work Unit
took aerial color photographs at a scale of 1:7,920 over the northern
Black Hills. The resulting high-resolution color transparenéies were
used to train forest resource managers to locate infestation spots and
to count dead trees. 1In 1965 a formal agreement between NASA and the
Department of Agriculture launched the Remote Sensing Research Work Unit
on 8 years of stress detection research. This work provided invaluable
experience in the requirements for insect damage detection and evaluation
- of impact on resources.

Detailed studies established guidelines for aerial photography and
also identified complex physiological and environmental relationships
affecting interpretation of multispectral data (Weber 1969; Weber and
Polcyn 1972; Weber and-others 1973).

Beginning in 1972, a LANDSAT-1 (ERTS-1) experiment was conducted in
the Black Hills to determine the potential usefulness of Tow-resolution
satellite systems to detect and monitor forest stress and map vegetation

cover types.

162



Figure 25.--The Black Hills National Forest test site is outlined on the
simulated color infrared composite photograph taken with the S190A
multispectral camera system on June 9, 1973. Shown within the test
site are intensive study sub blocks 1 and 2 as well as sub block 4 in
the Bear Lodge Mountains.
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The results of the experiment indicate that the usefulness of
LANDSAT-1 (ERTS-1) imagery is limited to providing information for
broad area planning and not for providing specific unit estimates of
cover-type acreages. The level of classification for which satisfac-
tory accuracies were obtained has questionable utility for the land
planner and resource manager. We speculated that the best quantitative
application for LANDSAT-1 (ERTS-1) data was in providing the first
broad level of stratification of land-use and cover-type classes, i.e.,
acres of deciduous vegetation, acres of coniferous vegetation, and so
forth.

Stress detection was a failure in spite of our best efforts.
Neither computer-assisted processing of digital tapes nor manual photo
interpretation with special optical viewers was a successful technique

for detecting stress.
Study Area

The Black Hills test site (fig. 25) is an area of 10,200 km* (3,938
square miles) in western South Dakota and eastern Wyoming. The focus of
the site is an elliptical dome extending over 0.75 million hectares
(1.85 million acres). The most important tree species, providing more
than 95 percent of the total commercial sawtimber volume, is ponderosa
pine. Geologically, the Black Hills National Forest portion of the test
site is an exposed crystalline core surrounded by sedimentary forma-
tions. The central formation, at an elevation between 1,200 and 2,150
meters (4,000 and 7,000 feet), is highly dissected, with large areas
of exposed soil and surface rock. Surrounding the central core are sed-

imentary formations of Paleozoic limestone. The topography here is
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gently rolling, especially in the northwestern Black Hills, where the Time-

stone forms a plateau generally above 1,800 meters (5,900 feet). The east-
ern part of the Black Hills contains the same formations but generally at
lower elevations. The radial-dendritic drainage pattern of the permanent
east-flowing streams in this area is strongly evident on satellite imag-
ery. Immediately outside the ponderosa pine zone, which surrounds the
Black Hills, is a circular valley formed from reddish Triassic and Permian
soft shale and sandstone. The "red valley," as it is called locally, is
highly visible on Skylab SL-2 photography.

Qur primary investigation area covers 653 km? (252 square miles) sur-
rounding the gold-mining town of Lead, South Dakota. Two sub blocks were
chosen within the area--one called Savoy, with an area of 3,949 hectares
(9,759 acres), the other called Englewood, with an area of 4,142 hectares
(10,235 acres). During the SL-3 mission in September 1973, a third sub
block called Warren Peaks was established outside the primary area in the
Bear Lodge Mountains of eastern Wyoming, northwest of the Black Hills.

The Warren Peaks sub block, although never surveyed on the ground, was
established from aerial reconnaissance surveys and newly acquired aerial
color photography. The area of this sub block was 4,144 hectares
(10,240 acres).

The Englewood sub block (fig. 26) contains many moderate- and small-
sized mountain pine beetle infestations and is important as a transi-
tional area where little beetle activity is noticeable during endemic
conditions. This area is first affected, however, during an expanding
bark beetle population and thus is a good barometer area for an impend-

ing epidemic outbreak. The Savoy sub block (fig. 26) is on the west side
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Figure 26.--Infestation spots on the two intensive study sites were

jdentified on September 1972 color infrared aerial photographs,

scale 1:32,000. Sub block 1 (Savoy) contained 14 infestation spots
greater than 50 meters (164 feet) in the longest dimension. Two of
the largest spots were in the southwest corner of the sub block (top).
Sub block 2 (Englewood) contained 56 identifiable spots--most of them
less than 50 meters long. Some of these are shown in the photo (bot-
tom) of the southwest corner of the sub block. The 1973 photography
showed aggregation of many of these small spots into infestations
more than 50 meters long.
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Table 32. Black Hills National Forest classification
hierarchy for remote sensing imagery_.l

I Forest
II Conifer

III Dead ponderosa pine
Pine, healthy, < 50% crown closure.
Pine, healthy, > b0% crown closur
Spruce . .

II Deciduous?

111 Purefhardwood
Predominantly hardwood

1 Nonforest
11 Grassland?.

111 Wet pasture, on water course
-Dry pasture, well drained

ITI Bare soil?

11T Rock outcrop
Gravel quarry
Mine_tajTings

II Transition-

111 Llogging clear-cut
Burn area
Soil, rock, sparse vegetation
Infestation area
Other disturbance

I1I Urban
ITIT Town .
Isolated building(s)
Utilities

. Improved highway
Forest road

I Water
IT Water
III - Lakes and ponds

Reservoirs
Streams and creeks

1classes used in computer-assisted mappihg are underscored.
PRECS 2Tncluded rock outcrop for computer mapping. *

ING PAGE BLANE nop FILMED)
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For multispectral scanner data analysis using computer-assisted techniques,
a somewhat modified classification system was required (table 33). Although
the major Level III categories in Table 32 remain intact, variations in sun-
1ight caused primarily by topography had to be accounted for.

A system for classifying mountain pine beetle infestations by size class
was also devised. Prior to the earth resources satellite experiments, the
Remote Sensing Research Hork Unit had classified infestations into photo
strata based on the number of trees identified in an infestation spot. For
microscale photography and satellite imagery, however, spot size in meiers
was a more useful measure. The spot size strata in Table 34 were used in
this study. In the sub blocks, however, only those spois greater than 50

meters {165 feet) in the Tongest dimension were classified.
Skylab Data

Because of the decision not to activate EREP sensors on the SL-3 over-
head pass of September 18, 1973, we were left without satisfactory Skylab
data to use in the forest.stress experiments. September was identified in
the original research prnﬁasaf and data requests as the only satisfactory
time (SL-3 missfon) to coilect data for our studies. With extensive cloud
cover obscuring the Black Hills on the September 13 ﬁass and because data
were not collected on éhe Séptember 18 pass, we elected to go ahead with our
research program on a restricted basis with available data.

An excellent and compiete data set was received from the SL-2 overpass
of the Black Hills test site on June 9, 1973 (table 35). We knew, however,
that although the imagery was of exceptional quality, June is perhaps the
worst possible time of year to detect forest stress resulting from mountain
pine beetle damage. Any deéd trees in the site had died the pFév%ous‘summer
and most of their discolored foliage had dropped to the ground during the

winter time.
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Taple 33. Computer-assisted classification categories,
abbreviations, and descriptions used for the
Savoy and Englewood sub blocks.

Category Category
Abbreviation Symbo1 Number Description

SAVOY i _
T-Su 1 Transition-suniit
BS-R 2 Bare soil-rock
BS-S 3 Bare soil-sand
C1-Su 4 Type 1 conifers-sunlit
C1-Sh 5 Type 1 conifers-shaded
€2-5u 6 Type 2 conifers-sunlit
H-Su 7 Hardwoods-sunlit
Dead 8 Dead pine

ENGLEWOOD .
R-W 1 Wet pasture
P-D 2 Dry pasture
C1-Su 3 Type 1 conifers-sunlit
C1-Sh 4 Type 1 .conifers-shaded
C2-Su 5 Type 2 conifers-sunlit
T-Su 6

Transition-suntit
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Table 34. Classification of infestation by
average spot size (1ongest dimension).

Infestation Average number - °
class (meters) of trees
Less than 10 Tto 3
10.to. 25 4 to 10
26 to 50 11 to 20
51 to 100 21 to 50
101 to 300 51 to-100
More than 300 100+
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Table 35,

Photo_ID

10-121

09121
12-121
11-121
07-121
08-121
07, 08, 11,
g7, 08, 11,

81-157
81-157

12-121
12-121

System
.ST90A

ST90A-

ST90A
S190A
S190A
S190A
S190A
S190A

S1908B

$1908

Preduct

Color

Coﬁor IR
B&W(0.5-0.6 um)
B&W(0.6-0.7 um)
B&W(0.7-0.8 um)
B&W(0.8-0.9 um)
Color composite

False-color composite

Co]or

Color’

Photographic .data products from SL-2 mission
used in the forest stress experiment.

Scale

12,850,000 -
:2;850,009'

:2,850,000
12,850,000
12,850,000
12,850,000

- 1:100,000

1:100,000

1:950,000
1:475,000

Area Examined

Black Hills
Black Hills
Black Hills
Black Hills
Black Hills
Black Hills
Savoy-Englewood

Savoy-EngTlewood

Black Hills

Savoy-Englewpod



Although western Séuth Dakota was obscured by cloud cover during the
September 13, 1973, pass, the earth terrain camera and the multispectral
cameras were activated. The result was one good frame of S190B color
photography with only a wisp of clouds over the Bear lLodge Mountains
and one poorly exposed frame of color and color infrared (S190A) photog- .
raphy (table 36). The S190A frame covered the westernmost piece of the
B{ack Hills test site but was badly underexposed and most d% the test site
was obscured by clouds. In addition, the S190A frame covered the Bear
Lodge Mountains but, again, was poorly exposed over the forest. A special
processing effort by the photographic laboratories at Johnson Space Center
jmproved the interpretability of the multispectral images. =

On January 18, 1974, the 'SL-4 mission passed over the northern tip of
the Black Hills test sité and obtained coverage of.the.$avoy and Engle-
wood sub blocks (table 37) with the multispectral camera. Although the
test area was clear of clouds, the ground was snow covered. As a result,
the forest vegetatioﬁ was underexposed on both the color anq céTor infra-

red film. The test site was not covered by the S190B nor 5192 systems.
Ground Truth

The trend and spread of the mountain pine beetle in the northefn
Black Hills, which included the Englewood and Savoy sub blocks, was mon-
jtored with 1:32,000 scale color infrared (CIR) aerial photégr;phy. These
photographs were taken 1n‘1ate August or in early September 1972 and 1973
by the Remote Sensing Research Work Unit (table 38).‘ The infestations

were delineated and recorded by spot size to test detection by satellite
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Table 36. Photographic data products from SL-3 mission used
in the forest stress experiment.

Photo ID

40-212
40-212
39-212
39-212

37, 38, 41, 42-212
37, 38, 41, 42-212
37, 38, 41, 42-212
37, 38, 41, 42-212
88-021
88-021

System

ST90A
S190A
ST190A
$190A
ST90A
S190A
ST90A
S190A
S190B
S1908

Product

Color
Color
Cotor IR
Color IR
Color composite
False-color composite
Color composite
False-color composite
Color

Color

1:2,850,000
Ak
1:2,850,000

1
1
1

Scale

712,500

712,500
:100,000
:100,000
:100,000
:100,000
1950,000

:475,000

Area Examined

Warren Peaks-Savoy

. VWarren Peaks-Savoy

Warren Peaks-Savoy
Warren Peaks-Savoy
Warren Peaks
Warren Peaks
Savoy
Savoy
Warren Peaks

Warren Peaks
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Photo ID

70-146
69-146
69, 70-146

Table

System

S190A
S190A
S190A

37. Photographic data products from SL-4 mission
used in the forest stress experiment.

Product Scale Area Examined
Color 1:2,850,000 No. Black Hills
Color IR 1:2,850,000 No. Black Hills
False-color composite 1:100,000 Savoy-Englewood



Table 38. Supporting aerial photography used in the
Skylab, Black Hills forest stress experiment.

