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FOREWORD

This collection, "The use of space methods to study the natural enviromment,"
contains a series of reports presented by Soviet specialists at the meeting of the

section, "Methods of using aerospace information," of the Working group of Socialist

countries on remcte sensing of the Earth using aerospace methods (Moscow, November

17-2k, 1975).

The cooperation of Socialist countries in studying the Barth's natural re-
gources using aerospace methods is being developed in several directions connected
both. with the development of means and methods of remobe sensing and with the anal-

yeis of data, their interpretation and use in the national economy.

As is known, the first organized meeting of the Working group of Socialist
countries on remote sensing of the Earth using aerospace methods was held at Baku,

April 21-2T7, 1975. At this meeting two sections were created;

~ Methods and means of studying the Earth from space,

— Methods of using aerospace information.

Materials of the meeting in Moscow, November 17-24%, 1975, cover three groups of,
gquestions. The first part includes studies concerning vegetation and agricultural
lands, the second — soils and relief, and the third deals with methods,

These reports deal with methodological aspects of remote sensing of the under-
lying surface in different spectral intervals. Published results of studies of

natural resources show that efforts to investigate the nabtural environment by space

*Numbers in the margin indicate pagination of original foreign text.
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methods are being successfully developed and are gaining a wider and more varied E
character. Their chief importance is in demonstrating the practical value of aero- :
space research for the national economy, especially for efficient utilization of )
natural Tesources in agriculture. In addition, their publication has as its object

the mutual exchange of information among scientists of Socialist -countries on the

works conducted and it will promote further joint reseavch programs.

L

This collection will undoubtedly be of great interest to a wide range of

s o g 4

specialists working in various areas of research of the natural resources of the

Earth using aerospace methods.

Chairman of the Commission on the investigation of natural resources using

. space methods, USSR Academy of Sciences, Doctor of Technical Sciences |

Yu. K. Khodarev.
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Part I
VEGETATTON AND AGRICULTURAL LANDS

A, A, Alyab'yeva, D, 8, Bulatov, V. V. Vinogradov, Ye. V., Glushko,
E, D, Tamitskiy and V. S, Khrubskiy

Study of the Composition and Condition of Vegetation of
Pastures and Agricultural Crops

by Aercspace Methods

B, V. Vinogradov

Study of the composition and productivity of agricultural crops by remote asro-
space methods is very important for operative collection of current information on
their size, condition and potential yield. Although such information is colilected

through ground communication channels, it is often inadequate, inaccurate and ar-

rives and is analyzed too late. Aerospace methods could give current information on

crops in large areas synchroncus in time, cdmparable in methods and rapid in rate

of reception. Such information would permit advance prgduction during the growing
pericd of the regional harvest of crops, timely planning of agricultural operaticns
and, finally, control of the performance of individual plans and projects in vari-

ous agriculfural provinces.

Remote sensing methods are especially important for timely detection and deter-
mination of the amount of damsge to crops: floods, tornadoes, fires, droughts, dis-

eases and attacks by insects (Frey, 1967; Luney, Dill, 1970).

No less promising is the use of remote aerospace methods for studying the pro-
ductivi%y'of_pasture.vég§tation. The use of aerospace photos to study the develop-
ment of pasture vegetation will allow timely planning of the distribution of cattle
on pastures and their efficient utilization. This is especially important because
the productivity of.pastures varies in different years and in different seasons,
depending on the weather. The average regional volume of pastures drops 3-4 times
in drought years and in wet years increases the same number of times. Local devia-
tions reach 8-10 times. Aviation modeling of this technology in Central Asia (Bel-
yayeva, Rachkulik, Sitnikova, 1967) has already proven its effectiveness.
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A complex of methods is used for aerospace studies of the productivity of crops
and pastures: spectrometry in the AA 0,4-1.3 micron range; single-band and multi-
band photography in the A)A 0.4-0,9 micron range, television surveying in the AA 0.5-
0.7 micron range, thermal infrarved surveying in AX 3.4-5.6 and 8-12 micron windows,
"active and passive radiothermal surveying in the AA 0.3-30 em range and, finally,

multispectral surveying in the entire AX 0.3 micron to 30 cm range.

1. - Spectrometric surveying of pastures and Crops

Spectrometric surveying records the spectrum sweep of light reflected from the
Earth's surface in the AXx 0,4-1.3 micron range from discrete areas whose frequency
is sufficient for spatial characteristics of agricultural lands, The set of points
cn the curve of spectral brightness characterizing one area of the Earth's surface
makes possible very accurate identification of the composition and quantitative
characteristics of grassy and shrubby vegebation. Another aspect of spectrometric
measurements of the plant cover is determination of the laws governing the formation!
of the signal in partial images in certain spectral intervals, as well as justifica—f

tion of rational selection of these intervals,

Let us consider the bagic-factors of compoéition, condition and development of
grassy and semibrush vegetation of crops and pastures determining their reflective

characteristics.

Species of plants are characterized in general by exbtremely uniform spectral
distribution of coefficients of brightness. In the visible spectrum and in the near
infrared there are two zones of absorption of light by chlorophyli: in the blue
band at AA 0,40-0.47 microns and in the red at AA 0.59-0.68 microns, and two bands
of reflection in the green zone at A 0.51-0.58 micron and the infrared zone at AA
0.8-2.5 microns. However, as has been noted by almost all researchers of the
brightness ratio (rh)of vegetation (Rachkulik,l970; Vinogradov, 1966), species dif-
ferences of the Ty of the plant canopy are much less important than ecology, phenol—:

ogy and structure,

Most eclearly distinguished by spectrometric indexes are ecological types of

vegetation (groups of formations)(Billings, Morris, 1951; Vinogradov, 1966)(Fig. 1).


http:0.51-0.58
http:0.59-0.68
http:0.40-0.47

Mesophytes, including almost all kinds of agricultural crops of meadow pastures,

are characterized by typical r, with maeximum brightness ratio (BR) in the green part

A
X 0.56 micron

of the spectrum Kr = 1.8 by val of r = 0,08-0.12 and

v A 0.6k micron > DY values AVIS
high ry in the nesr infrared with * TR 0.6-0.8. True, curymesophytic cereals, to
which the majority of agricuwltural crops belong, have T\ NTR reduced slightly to

0.5-0.6,

Xerophytic specieg of plants, which include a few agricultural crops and the

majority of pasture species in drought zones,., are. distinguished by high T in the

visible part of the spectrum (r = 0.12—0,16}; a less pronounced maximum of r

AVIS

in the green part of the spectrum Kr A 0.56 micron

L 0.6k micron

=1.,5 and low Ty in the near

infrared band with TR 0.3-0.Lk.

Hygrophytic species are distinguished, on the contrary., by lOW'rA in the

visible part of the spectrum (r = 0,07-0.11) and high in the near infrared

(rmm = 0.7-0.9).

AVIS

‘The main optic factor is the phenological state of vegetation. Green growing-
plants have distribution of Ty similar to the above with Ty vIg = 0.,1-0.15 and

T) NTR = 0.0?~0.09. Dry faded plants are distinguished by high rl (rlG,= 0.25),

especially in the red part of the spectrum with r._ = 0.3-0.4, Spectral contrasts

AR
of growing and dry vegetation in this range,reach.KfAR .= 0,6~0,7 (Vinogradov, 1966;

Rachkulik, Sitnikova, 1966). The typical seasonal curve of r, of crops in the AX

A
0.59-0,72 micron range consists of four elements. At first there ie a rapid reduc-—

tion of r from 0.2 to 0.04, connected with growth development AR of plants. Then

the change in Ty stabilizes at a low level with yp T 0,04-0,08, when plants reach

the budding, earing and milk ripeness stage. @Qﬂ the end of vegetation a rise is ob=
served, connected with yellowing, curling up and dropping of leaves, as a resuli of

vhich »,  is increased 4o 0.12-0.20 (Fig. 2). Harvesting and then plowing up har-

AR

vested crops very much complicate the seasonal course of r Harvesting causes a

R to 0.2.

X
further rise of r,, to 0.3-0.4%, and plowing causes a sharp reduction of r

AR A

The second prevailing phytocenotic factor determining the optic properties of
vegebation is its structure. A number of authors have developed and calculated a
mathematical and physical model of the plant canopy, taking into account repeated

scattering, transmission and absorption of radiation Wy the plant medium, both in

/11
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random and in oriented distribution of leaf surfaces (Allen, Gayle, Richardson, 1970;
Ross, Nilson, 1968),

The main structural factor affecting the optic properties of the plant cover is
the projecting canopy of green growing vegetation (P), TIn-the visible zone of the

spectrum, in particular in its red portion at r R? air~dry soils (with moisture less

A
than 2-5%) are few and modérately humus (with hwmus content below 4-5%). Developed

in achromatic weathered soil-forming rock, they are, as a rule, brighter than vege-
tation (Vinodradov (1966). This spectral contrast between soil and vegetation ex—
ceeds‘KK 0.4-0.5. Among these soils are included almost all desert and semidesert:
soils, as well as many soils of the southern steppe and the forest zone. In the
near infrared spectral band soils are, on the contrary, as a rule, darker than the

vegetation of crops and pastures as r of vegetation varies from 0.} to 0.8 and

ANIR

¥ of soils is markedly below 0.1-0.3, .creating K (Belyayeve, Rechkulik,

Sitnikova, 1966). Also vegetation is lighter in comparison with soil in the green
part of the spectrum at r, = 0.,49-0,.58 micron (Gates, 1965), However, contrasts in
this part of the spectrum are weak (Kx = 0,1-0,2) and unstable, ILet us consider
the form of the dependence of rA(E), using as an example the Ax 0.59-0.72 micron

range (Fig. 3). The insignificant values of the projecting canopy (P < iﬁgb have

a relatively weak effect on reducing r, of the plant association. The highest

A
gradient sector of dependence rl(P) is found in the 10-60% coverage interval. In
the 60-80% coverage interval gradients of r, are reduced. Here is the critical

point, above which no drop in r. occurs with inereased coverage and even a slight

A
increase of r, is observed,

A

An Important phytocenotic factor affecting optic characteristics of herbage is

the height of plants., An increase in the height or plants affects change of Ty of

the plant cover equivalent to projecting canopy., but the effect is weaker. With

increase cf height of plants, r, in the most effective AX 0.59-0.72 micron range is,.

A

as a rule, slavishly reduced CEig. 4). The effect of height is expressed to a cer- :

tain critical level, as with further increase of herbage, growth in height does not
decrease Ty The less the projecting canopy, the greater this critical height. !
Thus, in mixed grass-cereal communities with 80-90% coverage the critical height is
15-20 cm (Steiner, 1961), in sagebrush-white wormwood communities with 40-50%

coverage height has an effect on reduction of r, up to 50-60 em (Vinogradov, 1971).
by >
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Americen scientists feel an important ergument determining the radiation char-
acteristics of herbage is the leaf surface index (the ratioc of the area of leaf sur-
face to the area of vertical projection — L), With increase of the leaf surface in-
)L“(-L)' ratio has the form of a second
order parabola with the critical level of index L about 3-4, above which further re-

dex, r?\ of herbage is reduced. 'A.graph of the r

duction of Ty with increase .of index I is insignificant and can even cause an inver-

sion (Allen, Brown, 1965; Rachkulik, Sitnikova, 1967).

A1l the above structural characteristics of herbage, determining its radiation
properties, projecting canopy, density, height, leaf index and brightness correlate '
closely with the productivity of grass and shrub vegetation-of -pastures and crops

and determine its connection with the spectral brightnegs ratio.

Most clearly pronounced is the relation between the phytomass {(m) and spectral I
brightness ratios in the orange-red part of the spectrum at AA 0.59-0.68 (0.72) mi-
eron (Belysyeva, et al., 1965; Myers, Allen, 1968). Statistical relation between

SBR in this range and productivity has the form of an exponential extension function:
e am® ,

where a and n are parameters typical of a particular class of herbage; 1 > n > 0.;

For example, the regression equation of rl(;n) for wormwood pastures in the AX = 0.59-

0.68 (0.72) micron range is approximated in the following form:

T T e ‘
‘ 3 Y - = Q77w 0.5 5

0,07 . o

Using an approximation of the plant community in the form of a disperse medium gives
an analytical formula describing the physical essence of the rh(m) relgtion (Belya-
yeva, et al.,, 1966):"

e i — i T

] -Ema
} r(ryer=1)+ (r,=v5)e. S
N P
i 5Y ~ B - b
/ Tl =N, (rprgle Ema
' ~ 7, — soil + i - r.. — vegetati -1, —soil
where Toy = T soll + vegetation systems, Ty " T vegetation, r -~ Ty oil,

m — amount of abeve-ground plant mass per unit of area, a — constant for plant for-
! -
I‘uation, E=1"Ty,

Standard error in determining productivity is +0.5-1 centners- |
by _ R -- - e e e e —— -
v .
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‘hectare™ . 1In the infrared range of the spectrum (AX 0.8~1.1 micron), the relation
between brightness ratios and phytocenotie factors: projecting canopy, leaf index,
height of herbage and productivity of vegetation, are also described by sn extension
function, but with the opposite sign (Thomas, et al., 1966). With increase of plant
mass, spectral brightness ratios in the Ak 0.71-0,.80 micron range are reduced (Bel;
yayeva, et al., 1966b).

In the process of generalizing r

A
dividual leaves, individual plants and individual microcenoses with an area less than

in conversion from ground measurements of in-

10 square meters to airplane measurements of plant communities and their complexes
and, finally, to satellite measurenments of large areas measuring 0,5-2 km, qualita-

tive changes occur in spectral reflecting characteristics of vegetation.

The first fact — reduction of ry with increased scattering of the plant cover —'

has long been known. Plants or groups of plants reflect 50-60% less than illuminabed
leaves in the visible band of the spectrum and 30% less in the near infrared band. ;
Measurements from aircraft with little optic thickness of the stmosphere also showed '
a reduction of ry of vegetation communities in compariscn with ground measurements

" of ri of individual plants, Reduction of r,_ of A measured from low-altitude air~

A

craft in comparison with ground r, is 10-30%.

A

The second factor of aerospace generalization is integration of the proportions
of T of vegetation and translucent soil in one spectrum. Reduction of the propoxr-
tion of vegetation and increase of that of illuminated soil causes a flattening of

-the spectral conirast K. %—%L%g, weakening of the absorption band of chlcrophyll and

inner shadows of herbage, increase of the integral r, of soil-vegetation systems,

A
especially in the orange-red paxrt of the spectrum at AXx 0.59-0.72 micron. As a
result, the course of the integral curve of v

A
trasts K %-%4%%~ are reduced from 0,5 {in ground conditions) to 0.%~0.1 (in space)

is evened out - and ' spectral con-

(Fig. 4). The thinner vegetation is and the greater the propoxrtion of soil, the

lover K M The effect of soil appears., beginning with a projecting cancpy of

I X 0.55
vegetation under 60% (Vinogradov, 1966), 1In a wheat crop the green maximum fk(fiG)_
appears only with an increase of the green mass of the wheat above 80 cent *hectare™?!
(Rachkulik, 1972). In the near infrared band of the spectrum the proportion of

s0il, on the contrary, causes a reduction of Ty (Miller, Pearson, 1971).

10
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The third factor of generalization is the effect of the spectral transmission
function of the atmosphere, as a result of which curves of Ty of vegetabion,
megsured from space from an altitude of about 200 km, are significantly deformed
{(Kondrat 'yev, et al., 1972). The superposition of the brightness of haze, which
over surfaces with more or less thick vegetation is always high, increaseg the Ty of
the plant cover in the blue part of the visible spectrum at A = 0.40-0.51 micron —

0.1-0.2, and in the green at A = 0.51-0.56 micron — 0.1-0.05. The green maximum of
A 0.55

X 0.k
under ground conditions, to 1.2-1.3 (in space)(Fig. k).

8BR according to spectral contrast Ki is sharply reduced from 2.5, measured

In view of the fact that direct ground calibration of elemenmts of the space
image (resolution of the multispectral scanning system [MSS] in the ERTS-1 satellite
was about 0.5 ha, the TV in the Nimbus-1l AVCS satellite — 90 ha, the MSS in the
Meteor-18 satellite — 150 ha or TV in the ESSA-8 satellite over 900 ha).is prac-
tically impossible, the following two-step method is used to debermine parameters
of vegetation cover., First, in test areas both on the ground and from an airplane,
correlations are established between phytocenotic and remote optic characteristics
similar to those given in Fig., 3. Then optic standardizabtion of the space image is
established, either by ground targets or an optic etalon. After this, inbegrabing
both these correlations and taking into account guantitative ratios of optically
uniform parcels in the landscape structure, we c;'m proceed to evaluating parameters

of the vegetation by small-scale space images,

2, Bingle-band photography

For many years tests have been made to decipher on aerial photographs the dis-
tribution, composition and condition of agricultural crops and forage plants in
pastures to determine their productivity. Photos were taken on panchromatic films
with an orange light filter in the A 0.57-0.69 (0.72) micron photo-ectinic zone or
with a yellow light filter in the A 0.51-0.60 micron band. The basic signs for de-
.ciphering crops are configuration, tone and texture of the fields (Howe, 1951;
Schmidt-Kraepelin, Schneider, 19663 Munn, McClellan, Phillpotts, 1966; Vinogradov,,
19663 Draeger, Pettering, 1970). A very important factor in interpreting agricul-
tural crops is the both geographic and strong seasonal variability of their photo-
graphic image (Brunnschweiler, 1957; Vinogradov, 1958, 1966; Steiner, 1961).

11
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In the steppe zone in early spring (April), after the snow is gone and the
soil dries to a softly plastic state, a field covered with stubble and last year's
residue appears in a monotone, textureless dark-gray tone. In spring (May), fields
Treshly plowed for sowing spring crops are distinguished by a darker tone, against a
background of which dissimilarities of soil formation can.be noted: sinks, erosion
hollows, native rock. Freshly plowed fields and spring crops are distingudished at
this time from fall crops and fallow land, which appear as lighter fields of a gray

textureless tone.

Cereal. crops from shoots to the tillering phase have little effect on the gray,
light-gray tone of the photographic image of the field. When staws develop (June)
cereal crops develop significant growth and the image of the field becomes evenly
dark-gray. During earing, cereals reach their maximum growth development and the
field appears as an even dark-gray tone, masking soil dissimilarities. Blemishes,
boundaries with weeds, as well as common pastures and virgin soil, beginning to dry

gooner , appear lighter than crops.

Ripening and yellowing cereal crops in the wax stage of ripeness (late June-
early July) sharply increase reflective capacity in the visible band of the spectrum
and appear as light gray, lightish-gray tones. At this time maximum tone differen—
tiation of agricultural crops is observed, depending on the rate of ripening: early
ripening crops of oats, winter rye and wheat appear lighter than late-ripening spring
vheat and corn. Harvested fields (July-August) appear as a monotone gray, light-
gray tone, blending with the tone of virgin soil., TFreshly plowed avtumn cropland

and fallow areas (August) again give a dark tone to the image of fields.

The distribution, configuration, composition and condition of crops have re-
peatedly been recognized in black-and-white and color space photographs. On the
color photograph of Texas, ﬁade in the spring from Apollo-6 in 1968, fields of win-
ter wheat are easily distinguished in a dark green color (Shay, 1969).‘ On color
photographs of the Imperial Valley in California, taken from Gemini-5 in September,
1965, it was possible to recognize all fields larger than 16 hectares, primarily
barley with tonal variations depending on density and condition of the crops. {Col-.
well, et al., 1970). On black-and-white space photographs from the manned space-
craft Soyuz-9 and the manned orbiting station Salyut-1 fields of various agricul-

tural use are differentiated with varying reliability (Fig. 6).
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As an example, let us consider the photogreph of the- Sallsk steppe taken from
Soyuz-9 on June 15, 1970, from an altitude of 228.h4 km on panchromatic film with a
light-yellow light filter in original scale at the subsatellite point of about
1.7560000, During the photography, the height of the Sun was 21° (Vinogradov, Sev-
ast*yanov, Serdyukova, 1973, 197k)}.

The studied section is located in the Sal'sk-Manych watershed in a subzone of
the dry steppes. The locality is a gently rolling plain with weakly cut gullies and
valleys of small rivers. $Soils in the watershed are chestuut, éaltish, in large
part (50-T70%) plowed and used for agricultural crops., Virgin vegetation is repre~

sented by well-worn wormwood and saltbush, now and then feather-grass dry steppe.

Agricultural lands and the condition of cereal crops in the field were selec-
tively described simultanecusly with photographs from Soyuz~9 in Juns, 1970, and
then more completely in the entire apea of the key section — by farm maps of the
loegtion of agricultural crops in 1970 — all fields in the V, I. Lenin Collective
Farm, the "Zavety Tl'icha" Collective Farm in the Zimov region; the "Pervemayskiiy"
State sheep farm.and the "Privetinskiy" State sheep farm in the Remontniy region of

Rostov oblast.

Crops occupy 60% of the area.. In crop rotation cereal crops predominate:
spring barley and winter wheat. Small amounts of rye, oats, millet, corn, Sudan
grass, annual and perennial grasses are grown. In the middle of June the milk-wax
and wax ripness stage of cereal crops begins and harvesting on June 25. However,
from the end of May all annual grasses and some cereals (barley, rye) are cut for
green forage. DRarly mown winter crops as well as those destroyed by frost or wind
are plowed under and reseeded with barley, which matures much later than early sown
barley. Pastures on slopes and bottoms of gullies and ravines, as well as cattle
trails also occupy 38% of the section, 2% of the territory is occupied by separate

farms and gardens and reservolrs.,

Used to identify the location, composition and condition of agricultural crops
were prints of space photographs, magnified 38 times, and special subsabellite . _
aerial phobtographs made in the same year near the time of the space photographs in
a gscale of about 1:70 thousand, Results of field observations and data from farm
mpaps of the location of crops for 1970 were first identified on aerial photographs
taken in 1970 and then, using the aerial photos — on space phobographs from Soyuz-9,

13



Enlarged space photographs are used to differentiste the following elements of
the agricultural landscape: fields with agricultural crops in various stages, pas—
tures, cattle trails, villages and separate farms, reservoirs, river valleys with

meadow-swamp-brush vegetation and gardens (Fig. 7).

The first step in photo interpretation-is-separastion of plowed areas from un-
ploved. With reliability approaching 100% fields are recognized by the darker tone
and rectangular structure of the photographic image. The structure of fields is
rectangular with a 1:;1, 1:2 and 1:4 raﬁio of the sides and strict meridional lati-
tudinal orientation of the boundary network. It is nobed that as dryness of the
climate increases from west to east, the amount of soil plowed is correspondingly
reduced, in the "Zavety Il'icha" collective farm — T0%, in the "V, I, Lenin" col-
lective farm — 64%, in the "Pervomayskiy" state sheep farm — 54%, in the "Privo-
lencskiy" state sheep farm — 53% and in the "Rodina" collective farm in the transi-
tional area to semidesert — only 33%. Judging by field interpretation of space
Photographs and the recognition of these fields on farm land use maps of collective
farms and state farms, on the photographs against a background of wirgin soil it is
possible to recognize all fields whose measurements vary from 16 to 400 hectares,
i.e, fields with sides over 400 m. Field boundaries are shown more accurately on
photographs than on land use maps and, therefore, they can be updated by space
photographs, Certain fields are shown on maps in different places than on photos
and in field observations. Finally, there are fields recorded on photographs which
are cmitted on land use maps, Therefore, they can be inserted into maps according
to the space photographs. Along the perimeter of fields boundary corrections in

some land tenures amount to 5%.

Within the field area in a pracbtice key section it was possible 4o identify
fields with crops of winter wheat, spring barley, winter rye, oats, corn, Sudan
grass, millet, mustard, perennial and annual grasses, as well as fallow areas over-
grown with annual and biennial weeds, cleared fields with stubble and freshly plowed.
fields. The basic sign of interpretation is the tonal density of the image, Be- E
cause the resolution of low-contrast details in space photographs was 250 m, the
interior texture of fields was not seen, The tone of the image was determined, on._
cne hand, by the growing mass of crops, and on the other by the phenclogical stage
of development. These two characteristics under conditions of uniform ground cover,:
identical climate and similar agrotechnology correlate with the composition and con— .

dition of agricultural crops. However, these same factors determine tonal varia- ]‘
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tions of the image of the same crops even in the same region.

For each of the above mentioned agricultural crops and lands graphs were
plotted of the frequency distribution of visual valuations of tone densities on the
positive image, A total of LTS5 agricultursl contours were analyzed. There is a
marked difference between different collective farms which is, evidently, connected
with differences in agrotechnology on individual farms., Let us consider tonal char= /16
acteristics of cultures described according to representative samples, The proba-
bility of reliable (with error less than 0.1) discrimination of individual crops in
general is high and varies from 0.6 to 0.9. Nevertheless, there are examples of
correcting collective farm maps of the distribution of crops in fields using the

tone signatures of space photographs.

In the darkest tone appear thick, tall (to 70-100 em) and late maturing crops
of corn and Budan grass. Fields of thick Sudan grass appear primarily dark-gray,
corn is a darkish-gray tone, Lightening of the tone of some contours is connected
with early cutting of crops for green forage. Also appearing in a predominantly
dark-gray tone are fields of oats which, as a rule, are reseeded later in lost

crops. of winter wheat and, therefore, mature late, S

The main cultures of the region — winter wheat and spring barley — appear in
the earing and milk-wax ripeness stages primarily in a darkish-gray tone with great

dispersion of tone.

Perennial and annusl grasses show a wide range of tone on the image from dark-

gray to light-gray due to their early cutting and the wvariety of grass agrotechnology.

Ripe ‘crops and stubble after grain harvest have the highest brightness ratio

among ground objects, reaching r, =-0.25~0.30, They occupy a very small area aﬁd

A
gppear on the picture in & lightish-gray tone.

Fallow arsas occupied by annual and biennisl mixed grasses appear primarily as
a darkish-gray tone but show great dispersion of tones from lightish-gray to dark--

_grey, as last year's and new fallows are considered together.

Freshly plowed chestuut soils have the lowest brightness ratios (rk in the

photoactinie range = 0.08-0.1k) and their brightness is comparable to that of a \
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cloud shadoy, Their image tone on the picture is dark. As they dry, chestnut soils
increase ri to 0.12-0,18 and the tone changes to dark-gray.

Common pastures with trampled down wormwood-saltbush pastures appear as an even
lightish-gray tone. Their areas are located along gullies and ravines and are
easily distinguished by tone (lighter} and shape  (not square) from the primarily
darkish-gray areas of fields, Gray winding bands of gullies are visible against a
background of pastureg. In places dark-gray bands of tree and brush vegetation,
melon fields and kitchen gardens are noted in the gullies. Cabtle trails are recog-
nized distinctly by the light-gray right-of-way with exceptionally down—trodden
vegetation, running from east to west for a distance of over 50 km. Besides the
light~gray tone of the cattle trail itself, there is a distinct gray veil of dust
in the atmosphere and in adjacent fields. Field-protecting forest belts are 10-25 m
wide and are not recognized on photographs, but they significantly increase the

clarity of boundaries between fields.

The classification of pasture vegetation by its productivity is based on
identification of the texture and tone of the photographic image and geographic
interpretation of the enviromment (Vinogradov, Kudryavitsev, 1964; Falkner, 1961;

Vinogradov, 1970). Based on the above considered relations between spectral reflec-'

tive and structural characteristics of pasture vegetation (Fig. 3), it can be con-
cluded that the density of the positive Image in filming on panchromatic film with
an orange light filter, i.e. in the A = 0.57-0,69 (0.72) micron photoactinic zone,
should increase in proportion o the increased thickness and coverage of green grow-
ing vegetation (.'\Tinogradov, 1958, 1970, 1971). And, in fact, against a relatively

light background of soil, the following ratio is observed between the projecting

canopy and the tone of the positive image of pasture vegetation: light tone — cover-.

age < 10%, light-gray — 10-30%, lightish-gray — (30) L0-50%, gray — 50~60%, darkish— '
gray — 70-80% and dark — 80-90% (100%). Densitometric measurements of panchromatic
gerial photographs showed a clogse relabion between the density of the negative image|
(D) and the phytomass of semidesert tree and shrud vegetation (m). The equation of
dependence D(m) is described by 2 curve in the shape of a parabola (Fig. 8)}. Maxi-

mum values of D = 1,5-2 coxrespond to the image of soll deprived of vegetation. or. | -

with productivity less than 1 centner*hectare™l. Minimum values of density D = 0.3-

0.4 are observed for critical productivity, above which no reduction of density is

observed with increase of plant mess. BSuch a critical ordinate falls at 10-20 cent-

ner hectare™ of dry mass (Vinogradov, 1961). The correlation of dependence D{m) is
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quite high, making it possible to measure productivity by the density of the nega-
tive with standard error of 0.5-1 centner-hectare™ ., However, selection of values

must be strictly districted in the locality and limited to one phencological season.

3. Multiband photography

Single~band photography on one-layer-black-and-white film, even photography
on multilayer color and spectrozonal £ilm do not, however, provide the necessary
recognition reliagbility for the composition and conditions of crops and pastures.
bnly a comparison of optic denéities of the image in different spectral bands can
give reliable information (Vinogradov, Kondrat'yev, 1961). Space experiments were
preceeded by numerous aviation tests of multiband photography of crops on coloxr
spectrozonal infrared filwm with blue, green and red light filters and with no light
filter {Steen Von, Leamer, Gerbermann, 1969( and synchronous filming of crops with
multiobjective (4-9) cameras using verious films with various light filters (Col-
well, et &l., 1960)(Fig. 9).

Space mltiband photographs were taken March 8-12, 1969, by Apollo-9 from an

altitude of 190-240 ¥m. The photos were taken with a four-objective camera with £ =

= 80 mm and various film + light filter combinations:

Film: Photoactinic zone:
A. Color infrared 0.51-0.89 micron
B. Panchromatic 0.U47-0.61 micron (effect of atmos-
pheric diffusion)
C. Black-and-white infrared 0.68-0.89 micron (overexposed)
D, Panchromatic 0.59-0,71 micron

The photographs had an original scale of 1:2.4 ~ 1:3,000,000 with the resolu-

tion element about 100 m.

Studies were made of multiband images of crops in the Imperial‘Valiey, south
of the Salton Sea in Southern California (Fig. 10) (Anuta, MacDonald, 1971)=_ﬂ?i§iw
gand, Leamer, Wever, Gerbermann, 1971), (Nalepka, 1970),. (Colwell, 1972}. All -
studies were based on comparison of interpretations of multiband space photographs

or synchronous altitude multiband aerial photographs (from about 21 thousand m) in

+

|

i

|
|
|
|

‘bands imitating multiband space photography with ordinary (from altitudes of 1500 and};

3000 m) aerial photography on analogous types of film and ground;stpdies_pﬁﬁﬁ%frgpm;
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position and condition of agricultural crops in key sections of the Imperial Valley
in March, 1969.

The Tmperial Valley is a flat inter-mountain plain with primarily irrigated
farming. The climate is subtropical semidesert. Soils are dark brown. The Valley
is elmost completely taken up with crops of barley, alfalfa, sugar beets, rice and
onions. In -addition, at the time of photography, i.e. in March, part of the arable
land is occupied by long-fallow land and plowed soils seeded with cotton. There

are also saline greas unsuitable for fayming.

Criteria for photo interpretation of crops were worked 6ut in key sections
where individual fields were identified in space photographs. These sections were
used to train the photo interpreter., Then, synchronous altitude and ordinary aerial
photography in.comparable spectral intervals was used to extrapolate and recognize
crops on space photographs of the-entire region. Tvo kinds of errors are taken into |
consideration in extrapolation. "“Omissions"™ occur when a field in the studied
class is erroneously assigned to a class with a different crop composition. Such
errors are determined by the ratio of incorrectly identified fields to the total num-
her of fields in a given class (Te/T). "Commissions'" occur when fields of a class .
with a different crop composition are erronecusly assigned %o the studied class.
Such errors are determined by the ratio of correctly recognized fields to the total
number of fields in a given class (Tc/ﬁ). Finally, the index of correctly identified
fields to the tobtal number of fields assigned to a given class was determined
{(Tc/T). Different groups of specialists have shown different interpretations of
fields in the Tmperial Valley on multiband photographs from Apollo-9 and mulbtiband
aerial photographs compared with them. However, in level of errors the resulis are,.

in general, similar to each other.

The highest accuracy of recognition is obtained in color infrared phobography
from Apollo~9 (Zone A), 1In color infrared photographs fields registered from pink
to dark red. Onion fields are pale pink to green, fields of sugar beets from dark
red to red, rice fields also from dark red to red with a noticeable and thick

irrigation system, soils withcut thick vegetation are gray and green shades.

The following conclusions were reached as the result of analysis by an ex-
perienced photoe.interpreter. The resulting accuracies (Te/T) with which agricul-
tural crops can be identified in multiband space photographs vary from 70 to 80%

18
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(while the required accuracy is 90-95%)(Table 1){(Colwell, 1972).

Table 1

ACCURACTES OF RECOGNITION (in %) OF AGRICULTURAL CROPS IN A XKEY SECTION OF THE IM-

PERIAL VALLEY BY MULTIBAND PHOTOGRAPHY FROM APOLLO=9 (Colwell, 1972)

Zone A Zone B Zone C Zone D ng%mum
minimuy
Barley Te /T 73 .83 63 tg7 Y 87
/T | & 43 18 48 1 e
Alfalfa Te/T || 21 21 - 74 9 74"
Te/T 1~ 13 it - 67 = © 23 .1l
Soil not Te /T 64 82 56 45 82
covered with _ ‘ ) . '
vegetation Te /T : 1 ’ 6 o} 2 o

In comparison with altitude multiband aerial photography (Table 2), it is noted

that the sccuracies in Tables 1 and 2 are of the same order.

Photoinberpretation of the composition of crops by images obtained in multiband

aerial photography from lower altitudes over the same key section in comparable-
segles to the multiband photographs from Apollo-9 preserves the order of accuracy
(Table 3).

Tgble 2

ACCURACIES OF RECOGNITION (in.%) OF AGRICULTURAL CROPS IN A KEY SECTION OF THE
IMPERTAL VALLEY BY MULTIBAND ABRIAT PHOTOGRAPHY (Colwell, 1972)

Zone A Zone B Zone C Zone D Mﬁx%mum

minimum

Barley Te /T . 40 ) 63 80 53 63
Te /T ‘18, |° 40 50 . 21 = |. 18

Alfalfa gg% 68 94 32 47 04
wnwe onmo | g | g @ @) o

covered with _ . . d )

vegetation Te/T 0 33 10 - 3 0

Lower accuracies of identification of alfalfs are connected (as in the above
example of perennial grasses in the Sal’sk key section) with differences in agro-
technology {crops ripe, unripe, recently cut). Barley crops with the most stable

herbage gave the highest accuracies of recognition among agricultural crops.
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Table 3

ACCURACIES OF RECOGNITTON (in %) OF AGRICULTURAL CROPS
IN A KEY SECTION OF THE IMPERTAT, VALLEY. ACCORDING TO
MULTIBAND AERTAT, PHOTOGRAPEY FROM 1500-3000 M

——r - - -

Te/T " TeyfT

Barley . 1 78-81. - © - 2011
Alfalfa, R N 0-3 |
Sugar beets 89.78- - |, 3-8

Rice . 88 | " 20-24 -
Plowed soil 100 . T B8
Salt -marsh 100 - o g
Onions 4020 - O

The main problem in the recognition of agricultural crops on space.photographs
ig the speed of analysis and operative oubput of information giving advance notice
of crop development. Therefore, solution of the problem is closely connected with

quantitative methods of recognizing crops on space photographs.

For basic agricultural crops in fields (sample 2. 10, minimum size of field 30
acres 01_350 x 350 m), average optic densities of the positive image were obtaiped .
in all possible film + filter combinations and standard errors (dispersion) of den-
sity were calculabted from this average. As -shown by comparison of average density
values, taking deviation into account, the averasge wvalues are not reliable signs
for distinguishing crops. Therefore, differences were calculated in average values
between three black-and-white images (3 differénces) and between three filtered and
one integral reading of a spectrozonal image (6 differences). Then, the dispersion
interval was superposed on differences of average-values. Lack of superposition of
density dispersions indicates that areas are distinguished with a probability of.

0‘950

Besides densitometric characteristics of partial images, of great importance
in the analysis .of multiband photographs <is comparison of geometric characteristics
such as amplitude and periods of fluctuations of optic density and their frequency-
spatial analysis (Vinogradov, 1966). As an example of such analysis, let us. pre- _

sent several results of synchronous multiband aerial photography made.in 1961 by
the Laboratory of.Aerial Methods of the USSR Academy of Sciences using various films

with photoactive intervals in the orange-red spectral band at A 0.58—0459 micron

%ith.maximum A of sensitization 0.63-0.65 nicron {on panchrome-10 film), in the
|
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_ green-yellow spectral bhand A 0,52-0,62 micron with maximum A 0.58-0.59 micron (on !
panchrome~lC film), in the green-yellow spectral band A 0.52-0,62 micron with maxi- i
mum A 0,58-0.59 micron (on RF-3 film) and others (panchrome-15, 17, Panifra).
Strict -sensitometric control was provided by correct comparison of multiband photo- ,

graphs both by photometric and by geometric characteristics. Test areas were.lo-

cated in different landscape combinations of forest-sbeppe zone vegetation: water i

meadows with a medivm level of mesophytic-mixed grass—couch.grass-sedge low-lying i
swamps, osier beds growing on alluvium, fields with shoots of agricultural crops. i

Densitometry of negatives with a relative aperature MF 0.035 mm gave comparable

registrograms, made of identical points of the lecality (Fig. 11). Statistical
analysis of registrograms led to a number of correct conclusiens about the selection:

of optimum spectral intervals for photography and evaluation of the deciphering '
criteria for different landscape.combinations of vegetation. For example, analysis ;
of registrograms.of multiband photographs "showed that the deciphering informational

&alue of frequency-spatiasl characteristics of amplitudes and optie density is .much

higher than average periods of fluctuations of different orders, amplitudes and
density. Filming in the green-yellow part of the spectrum A 0.52-0,.62 micron gives

best results in early-season tree-brush and partly meadow mesophytic vegetation.

inAthe_orange—red part of the spectrum.A 0.59-0.69 micron, pictures of fields, thin

vegetation and swamps are distinguished by, the best indexes,

e —

Individual negatives of multiband photography of the Imperial Valley were

scanned by a microdensitometer and the optic density of the negative was expressed |
in digital form (Wiegand, 1971; Anuta, MacDonald, 1971). The aperature of the micro;
photometer in the first experiment was 0.25 mm, it provided resolution of 60 m and f
vas slightly less than the resolution of the film (100 m); in -the second it was 0.6 :
micron, i.e. slightly larger than the first — 180 m. Besides the three black-and- :
white images (zones B, C and D), the spectrozonal image (zone A) was sequentially

scanned with blue, green, red and no light filters. Thus, seven partial images in
digital form were recorded on magnetic tape in a volume of 35 million readings. l
i

There were two modifications of digital multiband classification for each point

of measurement and for a set of points by fields (30 x 30 points), as well as.by __
combinations of zones A, B, C and D and by combinations of zomes B, C and D (Table
b), Agriculbural crops, like soil and hydrological factors, were automatically

identified by digital notation of the image: Accuracy of distinction is very high
L

:in plowed soil, salt marshes and reservoirs, but recognition of in%évidual agri-
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cultural crops, as a rule, does not rsach the necessary level of accuracy (90-95%).

The training complex of the test section was about 7 km square and presented

5906 elements of resoluticn. The area of extrapolation cccupied 350 sq kn and

Was, coﬁprised of 93,900 densitometric elements. Classification by subsets (30 x 30

points), ineluding all points in the field, in general gave higher accﬁracy of !
photo interpretation than classification by points, with the exception of crops }

varying greatly in agrotechnology, such as alfalfa. Low values of classification

by points were in some cases assumed to be due to an insufficient test set (sugar

b

heets, salt marshes) and in others — to nonuniformity of the texture of the contour
(salt marshes),

/21

However, classification by fields demands division of the set of
Table b

COMPARISON OF ACCURACY OF RECOGNITION (in %) OF AGRICULTURAL CROPS IN A KEY
SECTION IN THE IMPERTAL VALLEY IN FOUR MODIFICATIONS: "BY POINTS" AND "BY
FIELDS", BY CHANNELS A; B, C AND BY CHANNELS B, -C, D IN MULTIBAND IMAGES FROM

APOLLO-9 i

By fields By points By fields By points Maximum i

Barley 8.6-67.7 72,7=70,8- 75,0=71,0 71.2.76.6 ‘78,6 FJ
Sugar beets | . . . . ' e |
Alfalfa | 68.2-54,5 43,6-27,8 59,1-72,7 | 48,5-26.6 68.2. '
Arable lands | 9,1.42,1 36,0-41,7 .| 27.3-42,171 38,2-38.2 42,1 ., |
Salt marshes | 82,4.95,7 77.6-86,3. |- 82,4-91,3 |. 77.2-85,8 95,7. ;
Water { 100,0 59.0-4,8 - +100.0 70.5-9.3 100.0 =
Average ! 100,0 - 97.2 100.0 | 72 100.0 |
70.8.68,2 60,0-61,1 69.7-70.6 62,0-62,1 70.8 ;

- - . {

points into subsets (i.e. fields) of points, which either complicates automation of
photo interpretation or leaves the process semiautomatic with contours of fields

E

. f
outlined manually, j
t

I

The peor accuracy of recognition of agriecultural crops on multiband photographs
from Apollo-9, which was expected, can be explained by its imperfeption.l Poox '
recognition is determined primarily by the lack of sensitometric control of photo i
deta of multiband photography from Apello-9. - Lack of calibrastion made .it impossible
to correctly determine optic characteristics of individual crops. ' There are-also ._ |
other ways of improving the technology of multiband photography of agricultural
crops. First is selection of the optimum season, multiseasonal photography and
fompaxison of different—seasqn photos. For example, May pictures give higher

accuracy of recognition of barley and glfalfa in the Imperial Valley (83-90%) than
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March when crops apre not sufficiently developed in growth (Colwell, 1972). A

palliative way of -increasing the accuracy of photo interpretation ig combination of
agricultural crops iato blological groups, for exasmple, small grain winter cereals,
the same for spring, laprge grain ceregls, legumes, root crops, perennials, annuals,
fodder grasses, etc. 8pstial resolution of photographs is not only not a limiting
factor, but judging by data collected "by fields" -and "by points," high resolution
photography {at least 250-300 m) can be used for multiband technology. Finally, a
large reserve of multiband photography is the finer specification of spectral zones
for classification of fields such as, for example, 0.54-0.56, 0.64-0.68, 0.78-0.82

nmicrons.,

b, Thermal infrared surveying

The spatial and temporal structure of thermal radiation of crops and pasture
vegetation is very complex. Tt varies not only depending on composition and condi-
tion of vegetation, but also on illumination and weather conditions. Therefore, it

is difficult to give general signs for the interpretation of images of vegetation

cbbtained in windows abt A = 3,4-5:5 microns. and 8-12 -microns., Data obtained on_the _ .

interpretation of vegetation by infrared aerial photographs, although limited, show

the possibilities of inteypreting infrared images.

Radiation temperatures of a plant community (part of the vegetation + soil sys-.

tem) (T rad °C) are determined primarily by the temperature of the leaf surface of
plants. This, in turn, depends on the water content of plant tissues (Gates, Tan~
traporn, 1952; Olson, 1967; Myers, et al., 1970). Ground and lsboratory radiation
measurements have shown that in warm summer wegther with air temperatures over 10-
15%C and bright sunlight, when a strain of the water balance can be observed, green
growing plants, as a rule, are cooler than dry plants and the soil surface. It has
been indicated that the temperabure of leaves of mesopbytic plants due to transpira—
tion is reduced an average of 1-5°C, Plants with a stable water supply have a leaf

tissve temperature 1-5°C lower than those with an inadequate supply.

With a reduction of water pressure the gradient of reduction of leaf tempera-
ture is 1°C per 10% turgor (Fig. 12). Temperature differences between plents ex-
posed to the Sun and shaded reach 10-12°C. 1In the above indicated weather condi-

tiong it is possible to trace more or less clearly the inverse relation between

AGE I8
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thermal and water conditions of the plant.

However, hydrothermal characteristics of plants are subject to strong diurnal,

weather and seasonal variations.

Meximum temperature contrasts of plants, depending on their water supply during:
the summer in the gteppe zone, come in the afternoon hours of 2-4 p.m. when there is
the greatest strain of the water balance. Low contrasts are obseryed in the evening
at 9-10 p.m. and in the morning at 8-9 a.m. and, finally, the minimum in the pre-
dgwn hours at 5-6 a.m, Thus, the daily course of temperature contrasts of vegeta-
tien is more inerticnal than contrasts in the soil surface where maximum contrasts
occur in the prencon hours at 10-12 a.m. local time. Night photos of vegetation in
the infrared spectral band are not very promising, as abt night temperabture con-
trasts of vegetation, connected with differences in water conditions and vitality

are reduced 10-20 times in comparison with the daytime,

Wind reduces temperature differences of plants with different water content
and. at a wind speed over 10-15 msec"l,,overheating of insufficiently transpiring
plants is practically unnoticeable. The effect of wind strongly affects the_thg;gq}'
infrared image of fields of agricultural crops. It not only reduces contrasts, but
also superimposes extended bands of wind flow of wvarious speed on the image of

fields,

Cloudiness and rain also reduce temperature differences. However, thermal in-
frared aerial photographs in clear, dry and warm weather in daytime hours clearly

differentiate agricultural crops, depending on the stage of their growth.

Soils and dvy plants at this time are significantly warmer thar growing plants,
The I1luminated surface of the soil can be heated 10-30°C higher thean communities
where the soil is almost completely covered with herbage.

