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1 There was a 10.98 percent error difference between the estimates 
I from aerial thermoiraphy flown at 455 m and the actual number of 

/ geese determined from counts made on aerial photographs 

I (Abstract on next page) 

C ANADA GEESE (Branta canadensis) concentrate 
on the mainstem reservoirs of the Missouri 

River in central South Dakota during fall migra- 
tion. A significant portion of these Canada geese 
are relatively large birds and are hunted and shot 
by large numbers of hunters who consider the 
birds as trophies. Commercial or controlled goose 
hunting operations are becoming more common 
and increasingly efficient at providing geese for 
hunters to shoot. The goose harvest and the po- 
tential for a larger harvest is increasing. This is 
cause for concern by goose managers in both state 
and federal wildlife management agencies, in re- 
gard to (1) extent of present harvest in relation to 
that which the goose population can withstand; (2) 
the proper distribution of harvest among areas, 
states, and people; and (3) the population size in 
relation to potential population size or population 
goal based on available nesting habitat. 

Goose population distribution, trend, and status 
is determined by visual estimates made by trained 
observers in small aircraft during day-light flights. 
The trend of population distribution is toward 
fewer and larger concentrations of geese. This is 
due primarily to increased availability of food in 
controlled goose hunting areas. Accurate estimates 
of numbers of birds in these concentrations, and 
thus the entire population, are becoming more 
difficult, or impossible, to make. Photographic 
spot checks have indicated that visual estimates 
may be 50 to 75 percent lower than the actual 
numbers of birds in a concentration. The degree of 
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error probably varies among observers, thereby 
resulting in inconsistent estimates. 

An additional problem in the census of geese is 
that varying numbers of geese feed in surrounding 
agricultural areas during the day, and are not pres- 
ent on the water or in the immediate area when 
counts are made. A technique for estimating goose 
numbers, which relies on remotely sensed imag- 
ery collected at night when all geese are resting on 
the reservoirs, would provide for more accurate 
censusing. The results could provide a more reli- 
able basis for regulation of harvest to meet popu- 
lation and harvest goals. 

The development of airborne thermal infrared 
sensors has provided a potential method for cen- 
susing warm-blooded animals whose behavior 
would allow them to be more accurately censused 
during periods of darkness. Thermal infrared im- 
agery has been used, with varying degrees of suc- 
cess, for the census of white-tailed deer (Croon et 
al., 1968; McCullough et  al., 1969; Graves et al., 
1972); elk, moose, and deer (Wride and Baker, 
1977); harp seals (Lavigne and Ronald, 1975); and 
polar bears (Brooks, 1970). Wyatt et al. (1980) re- 
cently evaluated statistically the use of remotely 
sensed thermal data for deer census. The effec- 
tiveness depends on the thermal characteristics of 
the animal and its habitat and the characteristics of 
the scanner. 

These investigators evaluated census tech- 
niques based on imagery generated from aerial 
thermal scanner data. The production of imagery 
with the cathode ray tube (CRT) system may be 
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limiting the information content of the imagery as 
a result of data smoothing during image genera- 
tion. The thermal information interpretable by di- 
rect computer digitization of the analog thermal 
signal should surpass the visual representations 
generated on CRT produced images and may make 
counts of individual geese possible. 

Goldsbrough (1977) concluded that there was a 
considerable improvement in thermal detail when 
contour plots were generated from digitized ther- 
mal scanner data. He reported an improvement 
in signal-to-noise ratio when an exponential 
smoothing technique was used. 

The objective of this project was to evaluate the 
use of predawn aerial thermal infrared data for 
censusing Canada geese. In order to achieve this 

al., 1966). A major proportion of the sensible 
(non-evaporative) heat loss from the back of a 
Canada goose resting on water can be attributed to 
a combination of convection and radiation. The 
radiated component, which can be measured with 
remote sensors, should be the most significant be- 
cause the environment acts as a heat sink. Kelly et 
al. (1954) discussed the importance of heat loss by 
radiation in the energy balance of animals. Latent 
(evaporative) heat loss is insignificant at low tem- 
peratures (Salt and Zeuthen, 1960). Heat loss from 
the bill was probably negligible because resting or 
sleeping geese generally place their bill under 
their wing during cold weather. 

