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USING AERIAL PHOTOGRAPHY IN DIFFERENT SPECTRUM INTERVALS
TO STUDY VEGETATION AND SOILS

By A. I. Vinogradova

In recent years, in our nation there has been a sig-
nificant increase in the number of specialists in different
areas who make extensive use of aerial photography in their
work. Along with broadening the sphere for using aerial
methods, we can also clearly note a general move toward
greater specificness in the technical and natural conditions
of aerial photography. Various departments have ceased to
be satisfied with the available finished materials from an
aerial photographic survey which have been obtained for dif-
ferent purposes. They are working out their own require-
ments upon the conditions of aerial photography in terms of
the survey scale, the type of film and the light filter, the
focal length of the camera and the type of camera, as well
as in terms of the season of the photographing, and are con-
ducting the corresponding aerial photographic surveys.

In line with the completion of work on creating the
state map of a scale 1:100,000 and with the changeover to a
more detailed study of the nation's territory, in all re-
gions a tendency can be observed to enlarge Lhe scale of
aerial photographing for making it easier to read the aerial
photos and for obtaining the greatest possible amount of In-
formation from them.

Thus, enlarging the scale of the aerial photographic
survey has been caused by the need to raise the reading
properties of the photos and thereby broaden the existing
reading properties.

In responding to this need of production, scientific
research is being conducted in three basic directions.



1. Increasinr, -he brightness and color contrasts
between the images of the landscape elements on the aerial
photographs b', discovering an effective spectrum interval
for the aerial photographing and choosing the corresponding
combination of f. lm 'ype and light filter.

2. Increasing the sharpness of the terrain image.
The desire for contrant s'.Duld not, eliminate the require-
ments for the reproduc'ion :f a large quantity of terrain
situation details on the pho'os and the possibility of ob-
taining accurate quantitative characteristics from aerial
photos, particularly in line with enlarging the scale of
aerial photographing. This in~volves the work of improving
the aerial photographic lenses, increasing the shutter speed,
raising the resolution of the photographic emulsions, etc.

The scientific principles for analyzing the geometric
and optical conditions of *he image of small objects on
aerial photographs were put down in on.r nation in the 1930s
by V. A. Faas in the concep's which he proposed and formu-
lated on the detailmetric and photometric scales (Gaveman
and Faas, 1940). The work which in essence io analogous to
the talented beginnings of V. A. Faas is going on at present.

The sharpness of the contours of' the photographic
images of objects, along with the reproduc'ion of the smal-
lest details possible, are particularly important require-
ments made upon aerial photographs which are to be used to
read forest vegetation.

3. A particular direction of tte scientific research
is the desire to create methods of special types of reading:
geological, soil, forest, etc. In this regard there is the
interesting work of creating a standard lerminology to re-
cord the characteristics from the aerial photographic images
of individual objects, a tone scale, the shape of the objects,
the dimension, the density and the character of their distri-
bution over the area, the configuration of the erosion net-
work, etc. A rational standardization for recording the
characteristics of the aerial photographic images of objects
would facilitate a comparative study of these objects from
materials of different surveys. However, proper attention
has still not been given to this problem in our special
literature.

In the given article, we have attempted to take up
only certain problems related to the contents of the first
direction of scientific research noted above.
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* :~ a re o heDifferenc-es in D)pticai Proper' ics bte~
indi-.idual !]ant Species, Vegel-a' ion ('ommunjities and 2j

Fesearchi cn the op * ical proper' leF o f p,1 r ) r.
purposes of reading aerial pho ' og-raph-s of bre -roundsrfe
.a , a-en u[) for bIe firs' 'ine Lnornain ,'-
a' :e L~enin.,rrad Aerial 2'ir-7ey Insý i',ute. Tefou.ndefr o1'

ýis research was :. A. '-ikrho:. Fo 3 Aro. 3,'~
work of z. A. Yikho-: was con'. iflued by Yýe. L. Krino.'. ',uese-

'~c.~t~hese same ques - Ion~s were s udied Iby M4. 7. 2Javosl '-
,.eaova. From 11)47, under 'he Presidium of Thie Fhazak~q Acaden'/

)I .- iences, an As' robol any 'e(--!or was set- up, where :A.
riov anci a --rouo of his s'.u1den' s (V 2 ikhomiro'i, "I.

s 'Iako': Land otIners) at present, are study ing 'nie opt ~ical
proper' ies of plant~s in the aim of de,.ec' in;- and pro .,in.
presence of organic life on other planet -s. Informa' ion on
'h-e spect-ral reflect-ion from certain types of plar~s ma:.
al so tic fourd in foreig7n li' 'erat ure, for examnpl e, in th.e

York y Jensen and owl (p4)

he general course of' thne chiange in th.e serm
retle'' yeproperties over the visible and infrared rays of'

>e spe-' rum whichi is charac'eris' ic for all gýreen plan* s is
explained as follows in the work of 'r.e named autr-.ors. ~'e
13ow, reflec' i-vi'.y of the plants in 'he areas of 'he 5lue and
red rays of 'he -:isible spectrum is related '0 the ý.i:7r ab-

-opion of these rays by ch lorophyll. A cer amn incirease
in reflec-ion in the area of the green rays is caused b- th'e

facý 'a* nese rays are reflected directly from the chloro-
"nx:'l .:ranules. Th-e extremel~y hihreflection wi'i -. e
nk'rar~ed rar* of !The spec' rum is ascrioed to 'hie rcompl~e e
.~aeof hne infrared rays by 'he chlorophyll and thýeir

re~er'tion from t.he in'ernal tissues of the leaf (i.~

mne of the reasons for ithe grea' difference in *he
reflctiityin hýe area of 'he infrared rays of '.he spec'rum.

