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1. INTRCHDUCTION

The Statistical Reporting Service, USDA, has for many years emnloyed
conventional enumerative methods of collecting livestock 1nveatorv numbers
by specles. Each June and December interviewers visit nearly 17,000 area
sampling units, Traditionally, these sampling units are delineated on
aerial photographs which serve as an escential tool in accuiring data in the
field, The sampling units are subdivided on serial photographs into
tracts of land under the control of a single rancher or farmer. The live=-
stock inventories are then obtained by on=-the-ground enumerators for each
of the tracts,

During the past four years, the Statistical Reporting Service has been
gponsoring research to explore remote srnsing techniques which misht
fucilitate the acquiring of livestock inventories. 7n 19565, Dr, Rohert ﬁ.
Zolwell gave a report to the Agricultural Fesearch Institute on the progress
and potential of using current aerinsl photography ZTor livestock inventories,
OJince that time research by the personnel »f the TForectry Remote Sensing

Laboratory, 'miversity of California, hns led to the dovelopment of aerial
photographic technicues which employ several films, filters, lences and
scales wni which also entail new approaches %o imaze analycis., Thicz
mdtiplicity of image °DP“ifiC°tiOQS ant anzlyces nas led Lo reoter
accurscy and the possibility of reliances on rermote sensing methods as on
Iniependent source of information for use in makinzg livestock inventories,

These techniques were tested in a recent ciperiment in April of 1047
in the Dacramento Valley of California sovering an area of approxinstels
1,000 cousre miles, The area was diviiel] Wnto two b""‘c 1and use tymes,
(1) predominantly cultivated Pormlant ~al (¢ Forinantly reneland,
Jixteen sres sonpling u 11ts were celeot:d at om out of enceh stratum
fonvenvicrn 1l Statisticel Reporting lervice invenbtory techniocuer were used
acquire inventory numberu by specles asz well as to classify each finld on
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each ranch (or farm) tract into one of four "domains of interest". The
"jomains" corresponded to the extent or degree to which remote sensing was
believed to be feasible. As soon as possible after the conventional
atatistical Reporting Service inventory <ata were obtained, aerial photographs,
flown to previously derived specifications, were secured for these same area
sampling units. Through air-to-ground communications, teams were sirmultaneously
stationed in randomly selected fields in each of the "domains of interest”

+o enumerate the livestock by species, in accordance with standard procedures
previously used in statistical Reporting Service livestock surveys.

Preliminary analyses of the results indicate that comparable inventory

numbers are obtained by ground enumeration and photo interpretation except

for those "domains" where buildings, mon-made shading d=vices, or trees

obscure part of the animals from aecrial view.

2. RVIEW OF PREVIOUS RESEARCH

As iniicated by the following description, several years of regearch
sponsored by the Statistical Reporting Cervice of the UsnA and conducted by
the Forestry Remote Sensing Laboratory at the School of Forecstry and
Conservation, University of California at Berkeley, hac established the
feasibility of detectinsg, identifying and counting livesgtock from aerial
photography flown to the correct specifications and interpreted by properly
trained personnel.

Tn 1964, simulated aerial photography of various livestock surveys was
obtained by taking vertical photos from the 150 foot hish catwalk of a
water tower on the Davis Campus of the imiversity of California. Us
gtetionary platform a zreat many £11m Tilier combinabions werc tecte
vorious zwi angles uwsing a tarcet array of aninals of 'mown dbreed, o
sex. AL “he same time, several actual nerial photogrephs were taken oi the
tarcet array from several altitudes in order to determine if the simulated
zerial photography fron the vater tower could be used for a valid evaluation
of £11m filter and sun angle studiss. rubsecuent examination showed s food
corrcspondence between the simuleted ard actual aerial photos; therefore,
fnose combinations showing ndo promise rom the stationary platform experinent
~ould be eliminated from costly aerial testing.