The energy emitted from the surface of a goose 
depends not only on the temperature of the feath- 

ABSTRACT: Accurate goose census data are necessary to formulate harvest reg- 
ulations and provide both maximum recreational opportunity and a more equit- 
able distribution of harvest. Current methods for censusing Canada goose con- 
centration on the mainstem reservoirs in  South Dakota have sizable errors. 
Significant errors occur because a large proportion of the geese may be feeding 
away from the reservoir during counts and return only in  the evening. The 
objective of this project is to determine the feasibility of an operational inven- 
tory utilizing predawn aerial thermal infrared data for censusing Canada geese. 
The apparent temperature of Canada geese was measured at varying environ- 
mental temperatures. The results of this data were used in conjunction with test 
flights to determine ambient temperature constraints for successful aerial 
thermal infrared data collection. Geese could be distinguished from the 
background of water or ice on aerial thermal infrared imagery collected wi th  a 
trimetal detector (8.7 to 11.5 pm) at altitudes less than 455 m above ground 
level (AGL). There was a 10.98 percent error between estimates of goose num- 
bers from thermal imagery and the number of geese determined from counts 
made on aerial photographs. The Signal Analysis and Dissemination Equipment 
(SADE)  at A S I  was modified for analog-to-digital conversion at several cross-track 
sampling rates from 190 to 10,500 samples per scan line. Digitization rates of 
350, 1350, and 2670 samples per scan line were evaluated for delineating low 
densities of geese in  widely dispersed flocks and for delineating density differ- 
ences within high density flocks. 

objective it was necessary to (1) determine which ers, but also the emissivity of the surface as ex- 
of two wavelength detectors (4.5 to 5.5 pm; 8.7 to pressed by the Stephan-Boltzman Law (Campbell, 
11.5 pm) would provide maximum apparent tem- 1977): 
perature contrast; (2) establish the ambient tem- 
perature range at which the procedures would be R = eaT4 
most effective; and (3) evaluate optimal altitude- where 
resolution parameters for data collection. Both the 
visual interpretation of aerial thermal infrared im- R = energy emitted by non-blackbody, 
agery and the computerized digitization of the W m-2; 
original analog signal were evaluated. E = emissivity of the surface; 

a = Stephan-Boltzman constant, 5.67 x 
RADIANT HEAT LOSS FROM CANADA GEESE 

W m-2 K4; and 
T = absolute temperature in OK. 

The major factors contributing to heat loss from 
a goose are conduction, convection, radiation, and The infrared emissivity and the apparent tem- 
evaporation. The temperature profile near the skin perature of the Canada goose determine if SUE- 
is determined solely by conduction (Birkebak et cient thermal contrast exists between the goose 
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and the background so that it can be distinguished 
on thermal imagery. Best and Fowler (1981) found 
that the mean emissivity of Canada geese was 
0.962 + 0.017 and was not significantly different 
from other species of geese. Canada geese have an 
insulating integument to minimize heat loss and 
reduce the temperature differential with the en- 
vironment. However, Best and Fowler (1981) 
found that Canada geese have a relatively high 
radiant temperature relative to ambient air tem- 
perature, which should provide sufficient thermal 
contrast to distinguish geese from the background 
on thermal data. The rate of radiant heat loss from 
geese depends on the potential or temperature 
difference between the goose and the environ- 
ment. The potential increases rapidly as ambient 
temperatures decrease. 

In addition to ambient temperature, other cli- 
matic factors will effect the radiant heat loss for 
Canada geese. Moen (1974) and Moen and Jacob- 
sen (1974) found that there was an increase in the 
radiant temperature on the surface of the integu- 
ments of white-tailed deer  (Odocoileus vir-  
ginianus), mule deer (0. hemionus), snowshoe 
hare (Lepus americanus), cottontail rabbit (Sylir- 
lagus floridanus), and red fox (Vulpus fulva) when 
wind velocities increased. They reported that 
changes at lower wind velocities had a relatively 
greater effect than changes at higher wind veloc- 
ities. Parker and Harlan (1972) and Moen and 
Jacobsen (1974) found that direct-beam solar radi- 
ation would result in a higher radiant temperature, 
which may increase apparent temperature con- 
trasts during daylight data collection missions. 
Marble (1967) identified cloudy days as best for 
detecting big game animals from a snow back- 
ground with a thermal scanner. 