ýe' ween tue coni'ferous and leafy '!ariefties is fell- to be
'%e presence of' a spongy p arenchyma in the leaves of he
ia' 'er. '.his, like foam, v.ery s'. ronjly reflects the infra-
red r ay s which tLhen emer,,e 'hirou!1h t~he chloroplas-s of 'i-.e
:alis a~ Pa r -nci: and !he upper surface of 'h-e leaf. in

:.-eedlier of -oniferous ".arie' ies, as is known, ',ne spon.-.
menpr',llis absent.

urinc-'.he s' age of fic. spring and a,' umna 'urniný- of'
l eIeaves in line withl 'he ',ary n:-' lime o" ' he ve_-e'a' ion

p-.ases, area, differencýes are also urea' ed in ret'ler' i~- oi-. o



...e area of 'he visible rays of the spectrum. '.ih the
wioe'i ' 'n he leaves, their reflectivil y rec-lines in '.•e

'trea of " ie infrared rays of the spec: rum.

Yhe .oniferouo varle' ies Drinaril:, reflect signifi-
can'l; I ess liign man ..ne leafy varieties over all the de-

ji.na ed areas of !he spec'irum. 1 his, as is supposed, is
exp ained above all by 'he basic differences between these

wo iroups in terms of densi'y, dimensions, configurations

and jrienta-ion of the leaves as well as *:ie placement of
"-.e wranines.

:ig. .. Spec'.ral curves for Fig. 2. ;rapii nf monthly

tre reflection of leafy (1) changes in the reflection
and coniferous (2) varieties. energy of coniferous plants

(According to Krinov, 1947) in the waveleng'h area of
560-720 millimicrons.
(According to Tikhomirov,1951).
1 -- spruce of the CanadianGRAPHICS sector; 2-- pine of the Cana-
dian sector: 3 -- spruce of

NOTthe Canadian sector K-L 4 --pine from the Botanical 3arden
of Kazan' State University:

5 -- Medeo spruce.
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In new work on examining the influence of the environ-
ment on the spectral-reflective properties of plants, G. A.
Tikhov (1949, 1951) has come to the conclusion that for
plants in a severe climate, the reflectivity Is less than
for plants in a mild climate, and that for frost-resistant
plants it is also lower than in the drought-resistant ones.
In a severe situation, a plant requires a larger amount of
solar heat for carrying out its vital functions, and for
this reason, the absorption of sunrays is increased and their
reflection is reduced. These indices change differently for
the seasons of the year for the various plants. The changes
in the reflection energy of coniferous and leafy varieties
for the various seasons are given in Figs. 2 and 3.

M. P. Ostyakov (1949) established the extremely inter-
esting fact of a change in the brightness coefficients of
plants of the same species located under different conditions.
Beginning with a wavelength of 541 millimhrons and above,
the brightness coefficient of a spruce growing at an altitude
of 1,500 meters above sea level was significantly higher than
a spruce growing at an elevation of 2,200 meters. The bright-
ness coefficients of spruces located at the same elevation
did not evidence such a sharp difference.

In the article by Billings and Morris (1951), results
are given from studying the reflectivity of plants in differ-
ent ecological groups, and these results completely agree
with the conclusions given above. The authors point out an
increased reflection in the visible area of the spectrum for
certain types of subalpine and particularly desert plants,
and this is related, in their opinion, to the hairs and waxy
coating on the surface of the epidermis, and the increase in
reflection in the infrared area of the spectrum (Fig. 4) does
not always accompany this. They come to the conclusion that
the higher the solar radiation reaching the plants and the
drier the habitat conditions, the higher their reflectivity
in the visible spectrum, and, judging from the graphs for the
spectral reflection properties of these plants appended to
the article, the greater the difference here between the in-
dividual species. On the aggregate graph (Fig. 5), the aver-
age curves are shown for several plants under different habi-
tat conditions. Within the visible spectrum, just as great
differences were observed in the reflection between these
plants as in the area of infrared rays.