During the next tuo yeors regearch was conducted on rourteen tect cites
representative of California rangeland and D& tureland in order Lo Inriher
determine cptimum film filter combinations arrive st specifications Zor
scale, reason of year and time of day. As areas weve Tlowm to the varicus
specifications under consideration, sround crevs simultancously obtained
information concerning animal numbers, breed, ace end location v meansg of
photographc, sketches and notes, Cround information collected simultaneously
with the nerial photography is essentisl in evaluatin: the interpretation of
the aerisl photogravhy since a time di~ference of only a few minutes may

sive cuite varying counts because of the mobility of the animalc.
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As o result of the feasibility studies from both fired platform
simulated acrial photography and actual serial photography from sites
representative of rangelani and pastureland, probable optimum photographic
specifications in terms of film, filter, scale, season of year and time of
day were determined for California conditions,

FILM=FILTER Panchromatic films proved to be the most acceptable vhen
considering both cost and effectiveness, Although interpretation from

color transparency film was shown to give greater accuracy, particularly

for identification of animal type and breed, its use is considered too
costly for complete sample coverage unless part of the cost can be borne

by other potential users of the photography. Tests with infrared £ilm and

a Wratten 89B filter show that contrast between sheep and a oreen crass
background is inadequate for consistent identification; however, cattle

can be identified under these conditions. Against a browm grass backrround
neither sheep nor cattle can be consistently identified on infrared photography.
Of the several panchromatic films tested, none was concidered to have marked
superiority. High resolution is desirable, but many of the very high
resolution films are too slow to be used under marginal lighting conditions
likely to be encountered in operational situations. The slower shutter speed
required can result in serious motion blur, In practice, many moderate
speed films (preferably with extended red sensitivity) are satisfactory.

A Vratten 12 filter, commonly used in pan minus«blue acrial photography,
increases contrast and haze penetration and darkens shadows to give a more
interpretable image. Use of a Wratten 25A filter results in more dense
shadows and greater contrast between animal and zreen grass, but since

it cuts out even more light its use may not be feasible under marginal
lighting conditions, Dense shadows morcover, may be both a blessing and a
burden. Animals in sunlit areas are more easily identified and counted if
their shadow i1s dark; however, the dark shadows cast by building, trees and
other features obscure those animals within the shadow and prevent their
inventory,

SCALi:  Acrial photo interpreters of agricultural resources are usually asled
to worlk at the smallest scale commensurate with the accuracy reouired

becauze of cconomic constraints. Thic <cale will be tie threcholl of

sucecss or failure and therefere must be aceurately specified, Cur testz
inCicate that a scele as small as 1/9000 is often satisfactory, but that =
scale of no smaller than approximately 1/5000 is necescary for ihe ng¥ing of
livestoch inventories with consistently high accuracy. The sm=llest usef™
scale is poverned by how closely the many factorz affectins interpretavility
epprozch optimunm,
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SRATOIT O TEF YEAR: Tor the purposes of aer rhoto inventory of liwvectocl:,
California has two seasonal st g, swmer=fa (brown grass) and winter-spriaz
{zreen grauu). On panchronatl 1lm, ;renn srass appears Jari and uniform
particularly vhen using filters as diccussed earller, an:l provides a

sharply contrasting back;rounu for the counting of cheep, and an adeauate
contrast for the identification and counting of eattle, Trown grass

rezisters grey in tone on panchromatic film and vprovides poor contrast for

the identification of both cheep and cattle, In addition, the background
vegetation is usually much less uniform during the season when the <rass

is brovn, The optimum time of year, then, 1s early spring after the winler
rains cre over, but before drying has proceeded to the point that the
vegetation on shallover soils is turnlng brovm and giving a mottled aprearance
to the vegetative cover, At this optimum tine of year Irrizated and non-
irrigated arcas provide the same background and, therefore, provide more
homogeneous interpretation conditions for the interpreter, Furthermore, in
early summer many of the livestock from the Central Valley are moved to
mountain pastures and inventory in the valley reveals few animals,
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TIiD OF LAY: Livestock tend to seex chade during the heat of the day. Therefore,
it is necessary to take the aerial photogravhy during the first few hours
after sunrise or during the hours just before sunset. At thege times the
animals are most likely to be in the open where they can be photocraphed.
dowever, photograply taken during the early morning and late afternoon
hours has several inherent disadvantages. The low sun angle provides
poor lighting and requires increaced exposures. This may preclude th
use of high resolution films, as explained earlier, In addition, the
shadows of natural and structwral features cuch as treec, steep slopes, and
buildings are longer and obscure a larger area in which livestock cannot be
seen, Despite the disadvantages of low sun angle, it iz obvious that the
photosraphy must be teken while the livestock are in the open and vicible
to the aerial camera., lMoreover, long animal shadows are an aid to animal
identification because they often present a profile renresentation of the
animal, Chadows are perticularly helpful if the animales are small or
contrast poorly with their surroundings so as to be just at the threshold
of recognition.