Thermal infrared aerial photographs of crops have been taken in windows at
AA 3.4=5.6, 3.0-4,1, 4.5-5.5 and 8-14 microns (Olson, 1967; Myers, et al., 19703 .
Vinogradov, Grigoxr'yev, Lipatov, Chernenko, 1972). TImages in the far infrared zone
of the spectrum at A 8-1lt microns are undoubtedly of great interest in comparison
witk the A 3.4-5.5 micron zone where the effect of reflected sunlight is still sig-

nificant.
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In daytime thermal infrared serial photographs (Fig. 13} the brightest (warmest)
are old fields with s compacted and air-dried surface. Crops of oats in the wax
ripeness stage with yellowing leaves are depicted by slightly darker light-gray tone.
Against a background of plowed fields and crops a gray tone indicates wet soil and
light bands — drainage lines. Green growing crops of clover and wheat give dark-
gray, dark (cold) tone, asgainst a background of which brighter spots indicate
blemishes, disturbed and trampled crops.

Existing space survey systems in the thermal infrared range from the Meteor /23
satellite at A 8-12microns and NOAA and Wimbus at A 10.5-12.5 microns haye too great
spatial resolution: the first 25 km and the second 7.2 km. However, since 1975 the
LandSat natural resources satellite has been providing pictures obtained by a scan-
ning radiometer in the A 10,5-12.5 micron range with a spatial resolution of 200 m,

Such images can be used for observing the condition of crops, primarily water con-
ditions of vegetation. An increase of radiation temperatures in this spectral band
can signal an inadequate moisture content and difficulties -in transpirabtion of vege—i

tation long before visible signs of wilting appear.

5. Multisﬁeetral surveying

_The most effective means of observing the composition, condition and produc-
tivity ofcrops and pastures is synchronous multichennel surveying in narrow spec-
tral bands — to 0.02 micron and with a wide range from ultraviolet at A 0.28-0.30 to
infrared at A 8-1h-microns. Such narrow specislization of bands, on one hand, re-
duces the input of excess information and provides comparison of signals of the same
object in different chamnels and, on the cther hand, increases the reliability of
recognition to the required level of probability — 0.90-0.95. Difficulties -arising
in analyzing numerous multispectral images are connected with poor understanding of
spatial-temporal variability of spectral reflective characteristics and the complexi?y

of their gquantification and automation of analysis.

The efforts to develop multispectral scanning systems (MSS) for studying matural
resources made by the Laboratories of the University of Michigan and Purdue Univer- |
sity have given positive results (Poleyn, Spansail, Malils, 1969; Holter, 1970).

12 and 18 channel MSS developed in the United States include 12-13 channels in the

visible and near infrared spectral bands and 5 in the thermal infrared. At the
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Table 5

1. 0.32-0.38 micron 1. 0.40-0.44 micron
2, 0.40-0.4h micien 2. 0,44-0.46 micron
3. 0.44-0.46 micron 3. 0.46-0.48 micron
k., 0.46-0.48 micron L. 0.48-0.50 micron
5. 0.48-0.50 micron 5. 0.50-0.52 micron
6. 0.50-0.52 micron 6. 0.52-0.55 micron
7. 0.52-0.55 micron T. 0.55-0.58 micron
8., 0.52-0.58 micron 8. 0.58-0.62 micron
9. 0.58-0.62 micron 9. 0.62-0.66 micron
10. 0.62-0,65 micron 10. 0.66-0.72 micron
11. 0.66-0.72 micron 11, 0.72-0.80 micron
12. 0.72-0.80 micron 12, 0.80-1.00 micron
13. ©.80-1.00 micron
and in infrared:

1k, 1.5-1.8 micron

15, 2.0-2.6 microns
16. 3.0-k.1 microns
17. 4.5-5.5 microns
18. 8.0-13.5 microns

present time specifications are established for 24 and 30 channel MSS (Zaitzeff,
1971}. Such equipment has for the first time provided researchers with complete
utilization of remote methods for studying agricultural crops and ecological

problems..

Beginning in 1966, several tests have been conducted in the United States using
MSS for studying agricultural lands. Local results in each individual experiment

were extremely significant.

A multispectral survey of agricultural crops was made on May 5, 1966, at 2 p.m.
from an altitude of 1000 m near the Wabash River immediately southwest of Lafayette
(Holter, 1970)}. In a valley with brown-forest highly leached soil it was possible
to distinguish (Fig. 1h4) crops of winter wheat in the tillering stage (1), shoots of
oats (2), red clover (3), freshly plowed fields (L), freshly plowed and seeded fields
with air-dry soil surfaces (5), last year's fallows (6) and other kinds of agricul-

tural lands — pastures (6), unfavorable areas (T), forests (8) and farms (9).

The relative contrast between crops of oats and freshly plowed fields is netice%
able on the image in the A 0.66-0.T72 mleron spectral range, but disappears in the
A 0.62-0.66 micron range and arising again in the X 0.58-0.62 micron range, it
merges slightly in the shortwave range. Crops of wheat and red clover and freshly

plowed fields in the A 0.66-0.72 micron range show no marked contrast, in the

18
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A 0.62-0.66 micron range a freshly plowed field is lighter than green crops. In the
A 0.55-0.58 and 0.52-0.55 micron ranges crops have a similar image, although wheat
is slightly darkex. In other shortwave ranges plowed fields are also lighter than
crops. In the visible range of the spectrum, fallows and plowed and seeded fields
are lighter than freshly plowed soils, inereasing especially in the A O.hh_0.48

micron range.

Relative contrasts in the near infrared band of the spectrum at A 0.72-0.8 and
0.8-1.0 micron differ completely TFrom those that occur in the longer wave range.
In these spectral ranges significant contrasts are noted between freshly plowed
fields (darker) and fallows or plowed and seeded (lighter) fields; these disappear
in the far infrared band of the spectrum. Whesat and other green crops appear light
in spectral ranges of the near infrared range at A 0.72-0.80 and 0.8-1.0 micron and
dark in all the rest. Thin crops of young oats in the near infrared range at
A 0.72-0.80 and A 0.8-1.0 micron. are darker, and in the visible band of the spec-
trum, especially at A 0.50-0.52, 0.52-0.55 and 0.55-0.58 micron ranges are lighter
than tall winter wheat and give a tone transitional hetween close crops and reflec-
ted soil.

A survey of agricultural lands using an 18 channel MSS was made near Camp
Davis, California, on May 26, 1966, at 4 p.m. from an altitude of 600 m (Polcyn,
Spansail, Malila, 1966}. In the complex conditions of varied agrotechnology of
irrigated farming the authors separated individual components of the agricultural
ecosystem, Plowed soil, gravel embankments and dirt roads were isolsted by images
in the A 0.48-0.50.and 0,58-0.62 micron ranges. Rice fields were recognized, pri-
marily, by images in the X 0.72~0.80 micron range of the near infrared spectral
band which, howgvér, was disturbed by differences in soil moisture and the project-
ing canopy of vegebation. Safflower crops were distinguished by images in the
A 0.k8-0.50 and 0.62-0.66 micron ranges.

Tn the state of Indiana on May 6 and June 30, 1966, surveys were made of agri-
cultural creops from gltitudes of gbout 1000 and 3000 m using & 10 channel MSS in the?
A 0.%-1 micron range. According to data of the June survey, accurate recognition-
of wheat fields by the 10 channel MSS survey (Te/T) was 70.8% from 3,000 m and 82.8%!
from 1000 m, and erroneous determinations (Te/T) 0.29% and 0.08%, respectively (Col-
well, 1972).
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Extensive studies of agricultural lands were conducted in the state of Indiana
.in the Lafayette area by the Leboratory for Agricultural Remcte,Sensing at Purdue
University. The survey was made with a 12 channel MSS on June 28-30, July 26-28 and

'
+
{

i

September 15, 1966, in the "Corn Belit" on brown-earth soil. - Tt was possible to recog-

nize crops of corn (C), soybeans (S), red clover (R), alfalfa (A), wheat (W), oats
(0) and.rye (Y), bare soil (X) and surface water {I).

Analysis of the results obtained by 12 channel MSS in the Lafayette area of
Indiana on July 28, 1966, showed accuracles of recognition of agricultural crops
from 52.4% for alfalfa to T8% for wheat (LARS, 1968, Teble 6).

Table 6

ACCURACIES OF RECOGNITION OF AGRICULTURAL CROPS WITH 12 CHANNEL MSS .
A 0.2-1,0 MICRON RANGE OF PURDUE UNIVERSITY (LARS, 1968)

L]

Agricultural lands Exact determination Erroneous determination
(Te/T in %) (Te/T) i
Bare soil e - 100 - - 1 B - 0,1 : !
Wheat ..o 78 L i be,, 0 i
Soybeans 78,7 .. - % v 4.6 !
Oats. . | 73.9 . .. C 3.1 S
Rice b 73,0 . k. . 1.7 ! ¢
Corn i 65.5 P 7.9
Clover i 69.6 4.7 i
Alfalta i 52,4 - 1.6 i
1

!

The training sample was determined visually on "uniform areas without large
patches of weeds, thin spots or bare soil." Such correct recognition (Tc/T) of
large grains (corn + soybeans) was 91.5%, small grains (wheat + eats + rice) —
87.1% and perennial grass (alfalfa + clover) — T7%. With e_xpansion of the subsets
to such integral entities as green vegetation, bare soil and water, accuracies

reach levels of 99.4, 98.0 and 96.7% (Hoffer, Johannesen, 1968).

A MSS survey experiment was carried out in the Impesrial Valley synchronously
with the flight of Apollo-9 on March 12, 1969, between 10.06 and 10,31 a.m. local
time in 1C channels in the A 0.4-1.00 mieron range (Nalepka, 1970). The purpose of

the study was multispectral simulation of multiband space photography from Apollo-—si_,5 K

substantiation and comparison of multiband photography and a multispectral survey.
On color spectrozonal Tilms, the yellow color-forming layer is sensitive to the
i

reflection of green vegetalbion {A» 0.53-0.58 micron) and completely sumarizes two

‘channels of the MSS — 7 and 8 (see above Table 5). The red color-forming layer is
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sensitive in the light absorption range to chlorophyll (A 0.62-0.68 micron) and co-
rresponds to MSS channels 10 and 11, although peaks of sensitivity of the photo-
graphic images and-MSS channels do not coincide. Finally, the infrared color-form-—
ing layer, sensitive to the increased reflective capacity of green vegetation in this
part of the spectrum (A 0.7-0.9 micron) corresponds to MSS channels 12 and 13, which
are less sensitive in the A 0.75-0.85 micron range, but compensate this sensitivity

in the A 0.85-1,0 micron range.

According to an international biological program on the Cenbtral Plains biome
in the state of Colorado (USA) in September, 1968, a survey was conducted with a 6
channel MSS in the A 0.4-1.0 micron range CWagner, Colwell, 1971). Differentiated
by various intensities of the spectral image were five categories of agricultural
lands with different productivity of dry plant mass: (1) soil without vegetation or
with thin vegetation and a plant mass reserve of 0-30-g'm™2, (2) low-grass communi-
ties of buffalo grass > 35 g'm™2, (3) short-grass prairies of grama grass > 65 g'm™2,
() medium grass prairies of feather grass and wormwood > 110 g'm 2 and tall grass

prairies of couch grass 200 or more g-m—2.

A number of authors have given specific recommendations for using a particular
narrow band of the spectrum to recognize the composition, thickness and phase of ; /26
development of crops and type of agricultural lands (Nalepka, 1970; Holter, 1970;
Colwell, 1972}. Measurements made in several minubes in flight, however, require
many months of analysis and development of an automatic system of identificabion.
In addition, the geographic and seasonsl variability of the image of erops deter-
mined the set of algorithms for crops at different times and in different regions.
Then it was found that the accuracies principally achieved — 0.8-0.9 — are not ade-
quate for their practical utilization. Finally, it was shown that minimization of
the number of channels to 3-k is not accompanied by a reduction of accuracy. The
productivity of agricultural ecosystems is determined in stages and includes: (1)
subdivision of biotic and abioctic components of ecosystems, (2) revealing spatial

and temporal variations of individual components of ecosystems.

In this MSS (Holter, 1970) it was first possible to carry out successful remote! -
surveying in the near ultravioclet band of the spectrum A about 0.3 micron. Inter- ;
esting data were obtained concerning recognition of agricultural crops: distinguish—?
ing ripe cereals such as wheat (which can have low spectral reflectivity and, there-!

fore, a dark tone on the image) from light-gray thin crops, bare soil and cereals P
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disturbed and damaged by diseases. 1In the A  0.32-0.38. micron range, MSS distin-
guished orchards with rodent damaged-trees by a lighter tone, which was due to a

disturbance of the formation of green leaf tissue (Polcyn, Spansail, Malina, 1969).

Space operation of the multispectral scanning system beg m July 23, 1972, when
multispectral images were obtained from the first natural resources satellite ERTS-1.
A four-channel MSS camera with the following parameters was mounted in ERTS-1 (Table
T):

Table T

CHARACTERISTICS OF MULTISPECTRAL SCANNING SYSTEM AND THE ERTS-1 SATELLITE
channel 4 = 0.5-0.6 micron

= 0.7-0.8 micron

LA
channel 5 : A = 0.6-0.7 micron
channel 6 : A

A

channel 7 : A = 0.8-1.1 miercn

SPATIAL RESOLUTTION OF DETATLS OF MAXIMUM CONTRAST: TO m

scanning width — 185

longitudinal overlap along equator — 1L4%

periodicity of coverage — 18 days

output original scale —1:3.2 million

output scale — 1:1 million

scale of image presentation — 1:250 thousand

Deelination of orbit — _55?_ —m_}

period of rotation — 103.3 million

_ground speed — 6.45 km*gec™!
progression of orbit — 25°.8 longitude
height of orbit - 920 km
In the Sascramento River Valley of California, recorded on the transformed image,

from ERTS on July 25, 1972, at 10 a.m. local time (Figure 1%), two kinds of conclu~ |
sions can be made comparing the images. One category of objects appears much better

on one of the spectral images. The second cabtegory of objects is determined by com~'

paring synchronous spectral images.

For example, to the first cei,tegor-f;’ where cbjects are easy to see on one of
the partial images and poorly visible or’ even not represented at all on others, be- .
|

long rivers. DBubtte Creeck, Phizer Fork and even such a large river as the Sacramentoi
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are hard to trace on partial images in the A (0.5-0.7 micron range and then, chiefly
by indirect signs: field boundaries and relief. On the contrary, in partial images
in the A 0.7-l.1 micron range they can all be traced by the dark more meandering

lines of waberways.

However, the most important is, of course, comparative decoding of multi-

spectral images,

At the end .of July in late summer, fields are very physiognomic, but -at the
same time give a.very variegated image, depending on the stage of ripening of the

crops, harvest of crops and plowing of fields.

In the 2 0.5-0.6 micron range fields with thick and green growing crops appear
darkest. A slightly lighbter tone distinguishes thin and ripening crops and plowed
fields.

In the A 0.6-0.7 micron range fields with green crops, as well as reservoirs
and wet irrigated fields with thin vegetabion or none appear dark. A gray, light-
gray tone distinguishes fields of ripening and yellowing agricultural crops, har-
vested fields and plowed Tields with air-dry soil. A light tone distinguishes
Tields of ripe, dry agricultural crops.

In the A 0.8-1.1 mieron infrared range a dark tone distinguishes primarily
reservoirs, wet and moist soil, as well as freshly plowed fields. Fields of ripe
dry and yellowing or harvested crops appear gray. Finally, fields of green and
thick crops in the growing stage have the lightest tone.

Thus, from the above description it is evident that groups of agricultural
lands cannot be distinguished in one partial image. However, by means of comparing
multispectral images they can be distinguished guite confidently. Reservoirs, wet
and moist soils have a dark tone on channels 6 and 7 and dark-gray or even darkish
gray on channels 4 and 5. Green agricultural erops, like moist soil, appearing dark:
or darkish-gray on channels 4 and 5, differ sharply from their light or lightish-
gray tone on channels 6 and 7. Plowed air-dry soils are distinguished from green L
vegetation by a lighter, light-gray tone, in particular on channel 4, and on the } 3

contrary, by a darker gray tone on channel 7. Ripe and harvested dry agricultural

crops are poorly distinguished from air-dry soil by a gray, lightish-gray tone on
channel 7, but well distinguished from them and from green crops by a,lighter,zlighf
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or lightish-gray tone on channels 4 and 5.

5. Radiothermal sounding

Space systems for measuring radiothermal radiation of the Earth from Kosmos 243,

384 and other satellites in the A 0.8, 3.5 and 8.5 cm renges still give too great
spatial and temperature resolution (30-50 km and 1-3°K) to obtain necessary informa-—
tion on the condition of agriculbural crops. Active vadar systems for measuring
radiothermal reflectiog in thg,lﬁ.lil@@ cm ranges are generally not installed in
sgtellites in view of their greab energy expenditures. Nevertheless, they have g
number of advantages which are forcing intensive development of methods of radio-
thermal sounding in satellites and their modeling in aircraft, especially their
sensitivity to the geometry of the plant cover and their invariability in relation
to cloudiness and time of day. Surveys are being conducted or are being planned in
bands:

Ka at A 0.8 cm

K at A 1.13-1.67 cn

X at A 2.42-3.66 cm

8 at A T7.6-11.53 en

L at A 17.65-25.8 cm

Burveys of agricultural lands in the stabes of Kansas and Celifornia, USA, in
the Ka range at A 0.3-1.0 cm showed close coryelation of the reflected signal with
parameters of crops measured in the field (Fig. 15). The basic factors controlling
the reflected signal were geometric parameters of the crops: projecting canopy and
height of herbage. Survey tests in the Ka range in the state of Indiana, USA,
showed the promise of using radar in combination with surveys in other spectral
bands. In aﬁﬁﬁﬁﬁ measﬁrements, high radiation was given by corn or soybeans, medium4
values by alfalfa. pastures and stubble and very low signals by plowed soils and
water surfaces. 1In tests distinguishing fields of sugar beets and corn in the Ka
range, probabilities of correct classification (Tc/T) were 97% and 92%, and the
probability of erroneous classification (Tc/T) 0.2% and 0.5%, respectively. Thus,
the potential possibilities of surveying in the radiothermal range reach the re-
quired level of probability, i.e. 0.95-0.99.

A sgignificant improvement in radiothermel surveying was made by measuring ver-—

tical and horizontal polarization of the reflected signal in the Ka range, as well
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as by comparing the Ka-signal obtained at different times (Haralick, Caspall, Simon-—
ett, 1970; Holter, 1970). Further expansion of radiothermal surveying to 4-5 fre—

quency. ranges, including zones K, X, 8, L and P in the A 1-100 cm range,in combina-
tion with three kinds of polarization, will ensure a universal effect of the system,
the main advantage of which is independence of time of day, illumingtion, condition

of the atmosphere and cloudiness,

CONCLUSION

Aerospace surveying of agricultural lands is extremely effective, but at the
same time complex and requires a great volume of methodological work and expendi-
tures for its realization. Recommendations for development of such surveying in the
next stage of development of space systems for surveying agriculbural lands might

include the following,

Selection of spectral bands., Three universal bands are recommended for survey-

ing agricultural lands:
A 0.52-0.58 micron,
A 0.62-0.72 micron and
A 0.8-1.0 micron.
Mso, additional ranges are recommended for solving particular problems in observing
the condition of agricultural crops, measuring parsmeters of ecosystems, excluding
the effect of atmospheric-astronomic conditions and increasing the reliability of
interpreting composition:
0.30-0.32 micron,
10.5-12.5 micron and
0.8 cm.

Scale and spabtial resolution. Mapping land use structure and identifying crops!

with probabilities of 0.95-0.99 require aerospace remote systems with spatial reso-
lution of 10-50 m, which is a relative scale of 1:100 - 1:500 thousand. ¥or synop-
tic surveying of the development of crops and the agrotechnological condition of
fields a resolution of 200-250 m is sufficient (i.e. relative scale of 1;2 - 1:2.5
million), and for observation of the development of pasture vegetation — 800-1000 m
(i.e. a relative scale of 1:8 - 1:10 million).
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Periodicity of SUXVER. For surveying the condition of agricultural crops the

most efficient periodicity is surveying once every one or two weeks during the grow-

ing season. During this time it dis possible to detect phenclogical deviations in

the development of agricultural crops from average data of many years, unfavorable

growth conditions connected with droughts, dust storms, wilting, development of dis-

eases, spread of herbivorous insects and extreme changes in soll moisture.

T
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DESTGWATIONS

A — wavelength of electromagnetic oscillations
Al — spectral interval

r — brightness ratio
Ty ™ gspectral brightness ratio

h _ - l . . .
r?\,VIS ry in the A 0,h-0,7 micron interval

T\ NIR -'rl in the AA 0,7-0.9 (1,1) micron interval
K. —optic contrast = El_;%{—'z
K‘I.;\_l/?\2 — zonal opbic contrast of two spectral intervals
g T in the 33 0.6-0.7 micron interval

‘D — optic density of photographic negative
f — focal distance of photographic objective
my — phytomass of vegetation, dry weight
m_ phytomass of vegetation, wet weight
Tra a_ radiation temperature
T — kinetic temperature
T — radiobrightness tempersture
P — projecting canopy

L — leaf index
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Figure 1, 8pectral bright-

ness ratios of basic eco-

logical groups of vegeba-

tion (Vinogradov, 1966):

a) xerophytes, b) mesophytes,

¢) hygrophytes.

Figure 2, BSeasongl course of spectral brighiness ratios of cotton (Belyayeva, Rach-
kulik, Sitnikova, 1967): a — in A 0,59-0.72 micron spectral interval end b) in

A 0.68-1,20 micron.
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Figure 3. Forms of relation between structural optic parameters of phytocencsis
(Belyayeva, Rachkulik, Sitnikova, 1966; Vinogradov, 19T0): a — between projecting
canory of Xeromesophytic vegetation with complete type of coverage (P in %) and

b — between productivity of ephemeral-wormwood communities {m in centner-hectare™l)
and r?\ in the orange-red part of the spectrum at A 0.59-0.72 micron.
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Figure 4. Spectral brightness ratios of various morpho-ecological groups of vege-
tation measured from manned spacecraft Soyuz—9 In the 0.41-0.69 micron interval
(Xondrat 'yev, et al,, 1972): 1 — semidesert, 2 — meadow~steppe, 3 — meadow, 4 —
meadow—sywamp .
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Identification of Agricultural Lands of the Dry Steppe
by Space Imagry
(Using the Sal'sk Key Section as an Example)

Ye, V., Glushko

At the present time, accounting for land use is becoming an'especially acute
problem in connection with the intensification of agricultural production. The grow-
ing demand for more accurate, prompt, regular and easily-analyzed information con-
cerning different types of agricultural lands in scales of administrative regions,
oblasts and even USSR republics requires the development of more uwniversal methods
of collecting and analyzing information, in particular, the use of remote aerospace
sensing of agricultural landscapes.

Study of the possibilities of aerospace surveying has shown the feasibility of
its use to solve a number of scientific and practical problems in the area of agri-
culture. Evidently the use of such surveying will provide the information necessary
for solving many problems, Selection of the type of remote sensing is determined by

the specific range of questions requiring answers.

Blackerand—white photography is used most widely, as it is carried out with the
aid of relatively simple, easily operated camera by a method developed in detail
for aerial photography. The pictures obtained are characterized by good photometric:
imagry characteristics, permitting high quality densitometric analysis, high spatial;
resolution, a wide range of choice of light filters, the possibility of stereoscopic'
analysis, visual similarity between the image and the objects photographed, facili-
tating the process of identification, and the possibility of bobth manual and auto-

matic filming (25).

The use of photographic surveying in agriculture is best for solving the followT
ing problems: 1) separating areas of land use, differentiating the basic types of
agricultural lands, measuring crop areas and forage lands (3, 6, T, 12, 1k, 15, 16,
17, 22}, 2) identifying the composition and condition of agricultural crops (k, 13,
ORIGINAL PAGE 12 —
OF POOR QUALITY 3L
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19, 23, 24, 26) and pasture vegetation (2, 5, 21), 3) separating basic types of
soils, determining thejir degree of salination, moisture content and erosion (1, 9,
10,11, 18, 20).

In this article we shall dis?uss the experience of identificetion of types of
agricultural lands and qualitative evaluation of their condition by space black-and-
white photographs of crop lands in the dry steppe zone. We interpreted small-scale
photographs of agricultural landscapes of the Sal'lsk dry steppe agricultural region
made on panchromgtic film from the "Soyuz-9" spacecraft by cosmonaut-pilot V. I.
Sevats'!yanov on June 15, 1970, from an altitude of 228.3 km in original scale at
the central point of the image of about 1:7,560,000 with the sun at an altitude of
about 2g° (Fig. 1). On-site resolution of areal objects of moderate contrast was
200-250 m and linear objects of high contrast — 50-100 m.

Prints from an original negative magnified to scales of 1:1,000,000 and
1:250,000 were used to identify agricultural lands., Recognition of elements of the
photograph was aided by data of small-zscale serial surveying performed syunchronousily
with the satellite survey and maps of farm land use for 1970, as well as ground ob-

servations of the condition and composition of agricultural lands for 1970 and=1972x

As a result of ground observations during the 1970 survey from the satellite
subsatellite reconnaissance examingtions were made of agricultural lands, the con-
position and condition of agricultural crops and pastures. These data were later /46
used for visual interpretabion of the photographs, on the basis of information on
actual conditions of the surface during the period of the survey. Following ground
cbservations in 1972 made it possible by comparing agricultural lands with their
photographic image to determine identification signs and estimate the degree of

their recognition on small-secale photographs from space,

The region studied covers a total ares of about 130 thousand hectares and in-
cludes lands of the "Im, Lenina'" and "Zavety Tl'icha" collective farms and the "Per-
vomayskiy" and "Privolenskiy" state farms in the Rostov Oblast. The territory is
located in the dry steppe zone, in an area of moderate continental climate (conti= -
nentality increases from west to east, reaching T0%). The January mean temperature
is «7°C, the minimum — -15~20°C, the June mean is +24°C, the maximum — +38 - +42°C,
Precipitation does not exceed 400 mm per year, relative humidity is 51%. The dis-

tribution of precipitation is extremely uneven, 20% falls in winter, 25% in spring,



38% in summer and 2% in the fall. The rainless period in drought years can last 60-
TQ days.

Under these conditions, on plains formed by Quaternary loessic loams, were
formed chestnut alkaline soils and on slopes among them appear steppe "solonets."
Meadow-chestnut dark soils and steppe "solonets" developed in suffusion sinks. In
river valleys, meadow-chernozem and meadow—chestnut soils were formed in middle and

upper Quaternary alluvial deposits and steppe "solonets' are found,

The vegetation cover is extremely uniform. Natural vegetation was represented
by needle grass-—feather grass dry sfeppes. As a result of plowing up of a large
part of the area, native vegetation has been replaced by secondary wormwood-needle
grass communities and annual and needlegrass groups. Vegetation grows most inten-
sively in the spring and first half of the summer, in the hot months it dies down

and during the heavy rain period in lste summer and fall it revives.

Wormwood-needlegrass communities predominate in chegtrwut saline soils in water-
shed sections. Needlegrass-—couch grass communities prevail along gullies and river
valleys in meadow~chestnut soils. In unplowed areas irrational pasturing of “cattle-
causes a degradation of the plant cover. In individual regions, primarily along

cattle trails, there is a predominance of wormmwood, needle grass, sagebrush and

thornbush groups.

The Sal'sk key section is located in a region of intensive farming with a pre-
dominance of grain and with a widely developed livestock industry. Agriculture is
concentrated in the western part, areas of plowed land are markedly reduced in the
east, Unirrigated agriculture prevails, only individual small sections around
ponds are irrigated. Grain crops include: spring barley, winter wheat, corn, oats,
rye, Sudan grass, annual and perennial grasses {alfalfa, wheat grass, esparto).
Saline lands of watersheds, dry gullies and river valleys are given over to pas-
tures, hay meadows and cabttle trails, The harvest in hay meadows ig 3-5 centners

per hectare.

In accordance with the established list of agricultural lands (8), on small-
scale photographs of the area within the resolution limits of the picture, it was
possible to recognize: land use boundaries, agricultural crops, fallows, pastures,

cattle trails, the gully network, ponds, settlements and main lines of communica-
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tion. We could distinguish clouds and their shadows, masking the image of agricul-
tural lands. On the phobtograph these cover less than 1% of the area surveyed.
Clouds are characterized by a light tone and sheadows by & thick dsrk-gray, less of-
ten a darkish-gray tone and they are well differentiated from the Earth'!s surface

in shape and image tone,

The following characteristics of the photo image were used in visual identi-
fication of the pictures: 1) photo tone, configuration, size, recurrency and tex- /T
ture of specific elements of the image, 2) predominant tone and pattern of features,
3} structure of the image, boundaries of features and their size. Besides these
characteristics, we used such indexes as relief, soil conditions and phenological

condition of the plant cover,

Agricultural lands were identified visually on paper photo prints by a combi-
nation of geometric signs and image tone. The tone is established by the degree of
blackening of the photo print using a seven-point scale of black-and-white tones,
The phototone of the image of a group of agricultural lands was evaluated using the
following characteristics:

1) average tone of image 65),

2) dispersien of average tone of image (cD),

3) frequencies of predominant gradation of image tone (F, %).

By the combination of densitometric signs, all isclated agricultural lands
were combined into four groups: 1)} agricultural crops and fallows, 2} waterless
valley pastures and cabitle trails, 3) water meadow pastures and hay meadows, 4)
settlements (Fig. 2), For the isolated groups of agricultural lands we plotted a
graph of the distribution of blackening levels on the photo print from the darkest
tones to the lightest (Fig. 3). Comparison of imagry characteristics showed that a
certain more or less narrow tonal interval is typical of each group of agricultural
lands in which the majority of features appear in this tone. - & follows from the
graph, areas of distribution of average tones on the image of the first three
groups of lands show practically no overlapping, which indicates the possibility of
their recognition by predominant tone with reliability approaching 100%. Overlap- y
ping areas of the first and fourth groups of lands do not prevent their differenti-
ation, as fields and settlements are correctly recognized by shape, type of boun-

daries, structure of the image and location.
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Satisfactory brightness contrasts of the photo image for recognizing types of
land are provided by the varied phenclogical state of vegetation in individual agri-

cultural lands during the survey period (mid-June).

Images of individual lands encountered infrequently (gardens, melon fields,
permenent fallows, hay meadows and forest bands) are not considered because of in-

sufficient data.

Land use boundaries of collective and state farms were relisbly determined,
taking into account such reference points as field borders, elements of the hydro-
graphic network, roads and forest belts. In cases when land use boundaries were
intersected by pasture areas, appearing as a homogenecus tone, boundaries were

distinguished by using cartographic data of collective and state farms,

Fields of various agricultural crops appear in the photograph as & mosaic of
rectangular fields oriented meridionally, On the space survey practically all
fields with area from 400 to 16 hectares are recognizable, that is, those with
sides over 400 m., However, it is extremely difficult to determine the internal
gtructure of fields becsuse of the super-small scale of the photograph. Fields™
have distinct and even boundaries. The predominating tone is dark-gray; however,
depending on composition of the crops, phenological development, soil conditions
and agrotechnology, the image tone of fields varies from gray to dark-gray. The
shape and size of field areas as a whole depend on relief, as they are limited by
watershed spaces. In the immediate vieinity of gullies, outlines of fields repeat

their curves.

Eroded fields are recognized on the photograph by uneven bands of a lighter
tone on the surface of fields. Irrigated lands are limited to small areas in the
bottoms of gullies near ponds. On the picture they are not identified because of
the insufficient territory occupied. Fallow areas are not widely distributed.

The current year's fallows have basically s homogeneous dark-gray tone, last year's
are darkish gray.

Agricultural crops and fallow sections occupy an average of 60% of the terri~-
tory, to the east plowing is markedly reduced, TO% of the land on the "Zavety Il'-
icha" collective farm is cultivated, 64% on the "Im, Lenina" collective farm, 54%

on the "Pervomayskiy" state farm and 53% on the "Privolenskiy" state farm.

ORIGINAL PAGE I8 53]
OF POOR QUALITY , 23



Perennial fallows are very uncommon in the region studied. They were not
identified because of insufficient size and insignificant tonal differences with

fields and between perennial fallows and pastures.

Unplowed lands of collective and state farms are almost completely occupigd by
pastures, hay meadows and cattle trails (38% of territory). Dry valley spring and
summer pastures occupy the least fertile lands of watersheds, their slopes and the
upper reaches of gullies. On the picture they are characterized primarily by a
homogeneous lightish-gray tone, TInsignificant tonal differences in the image of
pastures are primarily due to different degrees of cattle use, The more the plant
cover is grazed by cattle and the more deformed the surface layer of soil, the

lighter the tone of the image, Maximum damage is reached on cattle trails.

A cattle trail leading from east to west along the southern border of the
"Provolenskiy" state farm and the "Zavety Il'icha" and "Tm. Lenina' cellective farms!
is traced for over 50 km and is distinguished on the pichbure by a thin light-gray
strip with diffuse boundaries. Adjacent sections of pastures appear in a slightly

darker photo tone than cattle trails, but lighter than the basic pasture areas.

Dry valley hay meadows are rare and on the space image of this season are not

differentiated by predominant tone from pastures.

Water meadow pastures and hay meadows, adapted to large gullies and rivef
flood lands, are also easily distinguished against a background of dry valley pas-
tures. Along bottoms of gullies they are represented by needle grass-couch grass
communities and appear as narrow twisting gray bands with moderately contrasting
boundaries. The main occupants of river flood lands are meadow-bog, meadow and
meadow-saline communities, On the piecture they are wider and less twisting bands

of a darkish-gray tone with distinet boundaries.

A slight thickening of the plant cover, connected with a high ground water
level, is well reflected on the photo and indicates soils with the greatest moisture

content. To- T

Field-protecting forest bands 10-25 m wide, easy %o spot visually from the
satellite, can almost nowhere be identified on the photo image, as their dimensions

are an order less than the spatial resolubion of photography. But their presence
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makes the image of field boundaries more distinet.

The ravine-gully network is distinguished on the photo primarily indivectly,
by change in the character of the plant cover. Reduction of the thickness of the

network from west to east is easy to trace on the photograph.

The majority of ponds are poorly identified. They are distinguished by low-
contrast patches slightly wider than the strip of the gully, separated from it by
a light cross—strip of the dam. The image tone of ponds varies from gray to dark-
. gray, depending on the turbidity of the water and with very slight turbidity — on
the depth and degree of silting of the bottom. The shallowest ponds with a thick
layer of silt and smooth bottom surface appear as a homogeneous gray tone, With
increased depth of reservoirs, decreased turbidity of the water and thinner layer

of silt, the tone of the image changes to darkish and dark-gray.

Settlements occupy less than 2% of the area, They are represented primarily
by indiyidual villages and farms., On the photograph settlements are distinguished
by darkish-gray textured isolated patches of uneven or long drawn out shape with
moderately contrasting boundaries along a band of gully or river channels against—a
lighter background of surrounding highly trampled vegetation. The largest graded

roads appear as straight light lines against a background of pastures and among

field aress.

Study of the possibility of identifying agricultursl lands on prints of the
original negative (scale 1:7,560,000) showed that on a working scale of 1:1,000,000
the basic groups of lands are reliably distinguished:

agricultural crops and pastures are clearly differentiated;

boundaries are.easily recognized and both large tracts and separate
fields can be measured;

dry and wvater meadow pastures are clearly differentiated

the largest settlements are distinguished.

For more detailed characterization of the locality a working scale of 1:250,000
was more informative, providing more specific qualitative and guantitative indexes
of each group of agricultural lands. In this scale within limits of photo resolu-

tion in this area it was possible to:
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determine the degree of soil erosion in fields and pastures,

determine the degree of trampling of pastures,

update boundaries and areas of distribution of water meadow pastures and
hay meadovws;

distinguish the moistest soi%s in gullies,

update boundaries and areas of artificial reservoirs,

determine fluctuations in the water level of ponds,

compare the turbidity of water, depth and degree of silting of the bottom,

determine boundaries and areas of settlements,

update the location and extent of large roads.

In order to determine the reliability of identification of agricultural lands
on a small-scale panchromatic photograph, we compared results of identification
with farm land use maps in the period during the space survey and ground observa-
tions of 1970 and 1972 (Fig. k)., As a result, it was established that identifica-
tion of categories of agricultural lands was basically correct. However, land use
naps give a mere schemabic picture of crops than photographs, Individual fields
are indicated on maps in a different place or have a different configuration than
on photographs or in the field. In addition, obvious differences are noted in-=———
field boundaries within tracts of plowed lands. Calculation of planted areas on

space photographs and land use maps showed the following differences:

on the space photograph of 510 fields, 18 noted on land use maps covuld not be
identified. Unidentified fields vary in area {average field area about 100 ha) and
comprise 3.1% of all planted areas. As a check showed, the main part of unidenti-
fied fields located alongside pastures are not used for agricultural crops, being
abandoned fields, perennial fallows and fields with seeded perennial grasses serv-

ing as pastures, which resemble pastures in.image density and are not differentiated.

At the same time, 32 fields were found on the space photo which were not shown
on land use maps. These fields also vary significantly in area (average area of
field gbout 120 ha)} and comprise 6.3% of all planted area. The existence of 3730 /50
hectares of planted area in addition to that noted on land use maps indicates a = -~
tendency toward their expansion by collective and state farms at the expense of
pasture sections. Underestimation of cultivated areas occurs as the result of oub-

of'-date meps on which a1l the yearly changes in planted areas cannot be reflected.



CONCLUSTCN

Interpretation of space panchromatic photographs in original seale oft}i
7,560,000 magnified 7.5 and 30 times gives satisfactory results in identification
of all basic agricultural lands located in the given territory. Distinction of
such lands as agricultural crops and pasture sections, dry pastures, wet meadow
pastures and hay meadows, cattle trail stips and settled land was carried out with

religbility approaching 100%.

Surveying in mid-June appeared most favorable for identifying agricultural
lands as light contrasts of the vegetation cover of the dry steppe zone are maximum
at this time.

As the results of identification show, small-scale panchromgtic photographs
can be used successfully in revising farm land use maps. Ground observations pro-
vide map revision every 6-8 years. With the use of repeated aerial surveys, maps
can be corrected every 2-3 years. Periodic photography of agricultural regionms==" —
from space will make it possible not only to record all yearly changes in the loca-
tion of agricultural lands for modifying land use plans, but also to comtrol the

accuracy of their implementation by individuel farms,
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Figure 1, Fregment of small-scale photograph made from " Soyuz-9"-on June 15, 1970.!
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Figure 2, Summsry land use map of "Zayety TIiticha" and "Im. Lenina" collective farms and "Pervomayskiy" and
"Privolenskiy" state farms, compiled as the result of identification of space photographs. Legend: 1) agricul~
tural crops and fallows, 2) dry pastures end cattle trails, 3) water meadow pastures and hay meadows, L)
settled gyeas, 5) land use houndaries.

Figure 3. Average values (o) and dispersien of blacken-
ing @f the positive image of groups of agricultural

i lands, Tone gradations of positive imsge: 1 — light,

H , ot . 2 —-light gray, 3 —lightish gray, It — gray, 5 — darkish
£ o o Bray ., 6 — dark gray, 7T — dark. Groups of agricultural

fl feeeed T lands: K) agricultural crops and fallows, H) settled

areas, C) wet meadow pastures and hay meadows, I} dry
;pa,stures and cattle pruns.
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Figure 4, Outline map of comparison of identification of photographs from "Soyuz-9" ard land use maps.
'Legend: 1) agricultural crops and fallows, 2) dry pastures and cattle runs, 3) wet meadow pastures and hay
megsdows, 4) fi¢lds identified on photograph but not shown on land use maps, 5) fields shown on land use maps
but not identified on photograph.
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The Possibilities of Remocte Sensing of Potato Diseases

in the Near Infrared Band of the Spectrum

A. V. AMyab'yeva, D, 5, Bulatov, E, D. Tamitskiy and V. 8., Khrutskiy

Aerial photography as a method of investigating and mapping a district is
widely used at present in various branches of science and practice involved with
studying natural resources. TIn our country this method has won recognition in vari-
ous studies concerned with investigation of the Farth, especially its plant cover.
Scientific prerequisites indicating the possibility of obtaining additional infore
mation on vegetation in the near infrared range of the spectrum were laid down by
the fundamental work of Ye, L. Krinov (19hk7). He proved the possibility of detect-
ing differences in objects by means of photography in the invisible infrared band.
The first spectrozonal films, developed under the direction of A. N, Iordanskiy
(1955}, were the actual technical means of using this possibility on productive

scales.

The studies of reflection spectra of numerous objects, conducted by L. A. Mu-
khina and Ye, K. Kozlova (1966) made.it possible to systematize objects by curves of
spectral brightness, as well as suggested a method of calculating spectral bands
and other photographic conditions, optimum for detecting objects on a photograph.
These works created the scientific and technical base for broad introduction of the
method of spectrozonal aerial photography into agricultural practice, especially

effective in studying the plant cover, particularly phytopathological symptoms.

Vegetation, as a rule, ig charscterized by significant reflection in the
spectral band above 750 nm {the so-called Wood infrared effect). Numerous workers
have established that different kinds of plants, depending on their ecological
group, form of life, age, relation toward loss of moisture by leaves have different
ratios of spectral brightness (SBR) in the infrared zone. As a rule, conifers have

less reflection in the infrared band than leaf-bearing plants, cereals less than



mixed grasses, unhealthy and infection~damaged plants less than heslthy.

Soviet works touching on the prediction of plant diseases by change in the
SBR in the infrared band alsc indicate the theoretical possibility of detecting
phytopbthora disease (late-blight) in potatoes in the early stages of development.
Thus, in the work of N, G. Kharin, R. A. Bogoyavlenskaya and R. A. Kolovskoy (1965),
who measured the spectral brightness of healthy and fungus-damaged leaves (potato,
poplar, ete.), it is established that under the effect of pathological factors the
gshape of the curve of spectral brightness changes in infrared rays, which cannot be
seen by the human eye,

However, more specific data on the ratio of spectral brightness in damaged
leaves and the typical (narrower) band of the spectrum in which the curve of spec-

tral brightness changes have not been obtained,

Causes of change in the hrightness of the light veflection of disease-damaged
plant leaves are deep physiological changes in leaf cells and their loss of turgor.
According to the data of V. F. Kuprevich (1947), V. Lilli and G. Barnet (1953), and
B. A, Rubin (1963), fungi-parasites cause serious changes in the vital activi%&_a}:
the hogt plant, destroy chlorophyll-bearing parenchyma, repress the synthesis of
the protein base of plastids and cause significant changes in the water conditions
of the plant.

When leaf tissues are damaged by the phytophthora pathogen, first disturbed
is the water-gas balance of the plants, determined by the value of its water-gas
component, It is this disturbance of the water—gas balance of the plant which re-
duces the reflection of light energy by leaves in the near infrared band of the
spectrum (700-800 nm), invisible to the eye (M. P. Perevertun, 1957). Further loss
of turgor by leaves, destruction of chlorophyll, carctenoids and pigments of tissues
cause a change in the reflective capacity of leaves in the visible part of the spec-
trum  in. the 300-725 mm interval of wavelengths.

Accumunlated factual material on the spectral reflective capacity of ailing_énar
healthy plants has made it possible to suggest that infra-panchromatic aerial £ilm

can reveal differences in brightness in the infrared band of the spectrum.

3
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Development of technical conditions for aerial photography in order to detect

centers of disease damage in plants required solution of the following problems:

1. Establish quantitative differences in the refilective capacity of healthy
plants and those damaged by various diseases and the specific spectral band typical

of these diseases,

2. Trace changes in ratios of spectral brightness in time (days after infec—
tion).

3. Determine difference of optic densities AD for the image of healthy and
damaged leaves.

4k, Test possibilities of infra-panchromstic film SN-6M for revealing sections
damaged by late-blight.

Studies were conducted under laboratory and field conditicns by the Scientific
Research Institute of Potato Culture in 1973-19Tk (Director — A. 8. Volovik)}, to-
gether with the department of aerlial photo methods of the State Institute of Land -

Resources.

The objectives of the laboratory test included the following: a) determination
of the reflective capacity of healthy leaves and leaves damaged with fungus diseases
{phytophthora and rhizoctonia), b) that of leaves damaged by virus infection caus-

ing the leaves to cuxl up, c¢) that of leaves damaged by herbicide burn.

Artificial infection of potato leaves with Phytophthora was conducted during .
the budding period of the plants by the method developed by N. A. Dorozhkin and S. I
Bel'skaya (1967) using microchambers. Infection was produced with a suspension of
fungus (Phytophthora infestans De Bary) with 10-15 conidia in the field of view of
the microscope at low magnification x 10-20. Drops of the fungus susgpension were
covered with a special microchamber for 12 hours and then moist conditions were

creagted by covering the plants with polyethylene covers.

For infecting potabto plants with Rhizoctonia, a culture of the fungus Rhyzoc-
tonia soloni (Kiihn) was injected into the soil before tuber planting, calculated
1a.t: one Petri dish of ten-day culture per 1 liter vessel. Plants damaged by curl-

18 _
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ing of their leaves were selected visually and tested seriologically for the

presence of virus "M." .

To obtain data on the spectral reflectiwve capacity of pobtato leaves under
laboratory conditions we used a SF-LA spectrophotometer with an attachment for
reflection. The technical design of the Instriment made it possible to measure
ratigs of the spectral brightness of leaves in the spectral range from 390 to
1200 mm, with an accuracy of i?%. Design characteristics of the instrument only
permitted measurement of detached leaves; therefore, in advance we studied changes

in light reflected by the leaf after its removal from the bush with the course of

'time .

It was estgblished that spectral characteristics of light reflected by the
leaf last for 20 minutes and then begin to change markedly due fto loss of turgor
and withering, This peculiarity necessitated limiting work time with the leaf af-

ter its removal to a 10-15 minute interval.