All of the given data are very interesting for the
purposes of studying individual plant species and plant com-
munities using aerial photogrqphs. However, the data from
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Fig, 3. ;raph of monthly changes for t•e reflec* ion energn;
of different plants in a wave1enir- q area cf

millimicrons. (Accordirng *o Tikhomirov, .
I -- bristlethistle; 2 -- lilac: 3 -- ephedra (preen): 4 --

wormwood: -- .:'rass.

spectrophotometry of vegetation and other landscape elements
from above, directly from *he air, wo.I, ~e DI' immeasurably
greater practical value.
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Fig. 4. Spectral curves for Fig. 5. Reflection spectral
the reflection of desert vege- curves average for differ-
tation. (According to Billings ent habitat conditions.
and Morris, 1951) (According to Billings and
1 -- Atriplex canescens; 2 -- Morris, 1951).
A lentiformis; 3 -- Prunus 1 -- plains; 2 -- desert;
andersonil; 4 -- Eurotia 3 -- north slope pine forest;

lanata. 4 -- west slope pine forest;
5 -- subalpine vegetation.

f7060

Fig. 6. Reflection spe.ctral curves of soils. (According to
Putseyko, 1945).

1 _-..plowed soil; 2 -- meadow soil; 3 -- semiswampy; 4 -- swampy.
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Certain data on the integral brightness of objects
on the ear'h's surface in *he visibLe part of :he spectrum
taken from air measurements were ot-laine• by co-workers of
the Leningrad Aerial Surveying inr'i'.uly. In referring to
these data, 7e. L. Krinov (194-) stresses one circumstance
which is essen'ial for aerial pho- ographing: a rise in the
reflectivity of spruce forests within Whe visicle part of
the spectrum with *heir photometry from an airplane, in com-
parison with da'a of ground level measurements. This phe-
nomenon is explained by Ye. L. Krinov by the superimpoiztion
of predominantly liqht blOe ligh' reflected from the shadowy
spaces between tVe tree crowns on the visible reflection
spectrum direc*.±y from the crowns. Such an explanation is
completely convincing. It makes it possible to propose a
considerable role for the pa'.erns of *he crown cover pre-
cisely within the limitV of the visible spectrum, and this,
in the firs- place, significantly simplifies the very com-
plex problem of carrying out spectrophotometry from the air,
and, secondly, increases the interest in 'he aerial photo-
graphing of vegetation within the near visible spectrum.

Judging from the indices published in our literature
on the spectral reflection of various types of soils [Krinov,
1907; Savost'yanova (Optika v voyennom dele [Kýptics in Mili-
tary Affairs], 1945)], between them virtually equal tone
contrasts will be obtained with all 'he combinations of
aerial films and light filters (Fig. 0). In all areas of
the spectrum, differences in the reflectivity of different
soil types are virtually the same. Phe spectrum area of
infrared rays Ls interesting for studying soil varieties
for another reason, namely because of the con'ras' reproduc-
tion even with slight differences in terms of moisture con-
tent. Moisture content, in turn, can be one of the ctiteria
in determining the t ype of soil.

Directly exposed soils are rareiy encountered. Crdi-
narily soils are identified from the type of vegetation con-
fined !o them. Yecause of this, generally the requiremen's
of the geobotanists and soil scientis's coincide in verms of
the depictive properties of an aerial photograph.

With the present level of development in aerial photog-
raphy, by knowing the indices for the spectral reflection of
various objects on the ground surface, and consequently, be-
ing able to obtain their integral brtghtnesses on the photog-
raphy area, we still cannot identify them from the data of
measuring the densities of the negative layer. Such attempts
have not produced results which are of interest for using
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aerial photographs. However, this circumstance does not
reduce the practical value of materials for studying the
optical properties of vegetation, soils and other objects
on the earth's surface, in deciding upon the effective area
for their aerial phtographing.

Prospective Use for Various Spectral Intervals for Aerial
Photographing in Terms of Vegetation and Soils

For correctly choosing the combinations of film and
a light filter in the aim of studying vegetation and soils
from aerial photographs, it is essential to determine the
possible role of different spectral rays in forming the
aerial photographic images, considering the optical proper-
ties of the objects being photographed.

Ordinarily in aerial photography, it is considered
desirable to exclude light from the light blue end of the
visible spectrum due to its high dispersion index in the
atmosphere, the maximum natural sensitivity of the films to
these rays and their low reflection index from the leaf sur-
face. However, shadowy areas are illuminated mainly by the
diffuse light of the sky, i.e., by light blue light which
t'.ey also reflect into the lens of the aerial camera. Be-
cause of this, with the complete exclusion of the light blue
rays, the blackness of the shadowy areas is increased, and
the number of details distinguishable on them is reduced.

Obviously, in photographing from a low altitude or
with a slight haze, a better-quality aerial photograph will
be obtained with the absence of any filter whatsoever. Along
with this, it is essential to point out the advantage of
aerial photographic surveys made with high cloudiness, par-
ticularly for mountainous regions, since in this instance
the details are transferred better over the entire area of
the aerial photograph.

At. present, in line with the transition to large-
scale aerial photographing and, consequently, to the drop
in the height of the surveying, the problem of haze has
ceased to be a major problem, and the given considerations
can be accounted for in practical work, particularly in an
aerial photographic survey of forests.

