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Color for
Coniferous Forest Species
Not only is the total amount of information greater on the color
photo, but it is also better differentiated and therefore more
easily interpreted.

PHOTO INTERPRETERS have only recently
realised the distinct advantages of having

a colored as opposed to an achromatic image
when attempting the identification of forest
tree species on aerial photography. The color
reproduction has a greater resemblance to the

of the more positive information available
from the color photographs compared with
black and white. 2 The study presented in the
next few pages confirms this view point with
regard to the main coniferous species found
in eastern Canada.

ABSTRACT: Considerabh interest has been aroused in aerial color photography
in recent years, and in this study panchromatic and color photos at a scale of
1: 5,000 were compared with regard to their relative value in the identification
of coniferous tree species. It was concluded that in 1tsing color photos the inter­
preter can benefit from more varied stimuli in the interpretation process, a
natural color appearance which can provide specific color signatures for many
species, a greater amount of information on the canopy texture in general, and
the morphological characteristics of the tree crown in particular. Not only is the
total amount of information greater on the color photo, it is also better differenti­
ated and therefore more easily interpreted.

original scene than a panchromatic, and so
the stimuli in in terpretation are more varied
and identification is usually more immediate.
R. Evans l has recorded that at best, the hu­
man eye can distinguish approximately 200
gradations on a neutral or gray scale, whereas
it is capable of differentiating more than
20,000 different hues and chromas. In air
photo interpretation, information about the
vegetation cover is derived from the photo­
graphic image, and so it is apparent that the
more information available from the image,
the more complete and positive will be the
interpretation.

Few studies have actually attempted to
assess the specific advantages of color aerial
photography in distinguishing between tree
species, but the investigations that have
reached publication stage give clear evidence

* Submitted under the title "Aerial color photos
in the identification of coniferous forest species."

PURPOSE OF THE STUDY

This research was undertaken to examine
the information content of aerial color pho­
tography compared with panchromatic in
differentiating between the coniferous tree
species of eastern Canada. t The Lac Bevin
basin in the Laurentides north of Montreal
was selected as a convenient study areat be­
cause, although the basin is only 11 square
miles in extent, a variety of site types occur,
all of which are readily accessible for ground
checking. The area lies in section L4a of Hal-

t This study is part of a wider investigation of
surface condi tions and their in terpreta tion from
air photos which is being undertaken at McGill
University. The research has been supported by
the Defence Research Board of Canada, Contract
2GR. 7-38 GR. 700005.

t Lac Bevin test area-45° 56' N to 46° 00' N:
73° 34' W to 74° 37' W. Canada N.T.S. map sheet
31 G 15 E (1 :50,000).
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liday's revised classification of the forest
regions of Canada. 3 This section forms part
of the Great Lakes-St. Lawrence mixed
forest region, and is included within the range
limits of ten of the eastern coniferous species.
Of these, the larch (Larix laricina) was not
included because of its deciduous character,
which meant that foliage was absent at the
time of photography, and the two other
species, jack pine (Pinus banksiana), and
black spruce (Picea mariana), were not found
within the confines of the basin. Thus, a total
of seven species was included in the study:
red and white pine (Pinus resinosa & Pinus
strobus), eastern hemlock (Tsuga canadensis),
balsam fir (Abies balsamea) , eastern white
cedar (Thuja occidentalis), and white and red
spruce (Picea glauca and Picea rubens).

Initially the use of twin cameras was
planned in order to obtain simultaneous pan­
chromatic and color photography at a scale of
approximately 1 :5,000. However, this was
not possible for various reasons, and so each
film was flown separately. The panchromatic
photography was taken with a six-inch lens in
early November using Super XX Aero­
graphic film type 5425-Eastman Kodak, and
the color photography (Aerial Ektachrome
type 8442-Eastman Kodak) was obtained in
the second week of May. A 'vVilliamson F 52
reconnaissance camera with a 12-inch focal
length was used for the color film using a
Wratten HF 3 filter at an exposure of 1/300
second atf/8.