Evaluation of the spectral characteristics of healthy leaves consisted of the
following: first, we measured SER of leaf layers differing in thickness (from-c@e
to three), second — we compared the spectral characteristics of tiers of leaves

from one and from different plamts. For this the plant leaves were divided into

four tiers: upper tier of young leaves, middle, lower and a tier of nabural atrophy

with yellowed leaves., On the first point — measurement of the spectral brightness

of one, two and three layers of leaves — no changes were found. In comparing ratios.

of spectral brighitness for the three upper tiers it was found that scattering aver-

ages 3-5% in the 400-700 mm zone and 5-10% in the 720-1200 mm zone. An exception is

the lower yellowing tier which has poor reflective capacity in the infrared band of
the spectrum (Fig, 1).

The curves of spectral ratios of brightness for the three upper tiers do not
differ significantly from curves of measurement scattering obtained in determining
the SBR of leaves of one tier of different plants, Therefore, leaves in different
tiers differ from each other in reflective capacity no more than leaves of the seme

tier on different plants.

On the basis of these data it can be asserted that changes in SBR exceeding 5%

do not depend on the measurement method and are due only to pathological symptoms.

3
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Measurements of the reflective capacity of plants damaged by ﬁhyzoctonia,
curled up leaves and burns from the herbicide Reglon established that differences in
spectral ratios of brightness in comparison with healthy plants are not significant,
i.e. they did not exceed 5%, With increase of exposure of measurements from one
to seven days after damage to plant leaves, also no significant differences were

found in spectral ratios.

The most interesting data were obtained in measuring the spectral reflective
capacity of leaves damaged by Phytophthora. In the first three days after infection'
of the plants no significant deviations in SBR from healthy plants were detected.
Also absent were visual signs of Phytophthora. On the fourth day weak signs of
late-blight sppesred on the leaves (barely noticeable dark brown spots) and g
simultaneous sharp change in the curve of reflection in the infrared band (beginning
at 750 nm)}.

The jump of SBR in the T00-T25 nm range, typical of healthy leaves, was ex-
pressed much less strongly in damaged specimens, In five to seven days after in-
fection of the plants, despite significant development of the disease, no further

serious difference in reflective capacity of the leaves was found (Fig. 2). = =

Thus, change in the spectral brightness of damaged plants begins earlier than
visnal changes in the color of the leaves (turning brown), indicating the possi-

bility of early detection of Phytophthora diseases.

The significant difference in ratios of spectral brightness of healthy and
ailing plants in the T50-900 nm range, which we detected experimentally, makes it
possible to calculate tentatively the difference of opbic demsities of the negative

in order to show the possibility of detecting diseases by photographic means.

Tt -is known that two adjacent objects are perceived on a photograph separately
when the difference of optic densities of their image AD exceeds a certain thresh-
old value &Di;..; called the "threshold of color separation.," The threshold value
of optic density at which the eye can reliably distinguish two objects on the nega~"
tive is considered to be ADthr 5.0.05. Caleulation of the difference of optic
densities for healthy and siling plants consists of the following:

= _ .
Ppo By = Oy =¥ 18 B,
r'D.



where D, — optic density of healthy plants on negative, - /58
Du'— optic density of unhealthy plants on negative,
v — coefficient of negative contrast (msually vy = 1.6),
Ty ru_—-brightness ratios of healthy and unhealthy plants.

On the third day after the plants were infected with Phytophthora the brightness
ratios of healthy and unhealthy plants in the near infrared band are:r,=0.85, ry=0.80'

(Fig, 2). Then; MDhy = v * 18 ‘o =1.6° 1g 1.06 = 0.04. Therefore, on the 3rd

Ty

day after infection the unhealthy leaves are practically undistinguishable from the

healthy on aerial negatives develcped to contrast v % 1.6, as ADp/y < ADgy o (0.0k <
< 0.05].

On the hth.day SBR in the T50-800 nm range for unhealthy plants is reduced to
approximately rﬁ = 0.5, contrast between the photograph of healthy and unhealthy

leaves is increased and expressed on the aerigl negative by the following density

differences: 4Dy, = 1.6 *1gh =1.6 * 0.23 = 0.37. This value several times

——

T
u

exceeds the threshold of color separation and damaged sections on negatives de-

veloped to y = 1.6 will be reliably distinguished against a background of healthy -

plants.

Our data on .spectrometric characteristics of plants and caleulations of the
difference in optic densities served as the basis for a field experiment photo-

grapbing healthy plants and those damaged by Phytophthora.

We selected a potato plot with various degrees of damage evaluated visually
at 1, 2, 3, 4 and 5 points, Photographs were made from an altitude of 18 meters
using a Pentacon camera with frame size 6 x 6 cm. We used orange 0S-11 and red KS-
10 light filters. Resulis showed that with any of the indicated light filters
healthy plants show up pink on the negative. Plants damaged by Phytophthora (4-5
points) bhave a gray-violet color. Intermediate damage is characterized by color

transitions from pink to gray-violet, Soil in the photos is light gray.

For practical aerial photography it is possible to use black-and-white infra-
chromatic film of the "Infra 830" type with light sensitivity in the most suitable
750-830 mm range, TIn this case a light filter must be used, cutting off the short-

wave zone of the spectrum to 700 mm, which can affect discrimination of damaged

B
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sections. Mass produced spectrozonal £ilm can also be used, SN-6M, for example,
hich. has light sensitivity in this spectral band, The infra-chromatic layer will
catch the necessary differences and the light sensitivity of the pan-chromatic
layer should be reduced by a thick red light filter of the KS-14 type. Curves of
the spectral sensitivity of layers of SN-€M aerial film are given in Fig. 3. From

comparing Fig. 2 and Fig. 3, it can be seen that EN-6M film has a rise of sensitivity

in the infrachromatic layer in just exactly the spectral zone where the maximum dif-
ference In SER of healthy and unhealthy plants is observed.

CONCLUSIONS

1, The actual difference in spectral ratios of brightness between heaglthy
potato legves and those damaged by FPhytophthora is established.

2. Maximum differences in ratios of spectral brightness between healthy
leaves and leaves damaged by Phytophthora are observed beginning on the hth day af-
ter infection of the plants.

3. Bpectrometry results make it possible to distinguish a Phytophthora-
specific informative spectral range (750-900 mm) in which the best discrimination
of demaged plants must be expected against a background of healthy leaves in aerial

photography.

L, The @ifference of optic densities between healthy and unhealthy plants,
shown on the negative, significantly exceeds the threshold of color separation (T

times), meking it possible reliably to distinguish unhealthy plants on infra-

chromatic negatives,

5. Technical characteristics of aerial film of the SN-6M type permits its
use for predfeting Phytophthora (late blight) disease among potato plants at vari-
ous stages of its appearance.
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INTERPRETATION OF THE VEGETATION AWD AGRICULTURAL LANDS /62
OF THE SEMI-DESERT ON MULTIBAWD PHOTOGRAPHS
USING THE TURGAY KEY SECTION AS AN EXAMPLE

B. V. Vinogradov and Ye. V. Glushko

A great deal of experimental experience of mulitihand photography of natural
resources has now been accumulazted using aerial surveying (2, 5, 8, 10, 15, 16, 17}
and spacecraft, particularly the "Apollo-9" satellite (6, T, 9, 12, 18, 19, 20, 21).’E

Analysis of a large volume of works on decoding aerospace multiband photographs‘

has ghown that the main objects of study are soil-vegetation complexes and surface

soils, field crops as well as forest tracts and pasture lands for purposes of

their study and inventory (6, T, 10, 13, 14, 16, 20, 21). R

t
|
water. A great deal of attention is given to interpretation of agricultural lands, i
i
!
]
i
In this work we present our experlence of interpreting pasture and haymeadow :
lands in the Turgay key section in the semi-desert zone using multiband aerial sur- :
vey data. The aerial survey was made in southern Turgay along a latitude profile
from an altitude of 5100 m in late summer. On-site resolution of areal objects was

5-10 m, that of high contrast linear objects 2-3 m.

|
Photographs were made with a system made up of six synchronous cameras with !
parallel optic axes. 8Six combinations of films and filters provided surveying in [
the following spectral ranges: A = 0.44-0.5% micron; AA = 0.51-0.58 micron; A = é
= 0.50-0.56 micron; AX = 0.52-0.59 micron; AX = 0.59-0.69 micron and Ax = 0.67-

4

|

'

0.73 micron. Of these we selected Ffour. j

Photos in the Ak = 0,51-0.58 micron range made on spectrozonal color Lidm-have !
ingufficiently high rescolution and are not comparable with images in the other bandé.'
Bands AA = 0.50-0.56 micron and AXA = 0.52-0.59 micron are very similar in wavelengt% *
intervals. Images of agricultural objects in these bands show no basic differences;

therefore, we limited ourselves to one, namely AA = 0.52-0.59 micron.


http:0.52-0.59
http:0.52-0.59
http:0.50-0.56
http:0.51-0.58
http:0.59-0.69
http:0.52-0.59
http:0.50-0.56
http:0.51-0.58
http:0.44-0.54

CHARACTERISTICS OF MULTIBAND AERTIAL PHOTOGRAPHY OF TURGAY KEY SECTION

Nunber -~ . . .

of zone Type of film Filter Wave length (micron)
1 TIsopanchrome 17 SES 20, ZhS 16 0.44-0.5% (blue-green)
2 Isopanchrome 17 SES 23, 0S 12 0.52-0.59 (green-yellow)
3 Isopanchrome 17 KS 15 0.59-0.69 (orange-red)
h Infrachrome Th4O KS 19 0.67-0.73 (far red and

near infrared):

In this work we used the central portion of the aerial photographic profile of
the Turgay hollow. TFrom the profile we selected four multiband photographs showing
the greatest differences in tonal values of objects in different bands: the side of
the Turgay hollow and the oxbow lake (Fig. 1), the oxbow channel in the Turgay hol-
low (Fig. 2), a large depression with a salt marsh and an oxbow lake in the Turgay
hollow (Fig. 3), and a sand dune with a dry channel in the Turgay hollow (Fig. k).

At the same time as the aerial survey, we made ground soil-botanical examina-
tions of this section of the Turgay hollow., Field observatione included analysis of

the composition and phenological condition of pasture and haymeadow lands, the de-

1
3
i

|
|
|
1
l
F

gree and characteristics of their utilization. As a result, detailed landscape—— —

descriptions were compared and preliminery gecbotanical meps were made of the bterri-

I

i
tory, which made it possible later to interpret photographs supported by material on'

the actual condition of the territory at the time of the survey.

By administrative location the region studied is located in the Dzhangil'din
agricultural region of the Turgay Oblast of the Kazakh SSR. The profile inbtersects
individual sections of the area bebween the Turgay and Ul'kayak Rivers, the accumu-

lative plain with the valley of the Turgay River and the Tosyn-Kum sand dune.

The area between the Turgay and Ul'kayak Rivers is represented on the profile
by a mesa-remnant denudation plain and denudation slope to the Turgay hollow on
loose Tertiary sand-aleurite-loam deposits. Active erosion-denudation processes,

egpecially widely developed in this section of the watershed sloping plain and

valley-gully slopes, led to intense erosion breakdown of the surface and the forma-

tion of very pronounced complexity of the soils and plant cover.

The Turgay hollow is an undulating accumulative plain formed by Upper Quaber-

nary sand-loam zliuvial deposits on marine Tertiary rock. The modern Turgay River

i
|
¢
|
i
i
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valley developed in the Turgay hollow. ILarge oxbow lakes of segmented or oblong

shape are located on the accumulative plain.

The Tosyn~-Kum sand dune on the east side of the Turgay hollow was formed by
modern aeolian-alluvial deposits. Dry channels intersecting it are covered with
wvater only during spring flooding. The undrained water conditions aid in intense
salt accumulation. The bottoms of the channels are covered with trash dry sslt
marshes on high ground and wet ones in lowland bottoms. On both sides of the dry
channel, disturbance of the surface of alluvial deposits causes the sandy alluvia
to blow away and be redeposited and the formation of dispersed barchan sand dunes.
A good ground water supply has allowed alluvial sands to be anchored by vegetation

and the hollows to become overgrown with mixed grass-brush communities.

Arid elimate conditions are characterized by a mean January air temperature of
-16°C and July of +2L°C. The amount of precipitation is 175 mm per year which
equals the level of evaporability, with evaporation reaching 800 mm per year. The
present reduction of flood levels is encouraging the encroachment of the steppe on-
to wabter meadows. The soil and vegetation cover indicates a shifting of meadow-bog

conditions toward meadow.

Zonal light-chestnut saline and alkaline soils are not widely distributed in
the Turgay hollow. They are developed on the western slope of the hollow, on the
accumilative plain and in the Tosyn-Kum sand dune under a thin plant cover repre-
sented by wormwood-cereal communities. Light chestnut alkaline and saline soils

developed in a complex with "solonets,"

occupying over 50% of the area. On the
western slope of the Turgay hollow brown alkaline soils are widespread in a complex

with " solonets,"

Intrazonal auwbomorphous “"solonets" develop:- under conditions of atmospheric
moistening and the depth of ground water has no effect. The character of saliniza-
tion is connected with local soil formation conditions, medium and fine "solonets™
and saline steppe soils predominate, At the foot of the western slope of the Tur-

gay hollow and on the accumulative plain both "solonets" and "solonchak" are spreads

On the accumulative plain water meadow: and meadow-bog alkaline soils are
widespread. On low level flood lands in oxbow lakes with sbundant hygromorphic
vegetation there is intense accumulation of oxbow alluvium, rich in organic matter,

17/



leading to the formation of peat. [Herel meadow-bog alkaline and saline soils are o /6
developed., Water meadow alkeline and saline soils develop in medium-level flood

lands under thick succulent mixed grass-cereal meadows., High flood land with thin
wormwood-cereal vegetation is characterized by high salt accumulation, causing the

formation of a flood meadow-steppe carbonate saline soil.

Typical light chestnut alkaline sandy soils are widespread in the Tosyn-Kunm
sand dune. Encrusted and trash salt marshes formed along the shores of oxbow

lakes, on the bottom of lake depressions and in dry river channels,

The vegetation cover varies widely depending on the water supply, the substrate-
and the degree of salination of the surface. Xerophytic wormwood-ceresl desert
steppes spread over the western slope of the Turgay hollow and on the accumulative
plain., Woody vegetation is limited to viver channels and isclated hollows in the
sandy desert. Vegetation of poorly-anchored sand is represented by psammophytic

mixed grass. Ir numerous "solonets" and "solonchak" soils the plant cover is

limited primarily to halophytic formations.

Desert shteppes on zonal light chestnut alkaline and brown alkaline soils Hin----
a complex with "solonets" are represented by fragments of variocus combinations of
wormwood and needle grass. Saltbush, wormwood and various obther desert plants are
developed on deep, medium and shallow loamy and sandy alkaline soils in various

combinations.

Osier beds extend along the shores of the Turgay River and the oxbow channel,
Reed, rush, horsetail, sedge snd other marsh plant communities are developed in ox-.
bow lakes with meadow-bog :kaline and saline soils. Pure reed thickets are wide-
spread along the river channel and along the shores of oxbow lakes. Medium-level
flood lands with wet meadow alkaline and saline carbonate soils are covered by f
succulent meadow vegetation, including couch grass, saltbush-wormwood-couch grass,

I
1
mesohalophytic-mixed grass—couch grass and saltbush-wormwood communities. Flotsam
lies on the lake surface parallel to the shores. l

Wormwood, cereals and other plants form communities in the sandy desert on i
sand hills with light chestnut typical alkaline sandy loam and sandy soils. In \

wet sandy hollows there are thickets of shrub willows with mixed grass and sand

J
wormwood. In poorly-asnchored sands ephemerszl-wormwood vegetation is represented l

78]



by mixed desext grasses and wormwcood communities, There are practically no higher
plants in trash galt marshes on the bottoms of lake depressions or in the dry

channels. Couch grass meadows have formed along the slopes of the salt marshes.

This region includes extensive pasture and haymeadow lands with potentislly
great agricultural value. The plant cover of desert shteppes serves as a good nu-
trient base of pasturing cattle. Wormwood-cereal spring and fall pastures zlong
the western side of the Turgay hollow on light chestnut alkaline and brown elkaline
sandy loam and loamy soils and "solonets" yield from 1 to 5 centners per hectare. |
However, pasture lands in this section of the western slope of the hollow are not
used to pasture cattle as there is a potential erosion danger. Year—round wormwood
pastures on light chestnut soils of the alluvial plain give 3-L4.5 centners of dry
pasture feed per hectare. Their wtilization in pasturage iz about 0.5. The per
cent of their utilization as spring-summer pastures in the spring, at the height off

cereal growbh, and in the fall as fall-winter wormwood pastures is 100.'50—60%_Oftﬁ5

I
pasture is grazed in summer and in winter. Annual selective hay making of pastures

is practiced on 10-15% of the area to supplement insufficient hay reserves.

"Solonets" and "solonchak" soils can also be used as pasture lands. Wormwood—
saltbush pastures on natural "solonets" have very low productivity and yield from
2 to 6 centners of low-quality hay per hectare. Feed reserves of autumn succulent
saltbush pastures on "solonchak" are even lower, 2-3 centners per year. Therefore,

they have no significant effect on the feed balance,

Wet meadows with rough-stem (wormwood-reed) and sedge hay meadows yield from
T to 20 centners of high-quality hay per hectare. However, meadows are onkty par-
tially mowed because the Tflood plain is intersected by river beds and channels,

frequently barring access to valuable haymeking lands,

Mixed grass-wormwood pastures in the Tosyn~-Kum sandy desert in light chestnut
typical alkaline soils are used for winter pasturing of cattle.

The reed thickets of the region are very valuable and promising rescurces. i
They are used for hay making and for pasturing catile as well as raw material for
silage. Reeds mowed before earing yield 15-20 centners of hay per hectare and
100 kg of hay contains 40-45 kg of food units. In later phase the reed coarsens
and its food value drops. When cabttle are allowed to graze in the early phase of
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development, the reed grows well and gives 2~k cuttings weighing up to 30-35 cent-
ners (converted %o dry material). Besides the reed is a valuable building maberial

for local construction and a raw material for the cellulose znd paper industry.

In identifying agricultural lsnds, most attention has been given to analyzing
the image tone of meadow and meadow-steppe hay lands, thickets-of waterside vege-
tation and pasture soil-vegetation complexes with wvarying salination and different
degrees of surface moisture., For interpretation we used our own field observations
of the composition and condition of sgricultural lands during the aerial survey,
geographic descriptions of the Turgay valley within the profile limits, carto-—
graphic material and land use maps of the XXI Congress of the CPSS state farm dur-
ing the survey period.

Levels of blackening of the photographic print were estimated visvally on a
seven-point scale of black-and-white tones and instrumentally by microphotometry

of negatives according to profiles in certain test sections.

In the analysis of the photos we compared image densities of objects in all
four zones and found regular changes in tone from zone to zone for different types
of objects. This made it possible to establish "signatures" of soil-vegetation
complexes on multiband photographs. We found what additional information is pro-
vided by surveying in each narrow zone in compariscn with other zones and ordinary
black-and~-white photography. As a result, we established optimum combinations of
zones at our disposal necessary for the most complete characterization of the test

cbjects.

Agricultural lands in multiband serial photographs have the Tollowing recog-

nition signs or "signatures."

Pasture lands. Spring and fall wormwood-xerophyte-cereal pastures are de-
veloped within the erosion~denudation watershed sioping plain of the western side
of the Turgay hollow on brown alkaline soils in & complex with "solonets" (Fig.
5a, 1). Multiband photography transmits well the complexity of soils and vegeta- ~
tion and the erosion pattern of the drainage systems of the hollow. Wormwood-
cereal pastures are most typical of the desert steppe subzone with sporadic appear-
ances of weak complexes, Predominant in the composition are: Seriphidium lerch-

eanum, S. berrae albae Ssp., 8. schrenkianum and S. sublessingianum and xerophytic

30]
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cereals: Stipa sarepbana, Bustuca rupicola, Agropyron pectingtum, Koeleria mac-
rantha, Zeymus ramosus, At the time of the aerial survey the predcminant cereal
vegetation had finished growing and dried up, but the associasted semi-brush still

continued to grow.

In pictures in all four zones these pastures are characterized by a predomi-
nance of gray-lightish gray tone. The tone of individual elements of the image
varies widely from light-gray to darkish-gray. Maximum contraéts between elements
of the plant cover are observed in zone 3. Complexity of soils and plant cover, as
shown by the photograph, is expressed, but not so clearly as in "solonets." The
gradusl transition from wormwood-cereal pastures to wormwood-saltbush on "solonets"
is traced by change in the ratio of gray patches and lightish-gray tone in zones 2

and 3%. They are not differventisted in zones 1 and k.

Year-round pastures of wormwood and assoclated plants are found in the area of
the ancient pediment on the western slope of the Turgay hollow and on the alluvial
plain in light chestnut sandy loem alkaline soils in a complex with "solonets"
(Fig. 5, a, b, ¢, 2). Vegetation is a psammophytic variant of desert steppes

where besides the above-noted kinds of wormwood-cereal pastures predominate:- Stdpa

tirsa, Koeleria glanca, Agropyron fragile, Artemisia marschaliana, S. sublessing-
janum, Erysiurum lencanthemum and Achillac gerberi. Cereals and mixed grasses at

the time of the aerial survey had also primarily dried up.

The image is characterized by a reduction of the role of lightich-gray patches
corresponding to "solonets," lack of clearly expressed darkish-gray bands of
erosion cuts. The predominant tone of the image in all zones is gray and hetero-
geneous. Discrimination of shallow saline "solonets" by a lightish-gray tone
occurs in zones 2 and 3. In these zones boundaries of pastures with wormwood-
saltbush vegetation on slopes and those with wormwood-xerophyte-cereal vegetation
on the western slope of the hollow are most clearly traced by the structure of the

surface image. However, the clearest and most contrasting image of other worm-

|

|

wood pastures is noted in zone 3. }
|

|

Fall wormwood-saltbush and succulent saltbush pastures are distributed in the i

area of the young pediment on the western slope of the Turgay hollow on "solonets,"
i

#*Note. Zone numbers in the text correspond to zone numbers in the table.
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saline "solonets" and "solonchak" (Fig. 5, a, b, ¢, 3). They are adapted to com-

' saline and encrusted "solonchak.M

plexes of deep, medium and shallow "solonets,'
The clearly expressed complexity of soils with warious degrees of salination of

the surface horizon is well transmitted on photographs by a mosaic of small patches

of uneven shape in a wide range of blackening tones on the photo print with dis-

tinet boundaries, Vegetation in saline lowlands is represented by zone aggrega- /6T
tions of individual halophytic species with varying projecting canopy: Halochemum
strobilaceum, Frankenia intermedia, Anabasis salsa, Kochia prostrata, Abriplex

cana, Artemisia salina, Salsola laricina, Climacoptera brachiata, C. lanita, C.

nitrosa, Salicomia europaea, Halimione verrucifera. With a projecting canopy less

than 20 (30)% aggregations have practically no effect on the tone of the photograph,
however, here and there the thicket cover exceeds this level. The composition of
frapments of plant communities of wormwood-saltbush pastures is extremely varied:
Seriphidium lewrcheanum, S. terrae albae Ssp., Spauciflorum, Kochia prostrata,

Anagbasis salsa, Zeymus ramosus, Stipa sareptana, Pestuca rapicola and Petrosimonia

brachiata.

During the aerial survey the semibrush.reached maximum growth development and
gave shades of dark tones in the orange-red part of the visible band depending on-
the projecting canopy. At the same time, ephemerals had already dried up, cereals
bad finished growing and dried up and together with the thinnest fragments of semi-,
brush (for example, Anabasis salsa with coverage less than 5-10%) in this spectral
interval gave shades of light tones. Thus, variations in the composition and

thickness of vegetation, depending on the salination of "solonets,”

emphasize the
complexity of vegetation and soil., TIn all four zones wormwood-saltbush pastures
are formed by a predominant gray tone; however, the tone of individual elements
varies from light-gray to dark-gray,., creabing an unusual patchiness of the Image.
The structure of the surTace and the complexity of soil and vegetation is best
transmitted by pictures in zone 2 and especially 3. Tn zones 1 and & "solonets™

soils are almost undifferentiated.
Wormwood-psammophyte mixed grass—-brush pastures on alluvial sand valleys and

position of vegetation, which includes cereals: Festuca beckeri, Agropyron fragile,

hills in the Tosyn-Kum sandy desert (Fig. 5 d, 4). They have the most varied cou-
Koeleria glanca; semibrush: Oligosporus arenarius, Onobrychis arenaria, Astragalus |

arenarius; mixed grasses: Achillea nobilis, Buphorbia segnierans, Dianthus sguar-

rogsug, Centaures pulchella: trees and bushes: Salix caspica, Elaeagnus caspica,



Ceratoides pappgsa, and in loose sand such distinet psammophytes as Ephedrs dis-
tachya and Zeymus racemosus. The projecting canopy varies from 80~100% in over-
grown mixed grass-osier depressions to 0-10% in loose sand. Also nonuniform is
the phenclogical state of vegetation: cereals in large part are already dried up,
and mixed grasses, mesophytic cereals and shrubs in the depressions are in full

growbth development.

The image of the surface is characterized by a combination of smsll round or |
oval patches fregquently and even%g located along the surface and surrounded by :
ring-like bands. The round spots correspond to suffuciently moistened hollows Withj
a thick plant cover, represented by wormwood-mixed grass-brush or wormwood-mixed
_grass commumities., The ring-shaped bands correspond to sand hills with weakly-
anchored sand. The thin plant cover has no effect on the tone. Hollows with a
thick plant cover appear dark-gray in a homogeneous tone with distinet boundaries !
in zones 1, 2 and 3. The lowest degree of blackening of the photo print is ob- |
served in zone 3. In zone 4 there is differentiation of hollows by plant cover. %
The largest hollows with wormwood-mixed grass-brush vegetation are characterized byi

a heterogeneous lightish-gray tone, smaller hollows with wormwood-mixed grass vege—f

tation appear in a gray heterogeneous tone. The smallest hollows have a darkishr~ti

gray tone. Poorly anchored sand hills in all four zones are characterized by a i
light-gray tone. Identification of hollows with a thick plant cover and their dif-,

ferentiation by vegetation requires a combination of images in zones 3 and h.

Psammophyte mixed grass and wormwood winter pastures in transplanted saline
losely anchored sand along the periphery of the dry channel (Fig, 5 d, 5). The ;
photographs show ribbons with extremely broken edges stretching along the channel ‘
or at a sharp angle to it. The image is diffuse., The uwniformity of semi-anchored

sand is disturbed by the presence of individual hollows with a thick plant cover

surrounded by sand hills, The predominating gray tone of the image in =211 % zones
corresponds to psammophybe mixed grass-wormwood pagtures, Elements of the image
in darkish and dark-gray tones in the four zones correspond to abundantly—moistened:

depressions, Small light-gray and lightish-gray patches and strips in the 4 zones

are sand hills. Swall round darkish-gray and dark-gray spots in zomes 1, 27 and—3 !
and lightish-gray spots in zone b are hollows with a thick plant cover. Boundaries
of psammophyte-wormwood pastures with salt marshes in the river }iif and with }
pesammophyte mixed grass-brush pastures are distincet. Recognition of psammophyte

mixed grass-wormwood pastures, determingtion of the structure of their surface,
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establishment of the plant cover and the degree of surface moisture require images

in zones 3 and L,

Haymeadow lands. Xeromesophytic mixed grass-mesophybtic cereal hay fields and
meadows occupy medium-level flood land and higher channel faces, primarily on
meadow alkaline alluyial soils briefly flooded with surface waber and complex
sandy-loam alluvium (Fig, 5 a, b, ¢, 6)}. Predominant mesophytic broadleaf cereals
are: Calamagrostis epigeios, Elytrigia repens; xeromesophytic mixed grass: Sephora
allpecuroides, Mulgedium tataricum, Euphorbis gmelinii, Hieracium sect. umbellatae,
Imila subsect britannicae; hemixerophytic perennials; Glycyrrhiza hirsuta, Ono-
brychyc sp. sp.; halomesophytic mixed grass: Gypsephila perfoliata, Limonium
gmelinii. The projective canopy is 75-90%. At the time of the aerial survey most
mesophytic cereals and mixed grasses had finished spring and early summer growth
and were in a stage of summer dormancy and dryness. Depending on the ridge/hollow '
microrelief of the flood land, mixed grass—cereal haymeadows include, on one hand,
fragments of meadow-bog soils with Scirpus trigueter, 5. tabernaemontani, Phrag-
mites australis, Juncus gerardii, Carex acuta, Bolboschoenus maritimus, Calamagro-
stis nedini and meadow "solonets" with Aeluropus littoralis, Limonium gmelinii,

Carex stenophylla, Suaseda linifolia, Artemisia santonica, on the other. I

Hay meadows stretch in continuous bands around oxbow lakes. In the lakes are
long lighter narrow bands of flotsam. No flotsam is seen on photographs of hay-
meadows on well-drained shores of the oxbow channel, TIn zones 1 and 2 the mid-
summer phytomass of vegetation has little effect on image tone, meadows are char-
aeterized by a gray heterogeneous tone anglogous to pasture lands and differenti- -
ated by the presence of bands of flotsam., In zones 3 and 4 meadows are recognized
by tone and by the presence of bands of flotsam. In zone 3 the meadow vegetation ;

cover is characterized by a darkish-gray tone and in zone k by lightish-gray.

Mixed grass—cereal meadows along the oxbow chapnel were partially mowed. The !
moved hay meadow is clearly differentisted in all zones not only by tone, but also
by a sharp linear boundary and thick network of parallel bands corresponding to
rolls of mowed hay. The light gray tone of the image of the hay meadow in zdnmes 1,
2 and 3 corresponds to stubble and translucent soil. Mowed grass is distinguished
by c¢lear thin bands of a light gray tone. In zone L stubble appears darkish-gray
with gray and lightish-gray moderately contrasting bands of mowed herbage. As yet :

unmoved hay meadows which are cub annually differ from stubble by a significant l
T A
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change in tone and clearly expressed heterogeneous imagej. a fine~spotted texture
appears. In photographs in zones 1, 2 and 3 lands are characterized by fine-spotted
texture and lightish-gray tone, and in zone I by gray. Xeromesophytic mixed grass—-
mesophytic cereal water meadows, net used for haying because access is barred by
the oxbow channel, have the thickest herbage. In zones 1 snd & they give a lighi-
ish-gray tone and in zones 2 and 3 — light-gray. ~ - 169

Tmages of hay_fields:and:meadpws in zones 1, 2 and 3 show no basic differences
in texture or tone, and only stubble is sharply distinguished against their back-
_ground by a lighter tone due to the effect of tramslucent soil. In -zone 4 the
lightest, lightish-gray tone distinguishes the thickets unmowed meadows. A gray
tone charvacterizes meadows cutahnuailjﬁﬁjgstillLEmﬁE]at the time of the aerial

survey. Stubble and translucent soil are distinguished by a predominant darkish-
gray tone. Differentiation of mixed grass-cereal hay fields by composition, struc-!
ture of the plant cover and isolation of hay meadows against a background of pas-

ture lands and thickets of meadow-bog vegetation require images in zones 3 and k.

Thickets of meadow-bog vegetation (Fig. 5 a, b, c, T), flooded with water
throughout the entire summer, consist primarily of beds of Phragmites australis-—-
with up to 100% coverage. Thickets are about 2 m tall, the water 10-50 cm deep.
During the aerial survey, reeds were in the earing stage, decoloration of the
leaves had begun. The structure of meadow-bog vegetation is very motiled. In
places where reed coverage is reduced to 60%, the surface of the water can be seen.’
In some places the abundance is increased and even other species form thickets —
Scirpus lacustris, Caltha palustris, Juncus gompressus, J, articulatus, Typha fove-

olata, T. laxmgii, Cyperus difformis, C. badius.

Thickets of meadow-bog vegetation occupy a large part of oxbow lakes. On
photographs they are represented by a mosaic of uneven isometric or round patches
with sharp moderately-conbrasting or mosaic ‘boundsries and less ofiten by gradual
transitions. In zones 1, 2 and 3 meadow-bog vegetation, regardless of the relief,
is basically characterized by a darkish-gray tone, less often by dark-gray ox gray.i

1

The structure of the plant cover is best transmitted in zone 2, particularly "such—

-

phytocenotic characteristics as closeness and brightness. With reduction of
closeness, the tone changes from gray to darkish-gray. Mosaic vegetation communi-
ties with. complex -indented structure produce distinct fine-spot texture on the

)
image, while thick pure reed thickets are characterized by a more homogeneous tone.
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Composition and structure of the plant cover is transmibtted quite well in zone b,
The predominant tone of the image is lightish gray, it varies from light-gray to

darkish—gray. The thickest pure reed thickets have the lightest tone. With re-

duction of the thickness of the plant cover, the tone changes to gray and darkish
gray.

Reed thickets, practically pure, are characterized by a homogeneous light-—gray
or lighish-gray tone. Alternation of fragments of reed and horsetail commmities
is characterized by a lightish gray, less often by a gray heterogenequs tone.
Fragments of bulrush, horsetail and rush communities have a gray or darkish-gray
heterogeneous tone with fine-spot texture. Thin thickets give a homogeneous dark-
igh-gray or dark-gray tone, Boundaries between vegetation and windows of water are
most contrasting in zone Y, To find the distribution., structure and composition

of shoreline vegebation it is necessary to use photographs in zones 2, 3 and L,

River channel thickets of shoreline vegetation diffeéjgycomposition from flood
lands. Along both shores of the oxbow channel predominate Phragmites australis,
Salix sangaric, S. schrenkiana and S. wilhelmsiana (Fig. 5b, 8). Narrow winding
bands are distinguished on the photographs which repeat all the bends of the--chan-
nel. In zones 1 and 2 they are characterized by a gray tone, in zone 3 by darkish-
gray and dark-gray and in zone 4 by a lightish-gray or light gray homogeneous
tone. Thick river channel osier-reed thickets are reliably distinguished by a

combination of images in spectral bands 3 and b,

Flotsam of dry residue of reeds, rushes, bulrushes and other plants is arranged
in bands among the thickets of shoreline vegetation and along the shores of oxbow
lakes (Fig. 5 a, b, ¢, 9). In flood meadows along the shores of oxbow lakes it
appears as narrow interrupted bands, paralleling each other along the shore line.
Among thickets in oxbow lakes flotsam forms chains of narrow short strips, often
oriented parallel to the shore, In all four zones of the survey it appears light-
ish-gray, less often gray. However, on the surface of lakes and in waber meadows
flotsam shows greatest contrasts with growing vegetation in zone 3 and is practi-
cally undifferentiated in zone U, -

Trash salt marshes on the accumulative plain along the shores of oxbow lakes,
in the bottoms of large depressions, in dry piver channels and in isolated hollows

in Tosyn-Kum sand dunes (Fig. 5 a, ¢, &, 10). There is practically no plant cover
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in trash salt marshes. Flood land of halophytic semibrush. stretches along the
periphery of salt marshes. From the point of view of agriculbural land use, these
lands are unusable., Configuration and dimensions of the images of salt marshes
are extremely varied and are determined by the difficult relief in which they are
_formed. Along the northwest shore of the oxbow lake salt marshes, basically dry,
less often wet, stretch in a narrow twisting band which changes on the northern
shore to a chain of separate rdund salt marshes. The large dry trash salt marsh in
the lake depression has an oval shape and polygonal surface structure. Dry, moist
gnd wet trash salt marshes stretch in a broad winding strip in the dry channel.
Dry and wet round or oval salt marshes are located in isolated small depressions
among sandy hills.,

In zones 1, 2 and 3 areas and boundaries of salt marshes are accurately idenbti-
fied by a light-gray or lightish~gray tone and diffuse spotty picture. Both dry
and moist salt marshes in these spectral bands are expressed by a light-~gray tone
and not differentiated. Wet selt marshes are distinguished by a lightish-gray
heterogeneous tone, sometimes changing to gray. In zone 2, which transmits the
structure of the surface guite well, the polygonal surface structure of the large
trash salt marsh can be recognized. Pictures in zone U make it possible to ddig—===
criminate .dry, moist and wet salt marshes by tone and when necessary, a large num—
ber of gradations of the surface moisture content of trash salt marshes, Dry salt
marshes are characterized by a lightish~gray heéterogeneocus tone, moist salt marshes
by a gray heterogeneous tone and wet ones by a darkish-gray heterogeneous tone,
changing to dark gray. A combinations of zones 2 and b can be used to identify
salt marshes, reveal the polygonal structure of the surface if it exists and dif-
ferentiate dry, moist and wet salt marshes.

1

The water surface is represented in small "windows" among thickets in oxbow

lakes, in the oxbow channel and in a small pond on the western slope of the Turgay
hollow (Fig. 5 a, b, ¢, 11). Typical of the photograph of open water is a darken-

ing of tome and increase of contrast with the surrounding vegetation communities in

zone 4, Water surfaces which are comparatively uniform in turbidity and degree of

'
f
silting of the bottom are characterized by a homogeneous gray, darkish-gray toné— :

in zones 1, 2 and 3 and by a dark tone in zome k. An increase of turbidity changesl
the tone in zones 1, 2 and 3 to lightish~gray but does not affect the tone in zone ’

4, Tdentification of the extemt of open water surfaces, accurate definition of
1
their boundaries, the depth of reservoirs and turbidity of the water require a com-

o
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bination of zones 2 gnd k,

Settled areas are represented by one small farmstead on the western slope of
the Turgay hollow. On the photograph it is expressed by a group of individually
oriented rectangles corresponding to structures, separated by narrow light bands
of streets (Fig..5 a, 12). The tone of the rectangles varies from Lightish-gfay
to darkish-gray. The bands separsting them are gray in all zones, Conbrasts in-

crease from zone 1 to 3. In zone b gettled lands are much less differentiated.

Dirt woads (Fig. 5 a, b, ¢, 13} on photographs are expressed primarily by
light 1lines. The tone depends on the composition and moisture of soils. Dirt
roads on the surface of the oxbow lake in fresh and moderately moist meadow soils
are distinguished in zones 1, 2 apd 3 by a light-gray tone and in zone 4 by a gray,
darkish-~gray tone. Dry dirt roads usually have a lightish-gray tone in all zones.
The contrast of woads against a background of the surrounding meadow vegetation in-

creases from zone 1 to 3. In zone & dirt roads are poorly differentisted.

To approach an objective characterization of optic contrasts of natural forma-
tions or multiband photographs, we compared density characiteristics of individual--
natural formations on densitometric profiles, at identical points, on four zonal
negative imsges in blue-green, green-yellow, orange-red and red-infrared zomnes 1,
2,3 and 4k, (Fig. 6 a, b). Densitometry was carried out in a microphotometer
with relative aperature of 2 mm, which corresponds on the negative to 0.1 mm and
on site to 24,5 m. Registrograms of the density of negatives are integrated to
exclude random topographic discrepancies in identifying densitometric measurements.

In view of the absence of sensitometric control of photography, direct comparison

of the densities of zonsl photographs was impossible as photography conditions were

not standardized. However, for solving our problem — determining relative ratios
of image densities of basic natural formations on zonal images — it was sufficient
to compare relative densities. The maximum density contrast in an identical pro-
file on each zonal image was taken as 1. BSuch relative density values were used

repeatedly in relgtive densitometric comparisons.

On images in the blue-green spectral band (zone 1), maximum densities (D = 1.0):
are typical of dry trash salt marshes, High density values on the negative are
also assigned to moist salt meadows (D = 0.7-0.9) and stubble (D = 0.8-1.0). Un-
cut hay meadows are well differentiated from stubble by medium density (D = 0.6~
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Q.7). Such. densities of the negative -are typical of xerophytic vegetation. River
chgnnel reed~willow thickets and turbid water have almost the same densities (D =
= 0.5). Meadow-bog vegetation is distinguished by lower values (D = 0.2-0.5).
Minimum densities on the negative are given by thin thickets of meadow-bog vegeta-
tion (D = 0.0-0.1) and the transparent wabter surface (D = 0.0).

In the green-yellow spectral band (zone 2) maximum density is given by dry and
fresh salt marshes (D = 1.0). In this spectral interval stubble also has high
densities (D = 0.9-1.0)}, uncut meadows slightly lower (D = 0.8-0.9). Such density
values ave observed in xerophytic pastures. River channel thickets haye medium
densities (D about 0.6], Meadow-bog vegetation is characterized by lower densi-
ties: from (D = 0.4-0.6) for pure reed thickets to (D = 0.1~0.3) for rush, sedge
and other communities. The density of the image of twurbid water is low (D = 0.h4).
Leagt densities of the negative imsge are given by thin thickets of meadow—bog

vegetation (D = 0.0-0.2) and the transparent water surface (D = 0.0).

In the orange-red spectral band (zone 3) maximum densities are presented by

dry and fresh salt marshes (D = 1.0). Moist salt marshes and xerophytic pastures

have similar density on the negative (D = 0.9). Uncut hay fields have slightly—-

lovwer density (D = 0.8). The main mass of meadow-bog vegebtation is characterized
by values of (D = 0.5-0.8). Thin thickets have slightly lower densities (D = 0.2-
0.3}. Minimum densities on the negative image are given by the transparent water
surface (D = 0.0).

In the far red—n@ar;infrared spectral band (zone 4) the highest density values
on the negative are given by dry salt marshes (D = 1.0) and pure reed thickets
(D = 0.9-1.0). Meadows and uncut hay are practically undistinguishable from reed
thickets and give densities of (D = 0.9)., Reed thickets in combination with sedge
rush, ete., are characierized by lower density (D = 0.8). Thickets of meadow-bog
vegetation without reeds are distinguished by values of (D = 0.7). Dead and dried
thickets give densities of (D = 0.6). Stubble has a density of (D = 0.6-0.T).
Thin meadow-bog Vegetabion is characterized by a density of (D = 0.1-0.5). The

lowest values are given by the water surface (D = 0.0). -

Analysis of densitometric characteristics of photographs and visual estimates
of tone in the four zones of the survey showed that images of objects in zones 1,
2 and 3 in blue-green, green-yellow, orange-red rays have no significant differ-
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ences. Only a slight increase of contrasts is ohserved with an increase of wave-
length, Because of the high ratio of 1light diffusion in blue rays and low spectral
contrasts of natural formations, images in zene 1 (AA = 0.44-0.54 mieron) are
characterized by the lowest photographic tonal contrasts off individual elements,
Contrasts increase sharply in zome 2 (A = 0.52~0.59 micron) in the green-yellow
rays and reach a maximum in zone 3 (A} = 0.59-0.69} in orange-red rays.

The structure of thick plant cover is traced in greatest detail in zone 2.
The clearest differentiation between sections of thick mesophytic plant cover and
a surface with thin and xerophytic vegetation is observed in zone 3. Typical of
surveying in these zones is the most detailed transmission of the structure of thin
plant cover, complexity of soils and character of the bobtom surface due to the
maximum spectral contrast between relatively low ratios of spectral brightness of
thick-growing vegetation and relatively high ratios of water surface, thin and dry
vegetation. In zone 4 (AA = 0.67-0,T73 micron) two opposite tendencies are traced
in chenges of spectral brightness of vegetation and background. At A up to 0.70
micron, growing vegetation has ratios of spectral brightness 3;h times lower than
the soil background and typical of A over 0.70-0,.72 mieron is a sharp increase in
the reflection of light by green plants and reduction of that by water and wet ‘sur-
faces. 1In this zone a sharp delimitation is also observed between the water sur-

face and dry land, salt marshes with various surface moisture.

According to the change in tone of the positive image in the four zones, all

isolated cbjects are combined into three groups (Fig. 7 a, b, ¢, 4).

i; Objects having an identical image tone in all zones. Contrasts increase
from zone 1 to zone 3 and drop sharply in zone b (Fig. 7 a, b, ¢, 1). These ayxe
moderately: and, pooily p}oductife:pasture lands, including wormwood-xercphytic
cereal pastures along %he westérn side and slope of the Turgay hollow and on the

"solonets," psammo-—

glluvial plain on alksline light chestnut and brown soils and
phyte mixed grass-wormwood pastures in the Tosyn-Kum sand dune on the accumulative
plain on loosely anchored saline sand, poorly productive wormwood-saltbush pas-—
tures of "so}onets" and succulent saltbursh of "solonchak" soils, bands of dry
flotsam along the shores of oxbow lakes and on their surface, settled areas and

dirt roads.
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II. Objects.characterized by sharp darkening of tone of the positive image in
zone 3 in relation to zones 1 and 2 and lightening in zome 4 (Fig, 7 a, b, ¢, 4,
2). These are vormwood-psammophyte mixed grass-shrub pasture lands in the Tosyn-
Kum sandy desert in hollows and large depressions of the relief, highly productive
haymeadows , represented‘by mixed grass-couch grass haymeadows on flood lands,
highly productive thickets of shoreline vegetation on oxbow lakes in meadow-bog

soils.

III. Objects giveing a darkening of tone from zone 1 to zone h with contrasts
increasing in this direction (Eig. T 2, b, ¢, 4, 3)}). These are water surfaces in
the channel -of the oxbow and on oxbow lakes, moist and wet salt marshes along the
ghores of oxbow lakes and on the bottom of the dry channel, abundantly moistened
lowlands, stubble with the translucent surface of meadow soil in mowed flood
meadows. However, with high turbidity, lightening of the tone of the water Sunface}

is observed in zone 3 in relation to zones 1 and 2 and sharp darkening in zone U,

Comparison of visual estimates of tone and densitometric characteristics of
the image of studied objects in these four zones showed that there is no need %o
use all four zones to obbain maximum information and a combinaiion of two or three-

is sufficient (Fig, 8 a, b, ¢, d}.

Objects not giving basic differences in image tone in the four studied spectral
bands can be distinguished by one zZone best transmitting the structure of thin
plant cover, soil complexity and character of bottom surface, i.e, zone 3 (Fig. &
a, b, ¢, 4, 1}. However, to monitor plant cover and surface water content it is

necesgary to compare images in zones 3 and kL,

Mesophytic and hygromesophybiec plant communities with a large projecting
canopy (over T0-80%) and large phytomass (over 10-20 centners/hectare), which
give sharp darkening of the positive tone in zone 3 in relation to zones 1 and
2 and lightening in zone b, are identified by comparing their tones in zones 3
and 4, For a special study of the surface siructure of phytocenosis, besides

these zZones, an image in zone 2 is required (Fig. 8a, b, ¢, 4, 2).
For identifying water objects and differentisting salt marshes with different
surface moisture, for which increased darkening of the positive image from zone 1

to zone 4 is typical, a combination of zones 2 and % is required (Fig. 8 a, b, c,
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a, 3).