The orange-red light theoretically should be excluded
in making aerial photographs of vegetation. Ryker (1933)
notes a reduction in the quantity of details depicted in
the aerial photos in those instances when the orange-red
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light was not excluded. He explains this chiefly by the
blinding burst caused by the mirroring of the sun's disc
from the leaves on the crown covers facing the sun, and in
addition, by the reflection of these rays upwards from the
earth's surface and the lower story through the trees. In
both instances, according to his statement, the light reach-
ing the camera is rich in orange-red rays. On this basis,
Ryker makes the following conclusion: "One can take as axiom-
atic the circumstance that in using the super pan aerial
film for photographing tree vegetation, any light filter
which passes orange and red radiation is useless."

The infrared light, because of its great reflection
by green plants and low dispersion by atmospheric haze, is
extremely interesting for the aerial photograpning of vege-
tation. However, there is the considerable circumstance
that within the infrared portion of the spectrum, the leafy
varieties reflect much more light than the coniferous ones,
and with an optimum exposure a majority of the leafy trees
ordinarily are overexposed while a significant portion of
the coniferous and all the darkened areas are underexposed
with a curresponding loss of detail in the aerial photographic
imagery of the forest canopy.

The green rays are less dispersed in the atmosphere
than the light blue ones and cause a smaller glare than the
orange-red, but most importantly, in aerial photography of
vegetation they leave a narrower series of brightnesses be-
tween light and shadow than with aerial photographic sur-
veying within the infrared rays of the spectrum. As we have
seen above, the spectral reflection curves of leaves from
green plants show a difference in the reflection of green
rays which is equal and sometimes greater than the limit of
the contrast sensitivity of modern emulsions which is con-
sidered as equal to 2 percent.

The differences in the structure of the tree crowns
and in the structure of the canopy have a considerable in-
fluence on the brightness contrasts between the tree vegeta-
tion within the visible portion of the spectrum (specifically
towards their increase in comparison with the laboratory
data). At the same time, the reflection of green rays by
the vegetation is sufficiently high and does not require an
excessively long exposure.

Consequently, in the area of the green rays of the
spectrum, there are all the prerequisites for the good re-
production of details from the structure of the vegetation
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cover with a simultaneous contrasting of its aerial photo-
graphic image. This is very important for aerial photography.

With aerial photography within the infrared spectrum,
in gaining in tone, we lose in the amount of details obtained
on an aerial photograph.

The Character of the Vegetation and Soil Image on Black-and-
White and Color Aerial Photographs

The character of the vegetation image on the panchro-
matic aerial photographs in making surveys with different
light filters is well known from our daily practices. The
information given in foreign literature on this question
does not produce anything new. At present, we should note
the rather numerous but still little-known works devoted to
the results of reading the infrachromatic aerial photographs.

In our nation, aerial photography on infrachromatic
film began to be examined in the 1930s at the Leningrad
Aerial Surveying Institute It turned out that the basic
merit of aerial photography on infrared film is the clarity
of depicting objects which are great distances away. Be-
cause of this, in long-distanca shots, the horizon line
ordinarily is clearly distinguishable, particularly in shoot-
ing away from the sun.

On the infrachromatic aerial photographs, water is
ordinarily depicted in a black tone, and for this reason the
water erosion lines are clearly traceable even when located
in the background. Shadows are very dense, and the details
of an object's structure within the shadowy areas cannot be
examined.

In evaluating the merits of materials from the infra-
chromatic aerial photography in terms of the possibility of
identifying vegetation and soils, it must be considered that
the infrachromatic film is highly sensitive to light blue,
red and infrared rays of the spectrum, with a low sensitivity
to the green rays, and for this reason, it does not make it
possible to obtain a clear image of details from green vege-
tation. With large-scale aerial photography, it should also
be kept in mind that the camera focus is designed for aerial
photography within the limits of the visible spectrum and
may produce a certain blurring with infrared photography.

In aerial photographs obtained in making a survey
with infrachromatic aerial film in combination with a red
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light filter, the green grass and leafy trees are depicted
in a very light tone, while a larger portion of the conifer-
ous varieties is dark with a corresponding loss of detail.
Dry grass, dead leaves, the forest floor and exposed areas
of ground also are dark.

Individual bushes, in merging with the general back-
ground of the grass, frequently are not visible at all. Due
to the dark tone of the forest floor, and particularly shadowy
areas, even in areas which are not solidly planted, it is
difficult to determine the base of the trees and consequently
to measure their height. Because of the great contrasts be-
tween light and snadow, it is sometimes difficult to deter-
mine the diameter of the crowns.

In areas where the soil is exposed, the degree of its
wetness can be judged from the tone of the aerial photograph.
However, it must be kept in mind that waterlogged areas
covered with a lush green grass show up in a very light tone
and can be much lighter than the surrounding areas with
dried grass.

With aerial photography using infrachromatic film and
a yellow light filter, the contrast of the image is signifi-
cantly less than in photographing with a red light filter,
and along with the leafy trees, from the degrees of the tcne
it is possible to establish certain species of conifers
(Spurr and Brown, 194C). The possibility of determining
"the dimensions of the trees from such aerial photographs is
somewhat broadened.