Date ~ Scale Film Type Aircraft Source
Sept. 1972  1:32,000 CIR AC-500B USFS
Sept. 1972 “1:110,000 CIR RB-57 NASA
Sept. 1972 1:110,000 Color RB-57 NASA
Sept. 1972 1:50,000 CIR RB-57  NASA
Aug. 1973 ©1:32,000 CIR AC-5008 USFS
Aug. 1973 '1:15,840 Color B18H USFS
Feb. 1974 1:110,000 Color RB-57 NASA
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and aircraft sensors (table 39). Other yearly surveys were conducted by
the Forest Service Ropky Mountain Region.’ These annual surveys provided
estimates of bark beetle damage for the entire Black Hills National Forest
and were useful in this study.

Forest Service resource photographs for the Bear Lodge Mountains
(at a scale of 1:15,840) were used to establish ground truth in the Warren
Peaks sub block. We were fortunate that these photographs were in color
and taken near the date of the SL-3 photography of the Bear Lodge Mountains.

‘Tree mortality counts within the Englewood and Savoy sub blocks for
1972 and 1973 are shown in Table 39. These data encompass the period of
the Skylab exper1ment, but only the 1972 mortality could be used in the test
of SL-2 data. Trees which were identified as dead on the August 1973 CIR
photography had not yet begun to exhibit discoloration at the time of the
SL-2 mission. Table 39 also shows the mortality counts for the Warren Peaks
sub block which were oﬁtained from the August 1973 color 1:15,840 resource
photography (table 38). |

An expanding ep{demic is evident by comparing the mortality totals in
Table 39. Whereas the Savoy sub block had high mortality counts for both
1972 and 1973, a threefold increase in mortality is seen in the Englewood
sub block from 1972 to 1973. The mortality counts in the Englewood sub
block for 1973 are conservative--mény faded trees were removed by sa1vage-

Togging during July and’ August 1973 before thenphqtoéraphs-were taken.

7Information on file, Forest Service Rocky Mountain Region, Division

of Timber Management.
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Table 39. Tree mortality caused by mountain pine beetle
for the years 1972 and 1973, sub blocks

6L1

1, 2, and 4.}
Total number of dead trees
Infestation size Englewood Savoy Warren Peaks
class (meters) Sub block 1 Sub block 2 Sub block 4
‘ - 1972 1973 1972 . . 1973 1972 1973
Less than 10 - 148 - 276 - 236
10 to 25 2,702 2,653 2,552 6,811 - 399
26 to 50 1,198 1,207 252 3,060 - 308
51 to 100 ' 1,079 435 - 870 - 445
101 to 300 715 845 - 325 - 582
More than 300 - 1,050 - - - -
TOTAL 5,604 6,338 2,804 11,342 - 1,970

Ratio, 1972-1973 1.11/1 4.04/1 -

1area of sub block 1: 3,949.2 ha (9,758.6 acres), 2: 4,142.0 ha (10,235.1 °
acres), 4: 4,187.2 ha (10,342.2 acres).



Infestations varied greatly between the Savoy and Englewood sub
blocks (fig. 26). 1In the Savoy sub block there was considerable aggre-
gation of smaller prior infestations into several very large infestation
centers 1n:both 1972 -and 19732 By -contrast, most of the numerous infes-
tation spots in the Englewood sub block were less than 50 meters (165
feet) in size'in 1972. With an expanding epidemic in this area, the 1973
resource photography revealed considerable aggregation of smaller spots
and the creation of many infestations over 50 meters in s%ze (table 39).

From the CIR phdfography for 1972, 439 sample point§ representing
each of nine cover-type classes shown in Table 32 were selected from the
entire test site for the Skylab photo interpretation test. Sample point
choice was based on the availability of the sample area for ground check,
distribution of the samﬁ]es throughout the study area, and distinctiveness .
of the sample poinf with respect to the surrounding landscape. -A map was
prepared in the form of an acetate overlay showing the sample points as
micredots. | '

To evaluate the maps-created from S192 data -tapes by computer-
assisted mapping, a type map {fig. 27) was drawn using,;he nine cover-
type classes (table 32). The type maps for the three sub blocks were
first drawn on acetgte overlays using the 1:32,000 scale CIR resource
photographs. Distortions in the original type map were reétiffed by
superimposing a 1:110,000'sca1é color infrared transpa;ency, taken by
NASA on September 14, 1972, onto the acetate overlays using the Zoom
Transfer Scope with appropriate adjustments; a second acetate overiay
type map was thus drawn having good geometric fidelity and positional

accuracy.
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SUB -BLOCK - 2

Figure 27.--A cover type map was drawn for sub block 2 (Englewood) using
1:32,000 color infrared resource photographs for classification and
1:110,000 color photographs for geometric rectification. Scale is
1:70,000.
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Photo Interpretation Procedures

Prior to the photo interpretation job, all sub block boundaries were
marked on the Skylab photographs. Three photo interpretation methods were
used to detect and map forest stress on the Skylab photographic products.
For the first method, photographs were examined on a Richards MIM 3 light
table using a Bausch and Lomb 240 Zoom stereomicroscope. Stereo and
zoom optics were changed to provide four separate viewing magnifications.
A1l photo products were viewed in the order shown below. By interpreting
the photographic scales in ascending order, we reduced the possibility of
interpreter bias.

1:500,000
1:100,000
1:50,000
1:25,000

For the second interpretation method, the same Skylab photographic
products were viewed in the same way as above but the stereo optics were
replaced with monocular optics. The same four viewing scales were achieved
with the zoom feature on the Bausch and Lomb scope.

In the third and last viewing method, the interpreter used a Variscan
rear-projection viewer to scan the image at a magnification ratio of 12:1.
As areas of interest were identified, the magnification ratio was changed
to 29.5:1 which provided the largest interpretation scale. Viewing scales

associated with Skylab photographic products were as follows:

182




The geographic location of the S$192 multispectral scanner data..with re-

spect to the Black Hills test site, is as follows:

Location i Latitude Longitude
First 1ine from 44°59"28" ’ 103°55701T™
to 44°05'28" 104°211'14"

Last 1ine from 44°38'04" 102°56'56"
to 44°03'58" 103°23'39f

The scanner assembly of the $192 muitispectral scanner systeﬁ is
constructed in such a way that the path of a scan line on the Earth's sur-
face is not a straigﬁt 1ine but a circular arc. This arises from the fact
that the scanner is not pointed directly below the spacécraft but at an
angle of 5.53° from nadir (84.47° elevation). Machine processing of the
circular arc scan line Qou]d normally not cause problems. However, the
géometric distortion introduced by displaying the circular arc as a

straight 1ine hinders the location and identification of landmarks and
‘ ground truth. Therefore, before processing the MSS data, géomq;gjp dis-
tortions weyre removed by a unique algorithm developed by the Uﬁiyersity of
Kansas. The mathematicai details of the scan 1ine~straighteniﬁg algorithm
are described in Append%xxz.

KANDIDATS (KANsas Digital Image DATa System) refers to the entire
interactive image processing facility at the Remote Sensing Laboratory,
University of Kansas. KANDIDATS is én 1nteractive/b§tch-mode digital
multi-image pattern re@ognition system designed to facilitate the man-
machine interface betweéﬁ the user and the computer complex consisting of
a PpP-15, IDECS, IBM 7094 II. The system operates iﬁ a standard digital

image data. The major processing subsystems include:
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(1) image data compression

(é) textural feature extraction

(3) Bayesian classification

(4) spatial clustering algorithms

(5) image utility functions.
The details of the Kansas Digital Image Data System are presented in
Appendix 2.

The 1n1tiaf step in the computer processing and analysis of the SL-2°
multispectral scénngr data was to generate histogram information for each
classification cétégory by every spectral band. There was a total of 14
classification categories for the two-sub block and five;spectraT-band
array, hence, a total of 70 histograms was generated.

The unique nature of the Kansas approach to image processing is de-
rived from the noﬁﬁarametric statistics of the Bayes decision rﬁ]e, and
the Table Look-up approach of equal probability quantization to the orig-
jnal digitized gray levels which are convolved to 28 levels for classifi-
cation. The details of the Table Look-up approach are discussed in Ap-
pendix 2. The KANDIDATS multi-image files used in computer processing
and the presentation of results in contingency tables are as follows:

(1) Englewood sub block = QSG1S2DNV ‘
{2) Savoy sub block = (QSG252CNV
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Results and Discussion

Photo Interpretation

Cursory examination of all Skylab photographic products received
significantly reduced the actual number of frames that were subjected
to quantitative interpretation. Monocular and Variscan interpretations
were performed only on S190B color photos SL2-81-157 (fig. 28, SL2-09-120,
SL2-10-120, and SL3-88-021 (fig.29. Stereoscopic interpretations were
performed on S190B color bhotos SL2-81-156/157, SL2-09-120/121, and
SL2-10-120/121. The remainder of the photographic products examined did
not reveal evidence of dead trees, forest stress, or bark beetle infesta-
tions.

It is important to note at the outset that positive results for the
identification of mountain pine beetle infestations with 5190 photographic
products relate to the identification of infestation spots and in no way
indicate ability to count.individual dead trees. Results, then, are in
terms of infestation sﬁots counted within sub block study areqé. It was
further resolved that no infestation spots were identified on color or
color infrared products from the multispectral camera system, Therefore,
all identifications were made on normal-color products from the-earth
terrain camera (S190B).

A comparison of photo interpretation results for the Savoy study area
revealed the benefit of stereoscopic viewing, both in terms of high num-

ber of identified infestations and fewer commission errors:
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LEGEND

Infestation area
Spearfish Canyon
Tornado path (1962)
Deadwood burn (1959)
Dry lake burn

Mine tailings

Hardwood forest

Town of Lead, SD

Open pit gold mine

New ski area
Recreation housing area
New gravel forest road

Figure 28.--A 1:500,000 scale (1.9X) enlargement of the earth terrain camera color photograph,
SL?-81-157, shows the location of two Black Hills National Forest intensive study sub blocks.
This June 9, 1973, high-resolution photo (15 meters or 49 feet) was excellent as an earth
resource analysis tool when viewed in stereo but was not adequate (because of poor timing)
for detecting or counting dead trees.
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Figure 29.--Sub block 4 in the Bear Lodge Mountains near Sundance,
Wyoming, was photographed (nonstero) with the earth terrain camera on SL-3
pass of September 13, 1973 (SL3-88-021). Adverse atmospheric conditions
reduced ground resolution 2% to 3 times with the result that only the
three infestations of dead trees exceeding 100 meters (328 feet) in the

}onggsgogimension were positively identified. Photo scale is approximately
:500, .

0
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Number of Infestations

Monocular Stereo
Viewing scale Counted Correct Counted Correct
1:500,000 0 0 4 4
1:100,000 53 12 17 17
1:50,000 18 12 12 12
1:25,000 1 1 3 3

A1l of the correct identifications were made from the group of 40 infesta-
tions larger than 50 meters (164 feet) in the longest dimension mapped
from ground truth. In every case, all nine infestations in the ground
truth which were larger than 100 meters (328 feet) in the longest dimen-

sion were located.