The lack of synchronism in the exposure of
the two films mean t that the condi tions were
not identical; the appearance of coniferous
trees does not change to any appreciable
extent from the end of the growing season
until the flush of the new needles, which does
not begin in the Lac Bevin area until late
May. In studies of red pine (Pinus resinosa)
at Ann Arbor, Michigan, C. E. 0lson4 re­
corded a fairly large increase in spectral re­
flectance between May and July continuing
at a lesser rate until late in the growing sea­
son, and then a rapid decline in October and
November, with a relative stillstand until the
following May when the reflectance was at
its lowest (Figure 1). The total percen tage
reflectance was found to be approximately
five percent lower in May than in late August
to September when it reached a maximum,
and the shift in peak reflectance amounted to
10 mj.L, which meant that the foligage in May
was appreciably darker and considerably
yellower than later in the season. Spectral re­
flectance data from other sources5 suggests

that the phenological effect is similar for
other coniferous species. I t follows that the
general reflectance levels for all the coniferous
species treated in this study are at a mini­
mum, and the peaks in the reflectance curves
occur at somewhat longer wavelengths than
is the case with the summer foliage.

In assessing the amount of information
available from each film type, all of the char­
acteristics normally considered by the photo
interpreter were taken into account-crown
morphology (including shape, branching
habit, apex and margin), crown texture, and
the dominant neutral value (gray tone) and
color. Considerable attention was given to
this last factor in view of the greater discrimi­
nation which may be expected on theoretical
grounds from the colored image. The main
reason for this is physiological; in normal
photoptic vision the receptors which line the
retina of the human eye are sensitive to very
small differences in wavelength, which means
that any objects which differ only slightly in
hue will be distinguishable, and any boundary
or discontinuity which incorporates an edge
gradien t of only a few millimicrons will be
perceptible. I t has been shown that the
human eye is most sensitive in the region of
550 mj.L,6 which corresponds to hues of yellow
and yellow green, and so it may be expected
that even sligh t differences between the
foliage of one species and another can provide
a basis for their differentiation on aerial color
photography.

FIELD PROCEDURES

In order to avoid anomalies due to disease,
or differences in age and vigour resulting
from site factors or genetic variations within
the species, a sample consisting of 10 mature
trees of each species occurring in differen t
parts of the study area was selected giving a

...
Wm l"lIh (millimicrons)

FIG. 1. Phenological effects on the spectral re­
flectance of red pine (Pinus resinosa) adapted frol11
C. E. Olson (1962).
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FIG. 2. Crown morphology in plan (air photo view) and elevation (field view and air photo shadow) for
some eastern Canadian conifers.

total of 63 trees.* Each of these was iden tified
on the air photos, and it was established that
the crown was clearly visible and not obscured
by the foliage of adjacent trees.

In most cases the trees were open grown
and the crown morphology was typical of the
species. I n general, coniferous species have a
characteristic shape and branching habit,
which is useful in their identification both on
the ground and on the air photo. Size was
also considered; however, it is less val uable as
a diagnostic factor since it depends on a
variety of controls including age, site condi­
tions, competition and so on. An attempt has
been made to show the distinctive features of
crown morphology for each species in a some­
what idealised manner in Figure 2. The sil­
houette elevation views are adopted from the
Key to the Native Trees of Canada 7 and a recent
study by L. Sayn-Wittgenstein.~ Some of the
plan views are from the latter source, whereas
others have been composed ab initio from all
photos and ground views. In all instances,
the scale is that of the open grown mature tree.