Also good for studying the vegetation is the green
portion of the spectrum which is best met by the spectral
sensitivity curve of the orthochromatic aerial films which
have a maximum sensitivity precisely for green rays. The
area of the green rays can be isolated also with a combina-
tion of a panchromatic aerial film with a green light filter,
but in this instance the sensitivity to green rays drops.

At present there is not yet sufficient material for
final conclusions on the aerial photographing of vegetation
on highly sensitive orthochromatic aerial films. According
to the available materials of experimental aerial photography
on a scale of 1:10,000 made by the Aerial Methods Laboratory
of the USSR Academy of Sciences, it is possible to make only
a tentative conclusion in favor of the orthochromatic aerial
films in comparison with the panchromatic in identifying
tree varieties. In Fig. 7, one can see a definite difference
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in the general pattern of the aerial photograph of the same
area of forest taken at an interval of not more than 15 min-
utes with the orthochrome type of aerial film with a yellow
light filter and the panchrome film with an orange light
filter. In the first instance, the ground surface can be
seen better through the canopy of the forest, and more tree
varieties can be identified from the difference in tone,
and the illuminated and shadowy parts of the crowns as well
as the shadows cast by the crowns can be seen more clearly.

In terms of the choice of the scale of aerial photog-
raphy in photographing forest areas on one or another aerial
film, the following considerations should be made. The tone
value as an identification feature is increased as the scale
drops, and consequently, the role of aerial photography on
the infrachromatic films increases, particularly for estab-
lishing the types of forest. With an increase in the aerial
photography scale, the question arises of the possibility of
identifying details in the structure of the forest canopy
and obtaining quantitative characteristics from the aerial
photos. In the given instance, as many authors assert, the
panchromatic aerial films with a green light filter give
better results than the infrachromatic ones.

With aerial photography on a scale of 1:10,000, the
negative role of red light and the positive role of blue
light come more into force. This explains the better re-
sults of reading forests obtained in using the panchromatic
aerial film with a green light filter in comparison with the
yellow. With this combination of film and light filter on
aerial photographs with a scale of 1-10,000, individual
branches and the nature of the tops of the trees can be exam-
ined, and this cannot be done with aerial photographs on a
scale of 1:15,000.

The nature of the vegetation image on the aerial pho-
tographs, as is known, also changes depending upon the season
of photographing.

The autumn and spring vegetation is reproduced with
the tone contrasts of their image on panchromatic aerial
film which are sufficient to recognize the individual spe-
cies and plant communities. In the summer season, it is
sometimes effective to use infrachromatic aerial film for
studying vegetation.

For a detailed examination, it is very useful to have
color aerial photography, since the number of colors dis-
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tinguishable on a color aerial film is much greater than
the number of gray tones distinguishable on a black-and-
white one.

Color spectrum-interval aerial photography under the
conditions of a desert landscape has no advantages in com-
parison with black and white. Possibly, this has happened
because the photographing was made on a double-layer film
with layers sensitized for the infrared and red rays of the
spectrum, and the choice of these layers was ineffective for
the desert landscapes. At the same time, it is known that
the aerial photographing of green landscapes on the same
double-layered film gives very interesting results for study-
ing vegetation. This is quite understandable if we consider
the spectral-reflective properties of green plants.

Color spectrum-interval films have also been recom-
mended by V. Ya. Mikhaylov (1952) for surveying geological
formations and swampy regions. Here the image is in un-
natural colors.

Judging from individual statements, experiments on
spectral-interval aerial photography on colored two-layered
film are also being conducted in the US, but in literature
there is no actual information on the merits of such aerial
photos.

Specialists in forest identification feel it is use-
ful to have colored photographing on a three-layered film
for their purposes. On the colored aerial photographs,
there is good visibility of the ground surface through the
forest canopy. This, obviously, is explained by the color
contrast which arises between the image of the crowns which
cast shadows and the earth's surface, since they are all
reproduced by different colors.

Research on the merits of color aerial photography is
a very urgent problem for the purposes of studying vegetation.
Due to the achievements of Soviet scientists, the time is not
far off when color aerial photography will be available for
broad practical use.

Color aerial photographing abroad is not widely found
and is still in the experimentation stage.

The use of color aerial photography in production
work is limited by the great expenditures on developing the
color aerial photos. Along with the high cost, the restricted
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use of color surveying is also explained by the small range
of possible exposures.

On the effective use of color aerial photographs in
studying vegetation and soils, there are contradictory
statements on only a general nature in foreign literature.
Certain authors point to their great usefulness, while others
refer to their still imperfect quality, as a consequence of
which they supposedly have no advantages in comparison with
good-quality black-and-white aerial photos.