We found no zdditionsl information -from the image in zone 1 in analyzing test
objects on the plain and in the absence of cloud shadows. However, judging from
litersture data, use of an image in zone 1 is necessary to identify agricultural
lands when there is the factor of depth distribution of relief on darkened slopes

cr in sections darkened by clouds,

Results of wvisual-ingtrumental analysis of multiband aerial photographs of
the Turgay key section showed that reliable identification of agricultural lands
in the semi~desert zone when the relief 1s a poorly broken plain in the absence of
clouds is provided by photography in three spectral bands: 2 {(AX = 0.52-0.59 mi-
eron), 3 (AA = 0.59-0.69 micron) and & (M = 0.67-0.73 nieron). The data presented
verify a number of well-known recommendations for seleciing optimum spectral bands
for multiband photography of vegetation and agricultural lands (1, 3, 4): AX =
= Q.44-0.48:micron, AA = 0,52-0.56 micron, AA = 0.62-0,68 micron, AA = 0.72-0,82

micron.
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Figure 5 a, b, Outline maps of the identification of pasture and haymeadow lands
of test sections of the Turgay hollow by multiband aserial photographs (a—Fig. 1,
b — Fig. 2, ¢ — Fig, 3, & —Fig. 4}. Legend: 1. Wormwood-xerophytic cereal spring
and fall pastures on brown alkaline soils in & complex with "solonets," 2. Worm-
wood and associated plant year-round pastures in light chestnub sandy alkaline
soils in a complex with "solonets." 3. Wormwood-saltbush and succulent saltbush
fall pastures on "solonets," seline "solonets" and "golonchak" soils., L. Wormwoods
psaamopbytic mixed grass-brush pastures on 1ight chestnut sandy soils. A} in small
hollows, B) in large depressions. 5. Psammophytic mixed grass—wormwood winter
pastures on weakly anchored sand. A) in dry channel, B) in sbundantly moist low-
land. 6. Xeromesophytic mixed grass-mesophytic cereal hay fields and meadows on
meadow alkaline soils. A) wncut, §) mowed, B) not yet mowed. 7. Thickets of
meadow-bog vegetation on meadow-bog alkaline soils. A) pure reed thickets, B)

reed end horsetail thickets, B} rush, tulrush, sedge commumities, fi) thin thickets
of meadow-bog vegetation. 8. Riverchannel osiesr-reed thickets on alluvial sands,
9. Flotsam of dry residue of reed, sedge, bulrush and other plants among thickets
of shoreline vegetation and along shores of oxbow lakes, 10. Trash salt marshes-
practically devoid of vegetation with a border of halophybic semibrush along the
periphery. 11. open water surface. 12. settled lands. 13. - - - dirt roads.

14. boundaries of agricultural lands. 15. —— boundaries of plant and

soil sections within tracts having different density values in four zones.
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Figure 5, e, 4, Outline maps of tdentification of pasture and haymeadows of test
sections  Tupgay hollow on multiband aerial photographs (a — Fig., 1, b — Fig. 2,

¢ —Fig, 3, @ —Fig. 4), Legend: 1. Wormwood-xerophytic cereal spring and fall
pastures on brown alkaline soils in a complex with "solonets." 2, Wormwood and
associated plant year-round pastures on light chestnubt sandy alkaline -soils in a
complex with "solonets." 3. Wormwoode-saltbush and succulent saltbush fall pas-
tures on "solonets," saline "solonets" and "solonchak" soils, U4, Wormwood-

psammophytic mixed grass-brush pastures on 1ight chestnut sandy soils. A) in small

hollows, B) in large depressions. 5. Psammophytic-mixed grass-wormwood winter

pastures on poorly-anchored sands. A) in dry channel, B) in abundantly moist low

lands. 6. Xercmesophytic mixed grass-mesophytic cereal hay fields and meadows on

meadow alkaline soils. A) uncut, 5) mowed, B) not yet mowed., 7. Thickets of

meadow-bog vegebation in meadow-bog alkaline soils: A) pure reed thickets, B) reeds
and horsetail thickets, B) rushes, bulrush, sedge communities, ) thin thickets of

meadow-bog vegetation. 8. River channel osier-reed thickets on alluvial sands,

'
i

9. Flotsam of dry residue of reed, sedge, bulrush and other plants among thickets

of shoreline vegetation and along the shores of oxbow laskes, 10. Trash salt
marshes practically devoid of vegetation with a border of halophybtic semibrush

along the periphery: A) dry, 5) moist, B) wet(llPDpen water surface, 12. Settled .

lands, 13 - - - dirt roads. 14, Boundaries of agricultural lands, 15. Boun-—
dgries of plant and soil sections in tracts having different density values in
four zones,
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SOXLS AND RELTEF /85
Part II. S. M. Aleksandrov, V. L. Andronikov, S. Yu. Antonova, D. S. Asoyan,
I. 8. Garelik, Ye. V. Glushko, M. Ye. Gorodetskaya, T. A. Markova, I. A, Nikolayev,
M. G. Sinitsyna, N. V. Fadeyeva and G. A. Shershukova

The Comparative Informativeness of Mulbizmonal Photographs in the Study of the Relief

and Landscapes of Semidesert and Dry Desert: A Case Study of the Turgay Site
I. S. Garelik, M. Ye. Gorodetskaya, A. Ye. Kozlova, N. V, Fadeyeva

Geomorphelogical studies were begun at the Turgay site in 1973, and in 1974
comprehensive geomorphological, geobotanical and landscape studies .related to
investigation of the informative properties of multizonal aerial photographs. A
study of the information content of the latter is necessary at the first stagde of
developing a technique for interpreting them in order to solve specific geographicél
problems whose subject matter at the Turgay site determines its agricultural value

and the seientific topiec of the research.¥

The Turgay site is located in West Kazakhstan in the southern half of the
Kustanayskaya: and greater part of the Turgayskaya-.oeblasts of the Kazakh SSR. It is
situdted within the gently-stepped plains of the Turgay trough and is charac- .
terized by a change in natural zones from the steppe, moderate-arid in the north,
arid and dry in the center to semiarid in the south. In the northern steppe region
are concentrated lands which were plowed only in the 1950's and which are mainly
used for grain crops, while in the southern, semiarid region animal grazing dominates
(Natural Zoning of Northern Kazakhstan, 1960).

In the geomorphological studies®** in the dry steppe and semidesert an analysis
was made of the informatlion content of muliizonal photographs to study the nature
and degree of erosion and erosion-denudation breakup of the relief of watersheds,

slopesjnear—slope denudation plain-pediments. 1In the landscape and gecbotanical**+*

*Scientific leader of the work of IGAN (Institute of Geography of the Academy
of Sciences, USSRE) at the Turgay site--Cand. Geog. Sci. M. Ye. Gorodetskaya.

*%Geomorphological studies made by Cand. Geog. Sci. M. Ye. Gorodetskaya and _ .
A. Ye, Xozlova.

***Landscape studies made by Cand. Geog. Sci. N. V. Fadeyeva.
%***Geobotanical studies made by co-worker of BIN AN (V. L. Komarov Botanical

Institute of Academy of Sciences) Cand. Bot. Sci. I. T. Fedorova.
[Translator's note: Site of this reference omitied in original text.]
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research in the semidesert the information content of multizonal photographs was
studied in order to interpret, on the one hand, the nature-territorial complexes of
the "natural boundary" type, and on the other hand, the plant associations. ALl the
work was conducted on key sections. Each secltion was exhausted by all the
specialists both under field and laboratory conditions from the viewpoint of solving

the given geographical problens.

Theodolite profiles were set wup on the key sections and were then used to /86
evaluate the information content of the multizonal aerial photographs. TUndexr field
conditions, in the course of the theodolite profile, the relief, soils, vegetation
and landscapes were studlied and described in detall; visual field interpretation was
made of the aerisl photographs from the key sections. Under laboratory conditions
interpretation and subsequent photometry were conducted in order to obtain the
gualitative-quantitative indices characterizing the optical properties of the
targets isolated on the profiles., Summary tables wevxe compiled for each key section
in the range of the given theodolite profile according to the resulis of the
field investigation, interpretation and primary photometric processing of the negatives,
‘These tables gave the summary characteristics of the interpreted elements of the
relief, vegetation and landscapes and also information on the maximum, minimum and
mean values for the optical densities of the image (D max., D min., D me,)-of
the given natural targets. These and other quantitative characteristics were )
obtained by measuring the optical densities of the negatives on a G11 microphoto-
meter with a GMZB1 gtandard compensating recorder. Measurements were made along the
lines corresponding to the theodolite profiles. The width of the instrument
diaphragm was 0.2 mm which corresponded approximately to 10 m at the site. The
statistical charscteristics were computed according to the well-known methods
(Afznas'yev, 19?@; Physical Fundementals, 1967; Yanutsh, 1963, et al).

Unfortunately there were no data of sensitometrie control of aerial photographs
nor data on the transmission of light filters and the distribution of illumination
on the field of view of the aerial cameras which made it difficult to compare the
characteristics of optical density of :the image of the same targels in different
zones. HNevertheless, the tagk of evaluabing the comparative information content
can be satisfactorily met even without thesge data. The complete studies showed . -
that the developrent conditions and nonuniformit& of exposure in the focal plane
did not have a significaﬁ% effect on the assessment of comparative information
content of the multizonal photographs. We explain the latter by the closeness of

the indicated conditiong for zll the photographs of one series.
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The aerial photographs taken in different spectral zones both in the summer and
fall were given the same procedural treatment., Photometric measurements were made
on the negatives of asrial photographs of close scales while the visuval analysis

was made on photographs enlarged three times.

In the dry steppes the summer photography took place in the zones: 500-560 nm,
520-590 km, 590-690 nm, 670-730 km, In the semidesert, in the zores: 500-560 nm,
520-590 nm, 670-730 nm and on September 13, 1973 in the zones: 500-560 mm, 540-
620 nm, 590-690 nm and 630-740 nm.

In the semidesert, the field investigation, qualitative interpretation of aerial
photographs and comprehensive profiling were conducted on nine key sections, of them
on six--according to the materials of fall multizmonal photography. In the dxy

steppes it was according to the material of summer photography on five sections.

The task of studying the relief, in particular, the nature and degree of its
erosion-denudation breakup, according to materials of aerial and space photographs
is of practical importance since these characteristics to a significant degree
determine the economic importance of the land resources in the range of the watex

dividing plains,the slopes limiting them and the near-slope plains (pediments). -

According to the indices of erosion-denudation breakup of the surface, four

main morphological types of relief of varying economic value were separated,

The firet type is unbroken and lightly broken up water dividing plains and
gently sloping inclines. This type is characterized by closed, round nano- and Z@Z
microsinks of an undermining-sagging origin on the planar, top surfaces and
linearly-oriented along the microstreteh and microsink on the gently sloping
inclines. Here in the drf steppe are concentrated the main areas of plowed fields,

while in the semidesert thexe are“grazing and hay fields.

The second type is broken up and denuded sections of slopes and near-slope
denudation plains -~ pediments. This type of relief is characterized by linearly-
oriented erosion-denudation microbeds, microwashouts, microravines and exbensions.
Developed sloping surfaces, formed on the basic tertiary deposits dominate on the
sections of area denudation and drift (young pediments). In an economic respect

this is primerily unproductive land.
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The third type is large negative elements in the relief: in the semiarid zone--
watershed hollows with clear traces of moistening which sharply distinguishes them
from the two previous types of relief, and in the dry steppes--valleys of small

rivers and large troughs.

The fourth type is an ash relief of sandy areas both anchored by vegetation and

loose.

The first two types of relief are basic for the watershed plains of the dry
steppes and semidesert. They are characterized by specific groups of natural

boundaries of the semiarid and dry-steppeclandscape.

In the semidesert on the interfluvial area south of the valley of the River
Uluzhilanshik, within the wnbroken and lightly broken up watershed plain with the
ancient erosion-denudation ridge-hollow relief are dispersed natural complexes of
the southerr gemidesert which have a complex morphological structure. Here are ,
isolated: 1--natural boundaries of unbroken ridge summits composed of sandy loam,
sand,light loams with pronounced heterogeneity of the soil and vegetation covers
governed by undermining-sagging forms of the microrelief of the nanosink type.

These natural boundaries are characterized by combingtions of three facies, 2-- .
natural boundaries of lightly broken up ridge inclines composed of sandy loam and
light loams with a clear heterogeneity of soil and vegetation covers governed by

a complex network of linearly-oriented stretches and nanosinks. These boundaries
are characterized by combinations of three, seldom, two facies. 3--natural
boundaries of planar and slightly sloping inter-ridge hollows composed. of sandy
loams and light loams with less pronounced heterogeneity of the soil and vegetation
covers. These natural boundaries are characterized by combinations of two, less
often, three facies., HN--natural boundaries of basins composed of sandy loams, average
and heavy loams with pronounced heterogeneity of the soil and vegetation covers
governed by differences in the saline énd water patterns. These natural boundaries

are characterized most often by combinations of two-facies.

 Natural complexes of the northern semidesert are characteristic for the flat-
topped monadnock, slightly domed watershed plains of the Tobolo-Ul'koyak interfluvial
arez which are similar in nature and degree of breakup. Here are represented: 1-- .
natural boundaries of unbroken summits and slightly inclined plains composed of
sands, underlying light loams with weaﬁly marked heterogeneity of soil and vege-

tation covers. They are characterized by combinations of one, less often two facies%
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2--natural boundaries of strongly broken up and denudation inclines composed of
sandy loams, underlkying light loams and clays with pronounced heterogeneity of the
s0il and vegetatiohr covers governed by linearly-oriented stretches and small hollows.
They are characterized by combinations of two-four facies. 3--natural boundaries

of watershed hollows composed of sandy loams, undexrlying light loams and ¢lays with
clearly marked heterogeneity of soll and vegetation covers governed by differences
in moistening and salinization of the soils. They are characterized by combinatiq@s

of two-four facies.

As for the sandy areas of the semidesert, in the case of the southern edge of
the sand deserts of Akkum we separate: 1--ridge-barkhan relief made of anchored and /88
semi-anchored sands; 2--inter-ridge depressions composed of sands and sandy loams

anchored by vegetation and 3--loose sandg.

In the dry-steppe agricultural subzone, the unbroken and-slightly broken up
plains of the water divides and their slopes are almost continwvously plowed, On the
aerial photographs, on the background of plantings in the range of the watershed
plains systems of linear micro-extensions and microhollows are traced, The smallest
erosion grooves which are visually undetected under field conditions are converted
into linearly-oriented microdepressions in the lower section of the decline. Within
the plowed watershed plain sections are found on which the bed-rock shines through--

in this case the soil cover is most often almost completely washed off,

The broken up and denuded plains of slopes and pediments, ugually not tillable,
here have a network of troughs, gullies, washouts and hollows determining the
considerable depth and densiiy of their linear erosion-denuvdation breakup., The
troughs, gullies, washouts and upper sections of the pediments are generally devoid
of any plant cover. Relatively high turf cover here only characterizes the shallow
hollows and stretches.

The valleys of small rivers with temporary caichment areas are separated by
neadow-mixed grass vegetation which in the summer is characteristic for molstened
sections of the dry river bed, while the trough bottoms are separated by an

abundance of saline soil and secondary erosion cuts,

The interpretation signs of the relief and natural-territorial complexes of the
landscapes are the structure of the photo image and the phototone, The structure
of the photo image is mainly determined by the features of the microrelief which is
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identified on the photographs by the change in vegetation. The phototone-is
determined by the composition and distribution over the elements of the relief .of the

plant communities which indicate the facial differences of the landscapes.

In the semidesert the unbroken surfaces of the watersheds are interpreted in the
zone 590-690 nm according to the characteristic spotty-diffusion structure of the
photo image which is governed by the presence of closed nano- ‘and microsinks, while
the lightly broken up surfaces of the watershed slopes, due to the appearance of
linearly-oriented microstretches and microsinks--according to the spotty-linear and
spotty-banded structure of the photo image. At the same time, the white phototone
is characteristic for the black wormwood and black wormwood-Anabasis vegetation of
the alkali soil microsinks and microdepressions; the grey--for the white- wormwood-=
fescue-tyrsik vegetation of the unbroken sections of watersheds and their slopes
with brown and light-chestnut alkaline soils; light grey for the meadow grass-white
wormwood vegetation of the watersheds, slopes and terraced levels of basins with

brown and light-chestnut alkaline golls, less often desert alkali soils.

Strongly broken up surfaces of slopes are characterized by spotty-linesr or
linear (“striated”) structure, and the near-slope plains - pediments by coarse
spotty and linear-spotiy structure of the photo image. The white phototone corresponds
here either to sections completely devoid of vegetation, sometimes saline, or to
black wormwood and Anabasis plant groups on alkali soil deserts; +the light grey is
typical for Anabasis-kokpechnik vegetabion on alkali soil deserts, énd the grey
Tor wormwood-grassy vegetation on light-chestnut soils within the secltions preserved
from breakup.

The photo images of the bottons of watershed basins are primarily spotiy, less
often, spotty-linear banded. The phototone of the images is white, grey and dark
grey, hearly black. The first of them is determined by the spread of black wormwood-

Anabasis vegetation on the alkali soil deserts, and the last by the presence of

neadow vegetation on the meadow-saline soil,

Sandy areas are chavacterized by a spotty structure of the photo image and ZEE
frequent alternation of light grey and dark grey phototones which is governed by the
alternation of inter-ridge depressions anchored with-vegetation and barkhans often
with semibare slopes and summits., The sections of shifting sand are characterized

by a uniform, light grey phototone,
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In the dry steppe, the images from photography in the same zone for uﬁhfdken
and lightly broken up surfaces of watersheds and slopes with microsinks and micro-
stretches have spotty-diffusion and diffusion-banded siructure; intensively broken
up and denuded slopes and pediments--spotty-linear and fine-spotty-cellular figures.
The valleys of small rivers and troughs are characterized by linear and linear-
spotty structure of the photo image. The white phototone on the photographs is typical
for saline soils in the halophytic vegetation; light grey phototone indicates the
sections ercded with exposed bed-rocks’grey characterizes the wormwood-grassy stébpes;
daxk grey--grassy-mixed grass steppes and the darkest-- hygrophilous vegetation,
"islands" of pine forest and bushes. Areas occupied by grain crops have a relatively
daxk phototone which in the given case we explain by the time of the photography
(the month of June), For barley crops a relatively darker tone in comparison with

perennial grasses ls characteristic.

Visual analysis of the multizmonal photographs showed that the contours of the
saie natural targets can be visually interpreted on photographs in gll the zones
we examined., The differences in the images of the same targets in different zones
are traced to the different degree of contrast and the average density. Therefore,
in speaking further about a better information content in a certain zone we will
have in mind the greater facility and reliability of the visual interpretation -of-

certain targets on the photographs in the given zone.

We will illustrate the technique of ingtrumental processing of the photographs
in a specific example., The aerial photograph (fig. i) and the schematic diagram
of interpretation (fig, 2) show the placement of the theodolite profile. Photo-
metering of the negatives in all zones occurred according to this profile. Sections
corresponding to the different natural targets (in the given case--different types
of relief) were determined on the registrograms. For each such section the average
amounts of optical densities of the image were computed and used to construct
graphs (fig. 3). These graphs present a graphic picture of what targets are best
isolated among the others in a certain zone. Thus,\in zones 500-560 nm and 520-
590 nm the watershed plain is clearly separated from the slope and pediment limiting,
it. Photographs in zones 500-560 nm and 670-730 nm in contrast to the photographs
in the zone 520-590 nm make 1t possible to positively distinguish the unbroken
regions and those with slight erosion-denudation nicrobreakup (IVi) from the regions
of intensive erosion-denudation microbreakup. At the same time on the photograph
in the zone 520-590 nm the sections of pure water (VIIIi) and bogs (VIIIz) are more
cleaxrly differentiated,
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For the characteristics of the information content of the photograph both in
separating the individual targets of interpretation and in interpreting the photo-
graph on the whole the differences were computed for the average optical densities of
the contacting portions (Dmeii—Dmei) which characterize the image contrasis of mixed
targets (table 1 for Fig. 2).

In order to assess the informstion content of the photograph in order to solve
specific geographical problems a comparison was made of the differences in mean
values of optical densities characterizing the given specific targets of the natural
environment, In the overall evaluation of the information content of the photograph
& criterion, in the first approximation, may be the mean zonal amount of differences

in the mean values of the optical densities of the image.

In the examined case, these amounts are practically the same for all zones
(0.08; 0,08; 0.09),Which confirms the conclusion made during visual interpretation
that on the whole no zone should be given preférence. However, if the zones are
selected from the viewpoint of the best solution of the specific task--detection of 4129
the broken up and denuded lands which are unproductive in an economic sense-—then
the zone 520-590nm should belong to the most informative.

In the study of the comparative information content of the zones, in a number of
cases criterls were calculated and then were . employed such as the average amount
of entropy and criteria based on computation of the average statistical characteristics

foxr the values of optical densities.

In the landscape studies the primary attention was focused on investigation of
the facial combinations and the differences within the natural boundaries. In this
respect, primary importance is attached to the amouvnts characterizing the maximum and .
minimum values for the optical densities since the mean values do not reflecti the
internal differences in the landscape sections. Therefore, the study of the information
content of photographs in order to investigzte the faclal differences used the
following indices: +the scope of values for the optical densities of the images within
each landscape portion (Dmax._Dmin.) and the difference in the maximum (DZmax.ﬁDimax.)
and minimum (DZmin."Dlmin.) values for the optical densities of the images of two -
contacting portions. These indices permit an evaluation of the degree of facial
differences, while those photographs which make this evaluation easier and more

reliable are more informative for solving the landscape tasks.
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TABLE 1 FOR FIG. 2

NoNo of contacting | Difference in mean values for optical densities of
elements in relief 1mages accordlng to zones )
(namss in key to | D I
P . 0,22 ' 0,26 - K
Al 0,03 0,04. 0,04
N{{RY 0,01 0,08 ° . 0,03
V- Vi . 0,04 . 0,07 \0,21
AV = Vil 0,08 0,12 , 0,19
VI = Vil : 0,26 0,32- T 042 !
:Il-,—|2i T 0,12 ‘ 0,14 - ;
Momdfy . 0,17 0,186 0,01 1
Aty =1, 0,00 0,02 - 0,07 1
{15~ iy 0,04 0,02 . 0,01 '
Ay - A, © 0,01 0,02 | - 0,06
fhly ikl 0,03 0,01 - 0,06
kg —iVy 0,13 0,06 " 0,04
1V -0V, 0,06 : 0,00 T 0,10
Vg -V, 0,01 0,02 1 . 008"
Vg = Vil 0,03 0,02 0,12 |
Viq= Vily 0,07 - 0,09 © 0,01
- E|
Avarage for zone I 0 08 0 08 0, 09

L JE JE— o — - — JE

[Translator's note: All commas in numerals are to be replaced with perlods ]

The results of an evaluation of the comparative information content of the
photographs of various zones for solution of geomorphological and landscape problems /93

are presented in tables 2 and 3.

For the geomorphological studies in interpreting the types of relief of varying
economic importance (table 2}, the information content of photographs in different
zones changes depending on the task, region and season. Thus, a photcgraph in the
zone 590-690 nm is the best for interpreting the relief in the semidesert in
fall, but in the 4ry steppe in summer. And the 520-590 nm zone is the best for

photographing the relief of the semidesert in the summer.

For landscape studies in the semidesert (table 3) generally the most informative
are the zones 590-690 nm, 630-740 nm and only for the natural boundaries of the
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TABIE 2

COMPARATIVE INFORMAT IVENESS OF THE MULTTIZONAL PHOTOGRAPHS IN INTERPREIING THE TYPES OF RELIEF /91
OF VARYING ECONCMICG IMPORTANCE
Watural zones| Major elements of |[No. | Types of relief and their [ Most informative Most informative zones
subzones relief economic use zmones for isolabing for stuwdying the natural
separate natursl region as a whols
targets
summer fall summer fall
Watersheds, slopes| 1 | Unbroken and lightly
near-slope plains broken up plains of
arv ste watersheds and their
. J sveppe slopes. Plowed fields 520-590
A 2 | Broken up and denuded 520-590 520-590
3 plains of slopes and 590-690 590-690
v pediments, Unproductive
lands, pasture land
Negative elements | 3 | Valleys of small rivers 500-560
relief-region of and trough botitoms. 520-590
seasongl flooding Hay fields, pdasture land
Semidesert Watersheds, slopes| 1 | Unbroken and lightly 540-620 Zgg
near-slope plains broken up plains of 590-690

watersheds and their
slopes. Pasture land,

a hay fields
2 | Broken up and denuded 590-560 540-620
plains of slopes and 520-590 590-690
pedinents. Unproductive
lands .
Negative elements | 3 | Lake with lake flood- 520-590 540-620 500-560 590-690
of relief., Region plain, Bottom of water- 670-730 630-740 520-590 540-620
of seasonal flood shed basin
Sandy areas L | Ridge-fine-barkhan 540-620
relief semi-anchored 590-690
ahd anchored with
vegetation ,
5 | Loose, shifting dands 590-690
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L TABIE 3
INFORMATIVENESS OF MULTIZONAL PHOTOGRAPH OF SEMIDESERT IANDSCAPES FOR VARTOUS TYPES OF
ECONOMIC USE
Types of landscape and Groups of Structure (pattern Most informative zones
thelr economic use natural boundaries lof photo image) for different subtypes| for all subiypes
Type Subtype of semidesert
1 2 3 b 5 6
Northern subtype
Pagture land for all| Nautral boundaries |[Uniform, not clearly §90-6__90 nm
+ypes of cattle, hay| of watersheds and marked, spotty 163"0'._7)40 nﬁl
fields, wnbroken upper parts T
I&‘" of slopes
Pasture land, un- Natural boundary of | Linear-striated, 540~-620 nm
productive for ec, slopes round-spotty 500-560 nm
use lands
o |Pasture land, hay Natural bounEiary of |Round-spotty 540-620 nm
M | fields, unproductive | hollows and des 500-560 nm 590-690
§ lands pressions 510-620
g Southern subtype 630-740
w | Pasture land Natural boundary of |Clear spotty-dif- 590-69C nm
Primarily for' sheep | watersheds and un- fusion or diffusion- 630-740 nm
broken upper sections|spotiy
of slopes
= Pasture land Natural boundary of |Spotty-linear-dif- 590-690 nm
=R mainly for sheep slopes fusion, linear- 630-740 nm
\\g % bhanded
% ‘\:1: Pasture land mainly |Natural boundary of |Uniform 590-690 nm
for sheep, rarely hollows and de- 630-740 nm
% "g_ hay fields pressions 540-620 nm
' E % Hay fields, Natural boundaries Uniform, diffusion- 630-740 nm
a.'@Jn pasture land of basins (macro- spotty, linear- 590-690 nm
s sinks) spotty-bandad 540-620 nm




strongly broken up slopes and hollows of the northern subtype of the semidesert /93
zone 540-630 mm, 500-560 nm, The optimal selection for the semidesert is: 590-
690 and 540-620 nm.

Thus, the studies made in the Institubte of Geography showed that for dry
steppes and semidesert the majority of geomorphological and landscape tasks, including
such national economic ones as studying the degree and nature of the breakup of
tillable and pasture lands, can be solved with the materials of aerial photographs
taken in two spectral zones whose selection is determined in each case by the

region of photography, the season and the specific assigned ‘task.
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Fig. 2. Schematic diagram of geomorphological interpretation of
aerial photograph of western edge of the Turgay hollow, Regilon
of formation of near-slope denudation plains-pediments and of
contraction by denudation of the watershed area (northern semi-
desért of southern Turgay). Compiled by M. Ye. Gorodetskaya.
1--Watershed (over 125 m abs.): I--monadnock-hilly plain--region
of erosion and denudation; I_--inclined near-slope plain--region
of area drift; —-ineclined near-slope plain--region of debris
cone and 11near bgeakqp. IT-~Steep slope (118-125 m abs.).
III--Young pediment (110-118 m abs.): IIT,--slightly inclined
plain of slope foot--region of area denudation and drift; IIT --
slightly inclined plain--region of denudation and slight
erosion-denudation microbreakup; IIT ~-gently sloping plain--
ragion of er051on—denudat10n lirear bgeakup IV--01d pediment
(87-110 m abs.) --slightly inclined plain--region of
denudation and sllgh% erosion microbreakup; IV, --gently sloping
plain~--region of intensive erosion-denudation breakup; IV _--
gently sloping plain--region of intensive linear erosion 3
breakup; VI--Lake floodplain: VI,--high seasonal level of standing
watery VI_~--low floodplain. VIT-=transition from dry land to
water. V%II—-lake overgrown with thick, hygrophilous vegetation
with windows of water. A-B--Theodolite profile,
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The Use of Photographs from the Resource Satellite ERTS for Tandscape Mappihg and /98
Analveis of the cape
V. A. Nikolayev, V. I. Kravisova and T. A. Markova

Studies of natural resources by space devices are currently characterized by
the appearance of satellites especially desighed for this purpose. They include the
American resource satellite ERTS launched in 1972. The specifications of the
satellite and the photographs taken from it have been treated in the literature many
times. We recall only that they were obtained by scanning in four spectral ranges.
The system of processing the satellite data envisages transformation of the image
into a projection of the international world map m. 1:1,000,000. The resolution of
the photographs (size of minimum details of site reflected on the photograph) is
70-100 m, The solar-sychronous orbit of the satellite makes it possible to photograph
any territory under the same lighting conditions, ensures practically complete
survey of the earth's surface for 18 days and makes it possible to repesat the

photography 20 times during the year.

Many works treat the use of photographs from the ERTS satellite on the
territory of the USA and other foreign countriss. It has become traditional to
study the photographs for geological purposes. It is observed that they permit -
reconstruction of the total picture of disruptive disorders in the earth's crust,
of which only 10-15% were previously mapped [12]. Correlations are analogous for
the previcusly interpreted and mapped elements and for other components of the
natural enviromment, for example, in relation to vegetation, Thus, accoiding to
the photographs of the Seward peninsula 17 types of vegetation were successfully
isolated instead of the four types shown on earlier maps [4].

The use of photographs from the ERTS satelliie in the region of agricultural
stidies is directed towards developing methods of operative mapping of the condition
of plantings to predict the yield and to debect regions of plant diseases. Regional
models are developed for predicting the productivity of pasture land [6] and forests,

the decrease in pasture lands, soil erosion, forest and grass fires are detected [@].

A great effect is produced by photographs from ERTS to detect pollution of ,
the natural enviromment, primarily, water pollution [8]. According to the photographs
from this satellite, for example, a recording was made of ?aier d;sposal by
industrial enterpriseS on the sea coast near New York and in Lske Champlain, where,

based on the image of the scum currents the state authorities tock judiclial action



against the paper-making plant that contaminated the reservoir [10].

Work is beingr conducted to study pollution of the water storage basins in
Kansas [16]. An attempt was made to investigate the coastal waters of the Gulf of
Mexico in order tc evaluate the fish resources [14], which however, showed the
great complexity of this problem,

The perspsctive for using photographs from ERTS in ‘snow hydrology is important--
they can be used to evaluate the areas of melting snow {according to photographs made
in differentzones) which is extremely important for hydrological predictions. In the
study of sea ice the photogréphs permit mapping with sufficient detail of the ice
borders in m. 1:2%0,000, while the use of zonal images ensures the necessary
information on the types of ice [5]. One can name a number of important regional
works, the study of geology-and hydrology of desert reglons of Atacama (Chili) [15],

subarctic and arctic regions of Alaska and Iceland [13], and others.

All of thsse studies,which were made in the first months of operation of the
ERTS satellite, are of a preliminary nature, but the majority of them present a
very optimistic evaluation of the perspectives for wvsing photographs from this
satellite,

Tt is natuoral that the ERTS photographs are used for updating maps--for example,
they are used to detect a change in the shape of the Bandar-Shakh peningula due to
a reduction in the level of the Caspian Sea [9], to find new islands in the Amazon 122
delta [9] and to raise the question of creating %opical maps m., 1:;1,000,000 according
to photographs from this satellite [11]. The answer to this question requires
gerious methodical work on using space photographs in fopical mapping which, unfor-
tdnately have not been given the proper attention. _ Ounly preparatory works can be
named which are directed towards ensuring the creation of structural and metallo-
genetic maps for South America. In this respect, 12 key sections were selected in
the Andies and Brazilian Shield which were provided by ERTS pictures and which were
studied by scientists from Argeniina, Bolivia, Brazil and Columbia in order to
establish a single approach to their analysis and the development of a unified

technique for working with the photographs [7].

Tt apparent from the aforementioned that among the majority of stuiies on the !
ERTS photographs there are comparatively few examples of the valuable cartographic
use of these photographs. Meanwhile, they cover a considerable area of territory

and the use of these photographs to compile topical maps is of great importance,



There are photographs from the ERTS satellite also for the territory of the Soviet
Union. We used one of these photographs encompassing the region of Northern Balkhash
and the western part of Lake Balkhash which was kindly presented to us by the
representative of NASA, Mr, Jaffey during the Soviet-American meeting to studﬁ the

natural environment by space resources in 1973,

Landscape analysis of the photograph‘amiitscartographic treatment were
implemented Jjointly with the co-workers of“the laboratory of aeriﬁl photography
methods in the department of geodesy and cartography and the department of physical
geography of the USSR in the Geography Department of Moscow University.

The photograph we analyzed encompasses the territory roughly between 45° and 47°
n,1l. and 72° and 75° e.l. Tt was taken on September 10, 1972, A color prin{ was
used with distorted:color reproduction obtalined as a result of synthesis of the image
in three zones; 0.5-0.6, 0.6-0.7, 0.8-1.1 mem. The photograph was not precision
treated in which a correspondence is reached for the map image on the scale of
1:1,000,000 with accuracy *i00m. It was obtained at the stage of general processing,
therefore there is a discrepancy observed in the position of identical poinis on the
map and photograph (to 2-3 mm along the edges of the photograph); we therefore had
to verify the position of the interpreted contours with the larger-scale

survey-topographical maps.

In so far as on the space photographs the entire complex of components in the
natural environment is reflected, the most complete use of the information conmtained
in them is achieved by landscape interpretation., We therefore decided to research
the possibility of using photographs from the ERTS satellite primarily for landscape
mapping, especially as there are absolutely no examples of this use in the foreign
1iterature. OCn the other hand, a study of the photograph as materisl for creating
a landscape map to a great extent predetermines its evaluation from the viewpoint
of specialized topical mapping, in so far as the contours and content of the land-

scape map are partially repeated on the specialized topical maps.

Taboratory interpretation of the space photograph was preceded by flight line-
key field studies during which both individual components of the natural compdexes -
(geological striwcture, relief, soils, vegetation) and the morphological structure
of the landscapes as a whole were investigated. Simultaneously with this, the
interpretation signs of different types of landscapes on the space photographs were

detected at the site. This made it possible to conduct continuous laboratory



interpretation on the entire area of the photograph.

The interyfeted contours were dxawn on black and white reproductions ehlarged
t0 a scale of 1:300,000 from the original photograph but the *interpretation
constantly used the color photograph which facilitated the work to a considerable

extent.

The process of laboratory ihterpretation included several stages. ’At first, all
the contours were separated on the photograph which differed in color, tone and /100

representation of the image. Then-these contours were “saturated" with the landscape
contents,

Interpretation and subsequent typology of the landscapes and their space images
were implemented on the basis of an interdependent analysis of the field landscape
observations and the space photograph in comparison with the data of specialized

topical and topographical maps,

Tandscape interpretation of the space photographs synthiesized in conventional
colors on the desert territory is characterized by definite specificibty. The zonal-
desert landscapes and intrazonal-meadow and swamps have a very drastic color
division. Further recognition of the natural complexes within the desert tyﬁé with
separation of the genus and species of landscapes primarily rests on an analysis of
the shades, tonality and texture of the space photograph, as well as the confi-

guration and territorial associations of the landscape contours.

Under conditions of exceptional thinness of the desert vegetation cover whose
projective covering does not exceed 30%, the geological structure and soil cover of
the territory recognized on the photographs directly play an especial landscape-

indicating role,

Qur experience showed that the space image of desert landscapes on the arid-
denudation foundation plains and mountain-cone-shaped hill areas primarily gives
an ideé about their geoclogical structure. 1In virtue of the intensively occurring
denudation the soils and friable covers are poorly developed here. Through them
one can clearly read the rocky base of the landscape. Iithologic-and structural-
geological originality of the landscapes determines the morphological peculiarities
of their relief, and subsequently the intralandscape differentiation on the
elementary natural complexes, According to the litho-edaphic indices it is

possible to interpret the vegetation cover inherent to each type of landscapes.
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In the transition to the accumulative surfaces presented in the studied region
by alluvial terraces and bottoms of ancient valleys the main indicating role in the
landscape interpretation iransfers to the desert soils, The structure of the rocky
foundation of the valleys-grabens is masked by the sedimentaxy cover and comparatively
completely formed soil cover. According to the tonality, sometimes according to the
microtexture of the given space photograph one can read the grey-brown and desert-
sandy soils, saline soils and alkali soils. Their attachment to the valley and
ancient-lake forms is very definitely established., The degree of hydromorphic nature

of the natural complexes and the vegetation cover inherent to them are determined.

In the interpretation of the intrazonal meadow and swamp landscapes of the
desert the main indicator becomes the vegetation--halophyte meadows, reed thickets,
tugai, and others. It is clearly differentiated in the color gamma of the false-
colored image. According to the types of territorial associations the delta, flooded
swamps, swamps and saline meadows in the layer sands, etc. are detected. .

The landscape map compiled from the space photograph whose diminished repro-

duction is presented in fig. 1 is the first for this region.

The working map compiled in the scale 1:300,000 in details corresponds to the
topical maps now compiled in this scale, for example, the soil (minimum size of
contours--8-12 mmz, saturation~-—to 3-5 contours per 1 cmz). However, we believe
that this scale permits compilation of more detailed topical maps with the minimum
size of contours on the order of 5 mmz. With a xeduction in the compiled landscape
map to scale 1:500,000, without generalization of the content, a degree of detall
is reached which completely meets the reguirements of this scale (ninimum size of

contours 2-3 mn®, saturation--to 5-7 contours per 1 cmz).

Tield works to ensure interpretation of the photographs were continued for one
week, laboratory works on interpretation and compilation of the landscape map con- :
ducted jointly with the landscape specialist and cartographer occupied about one [191
and a half months., The mapping encompassed an area of more than 34 thous, kmz. |
If the mapping, as this is usually practiced, would be conducted with the use of
asrial photographs, the time expenditures for the fulfillment of the work would _
increase several dozen times (the territory is covered by 4000 aerial photographs

of scale 1:30,000).

Compilation of the map by the flight line-key method with the use of topo-
graphical maps as the basis for extrapolation of the given spot and flight-line



observations requires a considerably thicker network of routes and points of suf%ey
in comparison with those used., In addition, the achieved degree of detail in the
contours and the accuracy of their making in the absence of photographic basis
cannot be ensured.

The experimental work on compiling landscape maps according to the space
photograph indicate the possible ways of using the space photographs for topical
cartography. They should serve as the méterial for extrapolating the data of
observations at individuwal points and on key sections for the entire texrritory not
provided with observations and used as the foundation for more accurate, detailed
and sound making of contours and natural borders. An especially pronounced effect
ig shown by the advantage of using a photographic base in the plain regions, where
on the maps serving as the foundation for making the landscape contours, with a
comparatively small section of the relief it is often difficult to find the points of
surveying and the contours have to be artificially schematized.

The previously undertaken experiment of compiling a landscape map on the [
territory of the stepve zone of the Altay kray which was conducted in parallel by'twd
methods--without the use of space photographs and with their use--showed that the

detail of the map in the second case increased very significantly [3]. o T

Finally, we will stress the exceptional role of space photographs in the operation
which ig the most complex for topical mapping, typology of the mapped natural
target. In this case use is made of color gamma, tonality and texture of the images,
configuration and dimensions of the contours, mutual space conjunction (geographic

proximity).

The success of the work with the photographs to a great extent is determined by
the availability of a rectified picture, essentially photographic maps. The
creation of photographic maps from space photographs is a necessary stage in their
cartographic use. Especially useful would be photegraphic maps with contour lines
(with nonclogging of the photo-image by the drawing of the relief). It is also
expedient to sign on the photographic map the elements of orohydrography which would !
significantly facilitate the orientation and association of the photo-image to ithe -

map. 1In our variation it-was at times impeded. !

A comparison of the compiled landscape map with certain specialized topical
maps of close scaeles indicates that with the use of space photographs these maps



can be given in detail and made more exact.

The entire conducted experimental work testifies to the great perspectives of
the cartographic use of space photographs, in particunlar, o the fact that the
_photographs from resource and not only special cartographic satellites can be used
for the purposes of topical mapping on survey scales. At the first stages it is most
expedient to combine laborabory ihterpretaiion of photographs with standard field
work, subsequently, in the accumulation of experience and development of interpre-
tation standards it is possible to transfer to complete laboratory compilation of
maps. ‘The expediency of using space photographs for renewing, pinpointing and

perfecting the existing maps is natural.

Space photographs of regional scales reflect the landscape structure of the '[19g
territory immediately on several geosystem levels. They can be used to detect and
map both landscape and physicogeographical regions and provinces., Wany of the
indicated natural regions are reflected and interpreted on space photographs
directly as integral formations. At the same time the photographs permit revelation

of their internal landscape structure.

On this foundation a physicogeographical zoning can be made according Lo the
space photographs at once by two means: both from above, from the highest units to
the lowest, and from below, from an analysis of the landscape structure to synthesis

of the regional system entirety. The latter approach is especially promising in

space geography.

With the help of the examined examples we implemented physicogeographical
zoning of Western Balkhash region from the ERTS space photograph and the landscape
map compiled from it (fig. 2), Our scheme differs from all previously compiled
schemnes of natural zoning for this territory in its considerably higher degree of

detail, accuracy and most importantly, strong landscape-structural substantiation.

Due to the great field of vision, isochronic nature of obtaining the infermation

H
o
from a territory congiderable in area, repetition of the photography, the space !

f
photographs present good material for studying the dynamics of natural and crop i
landscapes. '
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For comparison of different-time materials of space photography it is necessary
that their scale and resolution do not differ-wery strongly and.are comparable.
Therefore, for example, a great effect should not be expected from comparing the
photographs from space and the television piciures from meteorological satellites.

In addition, the resolution of the photographs must be comparable with the size of
the proposed territorial changes. As a consequence of this, the most easily provided
repeated photographs from the meteorological safellites cannot always be unsed to '
study the dynamics of various components in the natural enviromment. If such changes
as the descent or setting of the scasonal snow cover , the seasonal dynamics of the
vegetation encompassing large territories are reflected on them fairly well, then

the many-year chahges which are relatively insignificant in ares, for example, in

the placement of the shoreline of seas and lakes, are not always caught by these
photographs.,

In so far as for the best quality space photographs, those such as photographs
from spacecraft, we often do not have different-time analogues, we are forced to
rescort to comparison of the photographs from previously compiled maps which are close'

in detall, whereby this comparison in a number of cases is very effective,

The territory of the Balkhash vegion is provided with photographs from varicus
space vehicles: +the spacecraft "Soyuz-9”, the orbital station "Salyut"” and others.
But the most convenient from the viewpoint of studying the dynamics of the landscapes
is the photograph taken from the American resource satellite ERTS, Its comparison
with the maps published in 1948 pernit us to trace certain features in the dynamics
of the landscapes in the last 30 years.

In order to reveal the dynamics of the landscapes we selected “a - comparatively
limited ciréle of elements, those which, on the one hand are clearly reflected on
the space photographs and topographical maps, and on the other hand have a definitive
value for revealing the extensive complex of changes occurring in the nature of the
territory. A comparison was made accoxrding to the following elements: on the
topographical map--saline lakes, saline soils (with clear contours and without contourﬁ)
reed thickets on swamps and shore banks; on the space photograph--saline lskes, sors, /103
saline soils, reed thickets. Two networks of the named contours isolated from the -
1948 map and the 1972 photograph were compiled separately. These networks were
combined by superimposing. The combination had to occur by sections, in so far as
the rectification of the photograph envisaged by the system processing of information
from the ERTS satellite, as previously .indicated, .did not completely eliminate



@istoxﬁions in the picture. Comparison 6f the photograph and map according to
sections, with combination of the picture on individuwal sections according to ”rigidﬁ

contours, permits one to avoid the effect of the non-identity of the two images.,

In the comparison of the photograph and the map 15 different types of the
correlation of the previously indicated dynamic -elements of the natural landscape
on different-tine materials were found. The {ypes of these correlations are shown
in fig.,3, while the resulting picture  of changes on the studied territory is given
in fig. 4. 1In the ahalysis of these changes, of course, one should exclude as far
as possible errors in depicting the elements we selected on the map, By analyzing
the different variants of obtained coxrrelations and resulis of the cartometric
work presented in table 1, one can draw conclusions on the changes occurring on

the territory in the last 30 years.

The appearance of lakes on the site of the saline soils indicates a certain
flooding of the territory. These newly appeared lakes are noted in single cases
on the western shore of :°- Balkhash., On the eastern shore, in the delta of the
T1i River there is a considerable expansion of the area of kultuk lakes and the \

appearance of new lake-kultuks on the site of reed thickets and saline solls. The

area of kultuk lakes increased in 30 years by more than twice,

It should be noted that in individual cases there is also a disappearance of
the previous lgkes and their transformation into sors. Such a sor is observed on the
western shore of Balkhash at Tasaral, In so far as the case is singular, it can
be classified not because of drying of the territory, but because of seasonal
changes. Space photography occurred in the beginning of fall, at the moment of the
driest season of the territory; it is possible that in spring and in the first half

of summer the sor again becomes a lzake.