ST1RE0SCOPIC COVIIRAGTE : Tests indicate that the accuracy obtained by sneci ¢f1ng
s1xty percent overlap between photos and utilizing the stereo viewring more ths
compenscate for the approximate 20%, increase in scale tha® could be afforded vi h
non~stereo coverage, Stereoscopnic coverage provides two views taken from
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different points in space and time. In addition to the obvious advantage

of viewing both the animals and background in three dimensions, the different
perspective provided by each view often allows an identification to be made
on one photo that could not have been made on the other. Object movement,

a certain means by which to differentiate between livestock and objects

such as rocks and hay bales, is apparent due to changes in location or
posture of animals between successive photos.

During January 1966, a training session was conducted at the School
of Forestry, University of California for the purpose of demonstrating the
use of aerial photography for the inventory of agricultural resources., The
session provided those in attendence with training in the handling and
interpretation of aerial photograsphy for the inventory of livestock.

The resuwlts of this training session and the feasibility studies which
preceded it were sufficilently encouraginz to suggest that an operational
type aerial photo inventory of livestock be conducted in a relatively large
area of Califarnia. The area chosen by personnel of the Statisticel
Reporting Service for this inventory covered approximately 3,000 square
miles and was located in the northern Sacramento Valley.

The area was inventoried by obtaining complete photographic coverase
of eight sample strips, each approximately three miles wide and from twenty-
five to forty miles in length, Five of the strips were photographed at a
scale of 1/6000 and the other three at a scale of 1/8000 in order to further
compare the effectiveness of these scales, For several of the strips,
obligue aerial photography of medium to large concentrations of livestoclk
was obtained from a low flying aireraft, to test this technique for obtaining
a separate estimate of the livestock population for the strip.

The photographic specifications used for this inventory were as previously
outlined with the notable exception of time of yecr. The inventory was
conducted in June in order to coincide with the annual inventory conducted by
the Statisticzl Reportins Service and thereby utilize the trained
enuncration personnel and conventional sample plots and techniques as a
check against the photo interpretation. Range vegetation was dry by June
and provided a brown background which contrasted poorly with nost of the
livestock.

Because of poor air-toe~cround communication and the large area to be
covered, it wazs not possible to enumerate 2ll the zround segments at the
time of aerial photography. Ilany differcences between photo count and cround
count were attributable to the time differential; therefore, photo inter-
pretation accuracy could not be well judged for +these arenas,
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2, DESCRIPTION OF 1967 UXPERIVENTAL SURVEY

The research objectives of this experiment were twofold: (1) The
primary and most immediate goal was to determine the feasibility of making
1ivestock inventories from aerial photography flown to optimum specifications
under @perational survey timing, (2) The secondary objective was to
determine the feasibility of identifying crop types and land use patterns
from aerial photos of the survey area, This report deals only with the
livestock inventories findings,

The survey took place in an area of about 1,000 square miles in the
Sacramento Valley of California., The test area was about twenty miles
wide, west to east, and fifty miles long, north to south. The area was
divided into nearly equal parts with the western half being predominantly
rangeland and the eastern half being mostly cultivated land. The range
stratum as defined for this survey had considerable natural cover along the
vestern boundary of the test area. Sixtcen segments were randomly located
in the range stratum. These segments were approximately three square miles
in area and utilized natural or man-made boundaries such as fences and roads.
In the cultivated stratum, sixteen segments were randomly selected in such a
way that eight were one mile by one mile and eight were one mile by one~half
mile in dimensions. A fligh}t strip five miles long was associated with each
of the 16 cultivated segments, This strip had a width of either one mile
or one=half mile depending on the width of the segment. The flight strips
were determined by constructing all possible strips of five miles by one
mile (or one-half mile) where the segments were one mile wide in the
cardinal directions and choosing one of the possible strips at random.