Foliage colors were assessed in the field,
thus providing a basis for the evaluation of
the aerial color photography. The assessment
was made while the foliage was still on the

* In the case of red spruce (Picea rubens) only
three trees were found in the study area, and so the
sample is not sufficiently large to be representative.
The red pines (Pinus resinosa) were all immature
trees, and so this sample is not strictly comparable
with the others.

tree or immediately after removal. t The
colors were established using the Munsell
system. 9 The procedure consisted in matching
the foliage samples with the color chips in
the Munsell charts, which provide an orderly
arrangement of colors in approximately equal
visual steps according to the three attributes
of hue, value and chroma. I n the Munsell no­
tation, the hue, or dominant spectral color, is
assessed in terms of five primary divisions
including green and yellow, subdivided to
give a total of 12 separate hues in the color
segment green/yellow. The relative lightness
or darkness of the color is indicated by its
value, which is established in relation to a
neutral gray scale extending from black
symbolised as value 0/ to white symbolised
as 10j. Thus, bright colors have values greater
than five, and darker colors have lower values.
The chroma, which appears as the final digit
in the notation, indicates the color satura­
tion or degree of departure of a particular
hue from a neutral gray of the same value. The
chroma scale extends from /0 for a neutral
gray (achromatic) to /10, or farther, depend­
ing on the intensity of the color. Thus, lOGY
4/5 indicates a fairly light greenish yellow
with moderate color saturation.

Strictly speaki ng it is not possible to assign
a specific color to a particular species since

t Unfortunately pruning equipment was not
available and so foliage samples were obtained
from different portions of the crown periphery up
to heights of 15 feet.
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the color attributes hue, value and chroma are
affected by a variety of factors many of which
are phenological, but others are peculiar to a
particular site, or even to an individual tree.
Pigmentation is the major influence on color
since it controls the predominant wavelength
of the reflected light. Although the green pig­
ments, chlorophyll A and B are the same for
all plants, their absolute concentration in a
plant, and their concentration ratio relative
to the other chlorophylls, the xan thophylls
and the carotenes is determined by local fac­
tors such as temperature, humidity, sunlight,
moisture stress and the availability of plant
nutrients. 1o

In spite of these influences it was found
that the colors were very constant within any
given species sample. The predominantly re­
curring colors are listed by species in Table 1
and, in addition, the differences between the
upper and lower surfaces of the foliage and
the variations between needle face and keel
or midrib were recorded, because the total
reflectance from the crown as imaged on the
air photo is a function of all the reflecting
surfaces.

Contrary to what might have been ex­
pected, the colors recorded were not green
but green yellow with a limited range of hue,
2.5GY to lOGY. The range of value was found
to be even more restricted. vVhite spruce
(Picea glauca) has the brightest foliage (values
of 5-6), while balsam fir (Abies balsamea) ,
eastern hemlock (Tsuga canadensis), and red
pine (Pinus resinosa) are equally dark (values
of 4), and the remaining three species have
intermediate values. For the two species,
balsam fir (Abies balsamea) and eastern white
cedar (Thuja occidentalis) , an appreciable
difference amounting to two steps of the
value existed between the upper and lower sur­
face of the foliage, with the latter being the
lighter. This is due to the concentration of
stomata on the lower surface of the leaf, and
this same factor accounts for the weak chroma
in the case of the balsam (Abies balsamea).
The only other species exhibiting weak
chroma is the white spruce (Picea glauca) ,
hence its name, and in this case, stomata
cover most of the leaf surface between the
lateral ribs and the upper and lower keels.
Chrom1, for all the other species is moderate.

OFFICE PROCEDURE FOR PHOTO ANALYSIS

The aerial Ektachrome color film, that had
been processed as a direct positive transpar­
ency, gave almost perfect rendition with a
correct color balance. I t was examined on a
Zeiss L2 viewing desk illuminated with five

daylight-type fluorescent tubes. Each of the
trees selected during the field survey was
identified, and the colors were carefully as­
sessed. The procedure consisted of matching
the average or overall colors of the tree
crowns as represented on the color film with
the chips in the M unsell system. The cards
were the same as those used in the field, with
holes punched beside each color chip to
facilitate matching. A Bausch and Lomb
Zoom 95 stereoscope was used for viewing the
film; however, even with the 20X magnifica­
tion provided by this instrument, it was only
possible to obtain the average or overall color
for each crown.*