On a large section in the southeastern corner of the photograph there is
complete disappearance of the lake-oxbows glong the old beds of the I1i, although :
next to it, on the lower shore of Balkhash large lakes of the kultuk type formed.

The changes in the salinization of the territory are very considerable, On the
westerh shore everywhere are observed major conbtours of saline soils on those sites

where the 1948 map shows non-saline and free of reed territories. The saline soil

4
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areas increased 1% times from 5.8% to 8.8% of the area of the studied territory, 1

Most often the reappearing saline soils are confined to the bottoms of large,ancient
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valleys. A portion of the dispersed, uncontoured saline soils indicated on the hap
and located primarily along the bottoms of valleys, is isolated on the space
photograph in the form of totally defined contours of comtinuously salinized
territories. This also testifies to the expansion of the dispersed, previously small
saline soils to considerable dimensions reflected in the scale of the map and to

their fusion into large contours, that is, the increase in the salinized territory.

The reverse picture is also detected on indlvidual sections--territories shown
on the map as saline soils are interpreted according to the 1972 photograph as
non-salinized sections. However, there are comparatively few of these sections: the
"reduction” in area of salinized territory is 1.5 %, while their increase reaches
4,8% of the area of the studied section.

Information on the increase in area of salinized territories is of practical
importance. In order that in the conclusions on the increase in salinization there
were not included errors of representation of the salinized territories on the
topographical map, we made a selective check of the accuracy of the picture of saline
soils on the 1948 map by comparing the map with aerial photographs taken at the Zig&
same period. This check showed that the topographical map correctly reflects the

salinization of the territory at the time the aerial phcotography occurred.

The areas o6cupied by reed vegetation coincide for the most part on the
different-time materials. However, in individuwal places the appearance of new
contours of reed thickels was established that are not shown on the map., They axe
located primaxrily along the shoreline on the scutheastern coast of . Balkhash
testifying to the stronger swamping of this shore. The reed vegetation also
appeared on the site of the sometime pure lakes without reed thickets along the
northern branch of the I1i delta.

The reverse phenomenon however is also observed--disappearance of reed thickets
shown on the map. These contours are primarily eliminated from the shoreline and
located only the periphery of the contours of reed thickets which were unchanged

during this time.

The delia arms of the I1i River do not have constant botioms. They change
their position periodically. Therefore the constant change in their surrounding
territory, including the delta,reed,overgrown river banks, which it should be said,

are excellently isolated on the color photograph due to their bright red color, is
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completely natural., It is a consequence of the dynamics of the delta [2];

A comparison of the space photograph with the map permits detection also of

a change in the shoreline of the Balkhash Take. It is true that due to the unclarity
of the image on the photograph of the eastern shore of the Balkhash a comparison of
the contours on this section was uncertain, In addition, the accuracy of combining
the photograph and map implemented for individual sections was not completely
sufficient to detect small changes in the shoreline sometimes expressed in dozens of
meters. Those changes which reach several hundreds of meters (over 300 m) are

well traced. Therefore we successfully established the overall trend in changes of

the shoreline,

On the western as well as on the eastern shore there was universal recession of
the shore and expansion of the area of the lake. The small inlets became more
deeply cut, the small sand bars and lslands disappeared. Certain lagpoons previcusly
located near the shore were transformed into open bays. The capes oriented to the
south on the islands of Basaral, Orgaaral and Oyakaral disappeared. Only in indi-
vidual cases was the reverse shift noted in the shoreline, the formation of dry land
on the site of the lake which can be classified both as a result of the growth in |
individuad accumulative shore Torms of the relief, and as a result of the

inaccuracy of the combination of the different-time materials.

The resulis of a comparison of the placement of the shoreline of the Balkhash
with an interval of 30 years indicate that the lake level rose., This situation also
explains the changes occurring on the land well. With a rise in the level of the
Balkhash the level of the subsoil waters also rose on the adjacent land, as =
result of which there was a noticeable increase in the area of the saline soils on
the western shore, especially for the botioms of large, ancient valleys. Certain
saline soils in the deeper depressions were converted into lake-sors. In the delia
of the I1i River as a consequence of the ingression of the Balkhash new, large

lakes of the kultuk type appeared which divided the delta branches.

The conclusions made in comparing the space photograph and the map are con-
firmed by hydrological data characterizing the many-year fluctuation in the Tevel- -
of Lake Balkhash. The graph of the change in the level of Balkhash for the period
we are interested in [1], presented in fig. 5, shows that the level of the lake
for the last 30 years rose roughly by 2 meters, while in the middle 1940's when it .
occupied a lower position for this time, by 2.5 meters. Thus, the data of hydrologi%ai
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TABIE 1

CHANGES TN AREAS OCCUPIED BY IAKES, SALINE SOILS.AND REED THICKETS ON THE TERRITCRY
OF THE WESTERN BAIKHASH. REGION OVER 30 YEARS, DETECTED AS A RESUIT OF COMPARISON OF
A SPACE PHOTOGRAPH FROM 1972 AND A TOPOGRAPHICAL MAP FROM 1948

/106

Type of territory| Nature of changes Index on scheme | Area, kn” %% of area of
of dynamics studied section
i 2 3 b 5
Lake Balkhash Area in 1972 1+ 15 110121.85
(section repre- Area in 1940's - 1+ 14 10013.58
sented on photo) Difference 108,27
Transgression 15 121.68 1.20%
Regression il 13,41 0.13%
Small saline Area in 1972 1+2+3- 366.75 2.69
lakes and kultuks| Area in 1940's 1+4-+410 141.12 1.03
Difference 225.63 1.66
Disappearance of lakes
Including:
Complete drying of -
lakes 10 55.17 0.40
Conversion of lakes
into sors L 23.58 0.17
Formation of newlakes| 2 + 3 304,738 2.23
Including: '
Formation of new lakes
on site of saline
soils 2 168.66 1.24-
Formation of new
lakes on site of
reed vegetation 3 135.72 0.99
Saline soils Area in 1972 5+ 6 1200.,42 8.80
Area in 1940's 2+ 5+ 11 793.30 5.85
Difference 402,12 2.95
Salinization 6 649,35 L, 76
Desalinization 11 201,33 1.48
Conversion of saline
soils into saline lakes 2 168.66 1,24
Reed vegetation Area in 1972 7+ 8+ 9 639,44 4,69
Area in 1940's 3+8+12 556,74 4,08
Difference 82.70 0.61
Appearance of reed
thickets- 7+ 9 326.52 2.38
Including:
Appearance of reed
thickels on land 11 . 308,88 2.26
Appearance of reed ]
thickets on lake site 7 17,64 0.12
Disappearance of reed
thickets 3+ 12 242,82 1.77
Including: '
Disap. of reed . i . :
thickets on dry land 12 107.10 0.78 :
ORIGINAL PAGE 18 Disap: of reed thicketbs ’l
OF POOR QUALITY with lake formation 3 135.72 0:99 --
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observations and the results of comparing the different-time photographic materials
coincide, but the latter not only permitted statement of the fact of lake itrans-
gression, but also tracing of the changes in dandscape of adjacent territories
associated with this.

The conducted work testifies to the fact that the space photographs are good @
material for studying the many-year dy‘namics of-na:bura.l landscapes or their indi--
vidual components. The provision in the future of the same territory with a series
of different-time photographs close in quality should expand these possibilities even

mnore.

The experimental work with the space photograph from the ERTS satellite also
indicates that photographs of this type are good material for updating and per-
fecting maps, in particular, topographical. For example, on the territory we
studied the space photograph can be used to correct the position of the shoreline
of lakes, contours of saline soils and reed thickets, With the use of the photograph
from the ERTS satellite on the scale 1:1,000,000 this vpdating can be made on maps
of the scales 1:1,000,000, 1:300,000, and for certain elements, even 1:100,000,
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Fig. 1. Landscape map of Western Balkhash region compi'_iied with the use of a photo-

graph from the ERTS satellite.

Landscapes of desert in temperate zone: A, ILow-mountain and small cone-shaped hills,

rbl_l s[[mﬂ] n n feef. nL_]i 7
H 25 2: {0 nY :w'r:m""v" P

1. Desert: 1. Erosion-denudstion low-mountains, broken up, composed of meta-
morphic rocks of lower Paleogzoic ers and Protozoic era (quartzites, silicon shale,
etc.), rocky, with stone streams on slopes, with complex of wormwood-boyalychev,
wormwood , Anabasis and Tas-anabasis associations on the mountain, grey-brown, detrital
soils, 2. BErosion~denudation low-mountains, composed of acid effusive rocks of '
middle Paleozoic era (porphyry, albitophyry, ete.), rocky with stone mounds, with

wormwood-boyalychev, Tas-anabasis and Anabasis associations on mountain, grey-brown /109

detrital soils and wormwood-elm thickets in ravines. 3. Axrid-denudation high plateaus
composed of paleomoic granitoid rocks, partly outcropped (to 20-25% of area), with
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dispersed wormwood-boyalychev, wormwood-hemp, wormwood-winterfat and Tas-anabasis
desert associations on mountain grey-brown gravelly-detrital soils. 4. BErosion-
arid-denudation small cone-shaped hills, broken up, hilly-ridge, composed of sedi-
mentary, dislocated rocks of the middle and -upper Paleozoic era (sandstones, shales,
silicon limestone)}, with wormwood-boyalychev Tas-anabasis and Anabasis desert
associations on grey-brown, underdeveloped detrital soils., 5. Erosicn-arid-denu-
dation small cone-shaped hills, fiattened, slightly broken up, composed of meta-
morphic rocks of the lower Paleozoic era and FProtozoic era; (quartzites, silicon
shales, etc,), with wormwood, wormwoed-hoyalychev. , Anabasis-Tas-anabasis dessrt
associations on grey-brown underdeveloped detrital soils., 6., Erosion-arid-
denudation small cone-shaped hills, ridgy-hilly, composed of acid effusive rocks of
middle Paleozoic era {porphyry, albitophyry, etc.), in places rocky with stone
razvals¥ and mounds, with wormwood-boyalychev, wormwood-ebalekov, Tas-anabasis and
Anabasis desert associations on grey-brown wvndsrdeveloped detrital soils. ¥, Erosion-
srid-denudation small cone-shaped hills, large hills (dome-shaped, cone-shaped,
ruins), composed of paleozmoic granitoid rocks, strongly outoropped, rocky with
wormwood-boyalychev, wormwood-hemp, winterfat-wormwood, Tas-anabasis desert
resociations on grey-brown underdeveloped gravelly-detrital soils, b. Plain,
I. Desert: 8. Arid-denudation foundation plains, gently sloping ridges, composed
of effusive-sedimentary rocks of folded Paleozoic era, partially recovered with
ancient kaoliniie wegthering crust, with a complex of wormwcod-boyalychev, wormwood,
Anabasis and kokpek desert associations on grey-brown loamy detrital soils and
desert alkali soils., 9. Alluvial benches--bottoms of ancient river valleys, planar
and plano-rolling, composed of sands and pebbly, with cover of aleurites and loams,
with grey wormwood, hoyalychev-grey wormwood, black wormwood-kokpek and Anabasis
desert associations on grey-brown light loamy soils and desert alkall soils, 10,
Aeolian plains, hilly and ridgy-hilly, friable-sandy, on ancient alluvial base, with
wormvood, wormwood-erkek desert associations on sands attached with outcropped,
scattered masses. 11. Aeolian ridge sands on alluvial base, lightly anchored with- -
desert bushes of saxaul, zhuzgun, winterfat, with thinned cover of swelling-fruit-
bearing sedge, Ephedra, Kochia. II. Saline soil-meadow-desert: 12. Aeolian
ridge near-delta sands on alluvial base, lightly anchored by desert bushes of
saxaul, zhuzgun,chingil, winterfat; with halophytic meadows and wet saline soils in
inter-ridge depressions, 13, Aeolian ridge-near-delta sands on alluvial base,
lightly anchored by desert bushes of saxaul, zhuzgun, chingil, winterfat, with shoal
drying up lakes and reed thickets in inter-ridge depressions. 14. Delta-alluvial
benches--zlong river bed swells, hilly, sandy, surface-shifting, with thinned bush
tugay of chingil, tamarisk, elaeagnus. 15. Delta-alluvial plains--benches of middle
and high level, sandy loam-loamy, with thinned bush tugay of elaeagnus, chingil,
tamarisk on alluv1a1 desert soils, III. Meadow and swamp: 16. Alluvial, backwater
benches, sandy loam-loamy, with wormwood-halophyte-grassy meadows, thickets of chen,
tamarisk, chingil on meadow saline soil soils and meadow alkaline soil-saline soils.
17. Delta-alluvial plains--benches of middle and lower middle level, sandy loam-
loamy, with halophytic-grassy meadows and wormwood-saltwort assoclations on alluvial
meadow saline soils. 18. Delta alluvial-lake low plains, muddy-loam, with thickets /110
of reeds on meadow-swamp and flooded soils in combination with small kultuk lakes.
19, Iake shore shoals and sand bars, muddy-sandy, with thickets of reeds and
saltwort-halophytic-grassy meadows and weakly formed saline soils. IV, Saline soil:,
20. Alluvial-lake (ancient- delta) low plains-benches, sandy loam-loamy, with thinned
succulent saltwort associations on puffy and crusty saline soils. 21. Alluvial -
and lake low benches-~bottoms of ancient river valleys, troughs and lake hollows !
composed of sandy loams, aleurite, loams, with succulent saltwort vegetation on
saline soil crusty and puffy, kokpek and Anabasis associations on alkaline-saline soils-
in combination with sor saline soils., 22. Ancient-lake and ancient-vglley

¥Translator's note: disintegrated blocks piled up on mountain slopes,



(Continuation of legend for fig, 1)

depressions with sor saline soils. B:_ Aqual: 23. Drying up saline lakes, 24,
Delta silting up lakes of kultuk type. 25. Near-delta silting up lake shoal water.
26, Partially submerged (as a consequence of lake transgression) low lzke shores.

f: Subordinate natural boundaries,(with indicatien of the area in % occupied by them
in the landscape contour). 27. Halophytic meadows--to 3%; 28. Halophytic meadows--
to 5%. 29. Halophytic meadows--to 10%; 30. Saline soils--to F%; 31. Saline soils
——to 5%, 32. Saline soils--to 10%. -
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Fig. 2. Physicogeographical zones of

Western Balkhash region. Indices and

natural borders: I1--country, 2--province,
FI~—regions., A. Central-Kazakhgtan Physico~
geographical country. 1--Province of Northern
and Western Balkhash region of plain-small
cone-shaped hill desert. Reglons: 1--Gul'shad—-~
anclent-valley clay-desert and sandy-desert;
2--Sary-Shagan—-small cone-shaped hill, stony-
desert, valley-saline soil; 3--Kysylkingir--
heightened-plain stony-desert; 4--Myn-Aral--
ridge-small cone-shaped hill, stony-desert,
valley-saline g0il; B, Dzhungaro-Tyanyshan
physicogeographical country. IT. Chu-I1i
low-mountain semidesert-desert province,
Regiong: 5--Burubaytal--high. plateavssmall
cone-shaped hill stony-desert; 6--Kaib--high
plateau-heightened-plain stony-desert; I1I--
Province of Southern Balkhash region plain
desert. Regions: 7--Tower-Ili-delta flooded-
sandy-desert; 8--Bakanas--ancient delta sandy-
desert, clay-desert and saline soil,
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Fig. 3. &. Correlation of contours of saline lakes, sors,_ saline

soils and reed thickets revealed during comparison of 1948 map and
1972 space photograph. B. Correlation of contours of water area

of Balkhash revealed during comparison of 1948 map and 1972 space

photograph,
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Fig., 4, Results of comparing 1972 space photograph and 1948 topographical
map: 1-~lakes whose image on the photograph and on the map coincide; 2--
saline lakes appearing on the site of saline soils; 3--lakes appearing on -
the site of reed vegetation; 4--sors formed on the site of dried up saline
lakes; 5--saline soils whose image on the photograph and on the map
coincide; 6~-saline soils appearing on the site of unsalinized and un-
swamped territory; 7--reed vegetation appearing on thé site of saline lakes;
8--reed vegetation whose image on the photograph and nap coinecide; 9--reed
vegetation appearing on the site of unsalinized and ungwamped territory:
10--unsalinized and unswamped territory on the site of saline soils shown
on the map; 12--unsalinized and unswamped territories on the site of dis-
appeared reed vegetation; 13--unsalinized and unswamped territory whose
image on the photograph and map coincide; 14--dry land appearing on site
of Take Balkhash; 15--Water area of Balkhash on site of flooded dry land.

Erranslator's note: No. 11 omitted from original foreign text.]
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Possibilities of Using Space TV Images and Tnterpretation Signs of therRelief iﬁz /11l

Geomorphology

D, 5. Asoyan

There has been little study of the possibilities of using space television
images {TVI) in the geomorphological vesearch in various natural zones of the USSR
and interpretation signs of the relief. As for the latter guestion, in our opinion,
it has not been given sufficient attention in the available works on the géographical

and geological interpretation of small-scale space images.

Meanwhile, a study of the interpretation natural components is necessary in order
to answer g numer of procedural gquestions: first, to developra technique of
intexrpretation and. in particular, solution to the problem of the possibility of extra-
polation of interpretation signs of the natural targets on small-scale space images;
second, sclentific substantiation of the "generalization effect” of space images;
third, detection during analysis of the signs of new possibilities for using the

images.,

Our research established that on global and small-scale TV gspace images, the
signs of the natural targets are primarily tonal differences governed by differencées
in their spectral reflective ability, and the illustration of the image. On local
photographs (obtained from piloted craft--PC)shape, shade and dimensions are also
separated. As a conseguence of this, on the small-scale space images the relief and
other components in the majority of cases are representd by indirect signs which are .
successfully detected through a complex series of intervelationships of natural

components and natural-territorial complexes (NTC).

All of these cixcumstances, on the one hand, complicate study of the interpre-
tation sighs of the relief elements, and on the other hand, permit detection, thanksl
to the optical and geometrical integration of the image, of such featurss of its
structure which are masked by details represented on the TVI from the ERTS and :
photographs from PC (”Salyut, "Gemini”), For example, certsin river valleys on the
TVI of arid regions (the Vakhsha River basin)are indireétly manifest,as this will
be shown in this article, through integration of the optical properties of the- - ; )
indicators—-high turbidity of water, alluvial deposits of islands in the bed and i
b

by
On the imeges with higher resolution on the site (ERTS, “Salyut”) these feaiure§

bottom of valley.

;l#lf



are lost in the detalis of the image of river valleys.

In relation to the aforementioned, we attempted to determine the possibilities
of using TVI in geomorphological studies and to investigate the interpretation signs

of different relief elements.

The conducted research showed that the interpretation signs of the components:
of the nature and the NTC on the TVI apparently for now may be studied on the basis
of aerial-visual observations of their spectral intensity with maximum permissible
generalization of the observations and detailed ground work on the key sections. For
the given studies this method permits one to obtain in g number of cases satisfactory
results and the interpretation signs of natural targets on the small-scale images can
be studied mors fully in our opinion: first, only by cobtaining guantitative data on
the spectral intensity of the natural targets; second, by achieving ;that accuracy of
geographical linking of the results of measurements that will coorespond in accuracy

and resolution on the site to the examined images.

The article has been written on the basis of laboratory and field work in 1971-

1975.

Possibilities of Using TVI in Geomorphological Studies /115

In order to find the possibilities of using TVI materials were examined from
photography of the meteorological satellites "Kosmos" and “Meteor” from 1967 according
to the catalogue of satellite data of the Hydrometeorological Scientific-Research

Genter of the USSR,

Photography from the 1-10 AES (artificial earth satellite) "Meteor” occurred from’
an altitude of 680-720 km on a zone of double-frames On a scale in the center of the !
image about 1:7 mill., with width of the zone of photography about 610 km, length 820 km.
Tn its real resolution the TVI from *Meteor” and "Kosmos” (2-6 km) is inferior to the
photographic space images, nevertheless it is a more.operative and accessible type

of information. Moreover, in recent years the quality of the images of the photo-

graphy materials from.the AES Meteor” have been improving more and more (fig. 1-1)

(M. 1:10,000,000).

On the territory of the USSR we studied the TVI free of cloud ceovers of various

large geostructural regions located in different natural mones; and for each region,
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in turn, according to the seasonsg and different days. On the whole over 500 iméges
were examined (television montages) on the territory of the tundra zone: Bastern
Siberian lowland, forest zone--Europeah section of USSR, Vilius lowland, Aldan and
Yano-Oymyakonsk uplands of the Verkhoyansk crest, Far East, Kamchatka, plains and

mountains of Central Asia and the Caucasus.

An anaglysis of the TVI showed that the possibilities for studying various tyﬁes
of relief on them are ambiguous. They depend on a combination of different
circumstances: +time factors--weather, season of photography, specifications, and
most important, on the features of the natural conditions and the optical properties
of the landscapes governed by them and consequently--the interpretation signs. With
different combinations of these factors their informaticn content differs sharply,
Tt is thereby not excluded that each frame (or zone) of the television photography

has its unique information,*

At the given stage of studying the relief of mountsins and uplands in different
natural zones, it can be considered that the most informative are the TVI from 1-10
AES “"Meteor"” for the winter-spring seasons; they can thereby be used with specific
limitations--nonuniform occurrence and thickness of the snow cover which indicates
the relief and with relative. breskup of the relief 2> 300-500 m (mountains of Yakut,
south Siberia, Transbaykal and Caucasuss fig, I, II-IV, VI, VIII), At the same time,
the TVI are evidently of little suitability for studying the relief of the low: mountaing
due to the low space resolution (Alday uplands, Yano-Oymyakonsk .up:lands, etc.; fig.

2). A certain exception is the mountains of the arid zones with melt water puddies

and glaciers. PFor these regions TVI can be used, except for the winter and summer

season, depending on the interpretation signs of the relief (fig. t, I, V, VII).

The photographs of TVI from the 1-10 AES "Meteor™ sre apparently of little
suitability also for studying the plains of the temperate zmone regardless of the
season. This is explained by the masking role of the SHOW COvVer (winter) and the

vegetation cover (summer) (fig. 1, II).

In relation to this, satisfactory interpretation can be madewith a specific
collection of images for the same terrritory (not less than 2-3) which is necessary -
for mutual supplement, control of the results and calculation of various obstacles.

*¥A11 the factors forming the TVI still remain unclear; therefore, the
analysis we made does not claim to exhaust the solution of this problem,
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The possibilities using the TVI from the 18th AES "Meteor" are broader due to
the improvement in the quality of the images and photography in different zones of

the spectrum. They are favorable -for studying the mountain and low-mountain areas /116

in the winter period, for example, the Yano-Oymyakonsk upland; the possibilities of
studying the latter also depend on the interpretation signs of the relief, The TVI
from the 18th AES "Meteor" may be used for plain territories with small absolute
elevations in the relief of the forest zone and in the winter and summer period
under the same condition--depending on the signs of the natural targets (degree of
freezing of rivers in North EIS [European Territory of Soviet Union], degree of snow
cover of negative relief forms inlCentral Yakut, of contrasts in the nature of the
vegetation cover in West Siberia governed by the features of the relief structure,
the composition of precipitation, ete.*), Thanks to the photography in the near
infrared zone (0.8-1.1) the TVI can be used to study the plains of the steppe and
dry-steppe zone (south of the European territory of the USSR, Kazakhstan and Central

Asia)**,

In order to determine the possibilities of TVI from the 1-10 AES "Meteor” on the
example of two large regions we conducted geomorphological intexpretation of a series
of images of the "Meteor"--Pamro-Alay and north Yakut (fig. 1, IT, IV, V-VI, fig. 2,
3)s: The. TVI were interpreted both according to the original and according to 1.5
times enlarged prints on an interpretoscope with enlargement of the optical system
to 5x.

The results of these studies showed that for the geomorphological purposes the
TVI obtained in the visible zone of the spectrum give new information for studying
the systematic configuration of the river network of entire river basins and the
features of the river valley structure; they permit one to find the connate and
redeepened valleys, to study certain laws governing the formation of major features
in the relief, to reveal the largest, linear and block morphostructures. Thus, the
possibilitieé of using TVI in the geomorphology differ considerably from the space
local photographs (Vinogradov, Grigor'yev, 1970; Meshcheryakov et al, 1971). Under
specific conditions the TVI can be employed to conduct the aforementioned small-
scale studies, while the latter can be used to obtain.more comprehensive and

detailed information about the relief, bubt on a more limited area.

*. .
Winter TVI from the 18th AES "Meteor" (resolution on site 1.5-2 km) are more
informative for studying the relief in comparison with the summer.

*%
At the same time for studying not only the morphostructure but also the
morphosculpture,



Results of Studies of TVI for Pamiro-Alay

For the given territory there are a number of TVI from the AES "Kosmos-226"
(fig. 1, IV; fig. 3), "Kosmos-184", "Meteor” (fig. 1, VI), "ESSA”. One of the
informative ones for the established goals is the TVI from the AES "Kosmos—-226"
obtained September 3, 1968 at 12 h 48 m.

Interpretation Signs of the Relief Elements

At the given stage of research, not relying on special measurements of the
coefficients of spectral intensities, we conducted a study of the interpretation
signs of the relief elements by: a) aerovisibial observations and visual assessment
from altitudes to 3000-4000 m¥*¥¥*,%¥%% of the spectral intensity of the natural
complexes formed on large shapes of the relief; photographing of the relief elemen@s
on color and black and white film and further conparison of the space distribution’ ' /117
of the spectral intensity with the density of tone in the TVI; b) succesgive

ground study of the features in the structure and evaluation of the spectral
intensity of each component separately and detection of the degree of their effect
on the overall color and intensity of theNTM: 1) relief (morphology, degree of
breakup, microrelief); 2) composition of rock {(degree of weathering of outeropped
rock, color and mechanical composition of surface, friable sedimentations); 3)
nature of moistening; 4) nature and distribution of vegetation cover (degree of
projective cover); c) detection of the reasons for differences in the interpre-
tation signs of river valleys similar in the peculiarities of their structure (for
example, differences in the signs of valleys in the basin of the Vakbksh River and
the Sokh River).

In the center of the examined TVI there is Fergan hollow expressed by an
indirect sign--vegetation crop in regions of the development of irrigated agriculturé
governing the dark grey phototone of the image and isolated on the background of |
piedmont regions, The latter are expressed by the light grey phototone and are
forms of proluvial genesis devoid of a vegetation cover (debris cone and harrows of
varying age); they are composed of neogen-quaternary moldsse which possess a.considerable

& -

From the helicopter MI-4 with necessary landings on previously marked )

sections for ground observation (collection of herbarium, samples’ of rocks, Waier,eté.)

K
The intensity of the targets was conventionally evaluated in relation to the

intensity of the outcroppings of light rocks (limestones, granites) and exposed
sandy and pebbly floodplains according to a five-point systenm.
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reflecting ability. Thus, these relief forms are also expressed indirectly-=by -the
composition of sedimentations (optical properties of friable deposité of considerable
thickness are unclear and require more study). The massifs of unanchored sands in the
center of the hollow and sands in the desert of Kyzyl-Kum (upper left corner of the
photograph) are expressed in the same tone.

The mountain ridges are isolated by a dark grey phototone and their most
elevated axis sections are shown by meltwater puddles(mountains of West.,‘Tya.n'—Sha,n")
and glaciers of South Tyan'-Shan' and Pamir. This tone, from ow viewpeint, is
governed by the considerable vertical breakup of the relief which in turn governs
the large percent of steep slopes and shaded sections, their overall ‘“pittedness"
of the surface. The cloud cover conceals Bast Pamir and the adjacent regions of

China from direct observation (Lower right corner of photograph).

The river valleys are expressed in various ways on the photograph. The rivers
of the basins of the Vakhsh River and Zeravshan River are fairly clearly distinguished
according %o the lines or bands of 1light grey phototone. Such rivers as the Isfars,
Bokh and others which flow from the Alay and other ridges, ave expressed only on
separate sections by a dark grey or almost black tone depending on the intensgity and
area of development in the valley of lrrigated agriculture., TIn order to study the
cguses of the diffexrences in the interpretation signs we conducted laboratory, field
and aerovisual observations (1971, 1973) in the aforementioned regions and river
valleys. A4s a result, at the given stage of work it can be stated that the inter-

pretation signs of the river valleys are governed by the following factors:

a) considerable quantity of suspended material in the Zeravshan River and
transit rivers of the basin of the Amu-Dar'ya River (Vakhsh, Surkhob rivers and
others), which results in the silting up of the disappearing tribuigfies and jrri-
gation structures. According to our ground observations the greatest turbidity
distinguishes rivers flowing from the ridges of the Py&tr ist and Vakhsh which are
composed. of sedimentary mesozoic focks; on the other hand, rivers flowing from the f
ridges of the Kabut-Kryn and Karategin and composed of crystalline rocks (for

exanples the rivers Sorbog, Yakhrych) are distinguished by insignificant turbidity.*

*Analysis of the water samples taken by us from different rivers shown and = |
not shown on the TVI showed that, for example, the rivers Surkhob and Sorbog (the :
latter is not shown on the TVI) do not have differences in mineralization, turbidity
is the greatest in the Surkhob River {260 g/m”), is.insignificant in the Sorbog [
(20 g/m%?. Lccording to the data of G, VB Lopatin (Chediya.3 1970) the mean annual

turbidity of the Vakhsh River is 3730 g/m3, Varzob--825 g/n° (not shown on the TVI).

ORIGINAL £
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This peculiarity is characteristic for the majority of rivers distinguished by a
light grey tone on the TVI;

b) the redeepened nature of the valleys (Nikonov, 1971; Chediya, 1971), their /118
antiquity of the laying and development, and as a consequence of this the irregular
thickness of the alluvial, boulder-pebble deposits:(rivers: Vakhsh, Surkhob,

Obikhingou with tributary Obi-Mazar, right tributaries of -the P&andzh.River——Obi~Mazar,
Shurob-Dar'ya, Yakhsu);¥*

¢c) the development in the river beds (Vakhsh, Surkhob, Obikhingou) of a large
nupber of islands composed of sands and pebbles and coversed with a layer of loess-like
loam 5-6 mm thick. In the dry state the surface of the loess-like loam is cemented,
that is it has a smooth surface finish. The overall color of the surface of the
islands is light grey or blue-grey. All of these facts govern their considerable
reflecting ability which is analagous to the reflecting ability of the surface of

snow, flashing water and saline goils.

Thus, the river valleys of the basin of the Vakhsh River and the Zeravshan Rive;
and others are shown on the TVI through such indicators as the turbidity of water,
alluvial-proluvial deposits of congiderable thickness in the redeepened ancient . . .
valleys and alluvial deposits of islands in the bed which possess high spectral
reflecting ability. In other words the river valleys are expressed through integration
of the optical properties of their indicators. It should be noted that comparative
analysis of the different-scale space images of the given territory and similar
others ("Zond-5", AES "Meteor", PSC "ERTS") indicates that the spectral intensity
of certain natural targets and their differences are more clearly expressed on the
photographs only at a specific level of generalization of the space images. These

are apparently, television and global images with resolution on the site of 1.5-6 km.

In relation to this, despite the low resolution of the TVI and of global
photographs it is possible to also study the peculiarities of the structure of
targets or thefr differences which determine their optical properties--water turbidity,
geographic ranges of the development of genetically uwniform friable deposits, weathe%ing

crust, ete.

*Recently ground data have been obtained on the possible redeepening of the
valleys of the rivers Sokh, Isfara nct shown on the TVI.
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Structural-Geomorphological Interpretation of the TVI

On the example of a large amount of factwal material it was established that
the linear elements of the landscape, and mainly of the river network (lineaments),
reflect the laws governing the structure of the planetary fracturing and fFyulting
tectonics (Shul'ts, 1972). The high field of vision and natural generalization of
the space images permit detection of the linear sections of large river valleys which
developed planetary fissures and faulting structures of high arders. These valleys
are the most relizble signs in comparison with other elements of the relief ox

natural components and cannot always be found on topographical maps.¥®¥%

The compliance of the river valleys to the faulting disorders is established
in each specific case separately by the technique we developed. With the compliance
of the lineament to the breakup mone with considerable width, it can be considered
a three-dimensional formation--linear morphostructure (or morphostructural lineament
according to I, P. Gerasimov and Ye. Ya. Rantsman, 1973). For the qualitative
differentiation of the lineaments for those tectonically determined and related to
planetary fracturing methods were used of morphostructural analysis of their features
of structure and of adjacent territories: study of deformations of geomorphologieal 1112
levels. (surfaces of leveling, river benches), of the intensity of density of o
erosion breakup and fracturing, analysis of the geophysical data. A study of_
the linear morphostructures is important for understanding the features of the
structure, laws governing the Tormation of the relief, history of development, as
well as for mapping the block morphostructures., In turn, detection of the block
morphogtructures whose development is determined in time and space by the given
lineamsnts; allows one to predict the plan of structure not only of the upper
sedimentary cover, but also of the deep structural levels--the foundation and hori-
zontal sections of the sarth's crust (Asoyan, 1975). I

In addition, begides the qualitative differentiation of the lineaments, the
methods of morphostructural analysis permit detection of such lineaments which
correspond to the faulting young or "rejuvenated" ancient (?) disorders not shown
in the gelogical structure; these disorders play an important relief-formation
role and are discerned only by deformations in the geomorphological levels, the

*%Careful analysis of the illustration of the Obikhingou River according to
the topographical maps on a scale from 1:100,000 to 1:2,500,000 did not pexmit
detection of the linearization nature of the section on the northwest lower portion

- of the river, while it is clearly expressed on the TVI (fig. 1, V).
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nature of the srosion breakup, the development of zmones of fracturing, nonuniformity

of the geophysical fields and selsmic activity.

It should be noted that these possibilities of the morphostructural analysis
are still underestimated and not sufficiently employed in the geological-geomorpho-
logical interpretation of space photographs. We will attempt to illustrate the
given conclusion in the example of the indicated regions of Pamiro-Alay, and Yakutiya.
It would also be appropriate to add here that the guestions of the genesis of
faulting, disorders detected by morphostructural methods and their position in the
geological structure and other guestions are not treated by us. However, if the
faults are shown in the modern relief and consequently are neotectonic formations, then
the geomorphological data can be used to solve the reverse task--to explain ceriain
questions in the latest history of their development and to determine the presence of

shifts and conditionally-—their amplitude,

According to the data of TVI interpretation (fig. 3) of Pamiro-Alay a number
of lineaments were isolated with clear Interpreted signs-—-linearized sections of
river valleys and the interrelation of such valleys of different river basins a
distance from 45 to 100-200 km. These lineaments are well recognized on the
topographical maps and are confined to the valleys of the Surkhob River and its - | .
large tributaries: Yarkhych, Yagman, Obikhingou, Muksu, Kysylsu, individual sections
of the Vakhsh River, Vanch River and the right tributaries of the Pyandzh River--
Shyrob-Daxr'ya River, Obi-Mazar, Yakhsu and to a separate section of the Pyandzh
River, Half of them are confirmed by geological and geophysical studies., Thus,
aceording to these data they are primarily zones of breakup of plutonic breakups
(in the valleys of the rivers Kysylsu, Surkhob and Vakhsh they correspond well to
the studied Gilssaro-Kokshagl' . plutonic fauli, _ in the valley of the river Vanch-
Yanch-Tanymass, éccording to the northeast section of the central Obikhingou—
Khingou) (fig. 3). The remaining lineaments are unknown and have not been studied.
They have interpretation signs simila; to the signs of the breakup zmones of plutonic
Ffaults, and in certain cases-~-Khingou-Vanch--even more clear, therefore may be

tentatively associated with similar fault structures.

The lineaments with weak interpretation signs are distinguished by linear -
changes in the tonality of the television image of the relief and sharp outlines
of the axial sections of watersheds which are indicated by the linearized borders

——y
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of glaciers and meltwgter puddles.* It showld be noted that on—the TVI weisolated-
lineaments of various orientations, with the excepltion of meriodional which may
coincide with the longitudinal direction on the TVI lines of the television -scan,¥* :{120

Therefore these lineaments were a fortiori not analyzed.

From the data obtained under field conditions by ground and aerovisual .
observations we studied the lineaments corresponding to the known Surkhob Fault _
(sections of the Gissaro-Kokshaal' or Vakhsh plutonic fault) and the unkown, first
Ysolated from the TVI--Khingou-Vanch (Fin'ko, Asoyan, 1972; 1973a, b; Asoyan,
Setunskaya, 1973) and lineaments in the middle and upper ciirrent of the River Obi- i
khinguc, A1l of them are shown on separate sections according to the data of aero- *
visual observations in the linearized form of these river valleys primaxrily in the 5
middle and upper sections of the near-valley slopes. The river beds within the '
lineament zone have various forms--both linearized and winding. 1In the latter cases,
with the development of a series of downcut windings, like for example, the ¢
‘Obikhingou River, the linearized form of the valley is masked and is distinguished |

only on the TVI.

As a result of the interpretation of the Surkhob fault by TVI and aerial
phoiographs'on the scale of 1:50,000 and field stulies we attempted to pinpoint the

e —

the position of the borders of this fault which i$ controversial at present (Fin'ko,

Enman, 19?1). The zone of the fault, according to the latest structural-geo-

morphological date includes near-valley sections of the Surkhob River and on the

northern slope, . the Py8tr 1st ridge and the southern--the ridges of Kabut-Krym.
According to the data of interpretation of aero~ and television images, fiela‘and

TS

aerovisual observations in the breakup zone of the .Surkhob fault we included the
entire ridge of Pyetr 1st with latitndinalstructural-predetermined fault benches
developed on the folding-block substrate and we put the southern border on the
southern slope of the crest--along the latitudinal section of the valley of the
Surkhsu River®¥%, To the north from'the valley of the Surkhob River ‘the zone
includes the crest of Kabut-Krym roughly along the latitudinal section of the

- AUE 4 A it e o ot e

¥These lineaments are transferred to the topographical base approximately,
nevertheless they may be used as a basic criterion of linear morphostructures for
the more‘large—gcaie;materials. ) i N

¥
This deficiency is essential in studying the lineaments and already is
lacking on the images of the "Meteor" system which are more advanced in quality
(1. 1:10,000,000). ’

*¥¥¥According to asrovisual reobservations the valley has a clear linearized
form. -- | - . e - = ; I
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Xomarou River, The overall width of the zone 1s thus 30 km. The basis for this
conclusion is the concentration here of active, newest latitudinal breakups and
their weak development beyond the zmone. The southern border is more pronounced in
this signh. Another basis for the separation of these. borders of the zone is the
confinement to them, as well as the accunulation within the zone of epicenters of
eathquakes; oubtside of it they develop sporadically and are again observed already
in the zone of Outer Darvaz* (Gzovskiy et .al., 1958).

In order to study the information content of the TVI from "Kosmos-226" we
interpreted the lineaments according ito small-scale aerial photographs on the section
of the intergection of the Suxkhob and Kingou-Vanch mones--the lowlands of the rivers
Surkhob and Obikhingou (fig. 4). Comparative analysis of the interpretation dsta
indicates that both according to aerial photographs and according to TVI three zmones
are distinguished--a short latitudingl--from the very mouth of the Cbikhingou River
on its latitudinal section, meridional (from Novéobad mountain in the north to
the lowlands of the Obikhingou River in the south) and the northeast (from the mouth
of the Obikhingou River to the Novobad mountain, Together these zZones enclose a
triangular-shaped block which is clearly marked on the TVI in the form of a triangular-
shaped spot of a light grey tone governed by the development of alluvial-proluvial
deposits. This tectonic center was established by the studies of Ye. Ya, Rantsman,

At the same time, the latitudinal zone of the Surkhob fault (from the Novobad mountain/i21l
t0 thi Garm mountain) and the northwest zone--Khingou-Vanch {lowlands of the Obikhingou
River) according to the data of interpretation of aerial photographs are not shown,

They are lost in the comparatively uniform network of lineaments of the intersecting

directions,

Thus, according to the TVI, thanks to their natural generalization of the image
of the site, zones of large lineaments of varying orientation were isolated in a
large number and with fewer losses of time in comparison with interpretation of
aerial photographs (a labor-intensive process under conditions of similar erosion

breakup of the relief),

The Khingou-Vanch lineament 1s shown on all the previocusly mentioned TV images

and extends from the mouth of the Vanch River along the valley of the Pynadzh River

*In relation to the establishment of the southern border of the breskup zone in |
the Surkhob fault along the latitudinal section of the Surkhus River, we lsolated the!
Kugi-Kamch mountains as an independent morphostructure., A confirmation of this is |
also its inversion nature and the greatest amplitudes of the newest elevations in g

thi ion of the ridge of Pyetr ist. .
e ¥ ’ ORIGINAL PAGE I8
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(along the northeast section to Kalan-Khumb) across the Khaburabat pass along the
northwest section in the low parts of the Obikhingou River, and further to the north,
ioughly to the upper parts of the Yagnhob River. The most clearly interpreted sighs

of the lineament are confined to these itwo river valleys., The overall length of the
lineament is 200 km (fig. 3). The width of the zone (conditionally established already
from the interpretation data of aerial photographs) is.5-7 km. Consequently, this
lineament may be accepted as the linear morphostructure. According to geological
data, the fablts here are not shown. From the complex of geomorphological and geo-
physical data it can be hypothesized that the lineament corresponds to the fault

gone with deep penetration into the esarth's crust., This is indicated by the following
data. According to geographical seismic studies on the section--from Kalan-Khymb

to Tavil'-Dara across the Khaburabat pass--a plutonie fanlt zone is distingunished
which coincides with the lineament zone with amplitude of shifting of the border of
Mokhorovichich about 5-8 km {according to geographical data).

According to our field observations and the results of interpreting the aerial
photographs,  the Obikhingou River valley on the northwest section is laid along the
zone of intensive tectonic fracturing, The formation of downcut wanderings of the
Obikhinguo River is governed by the sSystem of diagonal and orthogonzl fissures and
the linearized nature of the northwest sections is clearly traced from asrovisual~™
observations., According to the data of profiling of the river benches in the lower ’
accunulation stage here are distinguished deformations of the benches of Holocene
age, and according to the dats of re-leveling,.also the current movements in
individual emall blocks in the valley (Fin'ke, Asoyan, 1973a, 1973b). The deep
laying of the entire linear morphostructure is also indicated, besides the afore-
mentioned geophysical data, by the centers of earthquakes recorded here, All of these
data permitied us to hypothesize on the buried nature of the fault, to whose zone
the Obikhingou River valley is confined (Asoyan, Setunskaya, 1973). However, as a
result of the gbudy of ancient surfaces of leveling in the Obikhingo River basin
by V. X. Kuchay, deformations were found in the Pleistocene surface with amplitude
about 400 m and our previdusly made conclusion on the confinement of the valley to
the zone of the fault breakup was confirmed. These last data change the idea about
its buried nature and indicate its latest activity. It follows from here that the
formation of thencrthwest,young cross-section of the ObikhingouRiver is associated
not with the antecedent downcut of the river (Chediya, 197.) but with the activizatioh

of the tectonic zone.

The lineament algo plays a noticeable relief-forming role. Along the Pyandzh
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River vall®®, the Daxrvaz ridge separaieé from the Safedkhirs massif and determines the
echelon substitution of the Kbozratishokh ridge by the northeast ledge of the Darvaz
ridge and the surface linking of the ridges of Pyétr 1st and Vakhsh disfinguished

by the intensity of the newest elevations. In relation to this, in our opinion, the
latter two regions should be classified with the isolated, independent orographic
elements, and not with the unified system as is proposed by 0. X. Chediya (1971).

Thus, one can consider that the Khinguo-Vanch lineament corresponds to the zone
of breakup of the active, newest Fault with deep penetration into the earth's crust
at certain sections, and congequently, also has a long history of formation, Analysis
of the history of the relief development and of geological structures in the breakup Zlgg
zone will help also to illupinate the history of the development of the zone itself,
which plays a relief-forming and structural role in the eastern section of the Tadzhik
depression, Thus, for example, in so far as in the lower current of the Obihinguo
River the zone is developed transverse to the course of the folding structures of the
neogen age, cut by the Pleistocene leveling surface (Atlas of Tadzhikstan, 1968), one
can Judge as to its passiveness in this period. In relation to the activization of: !
the tectonic movements in this region, beginning with the middle-quarternary time,
the recounstruction of the river network began--formation of the cross,northwest young‘
section of the Obikhingou River (Nikonov, 1971; Chadiya, 1971) and deformation of the
leveling surfaces which were also determined, in our opinion, by the "revival" of
the Khingau-Vanch zmone of breakup. In relation to the fact that on its dixect
continuation to the sovutheast the lineament corresponds according to geophysical data
to the plutonic fault, it can, based on these data, be hypothesized that alsc on the ‘
section already assimilated by the large river (the most reliable sign of the
weakened zone) it also has deep penetration into the earth's crust-- and from here,

has a lengthy development and is' the ancient "rejuvenated" fault,

Results of the Studies of TVI of Yakutiya

The TVI of the territory of northern and central Yskutiya, taken on June 6, 7,
and 17, 1970 from the 4th AES "Meteor” were assembled into telestchemes (area 2880
thous, kmz); they encompassed the territory in latitudinal natural zones--artic
tundra, forest tundra and forest of the temperate zone, disrupted by the vertical -

mone of the Verkhoyan ridge and the Yano-Oymyakon upland (fig., 1, II-IV; fig. 2).