Identification within the Englewood study area showed similar results:

Number of infestations

Monocular Stereo
Viewing scale Counted Correct Counted Correct
1:500,000 0 0 1 1
1:100,000 19 14 19 18
1:50,000 22 13 14 14
1:25,000 8 5 4 4

A1l correct identifications within the Englewood study area were made
from a group of 26 infestations in the ground truth which were larger
than 26 meters (85 feet) but less than 50 meters (164 feet) in the Tong-
est dimension.

The optimum viewing scale, using either monocular or stereo optics
on the Zoom 240 microscope, was about 1:75,000 (fig. 30). This scale was
the best compromise between magnification and the loss of reasonably
sharp image definition. It is important to note that identification

of the dead ponderosa pine in the S190B color film was primarily by
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Figure 30.--A photographic interpretation scale of 1:75,000 was
determined to be most effective for resource evaluation including the
detection of dead ponderosa pine. While photo SL2-81-157 was generally
considered to represent the best possible with the earth terrain camera,
its resolution of 15+ meters was not good enough to resolve individual
trees or small groups of dead trees as would be required for a standing
dead timber inventory. Photo scale is approximately 1:100,000.
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the bright reddish orange color rather than recognition of any textural
difference from the healthy pine. The sparse dead foliage remaining on
the trees at the time of the June 9, 1973, pass, 10 months after the time
when the dead and dying trees first became visible, undoubtedly prevented
much more spectacular results (fig. 31). Furthermore, the SL-2 pass
resulted in the photography being exposed early in the morning with a

low sun angle. In steep terrain of the Black Hills, most infestations

on west- and north-facing slopes were in shadow and were not visible.

The comparison of monocular versus stereoscopic viewing revealed
a definite interpreter preference for stereo. The most tangible benefit
of stereo viewing was a lesser tendency to make commission errors in the
interpretation of dead tree groups. Most of the commission errors resulted
from calling patches of bare soil or exposed forest floor (in sunlight)
infestation spots.

Results of interpretation with the Variscan viewer indicated this
technique was inferior to microscopic viewing of transparencies on a good-
quality 1ight table. For example, with the Variscan, 1:80,000 scale was
the best viewing scale with eight correct identifications within the
Savoy study area and one for Englewood.

Based on our experience with earlier Skylab photographic products,
it was unfortunate that during the SL-3 mission (1) stereo S190B color
coverage was not obtained for the Bear Lodge Mountains, and (2) opportunity
was not taken to image the Black Hills test site on the September 18, 1973,
pass when the entire area was clear of clouds. Based on monocular viewing
of the earth terrain camera photo of the Warren Peaks area (September 13,

1973, SL3-88-021), the following results were obtained:
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Figure 31.--A 1:50,000 scale (19X) enlargement of SL2-81-157 shows
some of the interpreted resource details of the Savoy area (sub block 1).
Infestation areas identified as "A" were difficult to discover because
few of the reddish orange needles, which make dead beetle-killed pine
easy to detect in the fall, remained on the trees at the time of this

June 9, 1973, photograph.
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Ponderosa pine trees killed by the mountain pine beetle were not
detected nor classified by the KANDIDATS processing, In addition to the
aforementioned prob]ems,‘the five usable MSS bands did not accurately
register one to another. Table 40 shows the results of one misregistra-
tion analysis. With these results, an attempt was made to re-register
data through a warp correction algorithm. In several cases classification
was improved but still beetle-killed trees were not identified.

Contingency tables were constructed with the classification results
from the June 9, 1973, data set of the Black Hills. A 1argé number of
tables resulted from different data convolutions, spectral ‘band pairs, and
.table look-up thresholds used in an effort to optimize classification results.
In addition to the above parameters, the contingency tables showed classifi-
cation results by five.error types:

1. Total classification error
Equal weighted missed
Equal weighted false

Poorest individual missed

o B W™

Poorest individual false.

Because of space limitations, the contingency tables are not included
in this report.9 However, the following discussion summarizes the results
and indicates how poorly the KANDIDATS processing system classified land use

and forest types.

The contingency tables may be examined by contacting the author.
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Table 40. The registration of the five $192 multispectral
scanner bands used in the Black Hills classifi-
cation was checked by a manual overlay technique
using ground control points which could be identi-
fied on all MSS bands. The band-by-band misregis-
trations are shown as ok, up, down, left, or right.?

Top scanner Bottom scanner band
band 1 2 3 4 5
T e g
S A A
3 ok P MU
S LI
S

Prefix 1 or 2 refer to number of reso1utibn celié
from the true control point position.
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1. Using band pairs (1, 2) and (3, 4) and table look-up thresh-
olds of (a, B).= (0.35, 0,0245)! for the Englewood sub block, a
classified image {QSG1S2C73) was created. About 8,300 ‘resolution
ceTls (30 percent) were not classified (?§§érved‘ﬁéhﬁsion)T"“Us—
ing the tréiﬁing data, the poorest‘misideﬂtificat}on rate was 20
percent for the wet pasture category. The average misidentifica-
tion percentagé for all classes was.12 percent, Using the test
data, the pﬁorést misidentification rate was 35 percent for the
conifer type 2 category. ' The average misidentification percent-
age was 15 peréent.

Fil1ing the unassigned resolution cells of the classified image
(QsG1s2¢73) bx a propogation process resulted in a new classified
image (QSG1§2F73). Again using the training data, the poorest
misidentificétion rate was 28 percenﬁ for the wet pasture cate-
gory. The aQékage misidentification percentage was 17 percent.
Using the test data, the poorest misideﬁtification rate was 38 per-
cent for the conifer type 2 category. The qverage‘misjdentification
rate was Zi-percentf
2. Using bandﬁpairs (2, 3) and (4, 5) and table look-up thresh-
olds of (a;‘&)= (0.30, 0.021) én the Savoy sub block, a classified
image (QSG2SC81) was created. _About 7,000 resolution cells (28
percent) were not classified (reserved decision), The misidenti-

fication rate-was 45 percent on the training data and 92 percent

10 A1pha (=) and Reta' (B) define the process by which a set of categories
is assignad by pairs,"f:e., a pair of data values from-a pa%r df‘spectral

values {see Glossary):
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on‘the test data. Using the propogation process to 111 the
unassigned resolution cells, a new classified image {(Q56252F81)
was created. On this new image the misidentification rate was
49 percent on the training data and 90 percent on the test data.
ﬁsing band pairs (2, 3) and (2, 4) and table look-up thresh-
olds of (a, 8) = (0.30, 0,021) on the Savoy sub block, a clas-
sified %mage (Q8G252C75) was created. About 5,100 resolution
cells (20 percent) were not classified (reserve decision}. The
misidentification rate was 46 percent on the training data and
95 percent on the test data. Using the propogation process to
£i11 the unassigned resclution cells, a new classified image
(QS62S2F75) was created. On this image the misidentification
rate was 48 percent on the training data and 94 percent on the
test data.
Several attempts were made to improve these classification resuits
by emplioying défférent combinations of convolutions, band pairs, and modi-
fied ground truth sets. In one set of experiments, overall classification
accuracy was impfoved by removing the dead tree category, combining ail
conifer categories, and improving the training set for the transition
category. The results Qere better but, because of the misregistration
problem, there remained an unavoidabie trade-off between calling hardwoods
bare soil and rock or calling bare soil and rock hardwoods. The data in
this experiment were analyzed with three different convolutions and by
both the set-intersection and majority-vote table Took-up decision rules.
An effort was made to resolve the conflict between hardwoods and bare

soil and rock by modifying the category priors shown in Table 41.
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Table 41,

El

File numbers and probability thresholds aré given for the five-category

set processed using three different convolutions quantized to 28 Tevels.
In the course of processing, different decision rules, band pairs, and
priors were used.

Convolution window

1HDWD - hardwood
TRAN - transitional

BRSLR - bare soil and rock

BRSLS - bare soils

CNFR - conifer

File cateqory Band pairs 1 x1 2x2 3% 3 Priors!
4 File number and pfobabiTjty threshold-
JIntersection (J,'Z)‘ KSG2S3T06° KSGZSSTZO KSG253T30 HOWD = 0.19 .
(2, 3) 0.021, 0.3 0.021, 0.3 0.021, 0.3 TRA& = 0.20
Majority (1, 2)(1, 5) KSG2S3MOT KSG2S3M20 KSG253M30 SRSLR = 0.21
- (2, 3)(&, 5) 0.01, 0.14 0.01, 0.14 0.01, 0.14 ) ‘
- _ BRSLS =0.20'
Intersection (1, 2)(1, 5) KSG253M03 KSG2S3M21 KSG2S3M31
. (2, 3)(4, 5) 0.021, 0.3  0.021, 0.3  0.021, 0.3 CNFR = 0.20
Majority (1, 2) Ks6253T03 HDHD = 0:20
(2, 3) 0.021, 0.3 TRAN = (.20
« BRSLR = 0.20
Tntersection (1, 2)(1, 5) KSG253M02 BRSLS = 0.20,
(2, 3)(, 5) 0.01, 0.14 CNFR = 0.20



The set-intersection rule makes reserve decisions and results in two
contingency tab]és for each image created. In one confingency table

the reserve deciéions appear. In the other table the_decisjons are the
result of q'spatié1 region growing process. Two iferaﬁions of the classi-
fication procédure completely fill all resolution cells in- the image.

The majority-vote decision rule does not modify the test set so that
results of the tests are based upon the same training and test sets.
ATthough the results of these different combiﬁations of techniques and
processing paramét;rs are quite variable, the best classification ghowed
only about 70 perEent of the 439 sample point§:correct1y 1dgntifigd
:(tab1e 42). This statement is made using the most conservative consider-

ations.
Appiications

Of all the various EREP systems, color photography obtained in
stereoscopic céverage with the S190B earth terrain camera was best for
the location and apﬁraisa] of dead ponderosa piﬁe'ki11ed by the mountain
pine beetle. However, orbital coverage, like aircraft photog%aphy, should
Se optimized by obta{ning the photography in late August or early Sep-
tember during the peak spectral reflectance difference between healthy
and dying trees. ﬁn‘steep terrain Tike the Black Hills, where infesta-
tions occur independent of slope or aspect, sate11ité pﬁotography obtained
in late summer shbq]d be planned for midday exposure when the higher sun
angles occur. Based on comparisons_of S190B color photography., wifh a
ground reso]ution:approximating 15 to 20 meters (49 to 66 feet), and

higher resolution photographic systems (a; fbr.exampTe photogréphy obtained
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Table 42. A composite of 11 contingency tables shows the classification
results for five different error types.