Because of the photo overlap, each of the
trees selected during the field survey appeared
on three successive frames, and it was found
that the brightness or illumination of the
crown varied because of the different amounts
of reflected light received at each camera
position. This variation is due simply to the
relation between the angle of incident sun­
light and the position of the object within the
field of view at successive exposures. I twas
found that the color values for the same crown
could change by as much as two or three
steps on the M unsell scale due to this factor.
The other two attributes of color remained
essentially unaffected. However, in order to
obtain comparable results, it was decided to
make the color measurements on the frame
where the individual tree occupied the middle
of the field of view. This was usually the mid­
dle frame of any sequence, and the color values
obtained were generally the average of the
range experienced over the three exposures.
By using the middle of the field of view in this
way, the two factors that result in progressive
darkening of images towards the edges of the
field of view (the vignetting effect of the lens
mount and the decrease in illumination away
from the optical axis) were minimised.

Some initial difficulties were encountered in
the assessment of colors on the film because
of the fact that the Munsell charts require
front or top lighting, whereas the film is il­
luminated from below. However, by experi­
menting with the position and amount of top
lighting, which was daylight fluorescent type,
it was found that consistent results could be
obtained.

The same office procedures were followed
with the panchromatic air photos, which were
in 9 X9-inch print format, and so only front
illumination was needed. As with the color

* Even with maximum magnification the images
ofthe tree crowns were only 10-15 mm in diameter.



TABLE 1. COLORS AND NEUTRAL VALUES FOR SOME EASTERN CANADIAN CONIFERS

Balsam Fir Eastern Hemlock
Eastern White

Cedar White Spruce Red Sprucet White Pine Red Pine
Species (A bies (Tsuga (Thuja (Picea flauca) (Picea rutens) (Pinus strobus) (Yinus resinosa)

balsamea) canadensis) occidentalis)

Upper surface 5GY4/4-6 5GY4/4-6 2.5GY4/4-6/6 10GY5/2-6/2 7.5GY4/4-6 10GY5/4 5GY4/6
Foliage of leaf 5GY5/6
Color Lower surface 5GY6-7/2 5GY5/4-7/4 2.5GY5/4-6/6 10GY4/2-5/2 2.5GY4/4 10GY5/4 5GY4/6
in the of leaf 5GY4/4-6
Field Keel or midrib

{upper - - - 10GY5/4-6 7.5GY4/4 lOGY5/4 5GY4/6
lower 5GY7/4 5GY5/4 - 10GY5/4-6 5GY4/4 - -

Foliage
Tone Panchromatic N4 N4 N5 N5 N4.5 N5 N4
and
Color Color 5GY4-6/4-6 5GY5-7/4 lOYG5-6/4-5 2.5G5-6/2-4 7 .5GY7/4-6t 10GY3-6/3-4 *
on Air 2.5GY5-6/4-5 2.5G5-6/3-4
Photos

* Color could not be established because of small size of crowns.
t Limited sample.
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film, each tree selected during the field survey
was identified, and the gray tone values were
determined using the nine-step M unsell neu­
tral value scale.

AIR PHOTO INTERPRETATION OF SIZE,

CROWN MORPHOLOGY AND TEXTURE

If viewed from above, objects are not so
familiar as if seen from the ground; however,
their shape may be just as characteristic from
ei ther viewpoint. Al though coniferous tree
species are more easily identified in elevation
or side view than in plan view, the crown
shape of a particular species which results
from its branching habit, foliage density, and
leaf arrangement is distinctive, even if viewed
from above, especially under stereoscopic'
examination.

The basic differences between the species
are illustrated in Figure 2 and may be sum­
marised as follows:

BALSAM FIR (Abies balsamea)

The crown is acuminate and symmetrical
with a spire-like apex, which appears as very
light toned, and is especially distinctive when
the crown is obliquely illuminated. The crown
displays no major structural features since it con­
sists of large numbers of slender whorled
branches, with the result that the outline is
regular, and the crown surface appears dense
and finely layered.

EASTERN HEMLOCK (Tsuga canadensis)

The crown is coniform, but the apex is more
obtuse than either the balsam fir or the spruces.
Where open-grown, often a somewhat irregular
grouping of branches develops, which gives
rise to a stellate or wheel-spoke structure with a
serrate or spiked crown margin. However, where
in dense stands, the crown is narrower, more
regular, and acuminate so that it closely re­
sembles the balsam fir. Usually more light and
shade contrast is present within the crown than
in the case of the balsam fir; as this is a relative
matter it does not provide a particularly val­
uable air photo characteristic.