The main interpretation sign of the relief is the indirect sign--the snow cover

and its uneven occurrefice. durihg the spring thawing. Thanks tc this circumstance, in
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the mountains with relative breakup of the relief = 300-600 m the snow cover indicates
watershed spaces, upper and middle sections of the slopes of river valleys--that is
the systematic configuration of the actual valleys, In tﬁe regions of the melting
snow cover (plains and low mountains) the earth'ssurface is expressed by a monotone
dark grey tone, on whose background it is not possible to distinguish any contours.
Exceptions are: the valley of the Lena River,distinguished by a noticeable darkening
of the tone above the mouth of the Aldan River roughly to Zhigansk; lakes covered
with ice, and thermokarstic hollows-alasses with preserved snow cover (valley of

Iena River, Abyysk lowland). Thanks to the uneven occurrence of the snow cover a
large number of rivers are distinguished in the Verkhoyan ridge (fig. 1, TI-III)
with lateral tributaries. In the recognition of the river valleys on the topographical
map numerous depressions are found in the axial section of the ridge; in the

illustration of their image they are similar to the current river valleys,

As a result of the morphostructural analysis of the illustration of the xriver
network and other features of the relief structure (large and local benches in the
limits of the Iena River valley and on the southern sloped of the Verkhoyan. ' ridge,
(fig, 1, I)) a complex network of lineaments was revealed (fig. 2). As already noted
previously, the tectonic dependence of lineaments was established with consideraiiont
for the local features of the structure of geological forms and with the use of a -
series of methods of morphostructural analysis in each specific case. The greatest
number of lineaments is confined to the Verkhoyan  ridge and the Sette-Daban. |
ridge, Their orientation is primarily longitudinal. However, itransverse lineawments
are also distinguished here. According to geological data there are no transverse
structures here, Of the lineaments found by space photographs about 50% coincide
with the faulting structures established by geological and geophysical studies
(according to the data of maps of comparable scales) either for the entire distance

or on individual sections., The remalning number of lineaments are unknown,

The majority of them are confined to the less studied and not easily accessibleJZlgg

sections of the axial poriion of the Verkhoyan. wvidge on its eastern slope. 1In

their interpretation signs they are also cleaxrly expressed, and sometimes even more

in comparison with the established, conseguently, they can also correspond to the

faults and their zones of breakup., Such lineaments, whose correspondence to the

zones of breakup of faults has been established primarily by indirect structural-
geomorphological data, include: Siyetindzhe-Omoloy (fig. 2 and No. 17) (divides the
accunulative quaternary surfaces of the Omoloy River valley from the denudation-

neogen flat-top monadnocks of the southern portion of the Kharaulakh ridge), Lensk

154



(fig. 2, No. 21, 22, ‘part No. 18; separates the accumulative quaternary surfaces of
of the lefibank from the denudation neogens._of the Kitchansk 1edge); the latter is
proposed by V. V. Zabalyyev (1962) according to analysis of the systematic confi-

guration of the Iena River.

Among them the most clearly expressed is the Central-Verkhoyani. lineament
(fig. 2, No. 3, No. 5). According to a set of data from analysis of the relief and
geological structure we tentatively classified it with the large fault disorder
which plays an essential role in the formation of the relief of the Verkhoyan. ™
ridge and its eastern slope. The Central-Verkhoyan. lineament is about 650 km long.
It extends from the southern end of the Tuora-Sis ridge in the form of two adjacent
lineaments along the watershed of the rivers Khara-Ulakh and Beris, Ebitiyem,
Chubukulakh into the ridge Orulgan, determining here the longitudinal direction of
the very headwaters of the transverse rivers (Dzhordzhan, Bytantay, Sobopol, Menkere).
In the basin of the headwaters of the Megen River, the lineament is developed on its
eastern slope,. has already a southeast direction in the headwaters of the rivers
Bytantay, Echiy and Dulgalakh and fades in the latitudinal branch of the Verkhoyan.
ridge in the basin of the rivers Dzhelinda and Kele (right tributaries of the Aldan
River).

The lineament is an impoxtant relief-forming border, despite the fact that it
is confined to the axial section of the Verkhoyan ridge. The main, dominant
sumits remain to the wegt of it, thereby it separates the region distinguished by
the greatest depth and thickness of the erosion breakup, governed by the development
of more intensive, newest tectonic movements, from the region of less intensive
breakup (on the east) (Baranova, 1967). In addition, as follows from the analysis
"Maps of the Leveling Surfaces and Weathering Crusts” (M, 1:2,500,000, 1971) ihe
Central-Verkhoyan - lineament clearly divides the territory with the developmenf
of various types of neogen denudation leveling surfaces, and on some sections one
can also trace their deformation. The lineament is also accompanied throughout its °
entire length by a series of appendage, smaller lineaments, that is evidently is |
accompanied by a zone of breakup. The features of the lineament structure--its
length, clarity of interpretation signs, features of the structure of the erosion
relief and various types and deformation of the leveling surfaces, the presence of .
the zone of breakup and the complexity of its structure permit it to be classified

with the large, newest linear morphostructure,
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Conclusionsg

1. For geomorphological purposes it is most favorable to use TVI from the i-10
AES "Meteor", obtained in the winter-spring season for studying the mountain regions
(primarily for structural-geomorphological purposes). The multizonal images Ffrom
the 18th AES "Meteor” can be used both in the winter and in the summer season depending
on the speciral channel of photography, the natural zone and the interpretation signs-
of the relief (in order to study both the morphostructure and morphosculpture). The
TVI from the "Meteor”, characterized by various resolutions on the site, have a
definite, inherent only to them, level of generalizmation of the earth's surface and
permit one to obtain information about the relief and the plutonie structure of the /124

earth's erust not provided by other space images.

2, On the TVI large forms of the relief and river valleys are expressed through
the totality of optical properties of their indicators., Comparative analysis of the
interpretation signs of the natural targets on the different-scale inmages permits
one to hypothesize that the intensity_of certain natural targets appears beginning
Trom a specific level of generalization of the space images--with their resolution
1.5-6 km. Extrapolation of the interpretation signs of the natural targets on small-
scale TVI apparently is not possible in light of the reflection on their vast -~ -

territories and therefore the unavailable analogues.

3. Television images obtained from the AES "Meteor" and "Kosmos" contain
information: on the irregular nature of the water turbidity, on the ancient re-
deepened valleys, on the systematic configuration of the river valleys and the
features of their siructure, on certain laws governing the structwre of major -
features of the relief, on. large linear morphostructures and on ecircular formations,
Experiment has proved the advantage of TVI over aerial photographs in the study of
large lineaments accompanied by a zone of fracturing to 5-7 km wide,

4. The possibilities of morphostructural analysis are still not sufficiently
used in geological-geomorphological interpretation of space images, With the help
of traditional approaches of morphostructural analysis one can objectively interpret}
the lineaments on the relief-forming linear morphostructures corresponding to the ;
zones of breakup of fzults, and related to planetary fracturing. According to the
deformations of geomorphological levels, the nature of the erosion breakup and other

signs, one can detect the lineaments corresponding to the fault disorders not

i
i
]
]
I
{

expressed in the geological structure of the upper sedimentary layer but playing an
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important relief-forming anhd structural role,

5. As a result of the morxphostructural analysis of the TVI from various
territories of the USSR, linear morphostructures of different classes were isolated.
According to the complex of geomorpheleogical and geophysical signs a correspondence
is proposed for the larger of them to the zones of breakup of crusted faults
(Khingou-Vanch, Central-Verkhoyan, " "Iena liheamepts") classified with the neo-
tectenic, small-amplitude fault, flexure-fault, "incipient" and "revived", rejuvenated
in the latest time, ancient faults.

6. The obtained results of structural-geomorphological interpretation permit
one to fully supplement and in certain cases raise the question of the review of
composed ideas, of the peculiarities in the development of certain river valleys
(in particular, on the origin of antecedent nature of downcutting of rivers--
Obikhingou and others, which evidently is more associated with the confinement of
these rivers to the mones of breakup of folding structures cutting across the course)
and large features of the relief, of the structure of the earth's crust, tectonic '
and seismic zoning of fairly well studied regions {(in the northeast section of the
Tadzhik depression); permit one to obtain new information on the not easily accessible
territories (Verkhoyam: xidge); in the final analysis, have great impoxrtance for

directed searches for different mineral resources.
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Fig. 1. Types of illustrations of river valleys on telephoto images
obtained from the AES "Meteor™ and "wosmos”. I--10th AES "Meteor",
10/14/1972. A--Amudar'ya, C--Syrdar'ya (given section see fig. 1, IV),
a--ancient bed of Syrdar'ya-Zhanadar'ya--meandering type of valley
with primarily wandering meanders., Original scale M. 1:10,0C0,000.
IT, ITI, IV--4th AES "Meteor", images of central part of Verkhoyan.
ridge cbtained June 6, 7, 17, 1972 respectively. Due to re-photography
one can study the dynamics of the spring decent of the snow cover, and
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(continuation of legend for Fig. 1)

Gy

depending on the uneveness of its occurrence--the illustration of the
river network. Joint study of the images for June 7 and 17 supplement
the information on the river valleys;JI - River ILena,b --River Bytantay
and their tributaries with feather illustration governed by cross
faults, Y--Unguotakh, I --Dzhordzhan, H--Nelan, M--Menkere, Go--Sobopol,
I--Dyanyshka, C--Sagandzha, Y-C--Ulakhan-Sskyryr, © --BEchiy;Jly —-
Lulgalakh, Hy--Nuora, T--Tuora; with latiiced illustration of headwaters-—-
rivers Dzhordzhan, Nelan, Merkere, Sobopol, Echiy governed by their
laying along the system of longitudinal faults complicating the axial
section of the Verkhoyan ridge and for the first time isolated on
the basis of analysis of the illustration of these rivers (see fig. 3,
4, V--"Kosmos-226", 9/3/1068, North Tyan'-Shan', Fergan. . hollow,
southern Tyan'-Shan', North Pamir (East hidden under clouds). Main
rivers: K--Kyzylsu, C--Surkhob, 0--Obikhingou, B--Vakhsh, Bwg--Vanch,
I --Pyandzh have irregular illustration, are laid along the zones of
breakup of plutonic faults, rivers @g; --Obimazar, Fx --Yakhsu--parallel-
confined to Tadzhik depression are ancient re-deepened valleys and as
a conseqguence of this are expressed with clear interpretation signs.
VI--8th ABS "Meteor" 5/7/1971. South Tyan'-Shan', Pamir, Gindukush,
rivers the same as on section V, their tibutaries and rivers: I —-
Dubursa, H --Yagnob, I3 -—Yazgulen,b --Bartang, I'--Gunt, Il —-Shakhdara,
Mr--Shiva, Ko--Koncha, Ky--Kunar have feathered illustration (Yagnob
River, Lubursa River) latticed, governed by longitudinal faults of
Zeravshan' = ridge. According to fall image--V--Pamiro-Alaya,can ’
study . only large river valleys with clear interpretation signs,
according to spring--VI--both large and small, but the first with

less clear signs. VII--"Kosmos-226", 9/24/1968. Desert Takla-Makan,
rivers: K--Karakash, ' --Yurkhta, X--Khotan, meandering in friable
guaternary deposits. VIII--8th AES "Meteor”, 5/1/1971. Laxrge Caucasus
ridge, feathered illustration of rivers in basin of rivers K--XKubani,
T-Teberdy, ¥ --Inguri, Ko--Kodor,
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i es Tig, 2, 1T, 11T, IV},
Trages At ) ORIGINAL PAGE I8
OF POOR QUALITY

/128

/129

181



162

{continuation of legend for fig. 2)

Lineaments:
1--with clear interpretation signs:

a) "Meteor" 7/7/1970;+5%)."Meteor" 6/17/1970.

Note: with identical signs and .numerical designations of the breakup
zone see fig. 4; :

2=-the same, unidenitified on topographical map;

3--with weak interpretation signs;

4-—confirned by geological studies:

5-—Central-Verkhoyan Xineament (on section);

6--Lena River;

7--borders of cloud cover and large forms of reliefy

8~~geographical names: A --Oym-Yano-Oymykon upland, JL ._shore of
Artic Ocean, A--Alazey plateau, AG--Abyysk lowland; OE:—-Ozhigin:
swell, Mo--Momsk ridge, Y.--Chersgk ridge, M=-C=-Momo=Selenyakh:
hollow, Op--Orulgan ridge., B~- Verkhoyan ridge.
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Fig. 3. BScheme of structural-geonorphological
interpretation of television image of Centxral
Asia from ABS "Kosmos-226" (M. 1:3,700,000)

(see fig. 2, V). 1--lineaments with clear
interpretation signs; 2-- the same, with weak
interpretation signs; 3--the same, unidentified
or approximately placed on topographical map;
b__the same, confirmed by ground, geological,
geophysical, structural-geomorphological studiesy
5--a) inner and outer mouitain regions with relic
Telief and young erosion and Alpine relief (west,
south Tyan'-Shan', North Pamir).

b) piedmont zones with arid-denudation relief
(Fergan hollow)

¢) foot-of-mountain zones with arid and
accumulative relief and irrigated agriculiure.
6--borders of zones of geomorphological vertical
zonality;

7--large, linear morphostructures corresponding to
the plutonic Faults; K --Gissaro-Kokshaal, BT -~
Vanch-Tanymas, AW --Khingou; large lineaments cor-
responding to zones 0f tectonic breakup: XB--
Khingou-Vanch, Iy --Matchin, BX--Verkhnematchin.
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Fig, 4. Map-schematic diagram of lineaments in lower parts of rivers Surkhob and
Obikhingou, compiled according to data of interpretation of aerial photographs.
1--lineaments with clear interpretation signs; 2--the same, with weak signs;
3~-lineaments with clear signs, relief-forming; 4-~the same, confirmed by geo-
logical data; 5--interpreted newest local blocks established according to data

of “profiling of river benches and analysis of the altitude fields (according to

D. S. Asoyan and Ye. A. Fin'ko) (with sign +--positive shifts, with sign - (minus)

negative)., 6--conditional position of borders for zone of breakup, detected by
space television images.

Types of relief: 7--erosion-denudation; 8--accumulative; 9--large debris conej
10--hollows; 1l--erosion-denudation ledges; 12--the same, tectonically

governed; 13--borders of relief types; 14--alluvial, above-flood-plain benches
(1~-first, ete.).



Experimental Use of Space Multizmonal Photographs for Studying Salinization of a /131

Territory
S. Yu. Antonova and V. I. Kravisova

Remote studies of the natural environment in recent years have been charac-
terized by multizonal photography with airplane-laboratories of the USA (1969-1974)
and the USSR (1972-1974) of the spacecrafts Apollo-9 (1969), Soyuz-12 and 13 (1973,
1974), resource satellite ERTS (1972-1973), orbital station Skylab (1973). Work is
being actively conducied with multizonal photographs and instrumental methods of

their processing are being developed,

By the present time, mainly on the basls of visual interpretavion of multi-
zonal photographs, it has been revealed that multizonal photography improves the
interpretability of the photographs and produces a supplementary effect not every-
where, not for all targets of the photography, but only for a comparatively limited |
circle of them. It is very important, in our opinion, to reveal those branches of
regsearch and those natural or economic targeis for which its use is the most

expedient,

We were able to analyze photographeg obtgined in the first Soviet experiment--on
multizonal photography from space conducted on the space ship Soyuz-12 in September,
1973 by the USSR .astronauts, Heroes of the Soviet Union V. G. Lazarev and O. N.
Vakarov (the experiment was conducted with the participation of the IKI AN SSSR and
MGU) (Institute of Space Research of USSR Academy 'of Sciences and Moscow State

University).

The photography, conducted for the greater part of territory in 6 zones, whose
maximums of spectral sensitivity are shown in table 1, was essentially used as
four-zone photography (in light of the closeness of the spectral sensitivity of
2,3 and 6 zones) in the blue (0.47 mem), green (0.54 mem), orange (0.58 mem) and red
(0.66 mem) zones of the spectrum. :

The experimental work with multizonal space photographs from the spacecraft
"Soyuz-12" shows that one of the regions of ils effective use can be the study of
salinization of a territory. The targets, related to the increased content of salté,'
sails salinized to a varying degree and saline crusts on the surface, are charac~ [ .
terized on the photographs made in different spectral ranges by supplemental

!
interpretation signs, BSections of saline =oils and sors in arid regions are often II
{
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TABIE 1

WAVEIENGTHS OF MAXIMUMS OF SPECTRAL SENSITIVITY FOR MUITIZONAL
PHOTOGRAPHS FROM SPACECRAFT "SOYUZ-12"

Film No. of =zone Maximum of spectral sen-
gitivity, mem,

0.58
0.66
0.68

0.47
0.54
0.64

Type-17 -

KN-3

O EF oW o e

combined with sandy areas. Light contours of sands and saline soils are weakly
distinguished on ordinary space photographs made in one broad spectral range. They Z;zg
are equally poorly separated on photographs made in the red ssction of the spectrum
(zone 2) in the majority of remaining targets which are the most optimal for
interpretation.” - Analysis of their image on the photographs of the blue zone (zone

4}, at the first glance, of the low-expressive and least informative, indicates that
in this zone the named targets are successfully divided. The contrast in the image
of the majority of targets, including also sands, falls on these photographs, while
the image of the salt crusts does not lose its intensity and they are distinguished
by the lightest spots. This effect is observed on the photographs of various regions.
We will illustrate the use of multizonal photographs for studying the salinizatidﬁ~“
of a territory in the example of interpretation of photographs from the Buzachi

peninsula on the northeast coast of the Casplan Sea.

In the nature of the relief the Buzachi peninsula is a flat, in places hilly,
plain, whoge overall monotony 1s complicated by several vast and many small inland-
drainage machines.Here, under conditions of a dry climate, when the evaporaiion rate
exceeds the amount of Ffallen atmospheric precipitation the development of saline
s0il processes 1s observed under the influence of mineralized subsoil waters. An
especially considerable accumulation of easily-soluble salts occurs in the depressions

of the relief where the salinized subsoll waters are located not far from the surface.

On the whole the texritory is characterized by a strong degree of salinization
of the soil-forming rocks. ®Salinization is especially great in the coastal sections
of the peninsula and the territory of large sors in its northwest section., The ;
content of salts per 100 g of dry rock here is from 2 to 12%. The majority of the !
territory has salinization from 1 to 2%, and only the areas of sand of Kyzylkum ami: ’
Uvakhkum are distinguished by a very weak degree of salinizmation of the soil-
forming rocks, from 0.01 to 0.5%.
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For saline soils the dominant type of salinization is chloride-sodivm, whereby
for the peripheral sections-chloride-sulfate-sodium. For the remaining area of the

territory sulfate-calcium salinization is typical (D. D. Vyshivkin, 1959, 1970).

Light spots of salinized territories of saline so0ils and alkall soils are clearly
seen on the photographs in the 1, 2, 3, and 6 zZones. Most of all the tone differences
which reflect the varying degree of salinization can be distinguished in the 2 (réd)
zone, The following general law is traced: the lighter the zone of the image the
greater the degree of salinization. Sections where the surface is covered with

crusty salt are depicted as light grey, almost white.

In the interpretation of the photogtaphs made in the 2, red zone (fig., 1) one
can separate three degrees of salinization: 1) very-strong salinization, sections
with salt crust on surface (very light grey, almost white tone of image); 2) strong
salinization (light grey tone of image); 3) not very strong salinization (grey tone

of inage).

On photographs in the 4, blue zone (fig. 1) the image is considerably less
contrasting, therefore ik «is difficult to make an exact illustration of the contours
(on the schematic diagram of interpretation they are shown by a dotted line). The .
sections where the salt emerges on the surface of the soil, the same as in other
zones, are distinguished by the lightest-tone., But in comparison with the photo-
graphs in the 1, 2, 3, 6 zones the number of these light sections with salt emerging
on the surface here is considerably smaller, therefore on the schematic diagram
compiled according to the photograph: in the 4 zone a portion of those sections were
not expressed which in the 2 zone and in all other zones were distinguished by the
lightest tone, This indicates that in all zones except the fourth,the same light
grey, almost white tone depicts the gualitatively different targets which can be
differentiated only by Jjoint analysis with the photograph in the fourth. (blue) zone,
A comparison of the photographs with the topographical and topical maps revealed that
sections which preserve the light tone of the image in all six zones are actually |

salt emerging on the surface, while the sections having a light tone of the image on

photographs in the red, orange and green zone, but lacking it in the blue zone, are
sections of unanchored, light barkhan sands which in this zone lose their intensity_%ZiBB
and merge with the surrounding background. The final result of the interpretation '

using all the zonal images is presented in fig. 2.

The accuracy of the conclusions obtained during wvisual interpretation of the i

|
|
e T U —

photographs also was confirmed by the results of instrumental treatment of the.
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negatives., Fig. 3 presents registrograms* obtained from microphotometering the
negatives for the profile passing through very strongly salinized sections encompassing

also weakly salinized territories with sands.

Strongly salinized sections are characterized by greater optical density on
the negatives (i.e., higher bosition of the curve) in all the zones. On this curve
sharp peaks distinguish the sections where the salt emerges to the surface. The
part of the registrogram which corresponds to the regions occupied by loose barkhan
sands has in the 1, 2, 3, 6 zZones the maximum values of densities, while in the 4
zone the curve drops sharply--the optical density decreases. This permits differ-
entiation of the sands from the salinization dirvectly from the compilation of the
curves. Weakly salinized sections have less optical density in all the zones and
for them the curve is characterized by a small anplitude of fluctuations which is
determined by the fine-grained structure oi the image.

To sum up the conducted research, taking into consideration the results of
visual and well as of instrumental interpretation, the following laws wWere detected
to govern the image of the examined targels on multizonal space photographs, which

can be considered their additional interpretation signs:

1. Sections of very strong salinization have a light image tone in five zones

of photography, but are depicted slightly darker in the fourth (blue) zone. They

are mainly confinedto the depressions in the relief, and to the sections of the
peninsula which recently emerged from under sea level. They have a uniform structure
of the image. On the registrogram of microphotometering in all zones they have the
sane great density of the image (with the exception only of - that target such as

loose sands in the red zone).

2. Sands emerging to the surface, as a rule, are located on sections of very

strong salinization and are characterized by the same sighs. The image tone on the
photographs in all the zones is even lighter, almost white., The registrogram
depicts them in the form of peaks of rather large amplitude above the overall image

of gtronly salinized territories.

3. Regions of the soread of loose barkhan sands are distinguished by the

lightest tone of the image!in the 1, 2, 3 and 6 zones. Their image gets a little

*
Microphotometering was conducted in the TIKT AN SSSR by V. V. Kiselev,

o
o
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dimmer in the fifth (green) zone and looks cohsiderably darker in the fourth (bIlue)
zone, approaching in tone to the image of the unsaliniged territories. The image of
sands in the 1, 2, 3, 6 zones is close to the image of the sands emerging on the
surface, but, by using the fourth zone they can be easily separated. The image of the
salt crust in this zone remains light, the image of the sand becomes darker, A
reduction in the optical density on the negative in the fourth zone is reflected well

on the registrogram,

The results of the complete visual interpretation, confirmed by instrumental
verification, were compared with the map of salinization of soil-forming rocks
compiled by VAGT (All-Union Aerogeological Trust) by indication interpretation of
geobotanical maps. In order to ensure the possibility of such a comparison, the

photograph was prelininarily rectified on a FTB photoconverter.

In the comparison of the map of salinization of soil-forming rocks with the
photograph we atbtempted to find how clearly on the photograph those numerous
gradations in salinization are traced which are isolated on the map (they number 12,
whereby 5 of them occur in the studied section), and on the other hand, to evaluate ‘

the accuracy of the mapping illusiration by chetking. its photo image. The resulis

of the analysis permitited us to draw the following conclusions:

1. Nearly all the contours on the map can be recognized on the photograph. /134
An exception is the borders of territories on which the degree of salinizaticn of

soil-forming rocks ‘is very small, to 1% salt per 100 g of dry rock.

2. Although on the photograph one can recoghize nearly all the contours which
are on the map, 1t is not possible to determine according to the photograph tone the
degree of salinization with that fractionization that the map gives. Instead of 12
gradations shown on the map, one can only isolate three on the photograph with
sufficient assurance: a) sections of strong salinization with salt crust on
surface, corresponding on the map to the territory with salinization over 2%; b)
sections of strong salinization without salt ecrusts,corresponding also to sections
with salinization over. 2% (these are two gradations which are not separated on the
map which can be isolated with the use of photographs); c¢) sections of not very
gstrong salinization, corresponding to the tervitories with a salt content in the

|
i
soil-forming rocks to 2%. Sometimes transitional sections can also be distinguishe%.~

3. Qualitative differences in the nature of salinization (chloride, chlvride- !

ORIGINAL PAGE 1
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sulfate, sulfate salinization) are not interpreted visuelly.

b, The borders of contours which are unambiguously interpreted on the photo-
graph and on the map, partially do not coincide, which is most likely governed by
the inaccuracy of the map for whose compilation a rather old basis was used. Due
to the poor accessibility of the territory for field routes, the deficiency of
exact reference points for surveying on the site and the impossibility of using
aerial photographs for compiling the map for enormous territories, these errors in
making the contours are completely natural. The presence of a photographic base,
close in scale to the compiled map, permits illustration of the conbtours signifi-

cantly more accurately,

Interpretation of the salinization of the Buzachi peninsula according to multi-
zonal space photographs permitted improvement of the map of salinization of soil-
forming rocks (fig. 4). Basically, the changes concerned borders of strongly
salinized territories in so far as they were depicted in more detail on the photo-
graphs. The regions with a weak degree of salinization remained almost without
changes since the photographs in these zones did not permit determination of the :

degree of salinization 1if it is less than 1% salt per 100 g of dry rock.

To the number of separated gradations of salinization on the improved map has
been added the category refexrring to sections of the territoxry on which the salt
emerges to the surface., In addition, the interpreted imzge permitted us to show

on the re-compiled map the boxrders of contours in more detail than previously,

The conducted analysis indicates that multizonal space photographs are good
material for stundying salinized territories and can be used for mapping salinization
in several aspects: 1) for pinpointing the horders of sections with different
salinization of the soil-forming rocks; 2) for revealing the sections of stronger
salinization with salt crusts on the surface; 3) for separating sections of the
spread of loose sands from saline solls, These targets, which have ¢lose inter-
pretation signs and are separated on ordinary photographs with difficulty, are
sucecessfully differentiated by simultanecus use of multizonal photographs, and
precisely with the combination of & (blue) and 2 (red) zones with maximums of - '

spectral sensitivity 0.47 and 0.66 mcm,

Analysis of the multizonal photographs from the spacecraft "Soyuz-12" of

territories with different natural and crop landscapes and water landing areas of

A b i
L. -
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varying type showed that their use is effective in studying otEer’ﬁE%ﬁf&ﬁT?éfééﬁétéiﬁo,
shoal water landing avea, sowings of different agricultural crops, forms of land use,

sand deposits of varying thickness, forest fires. ’

Thus, a certain number of targets are revealed, a comparatively small number,
for whose study the multizonal photography is effective already duwring visual work ;
with the photographs. ;

The immediate tasks in the region of using nultizonal photography consist, in 5/135

our opinion, of the following:

1, Further pinpointing of the types of natural tafdets for whose study the use
of multizonal photography is effective.

; 2. Determination of the most optimal narrow spectral photographic ranges aund

their combinations for- separating these targets.

3. Obtaining multizonal photographs for various types of territories, analysis
éf these photographs in the example of staﬁdard territories with field provision
of_ithe..study of photographed targets, including .study of their spectral intensity..—.!
Analysis of multizonal photographs obtained synchronously from different altitudes

in order to reveal the aimospheric effect in different zones of the spectrum, the’

[

effect of the secale of the photography, ete.

L, Development of a technigue for interpreting multizonal images, visual,

instrumental and finally, automated. The latter are tasks of great complexity

gnd reguire the creation of special instruments and the development of algorithms,

but their solution, although a partial one, is necessary.

[
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Fig., 1. Results of interpretation of salinization of ter-
ritory of western part of Buzachi peninsula according to

space photographs obtained in different spectral zones: 1I--
zone 4 (max, 0.47 mem); II--zone 2 (max. 0.66 mcm). l--sections
of very strong salinization with salt crust on surface; 2--sections
of strong salinization; 3--sections with salinization from weak to

strong; L4--clearly distinguished contours; 5--not clearly dis-
tinguished contours, (Eﬂ{ﬂ}th PAGE IS
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Fig, 2, Results of interpretation of salinimation
of territory of Buzachi peninsula with the use

of photographs obtained in the fourth (max. 0.47
mem) and second (max. 0.66 mem) zones. 1--sections
of very strong salinization with salt crust on
surface; 2--sections of strong salinization; 3--
sections with salinization from weak to strong;
L——gsands,
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Fig, 4. Fragment of map of salinization of soil-forming rocks (I) and
results of interpretation of salinization of territory of Buzachi penin-
sula according to multizonal photographs (II). I. Degree of salinization
on map (in % per 100 g of dry rock): 1--0,01-0.25%; 2--0.26-0.5%; 3—-
1.01-2.0%; 4--1,01-12.0%; 5--2.01-12.0%; 6--0,25-12.0%; TI. Degree of
salinization revealed from photographs: 7--not very strong salinization,
corresponding to the salt content less than 2%; 8--transitional type
between not very strongznuﬂstrong salinization, corresponding to the salt
content about 2%; 9--strong salinization, corresponding to a salt content
over 2%; 10--very strong salinization (sections with salt crust on surface),
corresponding to salt content up to 12%.

[Translator's note: for "I" and "IT" read "la" and "4b" respectively. |
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The Use of Aerial and Space Photographs for Stuyding the Structure of the Soil - -
Cover '
Y. L. Andronikov, M. G. Sinitsyna and G, 4. Shershykova

Calculation of the structure of the soil cover and its changes in the regions
of intensive agriculture is important at the current stage of development of soil-
mapping work (Grigor'yev, 1970, 1973, Krupenikov et al., 1973, Fridland, 1972, 1973).
The characteristics of the structure call for description not only of the composition
and components of the soil cover, but also a study of their interrelationships,
processes of evolution and spatial arrangement created by areas of soils (Fridland,
1972). The materials of aerospace photography, reflecting in detail the soil-
vegetation cover of the earth's surface permit a comprehensive, in interrelation with
other elements of the natural landscape, study of the structural features of the

soil cover.

We study the soil cover in the field with the help of soil sections, i.e.,
individual points of the soil cover. The main advantage of the aerospace materials
consists of the fact that they characterize the spatial arrangement of the soil
cover, The structure of the soil cover is expressed only on the asrial and space
photographs, The aerial and space photographs most clearly transmit the dimensions
and shape of the targets which belong to the direct interpretation signsg of the soil
cover. This is very essential since the aerospace photographs permit with the
graatest completeness the study of the geometry of the structures of the soil cover,
their composition, complexity, contrast and nature of the borders of elementary

soil areas.

Different types of mottling are rather easily established (Grigor'yev, 1970) on
the plowed up territories. when materisls of aerial photography are available, With-
out the use of aerial photographs the determination of the type of mottling, cal-
culation of the areas occupied by its individual components, and mapping of the
mottlings and complexes are not very promising. Otherwise, the work becomes labor

infensive and requires high monetary outlays,

In the subzone of soddy podzolic soils the nonuniformity of the soil cover on-the

exposed surface of plowed up spaces is recorded on.the asrial photographs by the
mottled illustration of the photoimage (Dolgova, 1964, Sinitsyna, 1973). This
permits the more exact reflection on the maps of various forms of nonuniformity of
the soil cover and calculation according to the photographs of the percentage ratio

177}
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of areas of individual components. (Fridland, 1972, in examining the question of
the methods of studying the structure of the soil cover indicates that an effective
method for compiling the soil profiles and maps necessary for studying the structure
is the use of aerial photographs of various types and scales.) The materials of
aerial photography allow easy differentiation not only of the areas of various
monocombination structures of the soil cover, but also separation of the elementary

801l areas in sizme to 10~15 meters.

In this work, on the example of the poor in chernozem zones of the RSFSR
(Smolensk regionsand Meshcher site (and sbeppe zone),Kurskand Kustanay sites,
Rostov and Orenburg regions) we will examine the use of aerial photographic materials
to study the structure of the soil cover. The work also uses. the space photograph
obtained from the American satellite "ERTS-1".

The structure of the soil cover is reflected in the ‘texture of the photo image
which is the natural combination of phototones. The study of the texture
of the photo. image afd their classification, establishment of the correlation
between them and the structure of the soil cover are necessary conditions for the

reliable soil interpretation according to aerial and space photographs.

¥

Before describing the most widespread textures of the photo image of soils, we
will indicate a number of factoxrs which affect the information content of the /141
photographs and obtaining the most expressive (contrasting) texture of the photo image.

One of the first factors that should be- named is the time of the photography.

On the photographs of the same territory taken in the spring and summer season of
one year it is apparent that the siriated structure (not sharply expressed) of the
slightly eroded chernozems are clearly seen on the spring photographs and are
hidden under a cover of crops. On the contrary, the soddy-like texture of the
neadow-chernozem soils on the background of plowed up fields in the spring period

is poorly seen, while in the summer it shines through the grain sowings sharply.
On the spring and summer photographs the alkaline soils and chernozems, thin and

detrital, appear clearly.

For successful interpretation of the soil cover, importance is attached to the
stability of the texture of the photo image on the photographs of different years of
photography, in order to use previously developed signs on the standard sections

for spatial interpolation and extrapolation.

(L78]



Analysis of the photographs for different years but only spring of Qhoﬁﬁgraﬁhy
showed thalt they have a similar texture of the image which is characteristic for )
the soil cover in the territory of the watershed upland of the left barnk of the Volga
with narrow and flat summits of watershed uplands on which the southern chernozems
are formed; with ercded slopes and numerous hollows in which meadow-chernozem soils
develop. Alluvial scils had a sinmilar texture, but a different tone of the photo
image which is related to the difference in the spring flcood of the steppe rivers
in various years.

The next important circumstance for obiaining the most expressive (contrasting)
texture of ithe photo image consists of selecting for photography the most

effective zone of the electromagnetic spectrum. On the texrritory of the Kursk site,
in spring of 1973, multimonal aerial photography occurred on black and white iso-
panchrome-17 film in intervals with effective wavelength 500, 520, 590, 640 and

670 nm. Analysis of the photo image of the structure of the soil cover on these
aerial photographs showed that the most informative were photographs with A ef.=
640-670 nm., Photographs obtained in the neighboring zone of 590 nm were less

contrasting, with the exception of individual targets.

A study of the texture of the image of photographs in the gteppe zone taken .
with A ef. = 590, 640 and 670 nm permits one to conclude that the basic background
of the so0il cover in this territory, repfesented as typical.chernozems, typical
chernozens with lowered effervescence and dug-up chernozens, is depicted uniformly
by a dark grey tone. The unpronounced striations and lightening of the tone in
the photo image are characteristic for the slope, near-ravine sections with the
presence of lightly eroded chernozems. Very markedly, especially on the photograph
. taken with ef.=640 steppe ravines are noted with chernozems of lowered effer-
vegcence, chernozems with light and average erosion on slopes gnd meadow-chernozen
goils in the ravine bottoms. The most mottled tone is characteristic for the
sections of deciduous forest (mainly osk). This variegation on the one hand is
related to the difference in projective cover of the surface of wood-bush vegetation;

on the other hand--tc the difference in the solil cover,

Aerial photographs taken in the zone A ef., = 500 and 520 nm, had weak contrast i

and were essentially unsuitable for the work.

We will now examine a number of the most widespread tonal textures of the
photo image in the soddy podzolic and chexnozem zone of the Buropean section of
the USSR,
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In the soddy podzolic zone where considerable areas are covered with woods;
interpretation of the soil cover is made indirectly throvgh the image of the forest
vegetation, 1In this case, a stable sign is the grain texture. In the southern
section of the forest zone this texture of the photo image is inherent to the soddy-
weak, soddy-average and soddy-strong pedzolic soils located under the forest.
Another characteristic tonal texture of the forest-covered territories of this zone
is the grainy-spotty. TIts individual ﬁypes canh be defined as grainy round-spotty,
grainy elongated-spotty and grainy lobe-spotty. These three types of textures of the Zi&g
photo image are characteristic, for example, for the swamped, forest-covered part
of Meshchera with swamp and meadow-swamp soils, The third widespread type of .
texture of the photo image is the grainy linear-woody; if the first two types of
texture were characteristic for the watershed, lightly brcken-up section of
territory in the soddy podzolic zone, then the third is typical for the slopes with
varying manifestation of erosion. The grainy picture can be missing in the hydro-

morphic soils confined to the hollows with grassy vegetation,

Different types of tonal textures in the photo image which reflect the structure
of the soil cover in the soddy podzolic zone were successfully isolated according !
to the photographs for the territory of Smolensk-Moscow elevation and the Meshchera
lowland. On the photograph are cleatrly seen the grainy and grainy-spotty texture
of the sections corresponding to the complex combinations of soddy podzolic, swamp- .
podzolic and swamp soils. The aerial phovographs of the territory of the Smolensk-
Moscow elevation encompass two types of different soil-geomorphological regions of
the gently: sloping-wavy watershed composed of covering loams of #4-86 m thickness

with underlying moraine,

Three types of elementary soil structures are characteristic Ffor the most
planar, lightly-hilly with pronounced closed sinks relief, The first consists of
soddy podzmolic soils of a varying degree of podsolization and confined to the hilly -
section of the plain. The second encompasses hollow depressions and planax sections
of the plain, TIts-components are soddy podzolic, average and strong podzolic,
ocecupying 55%, soddy-strong podzmolic, surface-gleyey--30%, soddy-podzolic-gleyey--
15%., The third includes small, closed sinks with peaty-gleyey and peat soils of

peat moss, forest-covered swamps.,

Another region of the Smolensk-Moscow elevation is characterized by a moxe
complex, grainy and grainy-spotity texture of the photo image which corresponds to

the more diverse in the natural sense soil-geographical region., The relief of the
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section is low—hilly with many closed, swamped depressions. The soil cover of the
hilly sections is represented by soddy-light and soddy-medium podzolic soils., On
the more leveled, flat sections of the watersheds, adjacent to the hollow-forming
depressions, soddy-strongly pcdzolic gleyey and séddy—podzolic~g1eyey soils are
formed. In the closed sinks and depressions between individual hills floodplain and

upper swamps are located.

We will examine still another unique type of structure of the soil cover which
is characteristic for the valley-outwash plain of the Meshchera lowland., This is
a typical section with grainy-spotty texture, governed by the extensive development
of the swamp soils, Here are represented round-elongated and lobe-spotiy types of
texture, The grainy linear—tree-like type of texture in the photo image is inherent
to small sections. On the aerial photograph, according to the nature of the meso-
relief one could disbtinguish hilly-ridge territories covered with lichen pine forests
or heather-lichen, or flat knolls with pine-evergreen green forests, The soddy
podzolic soils are podsolized to a varying degree. The second component of the
territory--flat planar sections with mixed birch-pine Fforests and swamp-podzolic,
‘peai-podzol;c—gleyey and soddy podzolic-gleyey soils, The third--hollows with low-
land swampé overgrown with black alders, with peat and peat-humus-gleyey soils. The
fourth--sink-hollow swamped sections for the greater part forest-covered with—upper-‘

and transitional swamps with peat thickness 0.5-2 m and over.

On the aerial photographs the tillable sections of the podzolic zone are dis-
tinguished according to the various types of spottiness and the linear-tree-like
texture reflecting the structure of the soil cover in this zone. The grainyness
inherent to the image of the forest is missing here. Usually on the arable lands of
the soddy podzolic subzone the elementary structure of the soil cover is presented
as a two-three component mottling, The greater number of components is related
to the presence of washed away, alluvial and cultivated to a varying degree soils, Zl&g
On the aerial photographs the differences between the individual components of the

mottling are represented by a varying tonality.

The reclaimed lgnds within the alluvigl-outwash plain of the Ryaszan Meshchera

are located on swamped territories with chaotically dispersed sandy island monadnocks,

T

In the soil cover here, swamp soils dominate, occupying ancient hollows of the flow,}
closed depressions and leveled sections of watersheds, ILess widespread are soddy '
podzolic,automorphic and with signs of gleying, confined to sandy monadnocks. On the

}

dried territories the combinations of the aforementioned soils determine the nature



of the soil cover, which on the aerial photographs of the spring flying (scale

1:12,000) were reflected in the shape, tone and illustration of the photo image. The
gcil cover of a plowed field is interpreted directly by the tone and illustration of
the photo image, as well as indirectly according to the relation-of the soils to thef

relief, These signs were used in interpreting the soil cover of the dried territories

of the Meshchera site.

Large areas of dried peat, lowland soils (with elements of the transitional
type) on the middle and deep peats are distinguished by a grey tone of the photo
image and very unexpressive large-spotty illustration. On the basis of pre-
liminary studies the natural links of these spots to the varying thickness of the
peat were not successfully established. A very contrasting pattern on the aerial
photographs is characteristic of a complex soil combination whose components are
peat soils on average and fine peats, peat-gleyey, peat-humus-gleyey, soddy-podzolic
gleyed, sandy and sandy loam soils. Another shsrp-contrasting soil combination is
represented by soddy-podzolic-gleyey and gleyey soils, peat-leysy soils and soddy-
weakly podzolic goils on sands and their interpreted differences. The goil cover of
the reclaimed sectioh; located on the watershed and the@ﬁﬁiiysloping incline towards
the very lightly cut hollow, differs markedly from the swamp areas in the composition
of the components, shape and dimensions of the contours. On the aerial photograph

this section has a contrasting, not ordered spotty illustration of the image.

The steppe mone is characterized by significant diversity of the tonal textures

in the soil cover, On the aerial photographs of the watershed spaces of this zone
there is rather often a round or elongated-spotty, lightly-countrasting texture. It
is associated with the presence. of microginks, to which are confined meadow-chernozem,
and in the zone of dry steppes, meadow-chestnut soils. Due to the increased

moisture of the seils in the sinks and the great content of humus in comparison with
the surrouwnding territories, they are depicted on the asrial photographs by dark
spots, In the subzones of ordinary and southern chernozems and chestnut soils the
spotty-dotted texture is widespread. The light dots correspond to the surchin on

the chernozems and chestnut soils. On the territory of West Siberia the spotty

texture is characteristic for solcds,

On the slopes in the steppe zone the linear-tree-like texture of a light tone
with subdivigion into the following types is widespread: finely-striated; linear-
tree-like and complex-tree-like, The division into the types is made according to

the manifestation and development of the erosion soil processes on the studied
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territory. As our studies showed in the steppe zone for investigation of the eroded
soils with the help of aerial photographs, different stages in linear erosion, begin-
ning with the striated washout to the formation of ravines, their closure and con-
version into a gully, are very successfully interpreted on the photographs by their
tone, form and dimensions, and confinement to the slope elements of the xelief, On
the slopes one should also isolate into an independent type the linear-tree-like
texture of a dark tone. It corresponds to the image on the photographs of hollows
and ravines with the meadow-chernozem, and more southern meadow-chestnub soils con-
fined o them.

For the southern section of the steppe zmone, in the regions of the appearance of
alkaline soils the spotty-grainy texture is very typical for the photc image of a Zl&&
grey or light tone. On the site it corresponds to two-three component structure of
the soil cover, One ghould also recall the spotty structure having a light ox
light-grey tone of the photo image. This type has a lithogen nature of formation
and local spread.

Of great scientific importance is the gquestion of the effect of scale on the
texture of the photdé. image. Preliminary considerations can be stated on this
guestion on the basis of a comparison of the aerial pho%ographs 1:100,000 and 1i:
40,000 scale and magnification of the latter by roughly three times to 1:12,000,

. On the territory of the Meshchera lowland on small-scale photegraphs of 1:100,000
scale sections were well interpreted of flat, poorly drained watersheds with soddy
podzolic and sandy, soddy stronély podzolic gleyey, peat-gleyey soils, peat-humus-
gleyey .soils and texrritories of reclaimed lowland'swamps. On aerial photographs
of average and especially large scale the siructure is clearly determined for the
goil cover of these territories, ineluding the elementaxry structure, Only on the
aerial photographs. of a large scale could one determine the drainage network with
assurancée., On the forest-covered territories reflesctsed on the large-scale aerial
photographs, the automorphic, polyhydromorphic and hydromorphic soils were dis-
tinguished according the the different nature of the forest. On the medium scale and
especially on the small-scale photographs of 1:100,000 scale, where the change in
types of forest was not visible, the division of avtomorphic and polyhydromorphic

soils was difficult or impossible.

Especial importance, due to the expanding use of space materials for studying
the soil cover, is attached to the study of the texture of the space photograph

photo image, One of the characteristic features of the space ultra-small scale



photographs consists of the fact that significant optical generalization of the
soil cover structure occurs on them, The establishment of the so0il cover structure
according to the texture of the space photographs is an important scientific
problem of the near future. To process space photographs obtained from ERTS-1, R.
Haralick, K. Shahmugan {1974) focus attention on the necessity of using the texture
of the image which easily lends itself to visual assessment and with whose help one
can find the objective and exact expression necessary for machine analysis. By uéing
the textural and spectral features of the photo image the accuracy of determining
the classification types of land use was revealed (coastal coniferous and deciduous
forests, meadows, waber, irrigated lands, city areas) which was 83%. Of great
importance is the joint use of aerial photographs and photographs obtained from AES
(artificial earth satellite). Space photographs (0. Kolbl, 1974) do %o the small
scale do not have sufficient interpretability, therefore it is promising to use in
addition to them asrial photographs of 1:50,000 and 1:100,000 scale,

Our studies used a fraghent of the space photograph of the Tsimlyan section
obtained on June 11, 1973 in the zone 0.6-0.,7 mcm from the satellite ERTS-1 on the
scale 1:1,000,000 and aerial photographs of the same territory of medium scale. Com-—
parztive analysis of these naterials indicated the following. On the aerial photo- |
graph of the territory of the floodplain and benches of the Don river two types of
texture of the photo image are clearly seen, The first is striated-lenticular-oxbow
which is characteristic for glluvial-meadow alkaline, alluvial-gandy and meadoW-
swamp soils. The second is spotty-grainy, typical for meadow-chernozem alkaline
soils and alkaline soils, meadow-steppe. On the aerial photograph of one of the
watersheds * in this territory a dotted linear-soddy-like texture of the photo image
is clearly interpreted. It reflects the soil cover which is represented here by
gouthern chernozmems, dug-up surchin chernozems and meadow-chernozem soils.