COLLECTION OF AERIAL THERMAL INFRARED DATA 

Aerial thermal infrared data of goose concentra- 
tions on the Missouri River reservoir in the Pierre, 
South Dakota area were collected five times be- 
tween 16 November 1979 and 31 January 1980 
with a single channel Daedalus* thermal scanner 
with a scan rate of 80 scanslsec. A brief description 
of the Daedalus thermal scanner and detectors 
used in this project was reported by Best and 
Fowler (1980). Thermal infrared data were col- 
lected both during daylight and predawn periods. 
Aerial photography was exposed concurrently 
with the thermal imagery during all daylight mis- 
sions. Daylight missions were flown to develop 
interpretation procedures and to establish the 
goose density relationship. The photovoltaic 
(InSb) detector (4.5 to 5.5 pm) was used during the 

* Inclusion in this report of registered trade names or 
trade marks does not constitute an endorsement by the 
authors or the Remote Sensing Institute. 

first daylight data collection mission only. The 
trimetal (Hg:Cd:Te) detector (8.7-11.5 pm) was 
used on all data collection missions. A 10" C tem- 
perature inversion was present at 305 m (1000 ft) 
AGL during the 16 November 1979 night data col- 
lection mission. 

The aerial thermal infrared data were processed 
into a photographic format which was scaled to 
base maps and aerial photographs. The thermal 
data was 'level sliced' into equal temperature in- 
crements during the processing. The 'level slicing' 
process divides the voltage signal from the scan- 
ner into six equal voltage increments, which pro- 
duce discrete gray tones on the photographic im- 
agery. Each of the gray levels represent an equal 
apparent temperature increment. Any one or more 
consecutive levels can be further divided into six 
more levels to increase apparent temperature res- 
olution. 

ESTIMATES OF THE NUMBERS OF GEESE 

Goose counts were made on enlargements of ae- 
rial photography using the technique developed 
by Chatten (1952). Ten random counts were made 
within each region of relatively uniform goose 
density. The areas of each density region were 
measured with a Numonics electronic digital 
planimeter, and goose totals were calculated di- 
rectly from these figures. Chatten (1952) found 
that the results from this technique were accurate 
to within 15 percent or less. 

Areal measurements of goose concentrations on 
enlargements of aerial thermography and average 
goose densities determined from the aerial pho- 
tography were used to estimate total goose num- 
bers from the thermography for purposes of com- 
parison. An average density of geese weighted for 
areal density differences was calculated from 
counts made on aerial photographs. 

DIGITIZATION OF T H E R M A L  INFRARED DATA 

The original analog aerial thermal infrared data 
were converted to digital image arrays for com- 
puter processing. Thermal data of both high den- 
sities of geese on ice and open water background 
and low densities of widely dispersed geese were 
selected to evaluate the digitization process. 

The Signal Analysis and Dissemination Equip- 
ment (SADE) system analog-to-digital conversion 
hardware and software were modified to accom- 
modate a wider sampling range through time 
scaled playback and engineering changes. The 
system was redesigned to produce crosstrack sam- 
pling rates of 190, 350, 1350, 2670, and 10,500 
samples per scan line. The five digitization rates 
are determined by the playback speed of the 
analog tape deck. The analog tape deck has three 
speeds for reproducing the recorded scanner sig- 
nal: 30 inches per second (ips), 15 ips, and 3% ips. 
Using two compatible tape decks, one to repro- 
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duce the original signal at 3% ips and re-record at 
30 ips, provides five playback rates for digitiza- 
tion. 

An Ohio Scientific Microprocessor System was 
interfaced to command/control the conversion 
process. Data sample-and-store software were im- 
plemented to build a digital image array during 
the conversion process. High spatial resolution 
digitization of experimental study areas yielded 
matrices of image data which were directly ac- 
cessed, searched, isolated, enhanced, and dis- 
played with existing software designed to utilize 
the disk file. 