In previous work the ground truth had frequently been found to be
unsatisfactory because of the inability of ground crews to cover large
ereas at the time these areas were being photographed from the air, Further-
nmore, lack of communication between the plane and grovnd crews had resulted
in differences in timing and to consequent uncertainties in the later
evaluation, Also, the selection of target areas had been based on rather
inadequate knowledge of current location of animals, This fact had
resulted in there being a rather meazer basisz for the evaluation of aecrial
photozraphic interpretation methods. To help reduce these difficulties,
tywo-vway radios were considered desirable for the srownd crews anc an observer
in the planc; furthermore, it was considered necessary that the target areas
be enumerated prior to flight time to ovtain advance information on animal
locations. Ilence, prior to the zerial surveys, teams visited <he 16 rance
ard cultivated segments to obtain crop end livestock informetion on a fleld-
by~-field basic within the operator %racts, Based on this information, th
nuber of sround truth data points needed to cover the area sampling units
ot £lisht time was ascertained as well =5 the extent of visibility Tor
viewing the livestock. Dach ground crevw was assicned to clusters of
campling unitc 5o that no two of their check areas were consecubive aerial
tzrrets; thevefore, they would have sufficient time to move to their next
saigment ghead of the szircraft.



Simultaneously with the aerial phobooraphy, sround crews obtained
accurzte ground counts and took ground photozraphs of animals. Any
discrepancies between conditions found in the fields at the time of flight
and those reported during the pre-survey enumeration werc to be reconciled
by further visits to the ranchers and farmers. The ground crews thus
provided for each domain a measure of bias from:

(1) animals not vicible in the photographs, and

(2) animals visible in the photographs but not counted by interpreters.
The ranchers were informed that some checls would have to be made to determine
any changes that occurred in the interim between the enumeration by sround

crews and the taking of aerial photography.

Since one of the objectives of the experiment was to evaluate how well
livestock could be identified in the relation to different tyves of land
use of ground cover, each field was classified as being in one and only one
"domain" during the initial interview as follows:

Domain 1 was defined as any field which contained any man-made shields
which might obscure snimals from an aerial view, Man-made shields were
meant to be such structures as barns, sheds, animal shades, bunks, feed
racks and windmills. Trees or tall bushes may or may not have been present.

Domain 2 embodies an abundance of natural tree cover within the £ield,
i.e., over 5 percent of the field was obscured from the air by natursl
cover,

Domain 2 was defired as fields with trees and tall bushes along the
border of the field, but with 5 percent or less tree or tall brush cover
within the field,

Domain 4 applied to "open" fields that contained no tall obstructions
that would help conceal animals from the aerial view.

When a field had any Domain 1 characteristics this domain was assigned
rather than other possible domains, i.,e., Domain 1 was given preference
over all other domains in the classifications. This was done to insure
uniformity and because man-made structures were more easily and uniquely
identified in the interview with the rancher.

To reduce the amount of pround sampling necessary to adjust the photo
inventory count and to test the feasibility of aerial photo interpretation
as an independent inventory technique, subsampling with small formet, large
scale color photography was added to the system for the research conducted
in 1967. The photographic aircraft was equipped with two cameras that were
operated simultaneously, Complete stereoscopic coverage of the sample
segments at a scale of 1/5000 were obtained on Plus x Aerographic film with
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a Zeiss RMKA camera having a 6 inch focal length and a 9 x 9 inch film
format., Color transparencies at a scale of l/2lh0 were simultanecusly
obtained for a subsample of the segment area on Ansochrome D=-200 film

with a Hulcher camera having a 14 inch focal length Schnieder lens. The
film format was 57 x 57 mn. The color photos comprised the central portion
of selected flight strips, Color photography of all cultivated flight
strips was taken resulting in a subsample of about 40 percent of the
panchromatic area. In the range stratum two of the flight strips covering
each segment were to have color photography. The designation of the two
range flight lines was done on a random systematic basis from the pilot's
flight plans submitted to obtain complete segment coverage. The color
coverage in the range amounted to about 14 percent of the segment area,

The photographic coverage was obtained from April 28 to iay 1 after a

12 day delay due to inclement weather, Photography was limited to morning
hours due to cloud buildup in the afternoons. The resultant photography
was of good quality and the spring sreen grass conditions provided an excellent
interpretation background.