On the space photograph the features of the soil cover structure are not
visibte in the watershed sectlon. In the generaliged form the alluvial meadow soils
are intefpreted with assurance on it according o a darker tonej according to the light
tone (with dark dots and lenticles of oxbow lakes, ébots of moister irrigated secﬁions)
the contour of meadow, meadow-chernozem alkaline solls with meadow-steppe alkali.> . ziﬁé
solls. However, the alkalline spotty-grainy structure on it is not visible. The
watershed sections on the space photographs have a very expressive texture of the
image of fields occcupied by different agricultural crops under which it is difficult
to interpret the soil cover., According to the space photograph the varying structure

is well interpreted for the irrigated and unirrigated fields. In individual cases,
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the network of irrigaﬁion cahals is clearly seen. Sections along the large and
small rivers with alluvial meadow soils are easily determined according to the

varying texture of the photo imsge.

Comparative analysis of the image offtbéLSoil co&er structure on the aerial
photograph and the space photograph showed the necessity of joint use of these
materials for studying and mapping the soil cover, '

Conclusions

1, The degree of interpretabllity of the soll cover structure and its
reflection on the aerial photographs in the form of the corresponding texture of the
aerial photo image are significantly affected by the time the aerial photography
occurs and the possibiiity of using multizonal photographs, The gregiest contrast
was obtained in the zone 640 nm, photographs in other zones were used as an’

additional source of information.

2. For the territory of the forest and steppe zone the most widespread tonal
textures of the photo image were vevealed. In the forest gone these are the
‘Tollowing textures: fﬁéﬁf:the forest,: grainy, grainy-spotity-soddy; on the plowed
field, different types of gpotty and linear soddy texture, In the steppe zone,
spotty-dotted, spotty-grainy; for eroded territories, fine-striated, linear-soddy
and complex-soddy, The dimensions and tonality in the illustration of the texture
depend on the genetic feabtures of the soil cover structure. A cor¥elation was made

.between these properties of the texture and.the soil cover structure.

3. Due to the strong optical generslization,- +the texture in the photo image
of the soil cover on the space photograph sharply differs from the texture of large-
scale aerial photographs whose photo image sufficiently completely reflects the

structure of the soilrcover in specific natural regions.

L, For an effective, sclentifically substantiated study of the soll. cover
structure it is necessary %o have a joint use of space photographs and aerial photo-

graphic materials of various scales,
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Ihteipreﬁaiion of the Soils and Agricultural Crops of the Kursk Site by Spectrozonal Jil7
and Multizonal Aerial Photographs
V. L. Andronikov

In remote studies one of the important factors for improving the information
content of the knowledge about soils and agricultural crops is the use of spectro-

zonal and multizonal asrial photographs,

The studies conducted on the infoxrmation content of spectrozonal aerial photo-
graphs (Andronikov, 1962, Simakova, 1967, Polyakov, 1968) for investigation of the
501l cover indicated that they have considerable advantages in comparison with the
panchromatic in relatvion to the isolation of eroded, water-logged soils and soil
contours under the natural or crop vegetation. Under production conditions, in the
soil photography on the territory of Kazakhstan the use of spectrozonal aerial
photographs permitied improvement in the productivity of labor of the soil scientists

by 30%.

In the GIR (A, Reinhold, F. Asmus, 1968a, b) special studies were made to
investigate the information content of the volume of aerial photographs obiained
with different variants of aerial film-light filters. This work was completed for
the purposes of compiling large-scale soil maps 1:10,000 scale. It was established
that the best interpretation propefties in relation to the soll cover are attributed
to aerial photographs obtained by the use of spectrozonal £ilm SN-ZM and a red
light filter., In the degree of revealing the meadows and pasture lands the spectzo-
zonal film surpasses all the black and white films.

In the Polish People's Republic (E. Riechowicz, 1966) a comparative study was
made of the interpretation possibilities of aerial photographs with infrared, colox
and spectrozonal film, Bxperiments showed that the spectrozonal aerial photographs
increase the interpretation possibilities by 25-30% in comparison with black and white
and color aerial photographs. In France the National Center for Space Studies
(M. Isambert, P, Horemans, 1971, P. Ieroux, 1971, M. Girard, 1971) researched the
ugse of black and white panchromztic and infrachromatic, color and spectrozonal film
for studying the soil cover and interpreting the agricultural crops. They noted
the efficacy of agricultural interpretation of color and spectrozonal aerial photo-

graphs for obtaining the characteristic of cultivated crops.

In Cambridge, Bngland (T, 8. Bell, 1974) for the purposes of the Ministry of
Agriculture, aerial photographic work was conducted to study sowings, agricultural
187



crop diseases and the soll characteristics., TFor the successful interpretation of
these targets by aerial photographs great importance : is attached to the correct

selection of film and filter combinations. Usually two cameras are used--one wWith
panchromatic and the other with infrachromatic film. Color spectrozonal films are

the best for interpreting the agricultural sowings and their diseases.

We also recall the research conducted (E,. Schmidt-Kraepelin, 1959, R. Colwell, -
19605 A, Kuhl, 19703 S. Parry et al., 1969) in the FRG and USA on the use of color
aerial photography for studying soils involved in agricultural treatment and the
state of agricultural sowings., Comparison of the color and black and white aerial
photographs showed that color of the photo image can be successfully used to dis-
tinguish close differences in soils, their moisture, degree of humus content, to
discern the late-summer crops, clover, root crops, to establish sections affected
by agricultural pests, ete. These examples show that in order tc improve the
interpretability ofthe soil cover the aerial photography is conducted with a varying
set of filps and filters. In addition to this systems are more often beginning to
be used which consist of several cameras with different light filters, With simul- /148
taneous photography on one film with different light filters multizonal photographs
are obtained which characterize the soil-vegetation cover simultaneously in several
narrow zones of the visible spectrum. In one or several cameras during this -
photography infrachromatic, color or spectrozonal films can be used., In this case

the information content of our knowledge about the soil cover will be even greater.

In the USA (A. Park, 1969; G. Bylinsky, 1968) studies were described using 9
and 4 objective camera in order to obtain the image of agricultural fields. The
photographs obtained with the use of this camers permit interpretation of the
soil contours and the sowings which are clearly seen in ohe zone of the spectrum and
poorly seen or not seen in others, In order to inerease the contrast between

" different soils special filters can be used (H. Rid, R. Miles, 1969).

This work presents the results of ressarch on the features of intsrpreting the
soll cover of the territory of the Kursk site according to black and white photographs
obtained with panchrematic, color and spectromonal film. Photographs of large scales
taken in different years and different seasons of photography are analyzed,

For the studied territory results are also presented from a comparative analysis
of multizonal aerial photographs obtained by the aerial camera AFA-39 M with a set

of light filters in 6 different zones of the spectrum encompassing the visible and

ko]
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near infrared range of the spectrum. In the zone of wavelengths 0.35-0.7 mcm aerial
film isopanchrome type 17 was wused, while the near infrared zone was covered by
SN-OM film taken with an 08-14 light filter cutting the region of sensitivity to the
blue-green section of the visible spectrum of wavelengths, “Aerial photographs of
1:40,000 scale {completed on the scale of flying) and enlarged large-scale aerial
photographs were used to interpret the soils and agricultural crops.

A study of the interpretability of theé soil cover and agriculbural sowings of
the Kursk site from these asrial photographs was counducted on control test sections
which had comprehensive soil characteristics., As an example we will examine the
soil-geographical conditions and the photo image of one of the sections of this

territory.

The studied territory is located in the southwest section of the (entral Russian
elevation, The relief of this territory is characterized by the domination of
flat, less often filat-convex watersheds with gently sloping long inclines, The
microrelief is expressed in the form of individual, saucer-shaped microsinks; micro-
knolls, often leveled as a result of plowing and small erosion hollows confined to
the middle and lower gection of the gently sloping wabtershed inclines. The soil-
forming rocks ars represented mainly by timber-like, carbonate loams having a thickness
to 10 and more meters. The subsoil water is to a depth of over 10 meters, On the
flat watershed sections the main background of the soil cover comprises typical
chernozems with normal or reduced effervescence and carbonate, dug-up surchin cherno-
zems. The typical chernozems have a thick humus-bed 60-80 cm of dark color with
a good powdery-grainy structure. The content of humus in the upper bed is about 7%.
The content of exchange cations is from 34 to 54 m-equ. per 100 g. Below the humus
there ig an illuvigl-carbonate bed. In the variants with the normal effervescence
calcium carbonates appear from a depth of 50-70 cm, in variants with lowered
effervescence, the upper border of the carbonate lies at a depth of 90 cm, but more
often it is located at a depth of 120-150 em. According to their mechanical com-
position these soils are heavy-loam., On several higher watershed areas the percentage
of typical chernozems with normal effervescence in comparison with the variants
with reduced effervescence increases, On the gently sloping inclines to the
ravines, in the flat ravine amphitheaters, on the contrary, the participation of
typical chernozems with reducsd effervescence increases. In the dug-up chernozems
the humus and carbonate-illuvial beds are mixed strongly with excavatibné. These
soils froth intensively from the surface, In the relief they are confined to small Zlgg
knolls often level on a plowed field. 1In the case where the surface of typical

and dug-up chernozems is plowed they are interpreted on black and whitg aerial



photographs according to the uniform daxk grey tone of the photo image (fig. 1a),
Due to the minor breakup in the relief of the examined territory these soils have
soil contours considergble in dimensions and slightly irregular in form eoncompassing

on the whole watershed spaces.

On the gently sloping inclines to ravineé according to the striated illustration
of the photo image one can with assurancé interpret the contours of the -iypical -
chernozem with normal effervescence, the chernozem with reduced effervescence , the
surchin dug-up chefnozem and the chernozem of light and medium erosion on timber-like
loam. In the narrow gently-sloping hollows on the slope,meadow-chernozem leached
soils are formed. In the content of humus in the upper layer of the soil 7-8% they
are close to the typical chernozems, but have a more exté@@ﬁ@. humus bed, thickness
90-100 cm. The edge sections of the hollows are often somewhat more eroded than the
surrounding territory, the carbonates from the surface have a grey or light grey

photo image on the aerial photograph.

On the aerial photograph, by the dark grey tone and elongated soddy form one
can with assurance identify large steppe ravines with meadow-chernozem leached, thick
and super-thick alluvial soils formed on -the ravine talus., They are covered with
natural mixéd-grass=grass vegetation and in an economic sense are pasture sections.
Steep short slopeé of the ravines are also covered with grassy vegetation. Typiecal
chernozems are formed on them with reduced effervescence, surchin dug-up chernozems
and eroded chernozems. In a number of cases, on the detailed aerial photographs
according to the fine dotted nature of the illusitration of the photo image differences
are very noticeable in the degree of digging-up by the excavations of steep slopes of
ravines depending on their exposition. The analyzed aerial photograph refers to
the fall period. Therefore in its central section is clearly visible the striation

. of the photo inage relatgd to the aubtumn plowing of the field, covered with stubble
and having on the aerial photograph a light grey tone of the photo image. In the
iower edge section of the aerial photograph one can with assurarnce interpret the
contour of the field on which harvesting of the corn into silage is underway. The
central section of the field, according to the grey color and striated illustration
of the image of individual rows of'unharvest;d corn, is well differentiated from the

light. grey edge where the corn has already been harvested.
Comparison of the image of the soil cover on black and white aerial photographs

Of the same time of photography and the same scale obtained from panchrome and
spectrogonal film revealed the following: on the black and white photographs
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obtained with spectrozonal film, the fields which are occupied with sowings or stubble
and plowed sections are more contrasting among themselves. On the plowed field the
light and medium eroded chernozens and meadow-chernozem soils confined to the hollows
and especially to the microsinks are more noticeable, On the whole the photo image

of these two aerial photographs iz similar. Detailed photography of the examined
territory on the color film and its subsequent printing on black and white papéf.

did not reveal any advantages in comparison with panchromatic film in relation to

the photo image of the soil cover. However, in color printing it is easier 1o
interpret the aerial photographs, since the image of the soil-vegetation cover on

them has a natural color. Several aerlal phoicgraphs show the possibilities of
interpreting the soil cover of this territory with a break in a year, as applied to

the spring, summer ahd fall period of photography. On the aerial photograph of the
early spring period of photography of the watershed section, clear interpretation is
nade according to increased moisture content of z contour of a dark tone confined to

the planar amphitheater around several hollows. This contour is traced well both

by the surface of the plowed field and through the image of the previous year's stubble.
Field studies of the soils on this - section showed that in this contoux typical, thick
chernozems with reduced effervescence dominate, while meadow-chernozem soils dominate
along the flat, hollows-weakly. expressed in the relief. In the spring period it is
difficult to distinguish tﬂe typical chernozems with reduced effervescence and the Ziég

meadow-chernozen soils on the aerial photographs.

In the summer and fall periods of photography the contdun of the thick, typical
chernozemns with reduced effervescence is not distinguished from the typical chernozens.
On the contrary, on the overall dark grey background of the image of typical cherno-
zems the contours of the meadOWQChernozem solls are distinguished well by the darker
tone and soddy-like illustration of the image. There is yet another component of the
soil cover of the watershed section ghich is interpreted well on the early spring
photographs--these are the meadow-chernozem soils which are formed in the microsinks.
On the aerisl photograph they are depicted on the plowed field as spots of a round
shape of grey tone (the image of weed vegetation) with a narrow ring of a dark tone
around them (sections with increased moisture content in the soils). According to
the aerial photograph of the early spring pefiod (section of near-watershed slope)

a clear interpretation is made of the Tight irregularity of the slope with shallow
Qpllows with meadow-chernozem soils and contours of light and medium ercded, typical
chernozems, This-nature of the photo image of the goil cover - ‘mainly anhalogous

also for the aerisl photographs of the fall period of photography.



On the summer aerial photographs these features of the photo image for the soil -
cover gre not examined through a cover of agriculthral crops. However, according
to the nonuniform grey and dark grey tone of the image for the fields the variegstion
is clearly noticeable in the maturation of the sowings. On the aerial photograph of
the early spring period narrow strips of freshly-harrowed sections of soils are very
sharply distinguished according tb: the dark grey tone of the photo image (due to the -
difference in moisture content with the main background of the fields). On the plowed ‘
sections with uniform drying of the surface, the differences in the photo image of
soils of a uniform mechanical composition are primarily related to the difference in
content of humus and carbonates. If the typical thick chernozems have in the upper
layer 6-7% humus and contain carbonates from a depth of 50-70 cm, then they are -
depicted by a dark grey tone. The weak-erosion differences of the typical chernozems
contain humis in the tillable layer about 5%, ?axbonates 2-%% (according to 002) and
are depicted by a grey tone. The middle-erosion differences of the chernozems
contain humus about 3% and less and 5-6% carbonates (according to 002). They are
depicted on the aérial photograph by a light grey tone. The meadow-chernozen leached
solls, located in the hellows or sinks, are interpreted on the -overall background of
the image of typical chernczems according to the darker tone, due to their increased
moisture content. The meadow-chernozem leached and meadow-chernozem alluvial soils
formed in the bottoms of steppe ravines are very sharply interpreted according to the
dark tone of the photo image on the spring aerial photographs.

On the aerial photographs of another’ period of photography (summer, fall) these /151
differences between the bottom (meadow-chernozem soils) and the slopes of ravines
(chernozems) are not traced or interpreted with difficulty. In the mouths of the

ravines on the spring photographs the snow is isolated by a strong light tone.

The resulis of the evaluation of the interpretation of the soil cover according
to the black and white photographs obtained with panéhromatic, spectrozonal film for
different photography time (table No, 1) reveal that the greatest. information content
is found in black and white paﬁchromatic and especially spectrozonal aerial photographs
of the spring and fall periods, At the same time it was established that only in
the early spring period, according to the excess moisture in the soils (the change in /152
tone)could contours be isolated with dominance of typical chernozems of reduced
effervescence.. The summer photographs have the greatest importance for calculation
of the growth of yarious agricultural crops, the detection of centers of plant

diseases and evaluation of their prodvctivity.



TABIE 1

EVATUATION OF THE INTERPRETABILITY OF THE SOIL CCVER ACCORDING TO BIACK AND WHITE /150
AERTAT, PHOTOGRAPHS OBTAINED WITH PANCHROMATIC AND SPECTROZONAL FITM FOR DIFFERENT
TTMES OF PHOTOGRATHY *

Name of soil contours large-scale aerial |Aerial photographs of detailed scale
photographs : :
pan~ | SN-2M pan- SN-2M | SN-2M.| SN-2M
chromej fall chrome | spring| summer| fall
fall spring
1 2 3 L 5 6 7

1.Chernozem typical, thick
with normal effervescence,
chernozem typical with

reduced effervescence and L 4 L L 3 4
chernozen dug-up surchin
on timber-like loam Zlél

2. Chernozem typical thick
with reduced effervescence
and chernozemn typical, thick
with normal effervescence on
timber~-like loam 2-3 2-3 - 5 - -

3. Chernozem typical, thick
with normal effervescence,
chernozen dug-up surchin,
chernozem typical, light and
medium eroded on timber-like

Loam L 4-5 .5 5 2 5

L, Chernozem typical, lightly

eroded on timber-like loam 34 3-4 4 b 1 L
5. Chernozem typical, medium i |

eroded on timber-like loam ™ {4-5 5 5 - 3-4 5

6. Chernozem typical with
normal effervescence, cherno-
zem typical with reduced
effervescence, chernozem dug-
‘up, chernozem typical, sroded
of steep ravine slopes 5 5 5 - 5 5

7. Meadow-chernozem leached
on talus loam, confined to
micro sinks 3 b - 5 3Ly -

8, Meadow-chernozem leached
on talus loam, confined to i
hollows iy 5 5 - 3-4 5

9. Meadow-chernozem leached
and meadow-chernogem alluvial
onh ravine talus L L 5 - 3-4 L

¥Visual evaluation of the interpretability in this and the following tables
was made according to a five-point system: very good--5; good--U43 satisfactor -3
poor--23 not interpreted--1.

ORIGINAL PAGS 1S
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~ We will now examine materials of interpetations of multizonal photography of
%ﬁe'goil cover of the same section of the Kursk site. For comparative studﬁ black
andmﬁhite photographs were selected which were obtained from isopanchrome type 17 film
in five,ranges of the spectrum with effective wavelength of 0.499, 0,519, 0.587,
0.637, 0.671 ncm., The analysis of the image of the soil cover and the agricultural
lands according to aerial photographs was made both under laboratory and field
conditions., The aerial photographs obtained in the zone 0,499, due to the poor
quality of the photo image were unsuitable for the work. The evaluation of the
interpretability of the s0il cover zccording to the black and white multizonal

aerial photographs of the spring period of photography 1973 (table 2} revealed that:

TABIE 2

EVATUATION OF THE INTERPRETABILITY OF THE SOIL COVER ACCORDING TO BIACK AND WHITE
MULTIZONAL AERJAL PHOTOGRAPHS (PHOTOGRAPHY IN MAY 1973)

Name of soil contours ) large-scale aerial phobographs
isopanchrome film, effective SN-6M
wavelength in mem. _
0,519 | 0.587 | 0,637 | 0.671
2 3 L 5 6

1
1., Chernozem typical, thick with
normal effervescence, chernozem typical
with reduced effervescence and cherno-
zem dug-up surchin on timber-like loam | 3-4 5 5 5 5

- 2, Chernozem typical, thick with
reduced effervescence and chernozen
typical, thick with normal effer-
vescence on timber-like loam 1 1 i 1 1

3. Chernozem typical, thick with
normal effervescence, chernozem dug-up
surchin, chernozem typical lightly and

medium eroded on timber-like loam 2 4 5 5 5
L, Chernozem typical lightly eroded on

timber-like loam 2-3 b 5 5 L5
5. Chernozem typical medium eroded on

timber-1like loam 3 L-5 5 5 5

6. Chernozem typical with normal effer-
vescehce, chernozem typical with re-
duced effervescence, chernozem dug-up,
chernozem typical, eroded of steep

ravine slopes 2-3 3 5 L L

7. Meadow-chernozem leached and ’
meadow-chernogemn alluival on ravine /153
talus 3 b 5 5 3

8. Meadow-chernozem leached and
meadow-chernczem alluvial on ravine

talus 2 3 5 5 5
ORIGINAL PAGE IS
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The most complete and clear interpretation of the soil cover occurred according
to photographs obtained in the zone of the spectrum with effective wavelength
0.637 mem. The tone and illustration of the photo image were used for a sure
differentiation of the soil contours of typical-thick chernozems with normal
effervescence,. typical chernozems with reduced effervescence, dug-up surchin chernoc-
zems from the contours of -typical, thick chernozems with normal effervescence, dug-up
surchin.chernozems, typlcal cﬁernozems, lightly and medium eroded. Among the latter
the lightly and medium eroded chernozems can be distinguished by the intensity of the
tone, The near-ravine slopes with narrow hollows and meadow-chernozmem leached soils
coﬁfined to them are clearly interpreted. On the grey background of the image of
the typical chernozems one can with assurance isolate the chernozems of steep near-
ravine slopes sccording to the dark grey tone, According to the nature of the photo
image of agricultural lands. on these photographs (table No. 3) the fields are very well
interpreted with winter crop sowings; sections under fallow, stubble and gardens.
The freshly-harrowsd fallow is well identified (according to the increased moisture
of the soil surface); the sown to grass slopes with perennial grasses. Sprouts of
barley, peas and vetch-oats are not interpreted. Their image has a similar tone to
the fields under fallow. On these fields the surface of the soils is visible, As a
result one can most effectively use aerial photographs of this time of flight for Zlé&

studying and interpreting the soil cover.

According to the nature of the photoimage of the soils and agricultural lands on
the aerial photographs, the photographs obtained in the spectral zone with effective

wavelength 0.671 mcm are the closest of all to+-the examined material..

The zone with effective wavelength 0.587 mem proved important. Aerial photographs
taken in this zone showed that on a field of winter rye dark bands are interpreted in
addition which axre related to the nature of the plowing of this field. Considerably
less often there is noted a contrast between the black fallow, dried from the
surface, and the freshly-harrowed fallow. According to the change in the grey tone
it was possible to differentiate the field with young sprouts of peas from the field

with sowings of vetch-oat mixture.

At the same time, the image of the soil cover of the sloping section with young
sprouts of barley did not have a sharp nature, According to the tone of the image,
the sections used for stubble or occupied with perennial grasses merged with the

surrounding territory and were interpreted with difficulty.
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EVATUATION OF THE INTERPRETABILITY OF AGRICULTURAL TANDS ACCORDING TO BIACK AND WHITE

TABIE 3

MUITIZONAL AERIAT PHOTOGRAFHS (PHOTOGRAPHY MAY 6, 1973)

Name of lands and their state

large-scale aerial photographs

isopanchrome film, effective SN-6:+

wavelensgth in mcm

0.519 | 0.587 0.637 | 0.671

1 2 3. b 5 6

A. Fallow 2-3 L 5 5 5
B. Freshly-harrowed fallow 3-4 5 L 5 5
G, Winter rye . 3-k b-5 5 5 5
D. Vetch-oats (sprouts) ! 3 i 1 2-3
E, Peas (sprouts) - i 1 1 1 1
F. Barley (sprouts) 1 1 1 i 1
G, Perennial grasses (2nd year) -2 2 L 3 3
H. Orchard 2-3 3-L 5 5 4
I. Stubble 1-2 2 5 b 2-3

Aerial photographs cbtained in the spectral zone with effective wavelength 0.519

mem had low-contrast photo image.

Therefore additional information was not obtained.

Thus, the studies showed that for interpretation of soils and agricultural

sowings 1t is mest expedient to use aerial photographs obtained in two zones of the

spectrum €.637 and 0. 58? mem, 'The use of these photographs mutually supplement and

enrich the information on the soil-agricultural resources of the earth,
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?racing the Spring Drying of Soils in Subarid Zones by Space TV Images: A Case Study /156
of the Kustanay and Twrgay Reglons
Te, V. Glushko

At the present time numerous experiments have established the promizing nature
of determining the specific characteristics of the underlying.. surface according to
'the data of aerial photographic indications. It is natural that the use of different
materials of aerospace photography produces a different probability of recognition,
fluctuating about 80-90% (from 60-99%). In the development of methods of remote
tracing of natural formaiiéns on test sections it is important to reveal the relation-
ships between the specific characteristics of the underlying surface and the
parameters of their memote image , the measures of their mutval correspondence and
detailed nature of the interpretation, as well as the probability of recognizing the
targets., It is necessary to establish the most favorable conditions of photography:
climatic, weather and time. Further, identification of specific natural formations
can be implemented by the developed technigue in similar natural-climate conditions
with limited field control ox without it [5, 16]. This makes it possible to conduct
an invéstigaiion of large territories according to previously established =zigns

without additional collection of ground information.

Thus, maps were compiled for heat nonuniformities of the earth's surface by
recording the radiation temperatures from an AES (artificial earth satellite) [?].
A considerable volume of remote studies were made on the state and productivity of
vegetation by aero- and space measurements of the coefficients of spectral intensity
[2,10]. Maps for the distribution of the snow cover both in plains and in mountain
regions were compiled according to space TV images more exactly than by interpolation
of the data from the dispersed network of meteorological stations [11]. As shown by
the experimental processing of small-scale space TV and photo images, the ground
System of collecting agrometeorological data and, in particular, information on the
state of the soil surface provides in regional investigations less specific and

accurate information than the maps and schemes of interpreting space images [4].

This work presents the experimental tracing of the change in moisture of the soil
surface during the spring snow melting in accordance with the technique of inter-
preting remote recording of natural formations with limited or without ground
information, The need for using forthese purposes regional space TV images (for
example, for arid regions of Kazaﬁhstan) is explained by the requirement for the timély

calculation of the provision with moisture and readiness of the soils of sowing areas
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and feeding lands on the territory in area of tens and hundreds of thousaqﬁs of
square kilometers simultaneously, The network of agrometeorological stations which
ensures collection of information about the condition of the soil, gives information
for small sections only in regions where the stations are located. TIn addition, the
network of agrometeorological stations does not provide information on the moisture
of the soil surface during the spring snow melting and redistribution of snow melt

water,

Theoretically the method of determining the moisture in the soil surface according
to the materials of aerospace photography is based on the use of the complex relation-
ship between the photometric indices of the image and the optic properties of the
surface layer of soils of varying moisture content. Many of their characteristics
and correlations were obtained previously on key sections in Central Asia and South
Kazakhstan [1, 3, 9], in North Kemskhstan [3, 12, 13] and in the plain regions of the
UsA [19]. This served as the basis for conducting large-scale studies of the soil
moisture content in the visible zone of the spectrum in arid and semiarid zones /157
according to aerial photographs [1, 12, 13, 22, 23]. Differences in the moisture
of the underlying surface were alsc recorded by space TV images [3, 17, 21], by
multispectral images_[zoj and photographs [18] with a limited number of ground data

or without them.

The experimental remote determination of the moisture content in the soil surface
was completed by us according to the regional TV images obtained from the AES "Meteor-1"
in a pattern of direct iransmission on April 4, 1973 at 13 hours Moscow time (15-15
hours MV)., They encompass about 230 thous. sq. Em in three natural zones of North
and Central Kezakhstan from the moderately arid steppe to the northern desert (fig. 1).
TV photography occurred from an zltitude of 900 km with slope angle~20° from the
vertical on a secale from 1:8,500,000 in the subsatellite point to 1:11,250,000 in the
edge section of the original image with resolution on the site of area targets of

moderate contrast 2-5 km, of linear targets of high contrast~1 km.

The lack of a cloud cover ovexr the region of study during the photography, the
identity of the subsequently obtained images according to technical characteristics,
scale, visibility, time of photography and meteorological conditions ensured a
fairly high information content and good comparability of the TV photographs. How-
ever, the instability of the TV photography signal elicited noticesable distorfions
in the density of the negative image which impaired indentification of the levels

of moistening of the surface.
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Laboratory interpretation of the TV images was preceded by ground surveying
route work in July 1973 in the Kustanay and Turgay regions. They included com-
prehensive geomorphological and soif-geobotanical characteristics of landscapes

necessary for interpreting the television images.

As indicated by the data from the network of meteorological stations, thq winter
snow cover on the greater part of the territory came off . still wup to'April 1 and
was preserved only on 12% of the area. However, on April first on the trans-Ural
plateaun and the Kustanay steppe there was an abundant snowfall which covered the
surface with a layexr 10-1i5 cm thick which increased the snow-cﬁveréd‘area_to 26%.

In the period of photography over the regicn of study there was cloudless weather
Wwithout precipitation. The positive daily average air temperature +1-+5°C and of
the underlying surface +1-+3° G produced intensive snow melting, By April 4 the

snoW cover was maintained only in the most northern regions,

For the given region April is a month with the least stable amount of fallen
precipitation, even the average five-year fluctuations in the amount of precipitation
reach six times. The spring of 1973 was especially dry and as a result on the TV
image Tapid drying of the soils is traced which determines the spring drought., The
development of this drought was also reflected on the TV image of the watershed spaces.

The moistening of the surface horizon of soil was evaluated visually according
to the positive TV images sensitized in the red zone of the spectrum (AA=0.5-0.75
mcm), that is in the range where the correlation between the moisture content of
the surface soil layer and the tone of the image is most stable [15]. Moreover, in
this zone of the spectrum the effect of fluctuations in soil temperature is excluded.
Tdentification of the moistuvre content in the soils by space TV images is limited
by the characteristic of moisture in the surface "film" of soil comparable with the
wavelength £ Imcm, corresponding to the thickness of the active layer of light
reflection. However, the moisture content of this "film" correlates with the
moisture content of the upper soil horizon. By using the established relationship
between the reflection of light from the soils of varying moisture and the density
of the negative image [3] the following task was successfully solved: according to
the tone of the positive image to differentiate the five main agrometeorological
gradations in moisture of the soll corresponding to the primary stages of surface
drying. However, the results of identification of the soil nmoisture did not
successfully express in quantitative amounts the moisture content since during the

TV photography the agrometeorological stations on the given territory had not yet
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measured the soil moisture.

Evaluation of the tone of the positive image was made by sight according to the leﬁ
degree of density of the print using a seven-point scale of black-white tones according
to the dominant tone or a combination of tones within the section. The determining
factor in the change in moisture and optical characteristics of the comparatively
low-humus chestnut soils is the texture., With a humus content of the chestnut soils
less than 2.5%, its effect on the order is above the effect of other factors., As is
known, with an increase in the moisture of the soil its intensity decreases, which
results in a rise in the tone of the positive image. However, the high-gradient
section of the 1link between moisture and intensity of the soil is limited for soils
of varying texturse by the specific interval of moisture established experimentally
by measuring the refiecting properties of different samples of the surface horizon
of achromatic soilsu[j, 9, 12]. For sands the interval from 1% to 6-8% is charac-
teristic, for sandy loam from 1-2% to 8-10%, for light loam from 2-3% to 22-26%, The
reflecting properties of the soils outside the indicated intervals of moisture vary
insignificantly. With moisture content below this interval the soils are primarily

light, above it--dark.

The TV images were interpreted according to a photomontage composed of fragments
of four prints enlarged to a scale of 1:2,850,000 with the use of small-scale mapping
and descriptive materials. Consideration was also made for reports of meteorological
and agrometeorological stations for the first ten déys of April 1973 (including data
on the cloud cover, precipitation, distribution and thickness of snow cover, dates of

departure of snow, temperature of air and soil).

The interpretation of the soil moisture also tock into account the effect on the
photometric characteristics of the TV image of other soil factors (humus content,
mineral and mechanical composition, easily-scluble salts, structure of surface horizon
of soil) and the remaining landscape components: vegetation, relief and quaternary

deposits,

The distiibution of surfaces with varying moisture content of the soil depends
mainly on the following natural and metecrological factors: on the periods of freeing
the surface from the snow cover, on the orjentation of the slopes of the relief and
the avrangement of the centers of water-collecting basins, on the breakup of the
relief and the height dAifference of the site above rivers and lake surfaces.

The region of study was characterized at this time by favorable nabural conditions
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for interpreting the moisture content of the soil, The lack of sprouts of virgin soil
and crop vegetation and the lack of plowing during the photography determined the
direct dependence of the optical characteristics on the soil moisture. The plain
relief, as a consequence of insignificant slopes, creates identical conditions of
surface illumination and does not have a varying éffect on the tone of ﬁhé inage,

The soll sover on the TV image is not differentiated by zonal types since for this
differences are necessary in the humus content of over 1% [13]'underrclose conditions
of moistening of the surface. However, the southérn chernozems (humus content 5-6%)
end the dark chestnut soils (humus content 3.5-1.5%), which significantly surpass in
humust content the dry southern low-humus $éils (chestnut 2-2.5%) during the
photography were universally démgfand wet which determined their homogeneous dark
tone of the image. Therefore, theidifferences in huamus content of these soils are
exceeded by thesiore considerable optical contrasts related to the differences in
moisture, The effect of the humus content on the image tone of moderate and insuf-
ficiently moistened, low-humus soils is universally the same. The doninating zonal
types of soils with a low content of humus (chestnut 2-2.5%, light chestnut 1.5-2%,
trown 1-1.2%) in the dry state have on the TV image a lightish grey and light grey
tone and are not differentisted among themselves due to the insufficient differences

in hunus content.

In addition, the tone of the soil image changes depending on the moisture contébt

-

cf the soil associasted with their texture which under plain conditions determines /159
the water-retaining capacity of the soils, and. consequently their moisture content, .

and correslates well with the optical characteristics of the TV image. Thes soils

of light texture and the same moisture content are darker than the heavy ones. The
structurs of the soil surface also affecis the tone of the image since the wnplowed

soils with smooth surfaces (lighter) with an increase in moisture have more contrasts

of density of tone and have a darker tone than the plowed soils with ivregular

surface. Local changes in the soil conditions in the limans and hollows with rich-
in-humus soils, on the outerop of rocks with dark or on the contrary lightly colored

soils, as well as on saline sSolls were excluded.

Differentiation of the snow cover (coefficient of spectral intensity~0.7) and
the soils with air-dried surfaces (coefficient of spectral intensity~0.3) having on
on the TV image difficult to delimit by sight light- and lightish-grey tones, can
be conducted according to the density of the negative with the help of densitometric -
measurenents. In addition, relatively warm, dry soils are well differentiated from

cold, snow-covered plains according to the IR images in the interval AA=8-12 mcm,
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especially daytime [8].

The TV image was used to separate five main agrometeorological gradations in
soil moisture according to the dominant tone of the image and they were compared with
the physical gradations given in percenta,ges.1 The difference in the amount of
moisture of adjacent gradations on the average-wa5'4—5%. 1. wet (flowing state with
moisture of loam soils ™ 26%)--dark tone, 2.moist (sticky state with moisture 18-26%)--
dark and darkish-grey tone, 3. .damp (light-plastic . - with moisture 9-18%)--grey
tone, 4. fresh (hard-plastic state with moisture 3-9%)--lightish-grey tone, 5. air-
dried (hard and loose state with moisture less than 3%)-- light grey tonei-(fig. 2).
In separating these gradations of moisture according to the TV inmage (which ususally
are recorded in agrometeorological observations at the stations) previously estab-
lished evaluation criteria for visual quantiative determination of agrometeorological
levels of soill molsture were considered [6, 15]. The surfaces with these gradations
in moisture are well distinguished according to the photographs on the leveled inter-
river spaces. In addition, on the slopes of the Tufgay and trans-Ural plateaus and
in the river valleys on the TV image combinations of moisture gradations were
isolated. Determination of the structure of the TV image of gégfaces with different
moisture content showed that the surfaces both with excess and with insufficient
moisture present a homogeneous tone of the image, while moderately moist (damp - and
fresh)~—heterogeneous. The homogeneity of the tone in the image of Wet,m6i$%~and
air-dried surfaces is related to the fact that the moisture gradients are insig-
nificant and do not present sufficient optical differences within the mentioned
mpisture intervals. The heterogeneity of the image tone of damp and fresh surfaces
is a result of the fact that in these intervals the moisture gradients?éé&éigé@:fiiw
by the structure of the mesorelief present the greatest optical nonuniformities,
The presence of a well expressed heterogeneous _structure of the image indicates the

readiness of the soils for plowing.

Below are presented the characteristics of the positive image of all the
gradations of soil molsture in the order of tone lightening; The correlation of
the areas of separated soil areas according to the gradations in moisture was

computed in percentages of the area of the image of a surface without snow cover.

i. Swface layer of soil wet--on strongly over-moist in places swamped, plakor

depression and wavy-plain surfaces in the centers of water-~collecting basins, On the

1The correlation of agrometeorological estimates of the molisture and readiness
of the soil and the physical amounts was conditionally accepted [6].
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IV images it is characterized by the dominance of homogenecus dark tone, disrupted /160
by rare light-grey, sharply outlined round spots, corresponding Eto] lakes with ice,
individual grey spots of dried elevations, On the TV image it occupies 23% of the

area.

2. Surface layer of soilpoist--on wavy-plain surfaces of flat interfluvial
areas. On the TV image it is represented by a dominant rather uniform dark-grey tone,
turning into darkish-grey on the image of more dried surfaces. It occupies 11% of

the area.

3, Surface layer of so0il .damp:--on beyond lake wavy-plain and wavy-plain ancient-
bench surfaces, as well as river-floodplain and floodplain~liman surfaces. On theTV
image it is characterized by the dominance of a uniform grey tone, in individual
regions it becomes a darkish-grey tone, corresponding to moister depressions, and

a lightish-grey tone in the elevation of the relief. The structure of the image
of the river valleys is complicated by the presence of narrow, winding strips of a

lightish-grey tone corresponding 4o the riverbeds. It occupies 25% of the area.

b, Surfgce layer of soil fresh--on slopes, wavy-plain and elevated-plakor surfaces.
On the TV image it is characterized by nonuniform lightish-grey tone, It occupies
6% of the area.

5. Surface layer of soil air-dried--on elevgbted-plakor surfaces, On the TV image
it 1s characterized by homogeneous light-grey tone, from time to time disrupted by
lightish-grey spots with indistinet borders corresgponding to depressiong with fresh
soils. Tt occupies 12% of the area.

More complex structural pictures and combinations of the aforementioned elementary

fields occur on slopes, elevations and other sites with broken up relief,

6. Surface layer of soll represented by alternatlon of wet andm&istsurfaces:~
on near-river spaces abounding with swamped depressions and lakes in regions of
concentration of snow melt water, On the TV image it is characterized by the alternation
of slightly dominating rather uniform dark-grey surfaces corresgponding to the moist
s0ils with large spots of a homogeneous tone of linear-elongated or irregular form with
indistinct borders, corresponding to the mome over-moist depressions, The siructure
of the image is complicated by the presence of narrow, winding strips of a. lightish-
grey tone, corresponding ﬁo the river beds and round light-grey spots with sharp

borders, corresponding to the lakes covered with ice and reservoirs. On the TV image
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they occupy 7% of the area.

7. Surface layer of soil represented b& a combination of wetmolist. and damp -
surfaces--on faluscslope plains. On the TV image it is characterized by alternation
of small dark- and darkish-grey spots and strips corresponding to wet and moist
‘depressions, and grey surfaces corresponding to elevations with damp soils. The

structure of the image is small-spotty.. It occupies 8% of the area.

8. Surface layer of soil represented by alternation ofmoist and damp - soils--on
well drained, near river spaces. On the TV image they are distinguished by a com-
bination of surfaces of nonuniform darkish-grey tone, corresponding to the moist
depressions, gradually changing into a grey tone on the elevated :damp surfaces,

The structure of the image is complicated by the presence of narrow, winding strips
of a grey tone with indistinct borders, corresponding to river beds. I% occupies 8%

of tﬂe area.
Conclusion

Determination of the nature of the moisture content of the surface during the
spring snow melting in the North and Central Kazakhstan on an area of about 230 thous,
sg. km. showed the following distribution of the surfaces according to degree of /161
noistening: excessively moistened wet 7"f‘7" surfaces occupled Lez of the “area,
moderately moistened damp and fresh (ready for plowing soils)--40%, insufficiently
moistened air-dried--12%., The presence of moderately and insufficiently moistened
surfaces by April 4 on the greater half of the studied territory indicates the early

drying of the surface which was one of the redsons for the formation of drought in

1973,

There remains the problem of correlating the optical ' properties of the soil
surface of different moisture with the profile of soil moisture, However, the
relationship between the density of the TV image and the agrometeorologiéal gradations
of moisture in the upper horizon of soil in the pre-planting period betwesn the
freeing of the soil from snow and until complete readiness of the soil for plowing, as
indicated by the analysis of the aforementioned material, does exist. PFurther, the
standardization of the values of imagé density, and in particular, the development
of multizonal photography of the soil moisture, permits the technique of space
photography of the soil moisture to become more universal. The combination of channels
at least AA=0.6-0.7 mcm and AA=B-12 mem is necessary. The frequency of the photo-
graphy during the greatest time gradients of moisture can reach once in 1-2 days,

205



27



although at another time could also be less., After, the obtained local time of

photography, about 16 hours, was favorable for recording soil moisture,
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Montage of TV images obtained from AES 13th "Meteor-1" on

April 4, 1973, 13 hours Hoscow Time.
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Interpretation of Morphostructures and Morphosculptures of Different Ages on Small- /165
Scale TV Aero- and Space Images: A Case Study of Ceniral Asia and Adjacent Regions
8. M. Aleksandrov

The small-scale TV image that we analyzed was obtained in two zones of the
electromagnetic spectrum (0.6-0.7 mcm, 0.8-1.,0 mcm) on August 21, 1974 at 9 hours
32 min. Moscow time on the territory of Kazakhstan, Central Asia, Afghanistan, Iran

and Pakistan. TV images of larger scales were used for comparison,

In our interpretation we used the principle developed by I. P. Gerasimov (1§59)“-
analysis of the expressiveness of different-age tectonic structures in the relief and

the correlation of the morphosculptures and morphostructures.

According to the scale from 1:10,000,000 in the center of the image to 1:20,000,000

2

along the edges and coverage of an area over 3 mill. km™, the photograph appreoaches

the global images of the "Zond" system.

The obtained information (fig. 1, 2) was compared with the topical load map FGAM
and the large-scale schematic diagrams (Kulakov, 1968, Arkhipov, Nikonov, 197%, et al.).
The traditional correlation of the scales of remote photography and updated maps was
1:2-1:5, therefore one could consider thé information sufficient that permitted
supplementing of the maps and schematic diagrams of a scale 1:20,000,000-1:50,000,000,

In the morphotectonic aspeci, the photograph encompasses an extremely complexly
structured territory whose main elements are the regenerated epiplatform mountains
of Upper Asia (Tyan'-Shan',Himalayas),the plains of epihercynian platform (Turan
lowland) and epigeocynclinal mountains of the eastern part of the Alpine belt
(Pamir, Suleymanovy). It is important that on the global photograph "Zond-7" with
g distance about 70 thous. km. precisely these larger (geotextural) elements are

. clearly distinguished,

In the morphological (neotectonic) aspect contrasts are observed here which are
close to the maximum on the sarth, from 7000-8800m in Pamir and Himalayas, to -100 m

on the Turan lowland,

Finally, in the morphoclimatic aspect, due to the vertical differentiation on
the overall arid background, great contrasts in flooding and energy of relief-forming

processes are laid on,
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The general features of the morphostructure, the newest tectonics and of the

morphosculpbure are presented in table form,

We will examine the interpretation signs of the studied morphostructures and
morphosculptures. Analysis of the TV image was made by the author on the basis of
field observations in 1964 {(East Tyan'-Shan'), in 1972 (Balkhash region), in 1973-1975
(Fergana.hollowand its mountain framework, Pamir), and studies of the background and

published materials.

One of the main interpretation signs is the illustration of the image. For the
characteristics of another interpretation sign--optical density of the image on the
print--a system was used of visual point evaluations of the gradations in grey tone
scale whose principle of use was examined by L. N. Mukhina (1974). We compiled a
transitional table of wvisual seven-point scale of tones and calibrated field of TV

image containing 19 gradations in opbical density (table 2).

1. Platform plains of region of Baykal folding (see table 1 and fig, 1). Their /167

inage is on the section of the greatest geometrical distortions, therefore the

contours in comparison with the actual are very deformed. Despite the differences in.
hypsometric elevations of the plains there is a similarity in the illustration and
tone reflecting the common character of the type of morphostructwmmé@imorpho-

sculpture, -

For the Tar desert (1.B)a structureless illustration with tone IV-V is charac-
teristic, differing sharply from the darker deflection of Ind (tone II-ITI) which
should be exPl@ined by the thinnsss of the vegetation and the lesser degree of
flooding, In the Takla-Makan desert (1A) which has the same tone (II-III), on the /168
background of sands (tone IV-V) a striated illustration is sharply distinguished of
flooded ocases of Aksu, Xashgar, Yashkend and Khotan (1) with tone II-IIT. The
contrast pf tones is greater in the zone’0.6—0.7 mem, therefore it is more informative
for interpreting the borders of the valley-oases. The illustration of the valleys
on the space image is considerably more detailed than the hypsometric map of scale
1:10 mill. and the map of morphosculpture FGAM of scale 1:15 mill,

The illustration and tone of the deserts of ancient platforms differ 1ittle
from the image of the deserts of the epihercynian platform which is characterized by
the noticeable angularity of the platform outlines [2] which so graphically is not

refiected even on the largsr-scale maps.