EASTERN WHITE CEDAR (Thuja occidentalis)
The cedar is usually a small tree with a sym­

metrical, conical crown that has the trim ap­
pearance of a topiary garden species. The apex
is rounded, the margin is regular, and the crown
is smooth and finely layered without any ap­
parent structure. Because of the arrangement of
branch lets and twigs in flat drooping sprays,
there is a speckled light and shade pattern
within the crown.

WHITE SPRUCE (Picea glauca)

The crown is conical, but the apex appears
blunt, even rounded, and lacks the spire-like
character of the balsam fir. Branching is fairly
coarse, so that although the crown is dense, it
has a coarse layered or stepped appearance
somewhat like an opened cone. For this reason
there is considerable light and shade contrast
within the crown.

RED SPRUCE (Picea rubens)

The branching habit of the red spruce is
quite different from that of the white spruce.
The middle and upper branches grow out more
or less horizontally, and then curve up at the
ends, with the result that the crown is ovally
conical and fairly broad. In plan, the crown ap­
pears stellate with a serrate margin. It differs
from the white pine in that the branches are
more numerous and less massive, and so the
crown margin is not so indented.

WHITE PINE (Pinus strobus)

This species is usually readily identified be­
cause of its distinctive morphological features.
It is the tallest of the eastern conifers and has
the largest crown. The branching is fairly coarse,
and the upper branches sweep upward giving a
bowl or saucer shape which is responsible for the
irregular, stellate pattern seen in the plan view.
The apex appears obtuse and al most flat as the
result of the upper branches approaching and
even overtopping the tip of the bole.

RED PINE (Pinus resinosa)

The crown is fairly large and symmetrical
with a circular outline in the plan view. The
foliage is not particularly dense, and for this
reason there is less contrast between the il­
luminated and shaded portions of the crown than
is the case with most other conifers. The crown
consists of whorled, upturned branches with
tufts of needles producing a candelabra appear­
ance in profile. This gives rise to a stippled tex­
ture in the air photo view, which is readily ap­
parent under high magnification.

The plan views in Figure 2 were built up
from photo and field analysis, and they show
considerably greater detail than could be
discerned on the air photos used in this study.
The main control in using the morphological
characteristics of the crown in species identi­
fication is photo scale, and even with the high
magnification provided by the Bausch and
Lomb Zoom 95 stereoscope, the image size
was too small at the 1 :5,000 scale to permit
detection of the more minute morphological
features. However, a relatively small increase
in scale to 1 :3,000 would probably provide
all the detail necessary to make accurate
identifications using the morphological in­
formation summarised above.

Photo scale is not the only factor influenc­
ing the amount of detail discernible in an
image. I t is often assumed that a relationship
exists between the resolving power of a film
and the amount of detail that is recorded:
however, this is not the case, and as R. M.
Evans has emphasized, there is no way of
exgressing how a given emulsion will record
fine detail. l1 Both the panchromatic and the
color film used in this study had the same
nominal scale, and according to the Kodak
data, the resolution of the panchromatic film
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FIG. 3. Field and photo colors for some eastern Canadian conifers.

Ab-Abies balsamea Pig-Picea glauca Tc-Tsuga canadensis
Pr-Pinus resinosa Ps-Pinus strobus To-Thuja occidentalis

Pir-Picea rubens

* Color could not be established because of small size of crowns.
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is superior to the color. (For a test object
contrast of 1,000: 1, the resolving power of
the color film is only 56 lines per mm. com­
pared with 75 lines per mm. for the pan­
chromaticI2.) However, the amount of detail
that could be discerned was appreciably
greater on the color film. This may result
from the smaller dye grain sizes of the color
emulsion or from differences in emulsion
turbidity. Whatever the cause, finer textures,
were recorded with color film, and so in deal­
ing with foliage characteristics, it is apparent
that the colored image has a distinct ad­
vantage over the panchromatic.