Error type
Total Equal Equal Poorest Poorest
File number classifi- weighted weighted individual individual
' cation missed false missed , _false

R percent error - ~ ~ - - - - - = = = = = =

KSG2$3T20 - 27 29 33 54 46.
. KSG2S3M20 28 30 35 55 49
KSG2S3M21 28 27 33 43 54
KS62S3T20 24 23 27 40 47
KSG2S3M30 24 26 26 53 46
KSG2S3M31 24 ’ 24 28 42 44
KSG2S3M02 29 31 37 69 63
KSG2S3T03 29 42 39 64 60
KSG2S3M03 28 27 35 55 58
KSG2S3M01 27 35 36 55 - 50

KSGZS3T06 28 29 . 27 44 41



from the U-2 high-flight aircraft), satellite photograbhy
having a resolution of 1 to 2 meters (3.27 to 6.54 feet) ground-
resolved distance would be ideal for detection and impact appraisal
of stress in forests, Photographic emulsions could be either high-
resolution color or color infrared, although the former is'preferred.
While photography from the multispectral camera (S190A) was of no
use for stress detéction in the Black Hills, both the multiband capa-
bility and large area coverage were useful to forest planners and re-
source managers. Their preference was for a 28.5X enlargement (1:100,000
scale) of the color infrared band from the multispectral camera system.
As a working tool, the CIR print was used to aid in updating existing
type-maps, nonsystem road inventory, and planning timber sales. All
the resource managers and forest planners convased in the Black Hiils
agreed that an updated color infrared photo print at 1:100,000 scale
received once each year would be effective in cérrying out their work.
The kinds of ancillary interpretative aids desired to enhance utility
of the photograph would be easy to develop. These include such _items
as a template overlay showing administrative boundary locations, a geo-
graphic coordinate grid overlay, and ownership boundariés. Although no
effort was made to create type-maps with Skylab photo products, they
were used successfully to check the type at point locations which is the
way resource managers frequently use photography.- '
The results of the University of Kansas computer-assisted analysis
of S192 mu1tis§ectra1 scanner data of the Black Hills showed only Timited
utility for resource analysis. We recognize that the S192 system was an

experimental package, perhaps best thought of as a prototype of a future
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shuttle scanner. Reggrd?ess, the scanner performance and resulting image
products did not measure up to expectation. While on one hand the gross
classification results were reasonable {about 80 percent for most classes},
many significant land-use classes could not be identified and others had
unacceptable errors in point-by-point classification. While the pursuit of
optimum computer-assisted classification was exhaustive, the rewards were
minimal. A direct comparison of LANDSAT (ERTS) MSS and S192 MSS imagery

for the same study blocks was not performed. However, it is assumed from
eartier studies that the classification results would have been similar.

Due to the poor quality of band 13 data (thermal IR) it remains unresolved
as to whether the benefits of moderate resolution thermal imagery from

space adds significantly to either {1} the detection of stress in forests

or (2) the multispectral classification of land use. Analysis of only the
two good-quality bands of MSS data was not adequate for our purposes.
Detection and classification accuracy suffered because of (1) misregistration
of data between bands, (2} inadequate spatial resoiution of MSS imagery, and
(3) too few bands of usable MSS data for a full and compiete analysis.

During the 2% years since the Skylab launch, we have had the oppor-
tunity to test EREP data for several applications not connected with the Black
Hi1ls study objectives:

1. Enlargements of S190B color and color infrared photography have been
used on the east coast of the United States to obtain baseline data from-
sample locations approved for the national Forestry Incentives Program (FIP).
Location and examinatibn éf FIP sites has in many instances provided infor-

mation, which was otherwise unavailable, on the condition of practice sites

202


http:bands'.of

before the prograﬁ was initiated. Although S190B resolution was adequate
for some examinations, it was inadequate for others. -Again, 1- to 2-
meter (3.27 to 6.54-feet) resolution with color infrared film wou]d have
been ideal. |

2, Stereoscoﬁic enlargements of color photos from‘the.earth terrain
camera of standing dead Engelman spruce (Eiggg_gngglmgnnii_Pérry) in the
Jemez Mountains northwest of Los Alamos, New Mexico, proved us¢fu1 for
forest managers. Becéuse of the lack of other resource photography, the
Skylab photography could be used for planning timber sales utilizing
large areas of standing. dead timber which were accessible from existing
roads.

3. Black Hills National Forest planners and resource managers used
1:100,000 en]arggménts of color infrared photos from the multispectral
camera system. The enlargement prints were used for updating cover type-
maps., nonsysteﬁsvroad inventory, and planning timber sale layout. - ATl
users agreed that availability and continued use of thé satellite photos
would produce new and cost-effective applications. To m;;;%ize_uti11ty,
new space photos should be available once a year or, ét the most, 'once
each 3 years. Fuvthermore, most a[l requirements for_éemote sensing
data could be mét‘with space-acquired color infrared photography having
a resolution of -1 to 2 meters (3.27 to 6.54 feet) ground-resolved distance.
User preference was for a stereo pair qoveringAa minimum of 240,000

hectares {592,800 acres).
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MEAéUREMENT OF FOREST TERRAIN REFLECTANCE
Determination of Solar and Atmospheric Effects on Satellite Imagery

Roﬁert W. Dana

A practical method of correcting satellite radiance data to account
for changes in solar irradiance and atmospheric effects is a continuing
need. Such a method would be useful for a number of reasons. One is fo
permit the comparison of spectral signatures of different targets at
different sites.  Another is to allow accurate measures of spectral vari-
ations caused by temporal changes in vegetation and water gquality. The
final reason is to improve the extension of spectral signatures in
computer-aided classification of satellite imagery.

One approaéh to the problem of obtaining normalization coefficients
to correct for solar and atmospheric effects is to study the sensor’s
response to targets of known reflectapce. In the simplest description,
the satellite-acquired radiance (Ns) is assumed proporticnal to terrain
reflectance (p), with a multiplicative coefficient representing the prod-
uct of total irradiance and atmospheric transmittance. The‘radiance data
also include an additive term representing the path radiance (ﬁp) of up-
ward scattered radiation. Specifically, the equation takes this Torm,

assuming the reflector is Lambertian:

- Ht 1
NS T p-i-Np, (}

where H = irradiance and T = beam transmittance.

Reflectance values of two or more areas that vary greatly in bright-
ness when plotted égainst their corresponding satellite radiance values
yield a firstnogder measure of atmospheric effects at the time of the

satellite overfiight.
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The reflectance ﬁeasurement technique has an advantage not present in
some methods in that thé data acquisition need not be tempora11y coin-
cident with the satellite overflight. This technique aoés not prdbe.the
atmoﬁphere but studies the reflection pﬁoperties of the terrain. During
some seasonal periods; terrain reflectance probably does not vary over
time. %herefore, the- reflectance data might be acceptab1g if acquired
within a week or two of the satellite overflight. An important consider-
ation would be the sfabi]ity of important target aspects such as plant
phenology, soil moisﬁuré, and water turbidity. Of course, it is advisable
to work under the same solar irradiation conditjoﬁs that the satellite
sensor experiences (same t%me of day and similar cloud and haze conditions)
--particularly if the targets are non-Lambertian.

This paper reports results of the analysis of one set of Skylab (EREP)
photos and one scene of ERTS-1 (LANDSAT-1) multispectral scanner data, ’
offers some conclusions about this experiment, and suggests gome possible
applications of this t&perof radiance measurement. A1l data show a high
correlation between satellite radiance and aircraft reflectance, with rea-

sonable values of path radiance resulting from the calculations.
Background

The investigation of solar ard atmospheric effects stems from earlier
attempts to use near-ground-level radiometric measurements as aids in ana-
lyzing satellite imagery (Heller and others 1974). For similar targets,
“large differences in LANDSAT-1-measured radiance values were noted between
different dates of coverage. LANDSAT-1 radiance values also differed by
as much as 30 percent from ground-measured values. Thesé_examp1es, com-

bined with past evidence 'of haze effects in aerial phofography, Ted us to
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search for a method of accouﬁting for variations in solar irradiance and
atmospheric interference.

The prospect of using existing complex atmospheric modeling tech-
niques with their detailed computational procedures did not appeal to us.
They would require too much software development ahd'costly—wavélength—
by-wavelength computations to derive méaningful étmospheric coefficients.
Accurate modeling probably requires some kind of in situ radiometric
measurement anyway. With satellite-matched reflectance measurements we
hoped to find a simpler means of finding two coeff&cients which could
linearly transform satellite data.

By collecting reflectance from a low-flying aircraft, we avoided
two problems encountered with the tower-mounted instrumentation in the
LANDSAT-1 study. The difficulty of maintaining an'unatfended‘fie1d site
in an often harsh environment was avoided. The problem of thé relevance
of a few small tower sites to the large satellite study‘area was also
avoided. The tower instruments viewed only one sma11'portion of a few
LANDSAT picture elements, whereas the Tow-flying aircraft could adequately

sample dozens of targets easily resolved by LANDSAf.
Study Area

The possibiIify of acquiring Skylab coverage on more than one date
for the Black Hills, South Dakota, and the Atlanta, Georgia, sites gave
us hope of demonstrating the use of atmospherit corrections to data in
these two areas. One possible application was measuring temporal changes
in vegetative spectral signatures. Another application was signature

extension from one sub block to another in computer-aided classification

work.
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The aircraft system for terrain reflectance meqsurement was flown
over the Savoy and Englewood sub blocks in the Black Hills étudy area on
July 27, 1973. A mission was also flown over two study blocks approxi-
mately 4,050 hectares (10,000 acres) in size in the original Georgia.
study area near Carro11t5n, Georgia, on January 13, 1975. As explained
in the Forest Inventory and Forest Stress Detection Sections, these sites
were not covered by Skylab during the seasons of our ﬁnderf]ight coveraée.
Therefore, no attemptsawere made-to compute atmospheric effecf§ on Skylab
data for these two sites. The Black Hills flight data, however, were
analyzed and compared'with LANDSAT-1 data.

During the final déys of the Skylab pfogram we were able to obtain
coverage for a secondary site in northern California. With one day's
notice, a test site was selected west of Redding, California (fig. 32).

It was a narrow strip along Skylab track 63 extending from a point 8 kilo-
meters (5 miles) northw§st of Whiskeytown Reservoir to the airport on the
southeast edge of Redding--a distance of 35 kilometers (22 miles).

The westérn end of the test area is moderately steep terrain with

wooded stopes of mixed .ponderosa and digger pine (Pinus sabiniana Dougl.),

California black oak (Quercus kelleggii), and canyon Tive oak {Quercus

chrysolepis Liebm.). Patches of manzanita (Arctostaphylos sp) and other
chaparral species are also present. The central portion and eastern end
of the strip are predominantly mixed oak, chaparral, and pastureland, with
some rural homesites.

A few fallow fields ‘and fields of winter crops were noted at the time
of the Skylab coverage. ‘Tﬁg waters of Whiskeytown Reservoir and the

Sacramento River appeared relatively turbid during the overpass.
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Figure 32.--The test site for measurement of forest terrain reflectance
was a 35-kilometer-long (22-mile-long) strip between Redding Airport

and Whiskeytown Reservoir.
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Instrumentation

The instrumentation for gathering the necessary data was installed in
a twin-engine Aero Commander 500B aircraft modified for aerial photography.
The equipment consisted primarily of a radiometer, irradiance meter, high-
speed recorder, video camera, video tape unit, and wide bandpass filter
sets (fig. 33). Power for most components was provided by a stabilized
(frequency and voltage) inverter rated at 500W, running off the 28V d.c.
aircraft supply.

Reflectance was measured by an upward-pointing irradiance meter and a
downward-pointing radiometer. The silicon diode detectors were filtered
to match the bandwidths of LANDSAT-1 multispectral scanner and Skylab $190
sensors. The reflectance was derived from the aircraft radiance Na using
Equation 2, in which the altitude is assumed to be low enough to minimize
the effects of atmospheric path:

N
e (2)
1E-5
When H or Na are known at the time of satellite overflight, Equations 1
and 2 can be used to find the beam transmittance:
i r(NS-Np) = NS-Np

'I' =
Hp N .