4. PREPARATION AND INTERPRETATION OF AERIAL PIIOTOGRAPHY

The panchromatic photography was printed on semi-matte finish paper
in order to facilitate making the many delineations required for statistical
control. Fine lines were required to avoid obscuring animals. Upon receipt,
the prints were assembled into loose mosaics of each segment and checked
for completeness of coverage. The exterior boundaries of each segment were
Gelineated and the effective area of each photograph was determined and out-
lined., Within the effective area of each photograph, ten cells of approxi-
mately equal size were delineated and numbered in serpentine fashion (see
Figure II). The two center cells, i.e., number 3 and 8, werc made to coincide
with the area covered by color photography. Because of scale and format size
relationships, the color and panchromatic photographs were exposed with
different time interval regimes. Therefore, due to changes in aircraft
attitude between exposures, there is no constant spacial relationship of the
color photography to the panchromatic photography. As a consequence, the
areal coverage of the color photography had to be plotted on the panchromatic
prints by simultaneous viewing of both films, At the same time, the overlap
lines from the effective area of the panchromatic prints were transferred to
the color film, These delineations could not be made by the regular project
interpreters because of the possibility of introducing bias into the
subsequent interpretation of the panchromatic prints as a result of having
seen the large scale color film, The process of transferring delineations
was troublesome and time consuming for this inventory, but can be eliminated
in the future, By using a different format and scale relationship, the
two Tilms can be exposed simultaneously for every photo., The resulting
constant spacial relationship should allow the use of templates for the
delineation,



The photo interpretation for this inventory was verformed by two
semi-siilled interpreters. They aolso performed that pert of the photo
preparation and delineation which could he done without introducing the
possibility of bias into the subsequent interpretation, The in terpreters
were trained for livestock identification and inventory with materials
constructed and nssembled during the previous three years of researci.
Simultaneous aerial and ground photocraphs for ma ny types of animals in
various background situations were used in the training Over 2,000 aerial
photographs from the inventory conducted in 1966 were qvulable Por inspection

Folding lens type stereoscopes with a choice of 2 or 4 nower nasnitiention
were used Tor viewing the panchromatic prints. The uncut color Film was
i

viewed over variablz intensity light tables ot up to 2 nower mecnification,
Animol counts vere recorded by cell number for the cifective arca of each

pnoto"vaph therefore, animal counts from photo interpretation could be
compared ‘with ground enumeration for small areac as well as “or entire
segnents,

Zech interpreter examined approximately half of £he panchromatic nrinte
and half of the color transparencies, In order to eliminatc the poscibility
of interpreter bias due to previous viewing of an arees, eacch man was resiriciced
to interpreting the panchromatic photos only or the color photos only for
any segment,

After completion of the interpretation for the first ceveral sesments,
the results were compared by boith interpreters while viewing the black and
white and color films in concert, The d=ta sheets from their orizinal
interpretation were not revised, bub the intesnreters werce sble to re-cvalucte
Tacir previouws julments in 1icht of iLhe sreater nformation nrovided hy
cimulioneous viewing of botn ﬁypca of photosraphs, The discucsions beiween
the iaterpreters and others which result-~d from “his re-cvalustion »rovidad
excellent additional training upon whick the interpreters could base theio
remoining interpretotions.
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The reoults for the Cultivated Shratvm appear Lo be zatisre factory witha
the reliability for total animals being sood, ‘ost of the i‘portant
Gi’ ferences tetween image comts and sround data methols are the result of
lelding of animals from the camera lens or of the animals ved ing too
ntly ¢rouvped to count individual animals accurately at the scale of the
osraphy teing useds In the range shratum, the same basic sources o
screpancies ere foun tut these are commounded with several additional
fficulties. The srecter frequercy of backaround clutter, i.e., objects
ifficdt to differentiate from animalc and nurber of pootos which mast
e interoreted may X result in isolated animals or cmall herds heing missel,
he round data is also less accurate, The use of more large ceale color
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7o ninutes per photo per somplins unit when no livegtoc!: <rere ovresent to
nigh of 22 ninutes per photo when a lorge number of animalc were present
& sampling unit. In the rance the time varied from o low of 2 ninutes ner
pioto for sompling units with no animals visible o a hizh of 17 minutes
per photo when a larse number of animals were vresent in a sarpling unit,
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“he most time consuming sarpling units to intervret were those with clutier

waclkioround, ceveral species ond 2 large number of animals present in the
SANC 2rea,
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by age, weight, or sex, are desired, However, certain benefits of aerial
imagery do result: (ls The access to remote areas is accomplished rather
easily, (2) Large areas of land are covered rather quickly, (3) The
possibility of the elimination of certain bias resulting from imperfect
communication or lack of respondent knowledge or cooperation, and (4) The
opportunity for objectivity in counts of animals, Thus, it seems likely
that the use of aerial photography to supplement conventional enumeration
methods can lead to an improvement in the quality of livestock inventory
statistics,