AIR PHOTO INTERPRETATION OF NEUTRAL

VALUES AND COLORS

The neutral values obtained in the inter­
pretation of the panchromatic air photos are
given in Table 1. The range of values for the
seven tree species was found to be very small
(N4-N5), and the overlap between one species
and another was considerable. Comparable
results were cited by R. C. Heller!:!; although
the neu tral values for individ ual species are
not identical to those given here (presumably
because of differences in illumination and pro­
cessing), the same relative standing is ob­
tained. I n neither instance do the neutral
va.lues provide a means of differentiating any
single species from the others.

The prospects for species difleren tiation
are considerably improved when foliage
colors are taken in to considera tion. Exact
color rendition cannot be expected in the
sense of matching the spectral characteristics
of the original material because of the ab­
sorption of unwanted light in the dye layers

of the film; however, a visually satisfactory
color reproduction can be achieved. The
colors obtained from the photo interpretation
are listed in Table 1, and the polar diagrams
in Figure 3 illustrate the relationship between
the field and photo colors. The predominant
colors of the upper surface of the foliage as
obtained on the ground are given in the left
diagram, and the dominant photo colors for
each species are shown to the right. The cor­
respondence between field and photo colors is
fairly good, although some variation is en­
countered from one species to another:

BALSAM FIR (Abies balsamea)

Foliage and photo colors correspond in hue
and chroma (SGY 4-6); however, the range of
value is somewhat different. The photos give a
range of value from 4-·6, while the actual foliage
value is 4. The extended value range on the photos
is very probably a result of the oblique lighting
effects produced by the low solar altitude, which
give rise to a high reflectance from the dense
foliage and shiny needles on the illuminated side
of the crown, particularly the apex, and a rel­
atively low return from the shaded side.

EASTERN HEMLOCK (Tsuga canadensis)

The foliage colors of the hemlock and balsam
fir correspond exactly, and there is overlap in
the photo colors as far as hue and chroma are
concerned (SGY 4-6). The photo values are sim­
ilar; however, the hemlock includes somewhat
higher values in its range. It is probably a bettc:r
reflector than the balsam fir, because the leaf IS

broader and more shiny, and although the leaf
arrangement is decussate in both species, the
hemlock tends to have a larger proportion of
leaves in the horizontal plane'4 . The large
branches which project beyond the general mar­
gin of the crown produce strong highlights on the
photos and obviously have a high reflectance,
particularly on the illuminated side of the crown.
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EASTERN WHITE CEDAR (Thuja occidentalis)

Because of its yellow-yellow green hue the
cedar is distinctive among the conifers. The
dominant hue encountered in the field was
2.SGY; however, SGY was also recorded, and it
was found that the tips of the leaf were often
considerably yellower than the central part.
This difference may account for the tendency
toward yellow hues revealed in the photo analy­
sis (2.SGY-I0Y). The foliage of the cedar is
more responsive to wind effects than other con­
ifers, and with upturning of the leaves, the
yellow tips and edges become more prominent
and make a greater contribution to the total
reflectance of the crown. Value and chroma are
not affected and a good correspondance exists
between field and photo measurements.

WHITE SPRUCE (Picea glauca)

In many texts the white spruce is described as
bright green 16, and this corresponds to the visual
impression. However, field measurements on
individual needles show that the actual foliage
color is green yellow with moderate value and
weak chroma (lOGY 4-6/2). It should be noted
that the spruce leaf is tetragonal in cross section,
and the colors given in Table 1 and Figure 3 are
those of the lateral margins and upper and lower
keels. Stomata are concentrated along the inter­
vening faces, and in these sections the leaf is
essentially achromatic. The growth form of
spruce leaves is falcate, which means that the
keels, lateral margins and intervening faces con­
tribute to the reflectance. The contribution of
the intervening faces may have the effect of
modifying the visual appearance of the foliage
when viewed at a distance. This would explain
why the white spruce appears green rather than
yellow green, and in addition it suggests the
reason for discrepancy between the field and
photo colors. The difference in hue, which is only
one step (2.SG as opposed to lOGY), represents
a shift towards shorter wavelengths on the air
photo, which would be expected with an achro­
matic image or one with weak chroma, because
the diffraction effects of atmospheric haze would
introduce predominantly short wavelength
energy into the return from the tree crown.