Of great interest are the attempts to identify mate-
rials from color aerial photography, and these experiments
are an attempt to use its entire visible spectrum of reflec-
tion for each object. For this purpose, a positive print is
made on a transparent film. As is known, film printing pro-
vides a higher quality of image. On a light table they
examine along the route the stereoscopic pairs of color posi-
tive transparencies through a set of light filters: yellow,
green, red and others, each of which may be optimum for study-
ing one or another object, thus creating the greatest contrast
of this object against the background.

In the US, the elaboration of a method to read color
aerial photographs is being carried out in the following
directions: 1) a study is being made on the nature of the
color change of objects under the effect of the atmosphere;
2) they are studying the nature of color blindness which
occurs in the human eye in examining very small color objects
(Middleton, 1950).

In the aim of reducing material expenditures, the
American researchers recommend that on the color film shots
be made selectively within the area of a black-and-white
survey. A comparison of the colored aerial photographs with
the black-and-white ones of the same area will make It pos-
sible to extend the results of the reading to the entire
filmed area.

In the literature we did not find any data on research
on the possibilities of stereophotogrammetric processing of
color aerial photographs.

Certain Results on Experimental Aerial Photography of Differ-
ent Regions with Various Combinations of Aerial Film and
a Light Filter

In 1946, Spurr and Brown conducted experimental aerial

photography of forests in the eastern states of Norti. America
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in a scale of 1:12,000 and 1!20,000. Their task was to use
the photographs to separate areas of leafy forests from the
conifers, and to work out the features for identifying them.
Irhiey tested panchromatic and infrachromatic aerial film with
different. light filters and two types of color aerial film.

During the aerial photographing the grass was green
and gave a light tone to the image of the earth's surface
both on the panchromatic and on the infrachromatic aerial
films. This made it easier to see the grass through the
forest canopy.

The authors came to the conclusion that infrachromatic
aerial photography with a yellow light filter, in comparison
wit.h *he panchromatic and color aerial photography, makes it
possible to better separate the tree varieties by means of
'xe tonal contrasts, since the differences in the tone are
ý7,reater in the area of the infrared rays than in the visible
spec trum.

With panchromatic aerial photography, regardless of
the light filter used, these tonal contrasts could not serve
as a reliable criterion for identifying the varieties. Solid
differences between the coniferous, leafy and mixed types of
forest could be found only in studying the structure of the
" ree canopy along with the tone. Here it turned cut that
'he panchromatic aerial films reproduced the details better
ard it is easier to determine the density of the planted area.

The color aerial films could not provide either a
fai',.ful reproduction of details or satisfactory color con-
rasts between the types of forest, and for this reason were

not recommended for production aerial photography.

With the same purpose and virtually in the same areas,
Jensen and Colwell in 1947 conducted an experimental survey
(on a scale of 1:20,000 and 1:15,000) for the California for-
ests (Jensen and Colwell, 1949). However, different results
were obtained. On the northern California coast, not one of
,he tested combinations of various types of film and light
filters -- panchrome and infrachrome -- provided tonal con-
trasts which were sufficient to distinguish between the com-
mercial types of coniferous and leafy trees. The commercial
conifers were represented basically by redwood which with all
the combinations of aerial film and light filter was depicted
in the same tone as the leafy varieties accompanying it.
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Curious results were obtained with the aerial photog-
raphy of the same region on different scales and with differ-
ent combinations of aerial films and light filter.

Jensen and Colwell photogiaphed t he pine forests in
the California interior on *he same scale (1:20,000 and
1:5,000). Hiere the aerial survey was made when the grass
was yellow and this created a dark tone on the infrachromatic
aerial photos and a relatively licht one on the panchromatic.

The results of the reading came down to the following.
With aerial photographing on the infrachromatic film with
a yellow light filter, the leafy trees were somewhat. lighter
than 'he coniferous, while on the panchromatic aerial photos,
certain leafy varieties looked even darker than the identified
coniferous varieties. Regardless of a loss of detail in the
infrachromatic aerial photos, they were recognized as more
suitable for establishing the leafy varieties from the conifers.

Ryker who photographed the same forest in 1933 on a
larger scale -- 1:9,tuOO -- and who tested films of the pan-
chrome and infrachrome type, came to another conclusion.
The tree varieties, according to his observations, are better
distinguished with aerial photography on the panchromatic
film with a green light filter, i.e., on a spectrum interval
of 460-620 millimicrons. Along with the tone, he also used
the shape of the crowns in identifying the trees (Ryker, 1933).

Jensen and Colwell feel this conclusion of their pre-
decessor is completely valid for large-scale aerial photog-
raphy, and is not contradictory to their conclusion.