(3)

The Skylab S190A photos to be compared with the reflectance data were
scanned by a digital microdensitometer. Programs were written to convert
the microdensity values to diffuse density and subsequently to effective

film exposure at the film plane.
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Figure 33.--Equipment for aircraft target measurements of terrain reflec-
tance. Left to right: video tape recorder, strip chart recorder,
radiometer, static inverter, irradiance meter with input probe and
filter chamber, TV monitors, vidicon camera and radiometer input probe
on aerial camera mount.
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Radiometer

The radiometer employed for measurement of terrain radiance is an
Optronic Laboratories Model 700F with digital and analog output. It
amplifies the signal from a silicon photodiode in a photovoltaic current-
to-voltage mode and provides six decades of linear amplitude. The full-
scale value of the most sensitive range is about 1 x IO'BA or about
3'x lo'aw of 1light energy on a silicon detector. It is more sensitive
than necessary for this experiment because our normal operation was about
1 microamp.

The radiometer was custom-built for Tow noise and high frequency
response. For a square-wave input at the 1 microamp level, the total of
the rise and fall times and the transient effect of any underdamping
conditions in the output wave is less than 1 millisecond. Therefore, this
instrument is responsive enough for measurements at aircraft speeds up to
45 miles per second (100 mph).

The input optical probe was constructed from a machined aluminum
block linking a 135-mm camera lens and a planar diffused junction silicon
diode, which is masked by a 6-mm diameter aperture. The resultant field
of view (FOV) is 44 milliradians or a full angle of 2.6°. At the designed
experimental altitude of 300 meters, the ground resolution is 13 meters.
Light filtration is accomplished with 50-mm filters mounted on the front of

the lens.
Irradiance Meter

Total irradiance at aircraft altitude was measured with an electronics
package designed and built in our laboratory. It essentially matches the

performance characteristics of the unit used for gathering radiance data.
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The silicon target in an RCA Model 4532 tube had a spectral sensitivity .
curve similar to the curve of the photodiodes used in the rédiémeter and
irradiance ﬁeter (fig. 34). The silicon vidicon camera is éo'sensitive
in the absolute sense that normal operation in the plane required a 1eh§
f-stop of f/11 and a neutral-density filter of 10 percent transmittance
in combinétion with the bandpass filter.

The vidicon camera wgs verticaliy mounted on a mapping camera mount
with the boresighted rad%ometér secured to the camera housing. Two small
" closed-circuit TV monjtdrs were used--one in the front of the alrcraft to
aid the pilots in navigating along the flight line, and the other in the
rear for the instrument operators.

The video signal was recorded on a commercial-quality half-inch tape
recorder {VTR). Although the image resolution with this device is limited
to about 300 TV Tines per- picture height (the camera is capable of 700),
this low-cost recorder does allow playback of useful pictures. ‘Ana1ysis can
be' conducted at normal ébeed, variable stow speeds, or at a stop-action
setting.

The VIR employed, in-this study had two available audio channels. One .
channel was used for housekeeping data introduced by a microphone. On the
other channel a timing s?gnal was introduced by an audio buise generator,
which synchronously exc}téd an event marker on the chart recorder. This pro-

vided time base synchronization of the VTR with the chart recorder.
Filter Sets

In matching the ‘Skylab S190A bands, we were limited by the time and

. funds available. Three. sets of filters were required--one each for the
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Figure 34.--Spectral response of silicon vidicon and diffused silicon
photodiode. Each curve was separately normalized to its highest value.
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irradiance meter, radiometer, and vidicon imager, We selected off-the-
shelf absorption glass filters in stock thicknesses to meet the time/cost
constraints. For each spectral band a cut-on filter was combined with a
long wavelength-absorbing glass. The filter sets and their thicknesses,

in millimeters, were:

A - Hoya Y-50 (2.5) + Schott BG-18 (1.0)

B - Hoya R-60 (2.5) + Hoya HA-30 (3.0) + Schott BG-20 (2.0)
C - Hoya R-70 (2.5) + Hoya HA-30 (3.0)

D - Hoya IR-80 (2.5) + Hoya B-370 (2.5)

The spectral responses of the vidicon and photodiodes were combined
with filter transmittance data to arrive at curves of system spectral
response. The spectral response of the S190A camera stations employing
black-and-white film was also computed (Appendix 4). The film spectral
sensitometry data were taken into account as well as spectral transmit-
tances of all optical components in the system. The bandwidths are sum-
marized in terms of the locations of the half-power points where the
response reaches 50 percent of the peak value (table 43).

Although mismatches between the Skylab cameras and the radiometric
instruments are apparent, they may not be serious in terms of proper wide-
band measurements of terrain reflectance. The most serious difference
occurs between set B and station 5, where the radiometer and vidicon pick
up excess energy from the strong infrared reflection band of live vegeta-
tion, beginning at about 700 nm. This condition would result in a higher
reflectance value from some aircraft measurements than that to which the

satellite camera responds,
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Table 43. Measured bandwidths of Skylab S190A stations 1, 2, 5, 6
and U.S. Forest Service instruments using filters C, D,
B, A with either silicon vidicon or Pin 10-DP diffused
silicon photodiode’

Skylab USFS
Camera Design Actual Filter Bandwidth Bandwidth
Station Bandwidth Bandwidth Set (Photodiode) (Vidicon)
1 700 to 800 713 to 814 C 689 to 779 690 to 780
2 800 to 900 805 to 882 D 810 to 956 805 to 965
E 5 600 to 700 601 to 695 B 605 to 723 605 to 720
6 500 to 600 517 to 594 A 497 to 622 495 to 615

Units are half power-points in nanometers.




Skylab Data

For the northern California site we requested and received SL-4

photographic data from pass 93 along ground track 6. The pass was made

on January 27, 1974. The data included duplicate films for S190A, mag-
azines 73 through 78, and S190B, magazine 94. The western 40 percent of
the aircraft flight path over which we obtained reflectance data was cloud-
free on the S190A photos. The S190B camera was turned on too late to in-
clude any of the test site.

A11 camera stations of the S190A package were operable except station
5. The critical frame (number 214) was blank for this red band. The
green band (station 6) and the normal-color band (station 4) were well
exposed, but the three infrared-sensitive bands (stations 1, 2, and 3)
were slightly underexposed.

High-resolution images from stations 6 and 4 supported meaningful
microdensitometer scanning increments as small as 8 um (fig. 35). The
black-and-white infrared images of stations 1 and 2 were very granular
and did not merit scanning increments smaller than 32 ym (fig. 36). Fea-
tures smaller than 100 meters (327 feet) across were rarely detected by

eye on the infrared images.
Procedures for Data Analyses

Radiometric measurements were made over three test sites--near
Atlanta, Georgia; in the Black Hills of South Dakota; and near Redding,
California. Applicable Skylab coverage was not obtained, however, until
the last week of the program on January 27, 1974. On that date a site 15
kilometers (24 miles) west of Redding, in northern California, at Whiskey-

town Reservoir was photographed.
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Figure 35.--Northern California site imaged by S190A camera station 6.
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Figure 36.--Northern California site imaged by S190A camera station 1.
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This experiment produced three kinds of data to be reduced and

analyzed. The first consisted of aircraft radiance and irradiance data
recorded on strip chart that had to be reduced to average target reflec-
tance values for specific areas on the ground. Conventional manual and
computer-aided techniques were used. The second kind of data was satel-
lite imagery, which required the conversion of photographic density to
apparent radiance values. A new computer technique was developed utiliz-
ing sensitometric data provided by the Photographic Technology Division
of NASA/JSC. The third kind of data was LANDSAT-1 satellite data, which

is discussed briefly in Results and Discussion.
Aircraft Radiance and Irradiance Data

Before analyzing the radiance data, we reviewed the video tapes of
the flights and plotted the flight paths on available maps and aerial
photo coverage. To find the large-scale video paths on 1:2,900,000-scale
space photos, it was often necessary to transfer the paths to a medium
scale, such as 1:15,000 resource photography. Thus, it was possible to
determine which parts of the radiance data stream represent relatively
homogeneous areas which are resolvable on the satellite imagery.

The strip chart data were sampled with a digitizer at intervals
equaling approximately 20 meters on the ground. The ratios of radiance
to irradiance were calculated by computer to generate a data stream of
reflectance values. Calibration coefficients for the radiometer, irradi-
ance meter, and chart recorder were derived in our laboratory near the
time of the aircraft flights by using a 1ight source with calibration

traceable to a National Bureau of Standards source. Portions of the data
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stream were selected which transected 6 to 13 homogeneous areas of inter-

est on the photos and mean values of reflectance were computed.

Skylab Photographic Data

The satellite radiance data used were derived from digital microden-
sitometer (MDM) scans of the test site on duplicate photos by using a
Photometric Data Systems Model 1010 unit. The NASA sensitometric data is
given in terms of macroscale diffusg density. Cross-calibration scales be-
tween microdensity and diffuse density differ considerably for variations
in film properties, MDM numerical aperture, and general internal optical
design (Weiss 1973; Schmitt 1970). Therefore, it was necessary to cali-
brate microdensity against the diffuse density scale by using calibrated
samples of copy films provided by JSC. Working in diffuse density units,
we chose not to use the intermediate steps dealing with the original film
sensitometry, but to compare measured duplicate densities to those pro-
duced by the exposure values applied to the original film. The system
response curve was obtained by polynomial modeling techniques described
by Dana (1973).

The analysis and data flow proceeded generally in three parallel
paths (fig. 37). From the microdensitometer scan of the test site, a his-
togram was generated in the first path to establish the range of density
values which must be calibrated. This data tape was then ready for the
final processing step. In the second path a separate tape containing the
JSC step-tablet scans was analyzed by a program called RNSTAB. A least-
squares fit of the microdensity M (in digital counts) to diffuse density
D produced a second-order equation with a standard error always less than

0.01 diffuse density units for the three copy films used. (A linear form
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Figure 37.--Flowchart of density calibration program.
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was tried, but it produced standard errors of about 0.04.) Conversion to
diffuse density could then be made with an equation of the form:

D=C,M +CM +Cqo, (4)
where C;, C,, and C, are modeling coefficients.

In a third path, modeling of the photographic system response gener-
ally resulted in an equation for duplicate density that was third order in
1og;o of relative exposure. Some of the narrower ranges of density could be
fit to a second-order curve. From these equations look-up tables were
generated to do the actual conversion.

The look-up table, the coefficients of the density conversion equations
from RNSTAB, and the site-scan tape were put into a program named XCAL,
which derives and prints out a relative exposure value for each microdensity
value. Another program, DENCAL, combines the functions of RNSTAB and XCAL,
utilizing the Took-up table and both MDM input tapes in one computer run.
DENCAL writes an exposure tape, as well as a printout, but does not have the
flexibility of selecting different combinations of scanning runs from the
MDM tapes as do RNSTAB and XCAL.

Once the relative exposure printout was obtained, the data corresponding
to particular image blocks were identified and mean values computed for each.
The absolute exposure E at the film plane was computed by using additional
data provided by NASA. A conversion to equivalent radiance N in engineering

units (Jenson 1968) was made by the equation:

2
S B (5)

N tT

where F = camera lens f-number, t = integrated exposure time, and T = total

transmittance of camera lens, filter, and window.
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Results and Discussion

The first set of results to be discussed is from the analysis of the
Whiskeytown Reservoir site covered by Skylab photos. The distributions of
reflectance (measured on the same day) were recorded and satellite radi-
ance values were computed (figs. 38, 39). The green band results indicate
the possibility of two distinct populations of reflectance--one around 0.04
and another around 0.14 (fig. 38). Possibly a high linear correlation is
forced on the data, but exclusion of the two high points yields a differ-
ence in path radiance of only 3 percent from linear regression. The slope
of the new regression line would be 11 percent less. How the reflectance
data should be used for classification depends on the distribution of radi-
ance and reflectance values in the training and test areas. Multimodal
data might present problems.