RED SPRUCE (Picea rubens)

Unfortunately it was only possible to locate
three red spruces in the study area, and since
these showed signs of disease their colors must
be treated with some caution. In all three in­
stances, the actual foliage color was found to be
7.SGY, which corresponds to the bright yellow
green of the textbook description. Even if viewed
at a distance the foliage of the red spruce can be
readily distinguished from that of the white
spruce on the basis of its hue, and this distinc­
tion is maintained in the air photos. The photo
color for the red spruce (7.SGY7/4-6) corre­
sponds in hue and chroma to the field measure­
ment; however, the value is considerably greater.
The most likely explanation is that the effects of
the disease are more pronounced in the upper
part of the crown, and the green pigmentation
is reduced, thus giving higher reflectance values.

WHITE PINE (Pinus strobus)

The foliage of the white pine is dark, and al­
though it has the same hue as white spruce, the

chroma is stronger, which makes it appear greener
than any of the other species considered in this
study. The photo colors show general corres­
pondence with the foliage colors; however, there
is a spread in the former to include hues of 2.SG
which may result from the diffraction effect
discussed above. A greater range of value also
occurs in the photo colors, which comes about
because of the marked difference of illumination
between the prominent upper branches and the
shaded lower ones.

RED PINE (Pinus resinosa)

The foliage colors obtained in the field were
the same as for balsam fir and eastern hemlock.
Reliable measurements could not be made on the
air photos, because of the fact that the red
pines had been planted quite recently and were
immature, thus the crown area was too small
to provide an identifiable color.

CONCLUSION

Although this study was restricted to a
small area, and did not include all the conifer­
ous species of eastern Canada, it is possible
to arrive at conclusions which are significant
at a more general level.

• Color is fundamental to our perception, and
there is a definite advantage in having a colored
as opposed to an achromatic image. The color
photo provides a better representation of the
original scene, and introduces more varied stim­
uli in the interpretation process, thus increasing
the likelihood of correct identification.
• Absolute color fidelity is impossible to attain
in the film image, and even homogeneous color
rendition is unlikely because of the variability of
illuminance over the photo area; however, it is
possible to obtain visual equivalence between
the color photo and the original scene. It follows
that when actual color differences exist, it is pos­
sible to establish color signatures for objects
such as tree crowns, as illustrated in Table 1 and
Figure 3. This is important because a forester or
botanist often associates a particular color with a
particular tree, and the possibility of recognising
the color on the air photo adds a new step in the
identification process.
• The amount of detail discernible in the color
photo is considerably greater than that available
in the panchromatic. For example, the tree
crowns can be readily distinguished from the
shadows, and the detail within the crown is seen
not as a dappled pattern, but as part of the
canopy texture. Not only is the total amount of
information greater on the color photo, it is also
better differentiated, and therefore more easily
interpreted.
• By combining the color signature and the
morphological characteristics the photo inter­
preter can establish a firm base for an objective
method of species identification. However, it is
apparent that ease of identification will vary
depending on the extent to which particular
features are unique to a particular species. Thus,
for cedar (Thuga occidentalis) and red spruce
(Picea rubens), the interpreter has the advantage
of a unique color signature and specific morpho­
logicalcharacteristics. White spruce (Picea glauca)
and white pine (Pinus strobus) have partial over­
lap of their foliage colors, but the morphological
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features are quite distinct. Foliage color is no
help in identifying red pine (Pinus resinosa), but
its crown morphology is unique. Balsam fir
(A bies balsamea) and hemlock (Tsuga canaden­
sis) are the most difficult specie.., to separate, but
even in this case there are differences in the
mirror morphological features of the crown and
in the color value of the foliage.
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