The aerial thermal infrared data were digitized 
at three rates-350, 1350, and 2670 samples per 
scan line-in this project. The lowest sampling 
rate generates pixels that represent ground inter- 
vals approximately two times the instantaneous- 
field-of-view (IFOV) of the original scanner data. 
The 1350 and 2670 digitization rates generate 
pixels that represent ground intervals approxi- 
mately equal to '/z and ?A the IFOV of the original 
scanner data, respectively. 

A small subarea in the digital array that coin- 
cides with the center of a single aerial photograph 
was selected for display. The spatial arrangement 
of geese at the instant recorded by the photogra- 
phy only corresponds to slightly more than one 
scan line. Additional scan lines recorded between 
photographic frames will image spatial relation- 
ships as they change. Thus, the selection of a dig- 
ital image subarea from the thermal data which is 
in close proximity to a photo frame center assures 
that the spatial relationships within the photo are 
as close as possible to those actually recorded by 
the scanner. The digital data were color encoded 
into eight equal intervals and displayed on color 
CRT. Software was utilized to improve the obser- 
vation of temperature resolution by contrast 
stretching digital values. 

D A T A  COLLECTION REQUIREMENTS 

The apparent temperature difference between 
Canada geese and the ambient temperature is not 
constant and increases with decreasing ambient 
temperatures (Figure 1). This relationship must be 
considered in flight planning to determine if the 
apparent temperature of the geese will be signifi- 
cantly different from the background temperature 
at a specific ambient temperature. It is an ap- 
proximately linear relationship and can be calcu- 
lated from the following statistical model: 

where 

TAP, = apparent temperature difference be- 
tween goose and ambient (OC), and 

TAM, = ambient temperature (OC) 

APPARENT TTMPERATWE DIFFERENCES 
BETWEEN CANAM GEESE AN0 M I E N 1  

l 5  \ Al VARYING ENVIRONMENlAl TEWRAlURES 
14 

I 
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AMBIENT TEMrtRATmE (2) 

F I G .  1. Apparent goose temperature, ambient temper- 
ature differences determined with PRT radiometer. 

The background from which the geese must be 
differentiated is open water during fall and early 
winter and water and ice during late winter. Both 
water and ice have a very uniform radiance and 
provide an ideal background. The emissivity of 
water is very close to that of a perfect blackbody so 
that the apparent background temperature is very 
close to the sensible temperature and can be mea- 
sured with an immersed thermometer. 

Background temperature used in conjunction 
with apparent goose temperature data can be used 
to determine optimal conditions for aerial thermal 
data collection (Figure 2). The "cross-hatched" 
region of Figure 2 indicates ambient temper- 
ature-water temperature constraints where the 
thermal contrast between geese and water back- 
ground would be sufficient to detect geese 

A M B E M  TEMPERATUIE CONSlRAINlS FOR COLLECTING 
AERIAL THERMOGRAPHY FOR CENSUSWG CANADA GEESE 

A M W M  TEMPERATURE CC) 

FIG. 2. Ambient temperaturelbackground temperature 
constraints for collecting aerial thermography for de- 
tecting geese. The cross-hatched region represents 
ambientlwater temperatures where sufficient contrast 
would be present to distinguish geese. 
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on thermal data. These data are based on the 
assumption that a minimum apparent temperature 
difference of 5" C is necessary to distinguish geese 
from an open water backgro;nd. 

- 

INTERPRETATION OF AERIAL THERMAL 

INFRARED IMAGERY 

The tone (lightness or darkness) on the thermal 
imagery is relative to the apparent temperatures of 

1 scene features. The lighter the tone the higher the 
relative apparent temperature. The temperature 
range on the imagery is determined by the  
operator during data collection. The optimal range 
would encompass only the total range of temper- 
atures of landscapes. The thermal data can be pro- 
cessed into analog or digital image formats. The 
analog format is a continuous tone image repre- 
senting a continuous temperature range. The con- 
trast of the image can be controlled during image 

begins at about 5 pm. There is also some absor- 
bance by carbon monoxide. The effects of ozone 
absorption would be minimal on the trimetal de- 
tector (8.7 to 11.5 mm) because of the low concen- 
trations of ozone at the altitude flown. 