From Soviet experience on the aerial photographing of
forests in different spec'rum intervals, there are the widely
known r,2sults of the work done by the Aerial Methods Labora-
tory of the USSR Academy of Sciences conducted in the Moscow
region on a scale of 'I10,000 (Pronin, 1949). The panchromatic
aerial photos made it. possible to determine the specific com-
position only in terms of geometric features. On the infra-
chromatic aerial photos obtained in surveying with a red
light filter, areas of coniferous and leafy forests could be
clearly distinguished, and in 'he mixed plantings the per-
centage of the admixture was determined by counting the
crowns. Areas of pine and spruce forests were also identi-
fied from the tone. In the leafy forests, individual varie-
ties were not identified. A comparative evaluation of the
aerial photographs in terms of the possibility c measuring
the tree height and the crown diameters was not made. During
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the summer aerial photography in orthochromatic film, per-
ceivable tone contrasts were created between the areas of
coniferous and leafy forests. Obviously, on the autumn and
spring orthochromatic aerial shots designed for the dif-
ferent vegetation phases of the vegetation being photographed,
the tonal differences will be significantly higher between
the image of the individual varieties.

This brief review of the work leads us to the con-
clusion that the choice of the aerial photography conditions
for solving one or another problem related to studying vege-
tation is very complex and cannot always be the same in all
instances.

The listed works contain some information on the pos-
sibility of studying grass associations and soils from the
tone of their aerial photographic image. There are no pub-
lished results on special experiments conducted with.the aim
of solving this problem. It is only known that significant
tone contrasts are obtained on the infrachromatic aerial
photos between areas of dried grass which are dark and areas
of fresh grass which are very light. Here the vegetatior is
an indicator of soil wetness.

In American Journals, the infrachromatic aerial film
has been widely advertised as an effective means for detect-
ing the percentage of wheat rust. It is asserted that the
more beavily the area is infested, the darker its tone will
be on the aerial photograpn, and it is possible to detect
several degrees of tone change. The aerial photographs ap-
pended to the article appear convincing (Photogrammetric
Engineering, Vol 19, p 471).

On areas where the ground is exposed, as was stated
above, small changes in wetness produce marked changes in
the tone. The contours created by the moisture can make it
easier to focus the stereoscopes in measuring within pastures.

Judging from the spectral reflection curves for the
various types of grassy vegetation, particularly xerophyte,
it would be interesting to set up experiments for its aerial
photography within the green portion of the spectrum, and
precisely on orthochromatic aerial films.

The results of the experiments described above on the
aerial photography of different regions with different com-
binations of film with light filters show that the choice
of the film and light filter combination, in combination
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with the choice of ,c:crveying season, is a ýocal problem
whicn depends bo'h upon "i e nrture of the vegetation in the
given region as well as upon the research goals. Obviously
n-) general formulas -an be given, since different aerial
photography conditions are required for solving the same
problems in different areas.

In describing the existing opportunities for studying
vegetation and soils by using aerial photography in differ-
ent spectral intervals, we should point out the advances
made in the techniques of aerial photography. Research on
the nature of differences in the optical properties between
objects on the earth's surface in the aim of determining
the spectrum interval effective for their aerial photography
was begun at the Leningrad terial Surveying Institute in
1)29-1930.

V. A. Faas provided a scientific basis for the neces-
sity of a differentiated approach to choosing the technical
conditions of aerial photography within different landscape
zones (Sol'skiy, Faas and Sharonov, 1939). 1. A. Tikhov,
V. V. Sharonov and Ye. L. Krinov laid down the beginnings
for the elaboration of technical conditions in aerial photog-
raphy in terms of the problems of studying individual land-
scape elements. In 193j, V. V. Sharonov established the
effectiveness of vegetation aerial photography in the infra-
red spectrum.

However, at the same time, the conclusions obtained
cou'd not be applied in practice because of the absence of
the required types of aerial films with sufficiently high
sensitivity indices and the corresponding aerial photo-
grapnic equipment. Ihere could be no question of any color
aerial photography. The present level in the technical de-
velopment of aerial )hotography provides broad opportunities
for the prac,,ical achievement of such research and, with
favorable results, for subsequenr extensive introduction
in'o the practice of geologic-al and geographic research.

",olur aerial photography on two and three-layered
films from low altitudes at present is no problem. Aerial
photography in infrared rays has become an ordinary process.
There has been a significant increase in the sensitivity and
resolution of the previously existing types of panchromatic
and orthochromatic aerial films. ,te modern aerial photog-
rarhy cameras provide broad oppor'unilties for choosing lenses
with differing focal lengths, hignly orthoscopic lenses and
lenses with high resolving power indices.
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in line with this, we should remember Ihie , Dr'o' Ien
meri' s of the orthochromatic aerial films par' i-u Vrly :or
sudyingT our forests.

At one time, V. A. Faas pointed out 'he ad(Isahilily
oi using the orthochromatic material for large-scale planned
aerial surveys and the inadvisability of enlar;ement by
aerial photography in the long--wave part of 'he scpect*rum
(.sI5'skiy et al., 1939). The later was used with small-
scale aerial surveying as a measure ,o comba' haze, and for
"iis reason the aerial photographin7 was done only on pan-

chromatic aerial films, while the orthochromatic aerial films
were 'aken out of mass produc1tion. At. present, the meri's
of tue orthochromatic aerial film are again coming into pla:y
in line with the changeover to large-scale aerial photograph '
and due 'o the achievemen' s of our photochemical indus ri.