More efficient techniques and equipment for rapid and accurate
interpretation of large quantities of photographs are needed before
undertaking operational surveys., It would be desirable to have the
interpretation phase of the work designed so each individual interpreter's
errors enter into the analysis as a randomized error component. An
alternative procedure might be to employ sampling inspection techniques
for each interpreter's work,

The use of aerial photography would be advantageous in a data collection
system employing photo coverage of a large number of sampling units with
ground enumerated data being obtained simultaneously on a subsample of the
same units. Such a double sampling procedure would have the advantagce of
providing independent estimates of the total number of animals in the
feasible "domains" and securing the needed adjustments ratios for "domains"
which provide man-made or natural cover for animels., The accumulation
of experience from surveys with the "domain ratios" which adjust for
shielding of' animals from the camera lens micht also permit making livestock
inventories with photography as an independent source if biases resulting
from using historical ratios could be allowed in the estimation of
inventory numbers,

The basic features of the photographic alrcraft for an inventor: systen
would be t wo cameras that could be operated simultaoneously to seeure
ponchromatic stercozcopic coverage st a scale of approximately 1/5000 anl
color trancparencies ot 1/2500. The use of black and white photosraphs for
full coverage of sampling unite and lar:c scale color nhotosraphy Tor A
raniom sample of sube=areas as well 25 for all compact _roupns of animals
appears necessary to provide the desire’ accuracy, »articulsrly for
identification of aninal type and breed. An observer in the aireraft with
a view of the flight path is necessary to locate the compact ~roups of
aniuals az well 2e to assist tround crews in Jeterminin- the cimct location
of animals with respect to poorly <Jetrincd campling unit bouninrics in the
roace stratun Yhe sub=-sampling of sre-s using lowon ceole color nhotornm
ould probobly be st o rate of 1/10 or rrcn for
livestoe™ inventory needs baced on exy In ~ilition,
the color £ilr S the tine
o}
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inventory information is desired.

The first effort to introduce remote sensing into an existing data
collection system might be done most judiciously by incorporating it into
the quality control or re-cnumeration phase of the survey. Remote sensing
under these circumstances could improve the quality of the inventory data,
help determine costs, "domain ratios" and other survey parameters more
precisely than has been possible to date. In terms of the present 17,000
area sampling units which SRS employs for data collection a 1/10 subsample
would be expected to provide an adequate sample for quality control and
to provide inventory numbers for the U, S. The subsample for the average
states would be of the order of magnitude of the 1967 experiment., Obviously,
a major tooling up operation would be required to effectively use this small
amount of information for making current livestoci: inventory estimates
within the customary 3 to L4 week neriod permitted from the start of data
collection to release of estimates to the public by the Statistical Reporting
Service, levertheless, a small step must be made before remote sensing can
hope to contribute to the improvement in the quality and accuracy of livestock
statistics in the U, S,

Before undertaking a survey of the above nmagnitude, some additional
research and testing is necessary to utilize the two techniques of date
collection most efficiently. The next research which is proposed is to
undertake operational scale surveys.in several states adjolning California.
In the Mid-West where hogs are an important species of livestock a similar
test is necessary., In addition to the experience to be galned in
coordinating the work under operational timing, modification of procedures
is required in order that hanlling of large volumes of photos in the
interpretation phase can be more efficiently accomplished.



TABLE I:

COMPARISON OF IMAGE COUNTS WITH GROUND ENUMERATION

OF LIVESTOCK NUMBERS FOR ARFA SAMPLING UNITS=-~CULTIVAIED STRATUM

Livestock Species

Sampling Cattle : Sheep : Other : A1l Species
Unit : : M . . . .
Number 1.C. G.E. : I.C. : G.E, I.C. G.E : I.C. : G.W.