Graves et  al .  (1972) successfully located 
white-tailed deer with the 3 to 5 pm detector 
under certain conditions. Croon et al. (1968) and 
McCullough et al. (1969) recommended the use of 
a detector sensitive to the 8 to 14 pm spectral re- 
gion because peak radiation from animals occurs 
in this range, and it coincides with an "atmo- 
spheric window." 
'Very low densities of geese resting on open 

water could be distinguished on thermal imagery 
collected with the trimetal detector from 1000 ft 
AGL (Figure 3). The temperature of the water 
background was slightly above 0" C and the appar- 
ent temperature of the geese was approximately 

generation by ivariable gain control. 1 The effectiveness of aerial thermal infrared data 1- m 
as a census tool is a function of both apparent tem- I oerature resolution and soatial resolution. Croon I 
et al. (1968) reported that single animals smaller 
than a fox probably cannot be detected with pres- 
ent thermal scanning equipment. The objective of b - - -  
this project is not to enumerate individial geese, 
but to determine the areal extent of goose concen- 
trations and estimate total numbers as the product 
of area and goose density as determined from ae- 
rial photographs. 

The minimum temperature that can be resolved 
by the Daedalus thermal scanner used in this pro- 
ject is 0.5' C and the spatial resolution is 2.5 mil- 
liradian. Consequently, the signal recorded by the 
scanner is an average of the apparent temperature 
of all objects within a resolution cell. The results 
of this study indicate that the apparent tempera- 
ture of a goose must be at least 3" different from 
the background in order to produce a response 
which is different than the background alone. 

Spatial resolution of the thermal scanner is a 
function of the altitude. The size of the resolution 
cell increases proportionally with the altitutde. 
Geese could not be resolved on thermal infrared 
imagery (thermography) collected at altitudes 
above 758 m (2500 ft) AGL. Goose concentrations 
could be delineated on altitudes of 455 m (1500 ft) 
and 305 m (1000 ft) AGL. Data collected at 305 m 
(1000 ft) AGL had the smallest spatial resolution 
(0.76 m at the nadir) and were best suited for de- 
lineating geese, especially when they occurred in 
low densities. 

Geese could not be distinguished from the 
background at any altitude on thermography col- 
lected with the photovoltaic detector (4.5 to 5.5 
pm). The signal-to-noise ratio was very low, re- 
sulting in data with very low temperature con- 
trasts. This may be attributed to the very strong 
thermal absorption band, due to water vapor, that 

(b) 
FIG. 3. Aerial photograph and thermal imagery (col- 
lected at 1000 ft AGL with trimetal detector) illustrating 
the detection of low densities of geese with open water 
background. (a) Aerial photograph, (b) Full range level- 
sliced thermal infrared imagery. 



PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1982 

3.25" C. The small groups of geese appear as light 
"dots" on the thermal imagery. Larger groups 
have similar tones and appear in larger irregular 
shaped areas. Most groups of geese of two or more 
in close proximity could be distinguished from the 
water background. These small groups of geese 
could be individually counted on the imagery, 
which will provide a very accurate estimate in low 
density areas. Geese resting on the shore could not 
be easily distinguished from the background 
which had a less uniform radiance. 

High densities of geese were easily distin- 
guished from water and ice background on aerial 
thermography collected at altitudes of 455 m (1500 
ft) or less (Figure 4). The thermal anomaly repre- 
senting the geese has the lightest tones and warm- 
est apparent temperature on the imagery. Dif- 
ferences in image texture within the area of geese 
are a result of differences in goose density. Den- 

sities of geese less than 2000 per hectare could 
not be consistently interpreted on the imagery 
with snow and ice background. In six goose con- 
centration areas on two different days, only one 
had a singificantly large area of low density geese. 
There was an 8.9 percent error between the areas 
of geese over 2000lhectare on the thermography 
and the area of geese over 2000/hectare measured 
on the aerial photography. 

The average density of geese in six goose con- 
centrations on two different days, as determined 
from aerial photography, was 4301 geese per hec- 
tare. This figure was used to calculate estimates of' 
total geese from area measurement on thermog- 
raphy. There was a 10.98 percent error difference 
between the estimates from thermography and the 
actual number of geese determined from counts of' 
the aerial photography. Improvements in this es- 
timate may be possible if apparent goose density 
differences were delineated on the thermography 
and the empirical goose density calculations were 
refined. 