Camera station 5 (red band) malfunctioned momentarily over the Whiskey-
town area and the photo in that band was not taken. But it was possible to
compute the relative exposure values from red-filtered densitometer scans
of the normal-color film (S0-356) from camera station 4. Since the red
sensitive layer in color f%lm is not exclusively sensitive to the red wave-
lengths, we did not try to convert exposure to absolute radiance. Never-
theless, reflectance and exposure were closely correlated in the red region
(fig. 40) as was noted in the other wavelength regions.

Further evidence of the linear relationship between reflectance and
satellite radiance came from a test flight in the Black Hills on August
27, 1973 (fig.41, 42). Due to anomalies in calibration data, reflectance
is shown here in normalized form. The satellite radiance values were

from LANDSAT-1 image number 1028-17121 of the same area taken on August 20,
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each band was separately normalized to its highest value.
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1974, NO LANUSAL data trom August to September 1973 were useable because
of cloud cover. -Average radiance values were computed from the sygtem-
corrected computér tapes and converted from digital cohnté to enginsering
units using conversiondata from appropriate NASA publications (NASA 19723
Thomas 1573).

All corre?gtion coefficients exceeded 0,94 and suggest that the radi-
ance Equation T is valid (table 44). The path radiance values are all
within the range of those reported by Rogers and others (1973) for four
diffefént LANDSAT images, We do not understand why camera station 2
recorded more path radiance than camera station 1 since the fofmar repre-
sents longer wavelengths and has a narrower bandwidth. One possible source
of error is the large factor (roughly 1.5 to 2.3) used in the NASA sensi-
tometry procedure to correct for a wider band Kodak Wratien 89 filter used
in the sensitometer rather than the actual flight fi%te%s. We also
found other unexplained discrepancies in comparing ground-measured %adjw
ance data with values from S190A film density, amounting to as much as
40 percent (NASA 1974). The matter deserves further study. .

The space photos indicated semitransparent cirrus or cirrostratus
clouds in the vicinity of the test site. Also, a very Tight and variable
cirroform veil wd§ noted about 1 hour after the Skylab ovgrf]ight when the
aircraft flight wa§ performed. Therefore, undetected ice crystals or
other aerosols might have contributed to the apoma&y in near-infrared path
radiance,

Despite the-inhreasing cirrus veil, the appearance of strong shadows
in the forest at tﬁe time of the aircraft flight suggested that the reflec-

tance data would be valid for a clear sky. However, eﬁiy the radiance and
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Table 44. Path radiance and correlation coefficients from
‘Tinear regression of satellite radiance (or rela-
tive exposure) on reflectance

Space Platform, Camera Station -

. Sensor - or Band

Randwidth

nm

' Skylab S190A 6

4

LANDSAT-1, MSS?

~N o n ™

lReTative exposure of red response,

®Multispectral scanner,

517 to

713 to
805 to
494 to
604 to

-693 to

808 to

594

814

882

598
700
799
987

Path Rgdiange Correlation
uW cm”  sr” Coefficient
196 | 0.98

0.99

51 0.96

78 0.97

289 0.98
153 0.96
77 0.95

76 0.94



irradiance data acquired early in the flight for the green band could be
considered valid for beam transmittance calculations using Equation 3

. The result was 0.86 *0.05,
Apptications

This reflectance measurement technique shows much promise as a means
of obtaining va]%d values of the path radiance compdnents of satellite
imagery and probably of high-altitude aircraft imagery. Although this
method may not be the Teast expensive one, it may be a vé]uab1e adjunct to
computational methods or to methods using ground-based instrumentation
requiring measurements coincident to the satellite overpasé. Plans are
under way to compare the aircraft reflectance method with the ground-
based method deQelbped by Rogers and Peacock {Rogers and others 1973).
This comparison should at least help determine the relationship of the
sTope of the regression 1ine to total irradiance and beam transmittance.

Several variables affecting the aircraft meésurement technique need
to be investigﬁted. Most of them concern the question of how closely must
the flight conditions match those at the time of satellite overfiight.
These variables include solar zenith angle, viewing angle, time of day,
aircraft altitude, and spectral effects.

Equation T, which is concerned with spectral effects, is strictly
valid only at individual wavelengths or for narrow bandwidths., The
factors 1, H, p, and Np are all spectrally dependent. Since the broad-
band measurements are actually integrals over wavelength, the results
should be checked against measurements made with spectroradiometers

(Potter 1974).

231



Possible applications of linear atmospheric transformation in computer
classification have been discussed in the literature (Rogers_and others
19?3; Hulstrom {974; Kan 1972). The objective is to extend spectral sig-
natures from a classified scené or data set to a*simiigr unclassified-set
when the main differencés are due to solar and atmospheric effects. Re-
writing Equation 1 we have:

N, = asp; * bys (6)

where the subscript i refers to the wavelength band. Knowing the correct
coefficients a; and bi’ one could convert the radiance sets Ni to reflectanc
sets p, before classification. Also, new sets of radiance data N; {with _
coefficients a; and b{) could be converted to the scale of previous sets by

the equation:

o1l

.

N.- = ._l N~

a. :
- 1
= + — bI + b (7)
1 ai 1 a_i

i i

In a supervised classification scheme requiring training sets, one
could transform the discriminant function used in the analysis of the oid
data set to the scale of the new data set., This method should reduire the
"least amount of computation. For example, using a Gaussian linear clas-

sifier implies the transformation of the mean vector and the covariance

matrix to new functions that are applicable to the new qata‘set. g
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APPENDIX
1. Processing of Skylab S190B Diffuse Film Densities
Recorded on Computer-Compatible Tapes

Nancy X. Norick

An automatic land-use recognition system, designed and implemented
by the PSW Remote Sensing Work Unit was modified for the processing of
Skylab diffuse film densities recorded on computer-compatible tapes.
Considerable flexibility is built into the system so that the individual
program components can be used in various combinations. The system pro-
grams run on a CDC 7600 at the University of California Lawrence
Berkeley Laboratory, with input and output from a remote batch terminal
at the PSW Forest and Range Experiment Station. The terminal consists
of a Westinghouse 2500 with a 1ine printer and other components. An
Electronic Associates Inc. (EAI) model 430 off-Tine plotter is used with
combinations of color pens to plot forest and land-use classification
maps in the final classification process,

Skylab film densities recorded on CCT's are used as the first-step
data input. Hiétograms and gray-scale maps are printed for each channel
on a line printer so that study areas can be accurately located. 1If a
study area falls on the boundary between two tapes, the needed portion
of the data on the second tape is rewritten onto one tape. An area sur-
rounding and inciuding the study area is plotted for one channel using
a color-coded gray scale. The corners of the rectangular study area
are then ]ocateﬁ precisely on this plot.

The basic "g}ound truth® units we have been working with for Skylab

are rectangular land-use maps at a scale of 1:24,000 which have been
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constructed from small-scale aerial photos and ground checks. The size

of the areas covered is 10,000 meters (6.2 miles) on a side or 40.6 centi-
meters (16 inches) on é map of this scale, After finding the corners of

a rectangular study area om a gray-scale plot, a "rubber sheet-stretching”
routine scales the cdrresponding nonrectangular Skylab area to the rec-
tangular ground truth maps. This routine does a linear transformation of
data array coordinates conforming'to ground truth map coordinates. Nearest
pixel data values are'asékgned to the new array elements. This is done in
such a way that no dafa element is lost. Here and there an original data
element will be used twice.

Upon completion of these corrections and calibrations a new tape is
written, which becomes ﬁhé data input to all subsequent programs.

The next step in ‘the processing is to produce an EDMAP--empirical
distribution map. Thé EDMAP is used to locate groqnd truth training
samples and to visually screen the channels as poteptia] contributors
to the discrimination between land-use classes. Using information from
the preyious]y mention;d'histograms, the range of radiance values for each
channel-isidivided into any number of equal frequency intervals. Cartesian
products of these intervals are formed for two or more selected channels. .
Data points fa11ing into-ény product interval are assigned a mapping color
and the EAI plotter is proérammed to map. From the rgsu]ting sets of co?of—
coded maps, with varying combinations of channels included or excluded, a
subjective evaluation of the potential contribution of each channel for dis-
cerning each land-use class can be made. We decided to use all four filter

scans in our classification analyses.
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The system has an option of three classification procedures. Ihe
first uses a boundary-finding algorithm to locate clusters of spectrally
similar and adjacent pixels. A pixel is put into the same cluster as its
neighbor if the distance between the two in the spectral space is Tess
than some threshold value. Locations of all cluster elements are kept
track of by a sequence of pointers, This storage technique allows the
combining of clusters to be very efficient. The sums of radiance values
and the sums of their cross-products are accumulated for eacﬁ cluster
during the procéss of cluster assignment. After ali clustgr'assignments
are made, the cluster mean vectors and covariance matrices are used for
comparison with ﬁean vectors and covariance matrices of sampies of pixels
of known land use, by means of the Bhattacharyya distance function
(Fukunaga 1972). A cluster is assigned to the land use for which this dis-
tance is a miniﬁum.‘

A weighting faétor can be applied conforming to the expected frequen-
cies in each land-use class or conforming to any loss function.

The second éléssification procedure compares the radiance vector
for each pixel with the mean radiance veétor for a sample of pixels f;om
each land use. The ‘Tand-use classification corresponding to the mjnimum
Euclidean distance is assigned to the pixel. This classification can also
use any set of weighting factors.

The third and Tast classification procedure available in our system
is a linear distrjminant analysis with maximum 1ikelihood and Gaussian
assumptions,

The final computer output consists of the iisting pf acreages of

land assigned to each land-use class, confusion matrices for the training
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and test areas, and color-coded land-use maps. The maps are plotted in
any Qesired scale and cb]ﬁr code set on the EAI plotter. There is
virtually no 11mitati§h upon the number of colors that can be used; how-
ever, the plotter can accommodate only eight pens at one time.

A1l programs are available and documented at PSW.
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2. Processing of Skylab S192 Multispectral Scanner Data

Robert Haralick and Gary Minden!!

Scan Line Straightening Mapping Functions

The path on the Earth's surface traced by the S192 scanner is a por-

tion of a circle. The following diagram is an example of one scan line

plotted on the surface.

v
X

We assume the spacecraft's ground track is along the Y-axis apd'the arc

is symmetrical about the Y-axis. We wish to take the point eij and com-

pute its coordinates xij and ?ij' The following equations specify this

transform.
Xi5 = (R/P) * Sin (4,) (8)
Yij=(R/Q)*Cos(ﬂi)+;:: RN E (9)
R LA LL B . (10)

Uyniversity of Kansas Space Technology Center, Lawrence, Kansas.
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Where:

R =H Tan (5.53°) = ground scan arc radius

H = altitude

Q ='Vg/S‘= spacing betwéén scan Tines at the Earth's surface
Vg = ground ve]ofjty

S = scan rate = 94.792 scans/second

om = scan angle

P

(Rém)/(90(n-1) ) = spacing between picture elements

number of picture elements per scan 1ine {either 1240 or 2480)

n

To straighten or congruence the image, we select every point (x, )
of interest iﬁ the straightened image and find the nearest point €43 in
the conical image. Tﬁis step requires two functions to specify Ixy and
ny, the picture e1emen? and scan line in the conical image. We find
these functions by takjng the inverse of equations 8 and 9.