1 b5 L7 0 0 0 0 L5 I
2 0 0 0 0 0 1 0 1
3 0 0 0 0 0 0 ¢ o)
i 22 25 184 180 0 3 206 208
5 135 182 0 1 8 1 143 184
S 202 255 0 0 15 0 217 255
7 0 0 0 0 o) 0 o) 0
8 0 0 - 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0
10 : 2 0 0 0 0 4 2 L
11 o) 0 0 0 0 0 0 0
12 58 61 31k 608 6x e 378 €99
13 0 0 0 0 0 0 0 0
14 0 0 1,373 1,000 0 0 1,373 1,000
15 0 0 0 0 0 0 0 0
16 41 43 0 0 5% 1 b6 L
Totals 505 612 1,87 1,789 3k 10 2,k10 2,hko

* Cattle

incorrectly identified as horses
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TABLE IIT: IUAGH COUNTS FCR 5 ITLE FLIGEY STRIPS VITH »C0H RVALL GCATR PTATY AT

IS
TTIITTITR pRTTY ™o R Ty a% TV .
LCIETE AND LARGHE SCALE COILCR PHOLOGRAPHY-=CULAYTVATITY STRATUM

38!

1)

: Livestock Sneciss :
: Cattle : Sheep : Cther s M2 5
liethod oi : : : : : : : :
Imaze Auelysis ¢ No. : Ratio : Iloe : Ratio ; Mo. : Ratio : Io. :
: : to 3 : : to 3 : : to 3 :
1. Color only : 624 .952 £02 .56 58 1,063 1595
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Other : Al) Species
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Livestoc]
: Sheep

NUMBERS FOR AREA SAMPLING UNITS-=RANGE STRATUM

COMPARISON OF IMAGE COUNTS WITH GROUND ENUMERATION OF LIVESTOCK
Cattle
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TABIE V: RATIOS OF IIMAGE COUNTS TO GROUND ENUMERATION FOR LIVESTOCK
NUMBERS BY DOMAINS FOR FIEIDS CHECKED DURIMG FLIGHT--RANGE STRATUM 3, /

: Livestocl Joecies :
Domain : : All
: Cattle Cheep Other : Species

1.

Fields with structures : :
(Houses, barns, livestock : 1,077 2,667 Jog o 2449
shades, and other structures) :

Fields with natural covers : :
Trees, brush, etc, cover nore : 457 975 1.500 b7
than 5% of area)

Fields with border cover : :

(Trees or brush along border : 654 .210 1,300 .345
of field, but less 5% cover : :

of area)

Open Fields (No trees or : :
structure present) : .HOU6 348 JA25 . 827

A1l Domains . 625 .023 618 . L899

3/ Units 9, 10, and 11 omitted from ratios.



TABIE VI:

TIAGE COUNTS FOR SAMPIE FRAMRS T

TITII ZOTII SMALL SCA

AND TARGE SCALE CCLOR PHOTOGRAPHY==RANGE STTA

MY

T AT R sz}
TACK AT VIITTE

: Livestock Species :
Method of : Cattle H Sheep : All Species
Image Analysis : No, ¢ Ratio : Mo. ¢ Ratio : o, : Ratio
: to 3 : : to 2 : to 3
1. Color only : 10k 972« 606 .992 : 710 L0930
2e B &V only : 105 981 . 603 087 708 096
3. Combined Use of : 107 1.000 : 611 1.000 : 718 1.000
B & W with color - : .




TABLE VII: COSTS

OF DATA COLIECTION PER SAMNPLING UJIT

. nanfe jtratum CTTTIVATI STRATIM
Data Collection Phases : Units Averaged : 1 =guare 7, : 1/2 scuare [
: 2 smuare i, : Unitg : Tnits
Cost of Ground Enumeration: : : :
. N ' ) ~
Single Enumeration : 3 4l : 3 4o : 5 a3
Up=-date to {light period : 21 : 20 : g
—— =7
Total 1/ : 62 : Z0 : 20
Uost of Photo Analyzis: : : :
Acquiring photographs : 57 : €3 : 2
Delineation of units : 25 : 7 : a
Image counts by species 29 : 10 . 2
RNy ™ 3
Total g/ H 210 : 1355) . 20
Average lumber of Photos for : : :
complete 5 % W stereo coverage : 20,8 : g, : 2.5
Average Interpretation time per: : :
B &% W photo (linutes) : 2.3 : 748 : 5.l
l/ falary rate 2,50 per Dour and travel @ a nmile
2/ Solery rate 3.85 per hour for interpresation aml delineation of units,
™e costs include both panchromatiec stereo coverasze and color photograpiy.
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