The thermal imagery can be generated with 
tones representing six equal discrete apparent 
temperature increments between blackbody tem- 
peratures. One or more of these apparent temper- 
ature increments can be "level sliced" into an- 
other six equal levels with a subsequent increase 
in temperature resolution. The selection of appar- 
ent temperature levels representing geese can be 
very difficult if the location of some geese which 
could be used as a training set is not known. 

DIGITAL ANALYSIS OF THERMAL INFRARED DATA 

The original thermal infrared radiance data are 
recorded as an analog signal. The radiance value at 
any point in the analog data is determined by the 
proportion of each target and the magnitude of the 
apparent temperature of each target within the 
IFOV. It may be possible to detect the presence of a 
target smaller than the IFOV if the apparent tem- 
perature difference between the target and 
background feature is large enough. It is not pos- 

I 
sible to detect the precise location; only that the 
target is within that IFOV. 

The cross-track resolution of the recorded scan- 
ner analoe. data is a function of the scanner and I detector vyewing geometry and the altitude of data 
collection. The smallest IFOV is at the nadir and the 
largest is at the maximum look angle. The IFOV is I 0.76 m (2.5 ft) at the nadir and 1.46 m (4.8 ft) at the 
maximum look angle when data are collected at an 
altitude of 305 m (1000 ft) with the 2.5 milliradian 
detector and Daedalus thermal scanner system 

\"I 

FIG. 4. Aerial photography and thermal imagery (col- wed in this project. 
lected at 1000 ft AGL with trimetal detector) illustrating The effective ground spacing 
the detection of high densities with a predomi- IFOVS in the digital data is determined by the sam- 
nantlv ice and snow background. (a) Aerial ~hotogra~h.  pling rate and the altitude of the data collection. , . - 
(b) ~ i ~ h  gain analog theGal infrared imagery. The along-track coverage and resolution is a func- 
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tion of aircraft speed, altitude, and scanner char- 
acteristics and is not changed by digitization. The 
effective along-track resolution of the system used 
is approximately 0.76 m (2.5 ft) when data are col- 
lected at an altitude of 305 m (1000 ft) AGL. 

Subtle tonal differences related to small appar- 
ent temperature differences are difficult to detect 
on continuous tone analog aerial thermography. 
Visual interpretations of geese on thermography 
can be very subjective if the apparent temperature 
of geese is close to that of the open water or snow 
and ice background. Interpretations are further 
complicated when geese are present in low num- 
bers in widely dispersed flocks (Figure 3). 

Digitization assigns a discrete value, relative to 
the thermal radiance, to each picture element 
(pixel). Pixels can be color encoded in up to 16 
equal apparent temperature increments and dis- 
played on the SADE monitor. Three-dimensional 
plots of pixel values were generated for the small 
subarea, outlined by the rectangle in Figure 3, in 
order to evaluate digitization rates (Figure 5). The 
height of the peak is relative to the digital value. 
Pixels in which geese are present have the highest 
digital values. Only pixels with a value greater 
than 224 are included in the display. The exact 
digital value threshold selected to isolate geese is 
dependent on environmental conditions and 
scanner setup. 

The lowest sampling rate generates pixels that 
represent ground intervals approximately twice 
the size of the IFOV of the original scanner data. 
The probability of detecting a single goose or 
small groups of geese decreases when the sam- 
pling interval is greater than the IFOV. These data 
are suitable for previewing and determining the 
location of geese. The two higherdigitization rates 
generate pixels that represent ground intervals 
smaller than the IFOV of the original scanner data. 
The cross-track array dimension increases propor- 
tionally with the digitization rate which can result 

1 in cross-track aspect distortion of data displays. 
The aspect was corrected during generation of the 
three-dimensional illustrations. An increase in the 
digitization rate increases the probability of de- 

FIG. 5. Three-dimensional plots of pixel valves gener- 
ated for the subarea outlined by the rectangle in Figure 
3. Plot scales have been adjusted to offset the increasing 
number of samples per scan line. 

tecting a goose by increasing the probability of 
sampling a peak in the original analog data. Fur- 
thermore, there is a potential for more pixels per 
goose at higher digitization rates. It was possible 
to identify pixels that may be small groups or indi- 
vidual geese at the higher digitization rates but it 
was not possible to distinguish individual geese 
that were in close proximity. 