ﬂi = Afcsin (x (P/R) ) (11)
Ix}, = (.g’_..]) el
A8 2 (12)

1

xy

[ -

J = y=R/Q)Cos @.y- XY fm + 1 (13)
o ool g0

Thus, given the point (x, y) we can compute B, from x and then Ixy from 8. .
Using 91 and Ixy we can compute ny. The value eij is then transferred to

exy.
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We further reduce equations 11, 12, and 13 to get:

Arcsin ( x(P/R -1 “n-
!XY =( res x(P/R) ))n + i el (14)

. Bm 2

= - H - i=1 fm
ny y (R/Q)} Cos {Arcsin (x(P/R}) )} T s (15)

J

Parameters for Mapping Functions

The parameters ﬁsed to straighten thé $192 MSS image were obtained
from header and ancillary records on the computer-compatible tape and
NASA publications.'? The parameters thus obtained were:

H=468.8 km

altitude

]

R =45.14 km = ground scan arc radius
V = 7.157 km/sec = ground velocity -
S = 94,792 scans/sec = scan rate

Q = 0.0755 km/scan = scan Tine spacing

ém = 1.015 rad = scan angle

-
1

0.075 km/picture element = picture element spacing

hun
1]

1240 picture elements per scan line

The equations used are then:

i = 10.69 Arcsin (X/601.68) + 620.5

il

J = y-597.88 Cos {0.094 i-58.21) + 1

2 Earth Resources Production Processing Requirements for EREP Elec-

tronic Sensors, NASA, Rev. A, Change 1, Jan. 3, 1974, pp. 5-20 to 5-24.
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KANDIDATS Operational Overview

KANDIDATS (KANsas Eﬁgita] Image DATa System) refers to the entire
1nteréctive image processing facility at the Remote Sensing Laboratory,
UniVersity of Kansas.:

KANDIDATS -is an 1nteract1ve/batch~mode digital multi- 1mage pattern— i
recognition system des1gned to facilitate the man-mach1ne interface be-
tween Fhe user and the PDP-15/IDECS/IBM 7094 11 compiex. It is intended
to allow users with an interest in image processing and-véried degrees of -
sophistication with computér hardware and software an easy access to the
image processing faci]ffées available. KANDIDATS .provides a‘great deal
of flexibility and degrge‘of freedom to the operator. It is‘designed
primarily as a tool tO‘Eé’used in a research environment The type of
image processing it pr0v1des is the flexible, relatively sma11 quant1ty
image process1pg.tasks peces§ary in formulating and eva]uat1ng algorithms
which will later be abp]ié& to large amounts of image data. ;KANQIDATS runs
on the PDP-15/1BM coméutéresystem and uses the-IDECS as an image acquisi-
tion and digplay device.i}Digita] imaée data may be introduced through
magnetic tape units on ?hé IBM machine.

The entire system 1s:guided by an operator at a console directing the
system ejther by initié?iﬁg commands or by directing inpuf to be taken
from a command file. KANDIDATS then manipulates the particular image data
accordingly. ‘ 1

Once image data 1s'gntered into the system, KANDIDATS autbmatica]%y
maintains and processes mu}tip1e digital images in a standard formaf Which'
provides a complete proce;ging history for the imagé from the tiﬁe ié'enters

the system until the time.it is no longer needed.
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Image processing capabilities currently imp?emented in the KANDIDATS

_ system include:

1.
2.

10.
1.
12.
13.
14.

Equa1-ihterva] and equal-probability quantizing
Subimage cutting and pasting,
Gradient operations .

Spatial clustering

. -Computingftextura1 feature images

Histogﬁam and Scattergram determination

Decision'%p1e determination and image classification according to
these decision rules

Image diép]ay

Image transfprmation

Image cdnvoiution

Expansfon and Compression of image scales

Reformatting of images

Creation df images

Addition of. ground truth information or maps to images

. There exists -a set of specific image operations for each one of the

above-mentioned émage processing tasks. The operator selects the appro--

priate operation by inputting commands to KANDIﬁATS via the teletype or

the CRT termina1; The KANDIDATS package provides extensive error checking

and frees the user from the bookwork and housekeéping necessary to set up

these operations on the computer. The commands .all have-fhg same simple

form and are decoded by the KANDIDATS command string interpreter. Each

command string contains certain basic information:
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1. The abbreviated name of the operation
2. The name of the destination device on which to place the output
image

3. The name of the created image

4. The name of the origination.device on which to find-the input image

5. The name of the_input image

The rationale for thg command string being set up this way can be illus-
trated by an analogy Qith a busy office. . In the office there are ﬁany workers,
each equipped with particular talents. The office has many kinds of file cab-
inets for storing informafion. The investigator gets work done by making a
request of or by giving é‘command to one of the workers. He identifies for
the worker which file cabinet and the name of the folder in the cabinet where
he can find the material which nee&s to be worked on. Theﬁ, he identifies for
the worker which file cab%net and the name of the folder into which he must
place the material he éreates by working,

" In KANDIDATS, everg image has a name and is stored in a folder with phat
name. The cabinet into which the folder containing the image is placed is
really the ph&sica] device on which the image resides. KANDIDATS has the
following peripheral devices on which an image as well as other information
can reside: |

1. IBM compatible magnetic tape drives
2. Disk pack (movable head)
3. Cardreader
4, IDECS disk
The operator guides tﬁe.vahious image data sets between the various devices

applying various processing alaorithms to them.
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In addition, KANDIDATS allows the batch processing of image data
through the creatisﬁ of image processing task files.: These task fi]es
known as KANDIDATS run files may be entered in the same format as that’
used when the operaﬁor enters command strings and responses at the tele-
type. This run fiie is stored-on the disk and can be summoned at -any |
point and used to instruct KANDIDATS in lieu- of operator interaction.’

KANDIDATS h‘as a monitor which resides in memory throughout a KANDIDATS '
progfam run. This monitor takes user “input in the Form of a KANDIDATS com-
mand string, decodes it, and calls in the appropriate subsystem to perform
the designated funct1on. The subsystem requests any addit!qna1_1pformat1on
needed .to perform the process and initiates the process. After the proces-
sing has begun, it is carried to comp1etjon unless- the dberator interrupts
it or an error occurs. In.all cases, return is made to the KANDIDATS mon-
" itor and appropriate action is taken. On normal_rethrn, KANDIDATS‘re-
quests another command from the operator or run file. If the-operatsr
terminates. the speﬁation.prematurély, return‘is’made to tbefmonitor apd
the termination. noted If termination“occurs during psocessing from a
KANDIDATS run fﬂe the monitor asks for permssmn to continue or exit
from the run file. When the system encounters a recoverable error, an
error flag is set and the KANDIDATS monitor prints out a Tist of subroutine
names whose calls 1ed to the error along with the event number returned.

The number can then be matched to an ‘error 1ist to determine the cause of
the error. If the error occurs during run f11egoper§t1on, the operator is

asked whether to continue with the operation or abort it.
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KANDIDATS Table Look-up Approach

Brooner, Haralick, and Dinstein (1971) used a table look-up approach
on high-altitude multiband photography fiown over Imperial Vai]ey, Cali-
fornia, to determine cﬁﬁp types. Their approach to the storage'proﬁlem
was to perform an equal-probabiiity .quantizing from the -original 64 dig-
itized grey levels ta teﬁ quantized levels %or each of the three bands:
green, red, and near infrared. Then after the conditional probabilities
were empirically estimated, they used a Bayes rule to assign a category
to each of the 103 possible quantized vectors in the 3-dimensional mea-
surement space. Those vectors which occurred too few times in the train-
ing set for any cateéoé}'were deferred assignment. ‘ .

The rather direct approach employed by Brooner and others (1971} has the
disadvantage of requiring a rather small number of quantized Teveis.
Furthermore, it cannot be.used with measurement vectors of dimension
greater than four: for if the number of quantized levels is-about 10,
then the curse of dimehgjonality forces the number of possible quantized
vectors to an unreaspnéﬁ]y large size. Recognizing the grey-level pre-
cision restriction fofce&-by the quantizing coarsening effect, Eppler,
ﬁemke, and Evans (197])=sﬁggest a way to maintain greater quantizing
precision by defining-a quantization rule for each category-measurement
dimension as follows:

. 1. Fix a catégéry"and a measurement dimension component

2. Determine the set of all measurement patterns which whod bé

assigned by the decision rule to the fixed cétegory

3. Examine all the measurement patterns in this set and determine

the minimum and maximum grey levels for the fixed measurement

component
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4. Construct the quantizing rule for the fixed category and mea-
surement dimension pair by dividing the rangé—between the mini-
mum aﬁd maximum grey levels into equa1nspacéd guantizing intervals.

This mu1£1p1e quantizing rule in effect determineé for each category a
rectangular paraf?e?epiped in measurement space which contains all the
measurement patterns assigned to it. Then as shown in Figure 43, the equal-
interval quantizing lays a grid over the rectangular parallelepiped. Notice
how for a fixed number of quantizing levels, the use of multipie gquantizing
rules in each band allows greater grey-level quantizing precision-compared
to the single guantization rule for each band.

A binary tap}e for each category can be constructed'hy_associating
each entry of the table with one corresponding cell in thg gridded rectan-
gular parallelepiped. Then define the entry to be a binary 1 if the deci-
sion rule has assigned a majority of the meagurement patterns in the cor-
responding cell to the specified category; otherwise, assign the entry to
be a binary 0. ‘

The binar& tabies are used in the impiementatjpn of the multiple .
quantization rule table look-up in the following way. Order the categories
in some meaningfui'manner such as by prior probability. Quantize the muliti-
spectral measurement pattern using the quantization rule for category Cy-
Use the quantiged pattern as an address to Took up the entrylin the binary
tabie for category Cy to determine whether or not the pre-stored decision
rule would assign the pattern to category Cy- If the decision rule makes
the assignment ﬁo category Cys the entry wouid be'a,binary 1 qnd all is
finished. If the decision rule -does not make the assigmment to caieéory Cq»
the entry would be a binary O and the process would repeat in a similar man-

ner with the quantization rule and table for the next category.
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Figure 43. The three drawings illustrate how quantizing can be done

differently for each category thereby enabling more accurate classifica-
tion by the following table look-up rule:

by the quantizing.rule for category one (2) use the quantized measure-
ment as an address in a table and test if the entry is a binary one or
binary zero, (3) if it is a binary one assign the measurement to categor

one; if it is a binary zero, repeat the procedure for category two.
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One advantqge:to this form of the table look-up decision-rule is the
flexibility to use different subsets of bands for each category 1ook-up
table and.thereby take full advantage of the feature~seleétﬁng capability
to define an Optjﬁa? subset of bands to disérimfnaté‘ane category from
all the others, A disadvantage to this form of the table look-up. deci-
sion rule 1s the 1arge amount of computational work requ1red to determine
the rectangular para11e1ep1peds for 'each category and -the st111 large
amount of memory spﬁ%age required (about 5,000'§Fb¥t bytes per ca%égony).

Eppler (1974) discusses a modification of the table Took-up rule
which enables memory storage to be reduced by five ﬁxmes and dec1s1on
rule assignment t1me to be decreased by two times. Instead of pre- stor1ng
in tables a quantizeﬁimeg§urement space image of the decision rule, he
suggests a systemaiiéfway of storing in tables the boundaries or endpoints -
for each region in:megsureﬁent’spacg satisfying a:regulgri£y condition
and having all itéim@asurement patterns assigned to the same category.

let D = B X 32 QI B be measurement space. A subset _

R§;51 X Dg‘x e o X DN is a regular region if and only if there ex1sfs constants

Ly énd‘H] and functgons Los Lyseuan Bys fiys Hyseeos Hy

(i'“= Dy ¥ Dy Xeeux Dy > (=) Hyp Dy XDy X XD -(‘“"“))

such that

R= {(x],...,x }FDI L 1 H

£ .

tN(X]; ngcs-xN__]}i*: XN < HN {X-I; 22,..,,XN_])}
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From the definition of a regular region, it is easy to see how the
table look-up by boundaries decision rule can be implemented. Let d =
(d}, vees dN) be the measurement pattern to be assigned a cafegory. To
determine if d Tlies within a regular region R associated with category ¢
we look up the numbers Lf and HT and test to see if d] Ties between L1
and H]. If so, we look up the numbers L2(d1) and H2(d1) and so on. -If
all the tests are sat{s%ied, the decision rule can assign measurement
pattern d to category c. If one of the tests fails, tests for fhe regular
region corresponding to the next category can be made.