For further improving the methods of s-,udying 'Jege'a-
"ion and soils using aerial. photog'aphy in the various spec-
'rum intervals and for the prac'ical use of 'hese me'nods in
•-eouotanical, forest management, soil and other work, 'he
:ollowinF' is essential.

1. A study and generalization of the existing expe-
rience in the aerial photography of different regions of our
land under different natural and technical surveying condi-
-ions.

2. Conducting special work to discover these condi-
,ions in terms of the different landscape situation and in
"terms of the various tasks to be solved by using aerial
met hods.

3. Research on the nature of the reproduc. ion of :zeo-
metri_ properties of the studied objects in aerial pho'o:,raphv
on different types of aerial film, along with an evaluation
of the nature of the reproduction of 'heir optical prop-erties.

4. Research on *.he effe-'i eness,•f aerial pho r
using highly sensitive orthochromal, ic as well as the two and
.hree-layered color aerial films for forest, meadow, .wamp
I.nd o'ther vegeta'ion.

.Leterminin thie adv!isahili'y of simul aneous
aerial pho'ograrhy with 'wo or more cameras using differeni
combinations of film and a li.ht filter, in areas wnii:n. are
:,ia-cessible for ground work, in the aim of reducing 'he
amoun+ of field identifi 'a' ion.



A s, udy -)V :,.e spt2 - &a reflIecti )e i~oper- les
Jcs on ear- ci, s urf'ate Lnd above all hec indi':-e- for

lie c)rigu.ýnessZ -. n, ra&.* :)e, .:eern h e el ements o01 ii.e V ýant
ms Ml "o:ver 'Dr tii feren' zx ones of thle spec Truim under

Drdici ions ah re (`ose, -o e" oDndiltions of' * 1ir

13( o-ering !' e lea ures f'or read in.r thie eleren, S
.,e PL)Iant and- s oii' o':er from t ie mat-erials of' spe(ctral -

e r ýal and infrachroma' ic aerial phot oTr'aphs. '-or these
*ypes Df aerial films, ordinarily differen' tone ratios are
'.,*.ained for *the imav7es of the objects than witni aerial n:ij-
* 0 raohvy in th;e !isible sped-trun, and objec' s may be depictedl

are hard 'o distinguishi or completely invisible on e
:-o, 'or l-he naked eye.

furth-er elaboration of simplified mrethods for
0: taing e a'an-.i~a' ive chnaraA_- eris tics of objects f~rom

aerial o io ooýTrapo.s and t-he desi;-ning of c-orrespondlin.Y in-
:"rmen..'iiare :cimole -to use, convenient. and acc-essible

:-A ,.r:a~i use ý'v sec ial is's in th -eologrical and gorc~
'al ý-reas

njh'e present level of t-ec-hnical knowledg-e for
a : r.e mcrocement in aerial research me' hods for vege' a-
* xo an,, Asoils, i' iz essen lial- o hiae (,lose .ol labora' ion

,3-i' K e-,- i-e ':uh in ' he area of' aerial pho' os-raphi'ý sul-!'
c-vint- an,! abo':e a1ý In aerial pioo'ography and pho' og-rar:-.

,%e ry, on 1',e one hanri, and in 'earea of forest mana,-em~en'
soil l s :ien-e and 1_o'-any-, on, 'he ot:'ier,. ior (disco-ierin:- _h~e

oDn U'_]ons wuieren)y th-e researc~h ob~jects become readable from
aerial plho-o,-raphs, ..he forestry- workers, soil scientrists
and b:otanis',s must mas'ter a cer' ai amoun' of irnowledtre in

* earea of aerial photog,,raphy and par'-icipa' e ac ivel y in
t.e tirac-Tcal work ofseilssi his area.

.Q tpresent, w .e can stillI no' e a sig_,nifican'. :-au
:e' i:e:'e sr-_Len if! _ - acvhle-:emen' :- in 'he area :)f h,'e de-
.el opment. of aerial met_ýiodsc and -hei r 1 ntroduc' ion in,'o *'h)e

;)ra -- 1al work, of' fores; ry wr'zr.:0o' anists, soil solen-
*ists and other specialis' S. he rea' ion o1' Ihe correspond-

in, -eachin~r aids and methlodolo'i-ial tranuials will be one
measure on 'he wa; 'o el iminat in'- hýis ca.In these aids
'aiui manuials, 'hie necessary, lnforrma' 1-n from 'hie area Of wo
ogprammet rv, aeri-al po'sr1Pyn h'oett'sh-ouldi be

vi%'en in a langua.;e accessible for *fe n--nspeciali~st. Al on'-
-t,i ' is, I'is esseri' ! al ' D e'i'e' w',' fr ap,)rtoa K

Ln.' r-e sear' h by using aerial ph3' osci' I1 rid i: hinail lands" rp''



elements and individual types of landscape complexes on the
basis of analyzing the already accumulated experience.

The solution to the listed problems will help in mak-
ing fuller use of both the already existing aerial photo-
graphic survey materials as well as the recent achievements
in the area of aerial photography and other related sciences
in conducting the most diverse research.
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