When geese occur in large dense flocks, it is not 
difficult to interpret the location or aerial extent of 
the flocks on thermography (Figure 4). However, 
subjectivity in delineating areas of different den- 
sities of geese within the flock may result in er- 
rors when estimating total numbers. Digitization 
and thresholding can be used to isolate thermal 
anomalies related to differences in goose density. 
The thermal patterns of the high density goose 
flocks were similar at the three digitization rates 
tested in this project. The colors within the flock 
on digital monitor display reflect differences in 
apparent temperature that may be a result of goose 
density differences. The SADE system has a 
built-in planimeter which may be used to measure 
the area of any one or more color levels. The mid- 
range digitization rate (1350 samples per scan line) 
would probably provide the best results. At this 
digitization rate, the ground interval represented 
by a pixel is smaller than the IFOV of the original 
data and the data matrix is smaller and more man- 
ageable then at higher digitization rates. 

Contrast stretch options available on the SADE 
system can be employed to enhance apparent 
temperature differences in the digital displays. 
Contrast options can also be used to refine the 
thresholding of the digital matrix. There is a po- 
tential for improving the spatial resolution of ae- 
rial thermal infrared data if a proportion estimation 
algorithm can be developed to calculate digital 
pixel values based on the overlapping IFOVS of the 
original analog data and the digitization rate. It is 
possible to develop software to improve the 
signal-to-noise ratio using the oversampling of the 
higher digitization rates to average out certain 
noise components. 

Canada geese can be distinguished from a water 
or ice background on aerial thermal infrared imag- 
ery. The techniques developed in this project 
might be used in an operational predawn census of 
Canada geese during fall migration when geese 
are concentrated on open water refuges. Estimates 
of geese in high concentrations can be calculated 
from measurements of the area of geese made on 
thermal images and empirical goose densities de- 
rived from aerial photographs. Level slicing of the 
thermal data prior to generating an image in- 
creases the temperature resolution of the image, 
which will improve the apparent temperature 
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contrast on level sliced images. High gain analog 
or full range level sliced images are the easiest to 
produce and should be used except when contrast 
is very low. 

The spatial resolution of the thermal scanner 
that was used in this project limited the altitude 
for data collection to 1500 ft AGL or less. The best 
results were obtained when data were collected at 
1000 ft AGL. The photovoltaic detector did not 
provide sufficient apparent temperature contrasts 
to distinguish geese from the background under 
the environmental conditions experienced during 
the test flight. Data collected with the trimetal 
detector produced imagery best suited to the ob- 
jectives of this project. 

The visual interpretation of Canada geese on ae- 
rial thermal infrared imagery can be very subjec- 
tive due to the small size of the geese and lack of 
apparent temperature contrast under certain envi- 
ronmental conditions. The  delineation of the  
thermal infrared signature of geese on open water 
or snow and ice background requires intense sam- 
pling rates compatible with the target size at the 
altitudes involved, signal frequency fidelity, and 
recording media playback rates. The comput- 
erized digital analysis of the aerial thermal in- 
frared analog signal can generate sampling rates 
that represent ground increments smaller than the 
IFOV of the scanner system. It may be possible to 
improve the spatial resolution of aerial thermal 
infrared data if a proportion estimation algorithm 
can be developed to calculate digital pixel values 
based on the overlapping IFOVS of the original 
analog signal and the digitization rate. Thresh- 
olding and contrast stretch options can be used to 
enhance apparent temperature differences and re- 
duce interpretation subjectivity. 

There is information present in the analog signal 
that is not interpretable on thermography which 
may be developed with proper processing tech- 
niques into an improved source of thermal in- 
frared information. These techniques could re- 
place current census methods and provide more 
reliable census data. Accurate census data are 
necessary to formulate harvest regulations which 
provide both maximum recreational opportunity 
and more equitable distribution of harvest. 
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appreciation to Mr. Gerald Jasmer and Mr. Roger 
Brees for the many hours spent helping on the 
project. We are particularly grateful to Mr. Jean 
Mehegan for allowing us to make apparent tem- 
perature measurements of his hand reared Canada 
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