The memory reductibn in this kind of table look-up rule is achieved by
only storing boundary or endpoints of decision regions and the speedup is
achieved by having one-dimensional tables whose addresses are easier to
compute than the three- or four-dimensional tables required by the initial
table look-up decision rule. However, the price paid for these advantages is
the regularity conditibn fmposed on the decision regions for each category.
This regularity condition is stronger than set connectedness but weaker than
set convexity.

Another approach to ‘the table look-up rule can be based on Ashby's

-+ (1964) technique of constraint analysis. Ashby suggests representing in an
approximate way subsets of Cartesian product sets by their projections on
various émal]er dimensional spaces. Using this idea for two-dimensional
spaces we can formulate the following kind of table Took-up rule.

let D = D] X D2 X WX DN be measurement space, C be the set of
categories, and JC {1, 2, ..., N} x {1, 2, ..., N} be an index set for the
selected two-dimensional spaces. Let the probability threshold o be given.
Let (i, j) € J; for each~(§], x2) e Di X Dj define the set Sij (x1, xz) of

categories having the highest conditional probabilities given (x], x2) by
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S5 (xy %g)= {c€C l Px]' v

which satisfies

E Px],x2 (c) 2 @
ceSij(xl,x2)

Sij(x1’ x2) is the_ set of 1ikely catéegories given that components i and j
of the measurement pattern take, the values (x], xz).
The sets Sis, (i, j) eJ, can be represented in thg computer by tables.
In the (i, j)th table Sij the (x1, xz)th entry contains the set of all cat-
egories of sufficiently high conditional probabilities given the marginal
measurements (x1, x2) from measurement components i and.J, regpectively.
This set of categories is easily represented by a oné-word table entry:
a set containing categories Cys Cgs Cgs & Cyo: for example, would be rep-
resented by a word having bits 1, 7, 9, and 12 on and all other bits off.
The decision region R(c) containing the set of all measurement pat-

terns to be assigned to category ¢ can be defined from the Sij sets by

R{c) = _f(d],‘dz,---,dN)eD]xozx...x Dl (e} =N s;j(di,dj)‘

(i,))<d
This kind of a table look-up rule can be imﬁ]emented by usiné successive'
pairs of components (defined by the index set J) of the (quantized) mea-
surement patterns as addresses in the just-mentioned two-dimensional tabies.
The set intersection required by the definition of the déciéion region R
(c) is implemented by taking the Boolean AND of the words obtained from
the table look-ups for the measurement to be assjgned a category. Note
-that this Boolean operation makes full use of the natural parallel compute

th

capability the computer has on bits of a word. . if the k” bit is the only

bit which remains on in the resulting word, then the measurement pattern
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is assigned to category Cpes If there is more than one bit on or no bits
are oﬁ, then the measurement pattern is deferred its assignment (reserved
decision}.

Thus we see thag‘thig form of a table Took-up rule utilizes a set of
"Toose" Bayes rules in the lower dimensional projection spaces and inter-
sects the resulting multiple category assignment sets to obtain a category
assignment for the measurement pattern in the full measurement space.

Because of the natural effect which the category prior probabilities
have on the_category assignments produced by a Bayes rule, it is possible
for a measurement pattern to be the most probable pattern for one category
yet be assigned by the Bayes rule to another category having much higher
prior probabjlity. This effect will be pronounced in the table look-up
rule just described because the elimination of such a category assignment
from the set of possiiﬂé c“ategories by one table Took-up will completely
e]iminate_it from considekation because of the Boolean AND or §et inter-.
section operation. However, by using an appropriate combination of maxi-
murm 1ikg]ihood and Bayes rules, something can be done abouf this:

For any pair (i, j) of measurement components, fixed category ¢, and
probability threshoid B; we can construct the set of Tij(c) having the most
probable pairs of meaﬁurement values from components i and J aﬁising from

category c. The set Tij(c) is defined by

N

(e, . ~ 1 b >
Tij(c) = i(x]' %2)6135 x Dj I Pc(xl’ XZ) > £ ij(gf ’

where Bij(c) satisfies

2 Pl xp) =B
(xl! "2) CTU{C)
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Tables which can be addressed by (quantized) measurement components can

be constructed by combining the Sij and Tij sets. Def1ne,0ij(x1; x2) by

Qij (x]: x2~) }c eC| (x], x2) € Tij (C)} Usij (X]: XZ)

The set Qij(xi’ %2) contains all the categories whose rgspective condi-
tional probabilities given measurement values (x1, xz) of components i
and j are sufficiently high {a Bayes rule criteria) as well as all those
categories whose more probable measurement values for components i-and j,
respectively, are (x1, x2) (a maximum Tikelihood criteria). A decision
region R{c) contdining all the (quantized) measurement patterns can then

be defined as before using the Qij sets:

ol
Re) = §4), dyyeves ) €Dy XDy XDl (0) =( f;! JQU, (s dj)}
. X l"J e

A majority vote version of this kind of table Took-up rule can be

defined by assigning a measurement to the category most frequently se-

Jected in the lower-dimensional spaces.
R() = (A}, dgreenrdy) Dy xDopxecnx DNI
¢ loos Mos #F e
l(‘rJ)GJ | c CQij(di' dJ)i ((‘r Ded l ¢ E Qlj (didj)
foreveryc C- {'c}‘l

A1l single band pair classification results used-probability thresh-
old parameters (a, 8) = (0.1, 0.) thereby making the decision rule a true
Bayes rule. The multiband pair classification results were run with g =

0.07a and o chosen to minimize the number of reserved decisions.
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3. Angular Corrections for the Input Probe of an Irradiance Meter

. Robert W. Dana

The power per unit area incident on a horizontal surface from a
point source such as the sun is proportional to the cosine of the zenith
angle (8). The zenith angle is the angle between the normal to the sur-
face and Tine from the surface to the sun. The flat, uniformly thick
(3 mm) acrylic diffuser used as the first element in the irradiance probe
transmits the increasing off-angle (large 6) radiation from a point source
with decreasing efficiency. Therefore, as with most so-called "cosine
receptors,” some angular correction is necessary, especially for 8 greater
than 45°,

To measure the angular dependence to point source or direct radia-
tion, we mounted the probe on a turntable with vernier angular readout.
The turntable was mounted on an optical bench a fixed distance from a
stable tungsten lamp.

Rotation of the probe about an axis perpendicular to a line between
the probe and the lamp produced a response curve f(6) somewhat lower than
the cosine function (fig. 44). For example, the correction factor
cos0/f(6) of the direct component of irradiance at a zenith angle of 60°
is a multiplier of 1.114. No significant spectral differences were noted
in the correction factor when all four broadband filters were used with
the probe.

The next step is to compute the correction on the broadband irradi-
ance Hm measured by the imperfect receptor. The true total irradiance

on a horizontal surface is the sum of the direct component Hr and a diffuse
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Figure 44.--Correction factors for direct irradiance.
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Table 45. Ratio (g) of sky irradiance to total irradiance with angular

correction factor (g = FF — 1)) shown in parentheses.

T+ gl

- ) : ¥ 1
Zenith Direct Component Spectra1'Band

Angle 6 Correction (F) A B C
0 1.0000 0.0530(1.0000) 0.0394(1.0000) 0.0467(1.0000)
48°11" 1.0562 0.1095(1,0497) 0.0739(1.0518) 0.0589(1.0527)
60° 1.1162 0.1665(1.0942) 0.1186(1.1002) 0.0944(1.1032)}

Defined in Table 43.

D

0.0133(1.0000)
0.0251(1.0547)
0.0397(1.1107)



wavelength band. The visible bands at zenith ang]es greater than 45°
show the greates% discrepancy between (g) and (a).

The data useﬂffor this computation of sky-to-total irradiancé ratio
-pertains to a mo&eréfé]y clear sky, For a heavy haze condition the fac-
tor (g) would be éonsiderab]y higher producing larger ;glues at a given
zenith angle, Thérefore, in cases of heavy Haze the sky irradiance, as
well as total irradidnce, should be monitored to arrive at the proper ir-

radiance meter angular correction,
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4. Computation of the Effective Shapes and Bandwidths
of Skylab S190A Bandpasses.

Robert W. Dana

To provide .a meésure of the accuracy of match of the detectors and
filters used in our airborne measurements, the effective shapes aﬁd band-
widths of the 519Q§'bandpasses were computed from the SL-2 Sensitometric
Data Package, dL]Z—SbZ.

First we computed the p(oduct function of the variocus-transmittances
of the optical e]emehts in front of the S190 fiims. They are the lens
(TL), window (Tw), and filter (Tf) transmittance va{ues.‘ The produgts
T = Ty were~computed at 10 nancmeter intervals. ‘

Next, a representative set of film spectral_sensit{vity values for
each original film (S0-022, 2424) was derived. - We first plotted several
columns of log spegffal sensitivity values (X) against wavelength for dif-
.ferent density ]év§1s. As expected with each Tiim, the curves tracked
duite well, so that the data at density D= 1.0 coula be taken as typical.
Also, Tittle spectral difference was seen between the prémission and post-
mission sensitometryh To remove overall sensitivity differences, wg‘nor-
maiized the eight"daia sets for S0-022 film and the seven sets for 2424
fi1ﬁ. To do this wé'subtracted from X values in the D = 1.0 column the
peak value which occurred Et 450 nm for S0-002 film and 800 nm for 2424
film. We then computed the mean value X of the seven or eight sets of
normalized X va1ues; waye1en§th by wave]engﬁh (10 nm intervals), Stan-
dard deviations ¥ahbed from 0.01 to 0.03 cm?/erg at most wavelengths but
reached 0.15 at tﬁe Tong wavelength ends. Fina11y?_we computed the

products:
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Stations 1, 5, and é'are characterized by relatively gradual gradi-
ents on the low wavelength side and peak values very near to the Tong-
wave 1imits (fig. 43).':This shape is due entirely to the film curve be-
cause the filter functionsfare all quite square., The characteristic.dip
at 630 to 650 nanometers for aerial black-and-white films ig'seen in the
station 5 bandpass. The'curve for station 2 is very symme?rica] about
its peak value. The curvé is not certain beyond 900 nanometers due to
incomp]ete'x data in the d1.12-502 package. An integrated bandwidth mea-
surement was calculated by finding the integral S 5()) dA and dividing by
the peak value of §Il): This proved to be different in some‘cases from
the distance between half-power points due to the 1rregu1ar'shapes.. Band-

width information is summarized in Table 46.
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Figure 45.--System spectral response curves for Skylab S190A camera
stations 6, 5, 1, and 2. Curves are separately normalized.
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Table 46. Measured bandwidths of S190A stations
1, 2, 5, and 6 for SL-Z.

Actual Wavelength

Design Half-power at Peak Half- Integrated
Station Bandwidth? Points Response Bandwidth Bandwidth
———————————————— nanometers - - = = = -~ = - = - - - = - - =

1 700 to 800 713, 814 800 101 91

2 800 to 900 805, 882 850 77 81

5 600 to 700 601, 695 680 94 75

6 . - 500 to 600 517, 594 580 77 75
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