TYPES OF MORPHOSTRUCTURES DISTINGUISHED ON THE SPACE PHOTOGBAPH, THE CHARACTERISTICS

‘TABIE 1

OF THETIR NEWEST MOVEMENTS AND PECULIARTTIES COF MORPHOSCUIPTURES

/166

Index | Type of morphostructure | Type of neotectonics |Type of morphosculpture
1 2 3 b

I Platform plains with Weakly differentiated |Accumunlative with sections of
Paleozoic-mesozoic sedi-| movements denudation, arid
mentary cover

JA Hollow of Tarim middle |Relative deflection Aeolian with fluvigl in transit
massif (abs. altitude of platform type valleys (Tzkla-Makan desert)
1300-1700 m) (passive damper)

1B Plains of northwest Relative deflection  |Aeolian (Tar desert)

Indian platform {abs. of platform type
alt, 100-200 m) (active platform)

IT Denudation plains of Low elevations of Eluvial-talus on watersheds
region of Paleozoic free type with intru- |and slopes, desert solifluction
folding. (Kazakh area of |sive diapirs, neotec~ |in valleys
low, rounded isolated tonic troughs
hills--abs. alt. 500-

1500 m)

I1T Activated epiplatform Intensive differen- |Glacial-nival above snowline,
average high-altitude, tiated elevations of |erosion-denudation in average
high and highest moun- linear type with de- |high-altitude mountains accu-
tains with intermontane | pressions in inter- |mulative, semiarid in de-
hollows in region of montane hollows, 1li- |[pressions
paleozoic folding mited by plutonic

faults \

Iv Ancient. average high- Tow and moderate ele- | Denuvdation semiarid
altitude and low moun- vations of linear type
tains in region of limited by plutonic
Paleozcic folding (Chu- | faults of northwest
T1i, Xaratau and others | course
abs, alt. to 3000 m)

v Platform plains of epi- Differentiated dips . Denudation-accumulative arid
hercynian platform with of isometric contours(dominating ash)
Mesozoic-Cenozgoic gedi- with local elevations
mentary cover (Turan low-
land abs. alt., to 1000 m)

Vi Young epigeosynclinal Intensive differentis
mountains of Alpine fold-| ating orogenic ele-
ing (abs. alt. to 7500 m)| vations of linear ~

type (arches, chains,
clusters)
VIa Young mountains of early | Intensive elevations |Glacial-nival in high moun-

consolidation with out-

crop of early-Alpine base

(Gindukush, Pamir, Kara-
korum

with late paleogsne,
horizontal shifts

tains, arid denudation in

' 15
Cﬁiﬂ;ﬂﬂAl:Pﬂd}E
(ng:90(ﬁ£{2U£ﬂﬂH§n

/167

average high-zltitude mountains



(continuation of table 1)

1 2 : 3 Ly

VI .| Young mountains of late. Elevations of medium inten- | Erosion-denudation,
consolidation with outcrops | sity, from late Miocene, in | semiarid

of late ~Alpine base(north |south considerable horizon-
and south framing of Alpine | tal shifts

belt)- Suleymanovy mountains

Konet-Dach
VI C | Middle massif of Alpine Blevations of low intensity i Arid, fluvial in
folding-Baykal base with with sections. of deflection | valleys

Paleozoic-mesozoic cover
(Central Afghan massif-
Gil'mend hollow)

VID |Edge deflections of Alpine |Differentiated depressions Arid, fluvial in

folding (Kopetdag, Tadzhik, valleys
Ind)
TABIE 2
COMPARTSON OF GRADATIONS OF CALIBRATED FIELD WITH POINTS OF TONE_SCAIE
Gradations in calibrated Tield Points Visual characteristic of tone
(on print) (on print)
1-6 1 Daxk
7-3 iT Dark grey
g-10 11T Darkish grey
11 i Grey
12 v Lightish grey
13-14 VI Light grey
15-19 VIT Light

IT. Denudation plains of region of Paleozoic folding.

In the analysis of the interpretability of this type of morphostructure we
compared the information content of the TV image of a scale 1:12 mill, with photo-
graphs on a scale 1:3 mill, from the system "Salyut" and concluded that the main
interpretation signs of the morphostructures are stable regardless of the scale.

These signs include tree-like-wavy illustration with tone ITITI-IV, governed by
a combination of low-rounded isolated hills composed of dark volcanic rocks (3‘) and
narrow valleys whose bottoms are covered with loam-gypsum weathering crusts (4),
The lineaments are traced more Weakly than on the photograph from "Salyut” (Alek-
sandrov, Vinogradov, 197&) due to the lower resolubtion, but the overall orthogonal
illustration of the disorders is preserved. A relatively dark tone IT-III dis-
‘tlngulshes the larger ring volecanic morphostructures--Karkaralin ( 5) and Kysylra.ysk
(6); lightening (tone V-VI)--large granite massifs of Katbar and Bektauta (7)
morphosculptures--delta Tokrau (8); besides the light tone have a delta-like illus-

tration,
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The interpretation signs are stable regardless of the scales since this illus-
tration is not repeated on the entire area of the image but is characteristic only
for the area of low, rounded isolated hills, whereby the very specific, sitressed by
I. P, Gerasimov (1959) lack of linear morphostructures, with the exception of the
newest lineaments., Low elevations and lengthy denudation, governing the preparation

of stable rocks are characteristic for the illustration and the combination of tones.

The information content of the image from the 18th "Meteor" is comparable with
the hypsometric and geomorphological maps FGAM (World Atlas of Physical Geography) of
the scale 1:10-1:15 mill. In light of the great contrast due ‘o the sensitivity to

differences in moisture content there are more details in the zmone 0.8-1.0 mcﬁ.

IIT, Activated epiplatform mountains and intermontane hollows in the region of

Paleozoic folding,

Due to the great intensity of the newest elevations, governing the considerable
volume of glaciation, a great amplitude of tones (ITI-VII) is characteristic for the
TV image. The problem of separating the snow and ice from the cloud cover according
to the tons on the print is not solved in the examined zones.of the spectrum, there-
fore there is a real need for using a radio-range of the maximum high resolution., It
should only be noted that the glacial-nival cover in contrastto the cloud cover has

a tree-like illustration (Khan-Tengri).

On the photograph in both zmones two types of image are clearly distinguished:
relatively dark, linear contours (tone III-IV) with narrow light strips of ice-nival
cover (tone VI-VII) characteristic for the average high-altitude and high mountains
of the periphery of Upper Asia; dominance {over 50%) of light tree-like illustration
{tone V-V¥II) characteristic for high and highest mountains,

The most characteristic feature of the illustration of the image due to the
dominance of hlock movements according to faults is, first, the rectilinearity of the
outlines of the elevations and hollows sharply differing from the vergent outlines
of the rideges in the zone of the Alpine folding. This is very significant, for

example, for the mountain framework of Fergam.

The combination of the grey tone of the superimposed depressions (tone IV) and /169

the dark tone (IT) of the image of ridges is another important interpretation sign

of this region,

Finally, the third characteristic sign is the round-radial illustration of the
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highest mountain blocks and zones of the accumulation-massif of the peak Pobedy and
Khan-Tengri, BEast Pamir, north Karakorum and Kuen'-Lunya., The light illustration

of the glacial-nival zone according to area here exceeds 75%.

The platean of southwest Pamir (9)--Shughansk, Vakhansk, South-Alichursk ridges—-
has a very unusual linear-round illustration and relatively uniform tone (V). On
a number of tectonic maps this region belongs to the zone of Alpine folding, however
the monotony of the TV image (leveling of the relief), vergent folds in the ridges
of West Pamir and Gindukush on the border with the plateau confirm its rigidity and
damper position of the middle massif or the ancient nucleus. Acquaintance with the
regional materials convinces us of this hypothesis.. S. 8. Karapetov and E. Yu.
Teven (1973) mske the tectonic parallelization of South Pamir and South Afghan
massifs, according to the data of E, S. Cherner and V, I. Budanov (1974) the compo-
sition of the deposits on the ancient crystalline foundation of South Pamir is
close to the platform type, whereupon the ancient weathering crusts are fixed. Tu. S.
Perfil'yev and V. M. Moralev (i971) to the north of Vakhan-Dar'ya distinguish the
Badakhshan massif of ancient crystalline rocks limited on the north by Gunto-
Alichursk, and on the south by South Pamir plutonic faults. The leveling surfaces
developed in Afghan Badskhshan on the ridges Safed-khirs and Kukh-Tal (10} at
altitudes 2800-3600 m go deep into Pamir in a tongue-shape and are preserved at
latitudes to 4200 m (Wikonov, 1973, 19743 Donov et al., 1974), It is possible that
the general lightening of the tone in comparison with the substrate of the majority
of ridges is related to the presence of loess-like loams at relatively great altitudes
governed by the ancient alluvial activity of tribhutaries of the Pyandzh, "the con-
tinuation of whose valley to the south is outlined towards the southeast of its sharp
bend.,

We will further describe the interpretation signs according to the large morpho-

structural units from the hollows to the ridges adjacent to them.

The hollows are diverse in the genesis of the deposits filling them, dimensions,
configuration and have in relation to this differences in the TV image. Common is
the relatively same tone (IV) governed by the leveling of the relief and the
domination of light arkose sandy and pebbly, loess or loam-saline soil deposits. The
morphosculpture determines the tone, while the morphostructure the illustration of
the image--rectilinear, angular outlines of frequently triangular form.

The Alskol'sko-Ebinur hollow (IIH) is separated, for example, from the system of



Dzhungar. Alatau (ITA) by the rectilinear Dzhungar Ffault °(11) which has the appearance
of a straight line on the edge of a dark contour of the ridge (dark—colored effusives
dominate) and light comtour of the hollow (proluvial pebbles and talus loams). The
fault is traced exceptionally clearly on all types of remote photography from 1;10
mill, %o 1:10 thous. with varying degree of detail, whereupon on the large-scale
photographs numerous fledgling and advanced shifts in the beds are seen (Voytovich,
1967) . In this sense it can be compared with the unique faults of Talassofergana or
San Andreas which are also charaéterized by advanced shifts. The reason for the

good expressivensss of the faults _is in their constant renewal and rectilinearity on
a considerable distance, which also governs the sharp contrast in tone, Especlally
sharp is the contrast with the saline soils (tone VIT) of the hollows of Ebinur (jzj;
Less noticeable is the saline soil margin of Laké Alakol' (13) and even weaker of the
mountain lake of Sayram-Nur (14) located in the center of the Borokhoro ridge. On the
whole the great part of the Alakol'sko-Ebinur hollow, piedmont Tarbagataya, Zaysan
hollow (M) is composed of loess-like loams with tone ITII-IV, structureless illus-
tration, on whose background are clearly traced- only water basins, espeecially in the
gzone 0,8-1.,0 mem. The structure of.the image in the bottom of similar hollows is
traced only beginning with the scales 1:3 mill, in which flooded valley bottoms, dry Z;ZQ
watersheds, etc. are well distinguished. Generally the zone 0.8-1.0 mem is more
promising for analysis of the structure of valley bottoms than the interval 0.6-

0.7 mcm. For example, on the image in the zone 0.6-0.7 mcm there is absolutely no
separation of the water area of Lake Sasykkol' (15): and the sandy connecting strips
between the lakes, there is worse tracing of the contour of the Bukhtarmin reservoir
(_ié).. although the Dzhungar fault is traced better in the red zone (0.6-0.7 mem).

The asymmetry of the mountain structure Dzhungar Alatau-Borokhoro is. very well
seen in the zone 0.6-0.7 mem. and is stressed by the extensive development of the
leveling surfaces with tone III on the north slope.- There is clear separation of the
latitudinal favlts delimiting the Andreyev paleogenic hollow (17) total width of
5 km which is “traced on the background of sedimentary—volcanogenic complexes due to
the light timber—like rocks. - In the zone of 0,8-1,0 mem. these elements.are isolated. -
with great daifficulty. Slight glaciation of the ridges is also recognized better in

the red zone.

The T1i hollow (y O) in its geomorphological position, partly in the outlines
and interpretation signs is close to the Zaysan and Alakol' hollows. The plains with
loess-like loams have a structwreless illustration with tone III-1IV. In the zone
0.6-0.7 mem individual.insular mountain massifs are differentiated better--Ketmen"

ridge‘§18),.end of trans-Il1i Alatau, and in the zone 0.8-1,0 mcm watsr basins .
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are more clearly distinguished, for example, the Kapchagay reservoir created in 1971,

In the analysis of the interpretability of the TV image of the Balkhash hollow
() sreat attention was focused on a comparison of the interpretation signs with
the photographs of the Balkhash region on the scale 1:3 mill., The TV illustration of
the sandy plains (19) is distinguished by monotony, which in general. is character-
istic also for the sandy plains on the photograph., The zone of flooding at the
foot of the ridge Malay-Sary (20) is traced also on the photograph from "Salyut” and
on the-TV image from the "Meteor" in the zone 0.8-1.0 mem, dbub, of course, with -
a different degree of detail. From other large morphosculptures, both on the photo-
graph and on the TV photograph, but only in the zone 0,6-0.7 mcm, the ancient bakanas

reservoir delta of the I1i River:(21)fis-recognized-by—lightéding of the tone

(IV) on the saline soil-takyr bottoms of the ancient beds and the clear striated
illustration, The current Ili delta (22), more‘flooded and covered with thick tugal
vegetation, has a grey tone (ITI-IV) and triangular illustration, This section of
the delta can be classified with the natural phenomena in so far as its TV image is
comparable in tone with the image of oases continuously cccupled with crop vege-
tation (Bukhara, Samarkand, etc,). It goes without saying that the photograph gives
more details in the structure of the I1i delta, individual beds are traced on it,
bands of coastal cane thickets are mapped in detail, microdelta ledges Jutting into

the lake are recognized (the latter, by the way, are also visible on the TV image).

The matter is more complex for faults in the foundation under sandy plains where
the depth of its occurrence reaches several dozens of meters. 1In the interpretation
of the photograph we successfully established that the morphostructural lineaments
C3 and CB of the course are traced according to different indirect signs: recti-
linear limitations of saline soil hollows, rectilinear sections of the Karatal
valley, series of extended lakes, etc., On the analyzed TV image only in the zone
0.8-1.0 mem are linearly extended lakes and rectilinear sections of the shore visible,
On the other hand, the Central-Balkhash fault on the TV image is traced well, due to
the generalization of the image of the linearized I1i bed,

The images of the sandy desert plains of South Balkhash region and the Turan
1ow1ahd are very similar both in the illustration and the tone. Attention is only
drawn to the lightening of the tone of the Balkhash region desert roughly by 1 point,
which obviocusly is governed by a defect in the photograph since north of Balkhaszh
there is also a lightening of the tons,

The ridges of North and Central Tyan'-Shan' (frans I1i--TIB' , Kungey-- I B,
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Kirgiz--II ', Terskey-- M B, Kokshaal--[ 3 ), hollows of the Naryn basin (Naryn--

Il P, Toktogul'-- Il T, Kysart-- ITY), Issyklcul'-- g C, 1In thiétregion we were limited le;
by observations along the intersection of Frunze-Osh and in the region of Alma-Ata.

As the basic work on the morphostructure of Tyan'Shan' we used the monographs of I. P.
Gerasimov (1959) and S. 8. Shul'ts (1948),

Certain basic conclusions of the authors can be illustrated by the nature of the
image of the relisf on the TV image. Foxr example, the idea on the combination in
the formation of the morphostructure of Tyan'-Shan' of block movements as well as of
deformations of the type large folds (Gerasimov, 1959, p. 29) find additional con-
firmation, Ridges %bordering Fergana are linked at different angles, while the entire
northeast face of West Tyan'-Shan' cuts off the Talasso-Fergana fault, which is active
from the Cambrian period to the present. A completely different arched illustration,
as 1f a projection of large folds, is characteristic for ridges bordering Issyk-Kul'
and Naryn hollows. All the main signs of the zone . for - activated mountains: ge@éréi
linearity of ridges, presence of hollows and large mountain units, extensive develop-
ment of glacial-nival belt in the first place refer to the region of Central Tyan'-Shan'.
A common distinection in the image of Central Tyan'-Shan' from the West is the lessexr
differentiation of the relief: darker (tone ITI-IV), mountainous hollows comtrast
less with the high plateau ridges (tone II-III) than in the west.

The Fergana hollow (I @) with its mountain bordering (ridges Talas--pf J , Fergana—-
II B, Chatkal'--H X , Alay I I, Zeravshan I K) were studied by us in more
detail with the help of ground and helicopter observations, mainly by the profile
719307 e,1,, roughly from the Chatkal' depression ( I X) in the north to the
high piedmonts of Alay in the south and the Alay hollow ( I Y). Togethe£ with the

analyzed TV image a set of other different-scale photographs was used.

The main results from the comparison of the different-scale images are presented
-in table 3. In addition to an increase in the detail of the distinguished targets as
the scale got larger, one should note the different expressiveness of the geo-

morphological borders: primary and secondary.

The first were traced on the images of all scales, regérdless of the zone of the
spectrum, for exXample, the border of the nival and mid-mountain region of the Alay
ridge and the Fergana depression, the border of adyry¥ and oases of Fergana, borders
of oases and sands. By having a different geomorphological rank, they nevertheless

are sufficiently physiognomic in light of the sharp centrast in tone characteristics.

I
«  Translator's note: adyry--low foothills bordering Fergana depression.
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The secondary borders correspond éiﬁhér to lower orders of the geomoxrphological rank
(for example, variously lithologically expressed mountains or genetic types of

plaing) or less physiognomic (for example, border between proluvial cones and adyry).

The interpretation signs of the geomorphological targets in different zones of the
spectrum were examined in the examples of three types of relisf according to larger

scale aerial photographs (1:100.000).

The limestone, average high-altitude ridge of the axial zone of Kairanto (indices -
4 a, b in table 3) is distinguished by a deep but thin erosion breakup. The greatest
number of details in the relief are traced in the zone 0.4-0.45 mcm, where one can
detect individual elements in the occurrence of the rock masses, limestone benches,
boulder-pebble bed and so forth. The interpretability somewhat decreases in the zone
0.5-0.55, while in the zones 0.6 ~0.68 and especizlly in the mone .0,72-0.82 mem the
procesging of details is the lowest. Analysis of the available literatuxre advances the
same conclusions. Photography in zmones close to the ultra-viclet section of the
spectrum is the most informative for récognizing—the carbonate rocks on the background
of others since the first have a relatively high reflecting capability (Cronin, 1968;
Del Bono, 1971). Photography under conditions of low lighting is especially effective
(morning). This can be traced in the comparison of the interpretability of two
images 6/13/1973 4 hours 37 min. and 6/14/1973 7 hours 30 min,

Volcanogenic-sedimentary mid-mountains (index & ¢, d) are most effectively inter-
preted in the zones 0.5-0.55 and 0.6-0.68 mom, where the greatest number of details
are traced (structural triangles, structural ridges with the dominance of a grey tone).
Tn the zone 0.4-0.45 mem. a darkening of the tone occurs-(to dark grey) which is
related to the low reflecting ability of the effuisive complexes, In the zone 0.72-
0.82 mem, on the contrary, there is a lightening of the tone to lightish grey due
t0 the somewhat-greater moisture content as a result of the increased improvement in

land by silt deposition in fissures.

Similar to limestone mountains are the interpretation signs of low-mountain ridges
coverad 'with loess whose surface has a high reflecting ability. The most informative
is the interval 0.5-0.68 mem. in which a clear tracing is made of the illustration
and nature of the bregkup and the different-age rock masses of neogen and quaternary
age are distinguished (grey and pale yellow bacterium). In the interval 0,4-0,45 men
in light of the high reflecting ability, : the loess has a.light grey tone, the contrasts

disappear between the surface of watersheds and the bottoms of ravines. Somewhat


http:0.5-0.68
http:0.4-0.45
http:0.6-0.68
http:0.5-0.55
http:0.72-0.82
http:0.5-0.55
http:0.4-0.45

(Table 3 covers two pages)

TABIE 3

COMPARTSON OF THE RANK OF INTERPRETED GEOMORPHOIOGICAL TARGETS ON DIFFERENT -

—-maxrked border

—————————— indistinet border

Regional names

Scale of image

Type of morphd=
structure and
morphosculpture

. 1:10,000,000

/172

i i, High mountains on Paleozoic base with |Tree-like illustra-
o . . .
o H. glacial-nival morphosculpture tion .
« S o 4000-5300 m Tone VI-VIL
! O —
< © <
o 2. Average high-altitude mountaiuns on Illustration
& Paleozoic base with erosion-denudation
= g morphosculpture
te 2300-4000 m
[0)] O
%{) = g
Y 52 3. Intermontane neogen depression with linear
. . £ . 2 5| arid morphosculpture
Lij z‘ﬁ 58 HA 1500-2300 m
2 o L. Average high-altitude mountains on Tone II-IIT
=] 2 . - . - o
g = Paleozoic limestones with arid
g 2 o denudation morphosculpture
o s ::g 1300-3600 m
® A 5. Piedmont proluvial arid Pleistocene Structureless
. TR plains illustration
O - ~ 400-1300 m
3] Mo 0
= g O 0
6. Piedmont denudation arid ridges Tone VI-VI
g | on neogen anticlines (adyry)
2 |5 q £, 450-700 m
S |88, )
. . 7. Accunulative plains of peripheral Indistinctly-spotiy
o g |78 irrigated section of depression illustration
S uﬁb Ei @ “(Loam) Tone II-III
0 ‘ 400-450 m
@ £ P n
[ —~ ®
ol & |28
[af
s 8.Accumilative plains of central Structureless
& vl L e section of depression (sandy) illustration,
9 Eal © ity 350-400 m Tone IV-V
80 S8 B
H [ S ]
o
=4
Breakup (number of sections) 5
AGE b
779 OF P



43



SCAIE TV-IMAGES ACCORDING TC PROFILE OF ATIAY .- FERGANA

/173

Compiled by 8. M. Aléksandrov, 1975

1:2,000,000

1:1,000,000

1:100,000

Tree-like illustration
Tone V-VIT

Tree—1ike illustration
Tone VI-VIT

Liﬂear—branching
illustration
Tone II-IV

Iinear-branching illustration:
glacial trough-like--Tone ITT-TV

fledgling--Tone II-IIT

Cutside the
linits of flying

Iinegrillustration
Tone IV-V

Idnear illustration
Tone IV-V
oasis—-II-JIT

Iinear illustration:
limestones Tone ITT-IV

Linear-fledgling:
limestones Tone IV

dislocat. limest. I-IV 4a
sheet limes.breceia
IT-1W -

vulcanites Tone IT-ITT

: 4o
Vvulcanites Tone II-IIT sediment. rocks
oL ITI-V be
volcan.rocks II-IV 44
blend Tone IIT blend TTT-V e

Spotty medium-grainy

Indigtinctly spotty-fine—

boulder strongly

illustration grained illustration broken up IT-VI
Tone IV-V Tone TV-V boulder-pebble
- broken up ITI-V
loam lightly broken
up ITI-IV
The sane The same neogen-early Pleisto-
Tone V-VI Tone ITI-VI cene strong.broken wup

(depending on mone of
spectrum)

II-V

leistoc. medium
broken up ITI-IV

Indistinctly spotity fine-
grained illustration
Tone I-IT

¥ine-grained spotty
illustration
Tone IIT-V

>loping part of cone
II-V

light.slop. part ITI-IV

flat part of cone TTI-IV

Grainy illustration

Spotty fine-grained

Anchored sahnds TII-IV

Tone V-VI illustration ’ scattered sands V-VI
Tone IV-VT
8 10 315 (hypothetically-20)~
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similar, but with a darkening of the tone to darkish grey is characteristic for the

zone 0.72-0,82 where the contrasts are also leveled.

The zone of ophiolites and blends described by G. I. Makarychev and N. A,
Shtreys (1973, 1974) {(Le) is characterized by diverse combinations of structure and
relief. It is very characteristic , for example, to have a combination of.sé?ébptinites
(aaxﬁ;tone) of low resistance to denudation and Jjasper occupying the tops of cone—u
shaped hills (light grey tone).

Analysis of the information content of various zones on a small-scale TV image
indicates that for the plain section of Fergana the zone 0.6-0.7 mem is the most
promising. In this range adyry, cases and sands are distinguished while in the zone
0.8-1.0 mcm all the plains have the same tone (V-VI).

Certain Conclusions

1. Anal&sis of the different-scale TV images permits separation of different-
order, different-age morphostructures and the largest morphosculpture complexes
{table 3).

-

2, Of the general laws one should note the noticeable lightening in the tone
of mountain *structures from the north to the south which is especially visible in the

zone 0.8-1.0 mem. This can be explained by two reasons.

a) from the north to tﬂe south due to the general aridization (Frontier Asia,
1956; Titova, 1973) there is a reduction in the role of the wood-bush vegetation, nut
forests, forests of tyan'-shan’ spfuce, etc, (and the role of upland xerophytes
increases) (Astragalis, Andropogon et al.) with the participation of xerophytic.thin

forests and subtropical steppes.

b) from the north to the south, from the region of Paleozgoic folding io the region
of Alpine belt, there is a natural replacement of volcanogenic (dark colored) rocks

by more light sedimentary ones.
3. Analysis of the TV image also raised a number of problematic questions:

a) if the darkening of the north Kyzyl-Kumy isrelated to outcrops of iron accumu-

lation sands, then why is this not observed in Zaunguz Kara-Kumy?

3B 1S
ORIGINAL PAGE
OF POOR QUALITY
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b) what explains the diffuseness of the northern border of Parapamiz and the
lack of clear interpretation signs of Badkhyz and Karabil'?

c)} how to interpret from the position of dynamies of the shift in lithospheric
plates the complex mountain block of Karakorum, Kyen'-Lun' and the Himalayas and why
does the illustration of the block Himalayas differ 1little from the illustration of
the folded Karakorum?

d) what explains the somewhat greater volume of glacial-nival mone and how is this

shown in glaciological works-? By the optical effect? -

e) to what is related the lack of interpremationgggng’of the large Ural-Oman
lineament which is traced well in the region of the junction of Gentral Afghan massif

and the fold of Irah on the territory of the Turan platform.

In addition it is necessary to explain the actual importance of different zones /175
of the spectrum in the interpretation” of territories with different moisture con-
ditions. For this it is neceSsary to extensively use the hydrogeclogical data and the

field determination of moisture.

L, The information content of the TV image was compared with maps of the morpho-
structure and morphosculpture FGAM,faccdrding to the foreign territory on a scale
1:40,000,000 mcm, according to the territory of the USSR on a scale 1:15,000,000,

a) on the map of the morphostructure of Asia, for example, under the index MA-1
are united the folded high mountains and medium mountains (Serkhed, Makran, Suleymanovy
mountains, Parapamiz, Bandi-Turkestan). Analysis of the TV image reveals the
possibility of differentiating the mountain systems. Thus Parapamiz and Bandi-
Turkestan to the north of Gerirud fault due to the extensive deyelopment’of_{he
leveling surfaces have a sharply distinctive illustration and phototone. Under the
index M-9b are isolated the high upland plains of the middle massifs. The TV image
permits differentiation of the territory of the middle massif, Seﬁafﬁiiﬁn-éf the

local elevations (ancient nucleus), hollows with different morphosculpture, etec,

b) on the map of the morphostructure and morphosculpture of the USSR under the
index MN-6 are distingunished the high mountain ridges of the North and West Tyan'-Shan',
MN-8--piedmont, MN-9--plains. The TV photograph permits isolation of ancient and

young ridges, different types of plains, etec.
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5. Analysis of the different tones agrees with the conclusions on the results.
of a comparison of spectral ranges of ERTS (Kondrat'yev et al., 1973).

The TV image in the interval 0,6-0.7 mcm is more informative for studying the
relief and the geological structx;_re; vegetation (valleys and oases), in the interval
0.8-1.0 mem--for studying the open water surface. 1In a number of cases, due to the
greater contrast, the image in the zone 0.8-1.0 mem allows more clear interpretation

of the contours of folded systems, for example, the mountains of Afghanistan,
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. A, V. Antipova, D. 8. Bulatov, I. 8. Garelik, 0. V. -Kaydanova, G. P. Kalinin,
Yu. F. Knizhnikov, V. I. Kravtsova, V. B. Malyshev and D. G. Tsvetkov i

Space Surveying in the Study of Watural Resources

Yu. F. Knizhnikov and V. I. Kravtsova

Tn the period under consideration investigation.” of natural resources by means
of space technoldgy has continued to be regularly developed. The most important

events of the year are the launch of the o:cbltlng scientific station "Sa.lyut-III "

wmm oo —_—

“th.e “flight of the- spacecraft. "Soyuz-1k," "Soy'uz 15," and in December — s modernized
"Soyuz-16;" launched in-preparation for the JOln‘t Soviet-American "Séyuz-Apollo"
:pr_ogram which specifies experiments to study the enviromment. For the United States
this 1975 flight will be the.last manned flight planned.in the current decade (20).

This year will see the-completion of the program of studies by the American orbiting |
station Skylab.

The seventeenth sputnik in the "Meteor".series, launched in the summer of 197k,
:t:arried"a multiband scanner to obtain images of the Earthl!s surface, The survey.
covered large areas of the Soviet Unlon and adjacent regic;ns‘— Furope; ,the Near East
lndia. and .Tibet as well as Antarctica. BSets of zonal black-and-white photographs
a,re operatively transmitted to Earth for v:.sual identificabtion for evalugtion and
pra,ctlcal utilizagtion.

I

February, 19Tk, saw the end of the 271l-<day work program of the orbiting stat:Lon
ISk;{la,'b, which cost ‘2.6 million dollars (40), A relatively modest amount of time
(101 hours) was set. aside to study natural resources. Over 46 thousand pictures
}Tgere taken 'o;E' regions primarily on the American continent. There are dozens of

publlcatlons concernlng the 1nstmentat10n and tests aboard the Skylab station,

- = - —= J mmm = —e === -rT R g s
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but no substantial works have appeared on.evaluation or utilization of the pictures

obtained, although a symposium on-the results of the Skylab program was held in 19Tk
in the United States. !

A great amount of research, reflected in hundreds of foreign publications, has
ﬁeen devoted to work with photos from the American resources satellite ERTS,
launched in July, 1972. Unbil early: 1974, receiving stations in the US, Canada,
élaska and Brazil received 200 thousand photos from ERTS, completely covering the i
territory of the United States and three fourths of the land avea of the Earth (5).

i Photographs from the ERTS satellite have .been very widely advertised and ac-
?ively disseminated both.in the United States and throughout the world, The Federal

Government created a special Joint Committee for these purposes. Sales cabalogg:of

ERTS photos -were published and special bureaus .opened in 30 -cities for their distri-
tution (5). In 1973, 1 million dollars of photos was sold. US petroleum companies -
alone bought 45 thousand photographs. ERTS photos are used in many countries on the
émerican continent, Europe, India snd a number of developing nations where they of-
ten provide basic informetion for mapping natural resources. A number of foreign
ﬁubkications have presented interpreted ERTS photographs in a scale of 1:1,0005000—
%r larger of" Soviet territory, for example, regions of Leningrad, Vladivostok,
Arkhangelsk, Surgut and Novgorod, which show such objects as the main Moscow-Ledin-
grad railroad line (15, 23).

|

|
|
NASA provides its customers Wlth_transformed contact {scale 1:3 369 000) and F
enlarged (scale 1:1 ,000,000~1:250, 000) blackwandpwhlte zonal and color enhagnced ERTS{
photos. Original photographs are transformed into a standard universal t;ansverse %
Mercator projection, espec1ally developed for the ERTS project. The geometric accu—f
Facy of the photos obtained by MSS scanner is characterized by errors: after pre-
liminary analysis — 400 m, after exact amalysis — 100 m (13, 30).
| lQTﬁ s the year of mass analysis of ERTS photos. It is being conducted in the
United States by numerous branch organizations and universities under contract to
Nﬁéif;ﬁTﬁiee ERTS conferences were organized especially for discussing results—of—"
%his analysis (5). These results were also reported to other large forums.
{
: With the huge variety of uses for these photos, it appears that their basic

fppllcatlon is in compiling various thamatlc maps because of their sufficiently good
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resolution, high informational value of color enhanced photos, complete coverage of
territory and the fact that the system of analysis specifies conversion of the image
to cartographic projection. ERTS photos in essence already are Prepared photomaps
which ég@'be used to solye many problems. ERTS photos have been-used to compile
mosaic photomaps of a number of states, used by their administrations for monitoring
and planning. For the first time in history a photomep was created of the entire
United States and Alaska. A montage of photomaps of the US from 595 photos in a
scale of 1:1,0‘00,000 was produced in 5 months, its cost — 65 thousand dollars (21).
For practical purposes — to assist state administrations — so-called land use maps.
are being created. A method of automated recognition of certain categories of lands
is being developed based on analysis of the density of zonal images. In this way,
22 categories of land use can be isolated on maps — water, forest, agricultural
lands, roads, towns, etc., producing digital or colored maps, as was done, for ex-
ample, for California (35) and other regions of the US. The previously suggested
automated composition of operative agricultural maps with recognition of crops on
Photos and determination of their condition on the basis of differences in density

of zonal images has not yet been put into practical use,

With. the appearance of ERTS photographs, efforts using photos to study shore=
lines and ocean areas were significantly expanded. In this direction, multiband
surveying gives the greatest effect. Studies on its use are directed toward the in-
vestigation of landscapes, primarily vegetation, flooded lands — marshes — for which
automgted mapping methods are used (36). The varying depth of penetration of solar
rays in different wavelengths opens up the possibility of using multiband photos to
determine depth, true, only in the shallow-wabter zone., In the area of the Bahama
Bank it was possible to show isobaths of 2, 5 and 10 m on ERTS photos. Another ex-
tremely important practical direction is study of the biological productivity of the.
‘gcean., Nature observations accompanying the ERIS survey showed that photos can be ?
used to study biological resources of the sea if the chlorophyll content is over
0.1 mg/m3 {47). ERTS photos are alsc being used to solve a number of other oceano- .
logical problems: determining the limits of the Loop in the Gulf of Mexico, studying,
the movement of water in Alaskan estuaries, recording tidal waves in New York Har-
bor, determining the bhoundary between fresh and salt sea waber on the Pacific sea-
coast of Nortk America (32), analyzing the distribution of suspended matter in the /181
Potomac River (31). A number of works deal with fishing and the fishing industry
(27) and ice conditions of seas (16, 23),
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In other branches of geographic research ERTE pictures have been used primarily
for mapping various components of nature — geological, pexmaffost, soil ,:.geobotani-
cal, etc., for which the use of synthesized color photos is recognized as most ef-
fective. The usé of zonal images in studies of nabtural components of the Earth's
surface is effective only in isolated, although extremely important cases — for ex-
ample, in stndyding the composition of rock and surface deposits. Photos in the 0.6~
0.7 micron band were used to detect iron-rich rock in the Appalachians (35). The
color of rock has also been used to locate nickel deposits in Western Canada and

copper in Pakistan (21).

The Canadian Forest Service cénducted a broad complex of studies on forest tax-~
onomy by interpreting ERTS photos of British Columbia, Alberta and the environs of
Ottawa (44). ERTS photos in various spectral zones were n&t effective for studying
the rock composition -or~taxonomical characteristics of forests., Onlf types of for-
ests in a general shift of ecological conditions are distinguished; isolation of age
groups of forests is possible only in 20-30 year intervals, At the same time,
multiband photos do show various damage to trees — cuttings, cenbers of insect and

digease damage, damage by frozt and 80, fumes.

We must also note that ERTS photos give interesting material for gtudying other

aspects of envirommental pollution. It 'is suffucient to indicate the detection of
mine dumps in South Africa (2L4), observatiocns of refuse dumping areas and widespread
pollution in New York harbor (%5) and the detectioﬁ of oil slicks on the surface.of
the ocean (42). Although the great possibilities of space technology for solving
ecological problems on a global scale are noted, no significant practical works in

this area haye yet appeared.

Works on the application of multiband surveying in the Soviet Union areAprogreS—;
sing as a whole in the same directions; manifest areas of its effective utilization
are similar — agriculture, study of the composition of surface deposits, particularlyL
the salination of soil-forming rock end integrated study of ocean areas., True, pub-
lications on multiband data appeared only on the latter question in 197%. Photos .
from the spacecraft Soyuz-12 of the shallow-water zone of the Caspian Sga.made. it
possible to distinguish the image of underwater vegetation and variocus forms of bot- !
tom relief and compile a map of the underwster landscape of the shallow-water area

(7).
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Comprehensive studies conducted in our country on space survey daba have been
reflected in publications on complex geographical interpretation (11); however, the
main mass of publications consists of geological works. Geologists are now the main
users of space photographs in our country. Geological organizations are converting
to extensive practical creation of photo-geological maps from space photographs,
feeling that the new method of mapping regional geclogy makes it possible to reduce
the cost of making geological surveys, updating and compiling composite geological
maps 15-20% and speeds up these works 1.5 times (2). The use of space photos has
forced reconsideration of views on the geologieal structure of large regions of the
country, including those considered well-studied. This was aided at first by the
enforced use of weathér satellite television pictures for geological purposes {1).
Their montages — telephotographs — helped establish the important role of large deep
breaks in the Western Siberial lowland whidh redefined directions for further oil and
gas prospecting efforts. Photographic surveys also gave completely new information /182
on breaks in accumulative plains such as the Southern Balkash lowland. Fhotos werg!
used to establish the block structure of Rudniy Altay, making it possible to evalu-
ate correctly prospects for discovering new deposits of lead and zine, Preyiously
unknown faulted and plicate structures, including prospects for petroleum and gas,
were found in regions of Mangyshlak and the Ustryurt plateaun. A distinctive Téafure
of the studies of Soviet geologists is their methodological direction, .their in-
depth analysis of methodological questions (9). Successfully using not only photo-
graphs, but also btelevision pictures (1), Soviet geologists have advanced a number
of new theories — on increasing the "depth" of studies with conversion and smaller
scale and summary images (9); on Mlevels of generalization," that is, obtaining

qualitatively new information from photos by changing their scale 4-5 times (2).

Although in ne country have space photos vet become the main basis of commercial
cartography on a nationwide scale, it is now clear that in the future the main direc—;
tion ef thedir use will be the area of thematic cartdgraphy. The advantage of space
photos is primarily in operative gathering of comparable information for vast terri-
tories., The majority of the many practical uses of space photography already lead
to a cartographic finale. Pnb}icationq give many examples of updating and correct-
ing existing maps, especially in developing countries and Arctic regions (31). But
the main value of space photos is in their use as a source and basis for various
thematic maps in scales of 1:2 million-1:10 million, and in the future in a scale of
1:200,000 (43). Photo maps compiled from photographs are receiving ever broadening

distrivution.
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Multiband surveying, as was supposed (43), is now the main kind of surveying
conducted for studying natural resources. We must note that in the grest and varied}
practical agpplication of space photos the effeet of multiband surveying appears only
in individual cases. Wo significant results have yet been obtained from multiband
surveying in the area of automated interpretation, although intense studies are

being conducted in this direction (29).

In space surveying the screening effect of clouds was a more serious problem
than first anticipated. The cloud coverage of the Earth's surface not only limits
the possibility of obtaining pictures in the required regions, bub alsc reduces the
effectiveness of satellite cameras 50-T0% (19), -affecting the completion of planned
programs in menned spacecraft and orbiting stations. The most favoragle regions.for |
suwrveys are Horth Africa, Mexico and Cenbral Australis, the least favorable are
Antarctica and the belt along the Tropic of Capricorn. The Soviet Union, countries

of Western Europe and North Awerica fall into medium conditions. -

Besides the light range of electromagnetic fluctuations, works are actively
being conducted on the use of “the nonphotographic zone for surveying, especially ur-
gent- in -connection with the zbove indicated problem of eloudiness.. Infrared and- -
radiothermagl surveying make it possible to record thermal zones on the surface of
the sea and land, to create heat maps of volcanoes and record the light of cities,
forest fires and burning gas waste at night (15). IR-photos from Nimbus-3 revealed
pollution of coastal waters (without determination of the kind of pollution) in
Northern Buropean seas (28), The advantage of using 2 small window (3.4-L.1 micron)
in comparison with a large one (10-12 microns) has been noted. Microwave surveying
from the Nimbus-5 satellite, the first eguipped with a transmitter operating in the
1.55 em range, gave a picture of the distribution of perenniasl and annual ice in the
entire Arctic Ocean (16). Thi:s kind of sensing is used to study ocean waves and '
soil moisture (3, 38). A number of publications (8, 34) have pointed out the pros- ' 1l§§

pects for using all-weather radar surveying in.a complex of aerospace methods,

Spectrophotometry of test chjects also sometimes serves as a supplement to
sabellite surveying. For example, establishment of a comnection between the reflec-
tive capacity of Central Asian deserts and the ground mass of pasture vegetatien
makes It possible to estimate the productivity of pastures by the dengity of theiy

image on telsvision pictures from Meteor satellites (10).
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Suryeying from airplane laboratories has beccme a component of studying natural
resources by space methods, -Airplane experiments are set up to .develop methods and
equipnment for space sensing, bubt they are frequently also of independent value.
Beginning in 1973, g number of departments in the Soviet Union have been conducting
surveys of test sites from airplane laboratopies (12),: Wew AN-30-airplanes have

been used as flying laboratories.

Although the main lavnches of space equipment for obbaining initial data are
being carried out in two countries — the USSR and the USA —many nations are conduct-
ing methodological studies, in particular, airplane experiments., Especially active
studies 'on a method of identification are being conducted in France, where surveys
are made not only from airplanes, but also from air balloons and aerostats.(25).

Surveying from experimental rockets also has not lost its value.

Study of the Moon and-.-planets according to previously planned programs is being
centinued. The experimental laboratory on.the Moon — Imnokhod 2 — has ended its ;
work, the station Luna-22 carried out surveying from circumlunar orbit. Noteworthy
is the appearance of Jjoint Soviet-fmerican programs, for example, on -¢reaztion of a
genergl -complete map of the Moon in a scale of 1:5 million. Actively being con-— =
tinued are efforts to map Mars, primarily on the basis of Mariner-9 data, which are
being used to create méps in a scale of 1:5 million, 1:1 million and 1:250,000, as
a.whole forming a Mars Atlas as well as a Mars globe (14). Cartographic efforts
should be aided in situdies of the surface by the launch of Viking, planned for 1975.
In 197k Mariner-10-first surveyed the surface of Mercury. Flights are beginning to
distant plenets; for example, Pioneer-11, flying past the planet Jupiter, first
transmitted to Barth an image of its polar regionss in 1979 it shou}d approach.the

orbit of Saturn. '

1

International cooperation in space research is expanding, particularly in inves-
tigation of the natural enviromment by space means, Besides the wellcknown joint |
Soyuz-Apollo flight program, other series of international programs have been cax— |
ried out (“Tropex,” "Iceberg"). In April, 19Tk, the regulsy Seviet-=Americsn meetingé
on study of the enyircnment by space means was held in Washington. The regula® XVIT

session of COSPAR was held in Brazil. i
i

Works on the use of space methods to study-the natural resources of the Earth i

and planets are widely covered in the press. Besides publications in speclal “jour-
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nals and annuals (the number of publicatidas passing through the Abstract Jougrnal of
VINITT in 1974 alone ias over 1 thoﬁsand), we must indicate‘the annual valume of
material from thematic conferences and symposia. ' In 1974 were published the Works
of the IX Michigan symposium (37}), the COSPAR symposium on the use of space methods
for Egrth sciences in Constance, pRG (18) and the first Pan American symposium on
remote methods (2@1. For broad readership, the publication-'of albums of space pic-
tures is very important. Such albums of ERTS pictures were’published in the United
Stated (39). The fine regular publication of the book "Kosmicheskiy obzor Zemli"
(A space view of the Earth) with a large new set of photos, primarily Ffrom ERTS and
Skylab, .an identification key and popular-science type text was published in the

- FRG (15).

In this country the number of publications lags significantly behind the Ameri-
cans, but review and generalized works (L) and works on a broad mebthodological scale
continue %o appear. Publication has begun of a series of thematic collections degl-
ing with study of the natural enviromment by space means according to data of Sovietf
American cooperation (6). The geological use of space methods, as in:previous years,'
is dealt with in a special edition of the journal, "Izv, vuzov. Geologiya i raz- :

vedka," No. 12.

In all countries the problem of training specialists to interpret space photo-

graphs continues to be acute.-
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RECOGNITION OF AGRTCULTURAL OBJECTS BY REMOTE SEWSING

D. 8. Bulator

AL the present time, with the appearance of multiband scanners, real prospects
are opening up for automation of the process of recognizing objects in remote air-
plane or satellite observations. Automation Is based on recording the values of
reflected or radiation energy in several previously selected spectral bands with
further computer analysis of the data. The question arises of the number of differ-
ent classes of objects which can be recognized and of the accuracy (or probability
of error) of recognition. Modern scanners, scanning the cobserved surface, receive
information from elementary areas in seversl instantaneous viewing angles, With
highly accurate idemtification of such elementary areas with one of the known
classes of objects, contours of features can_ be identified quite accurately and,
therefore, areas occupied by such features can be determined. However, as will be .

seen from the following, such highly accurate identification narrows the total num-

ber of recognizable classes of objects., If the limits of objects are known a priori

(for example, by means of conbour identification of aserial photographs), and only
the content Is unknown, then elementary areas can be recognized with relatively low
accuracy, which significantly increases the tobal number of separable classes, In
fact, if some uniiorm feature was guantized into a sufficient number of elementary
areas and in T0% of cases we found that it was wheat and if false identifications of
the area were scabtered chaotically within the selected feature, it is safe to say

the the entire feature is indeed whesat.

In ordex to establish how many classes of objects and with what accuracy can

be identified, let us briefly consider statistical recognition,

Statistical recognition

Let us congider the assigmment of individual objects to one of the previcusly
selected classes according to their optic properties (reflection or intrinsic

radiation of energy). By individual object we shall in the future mean an elemen-
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%aiy area, the size of which depends on the resclution of the scanner. In principle

such indiyidual objects differ from each other in their optic properties. At the
same time, a number-of individual cbjects can have similar or even identical optic
properties. The presence of guch similar properties makes it possible to group ob-
jects into several classes. Classes can bé of varying degrees of generality, for
gxamﬁle, by one class we can mean one field of wheat or we can mean all fields of

wheat in g given region, ete.

Let. us take M classes. We designabte them as B, where B =1, 2, ... M. Objects

a,nd this also means classes, are characterlzed 'by a certain set of signs.

NN R

In our case, the signs are identical for all objects and represent energy re-

i i b o e s o b WD o i o Ay b e bk

Icorded by the scanner in given spectral bands, i.e. the number of signs is equal to
%he number of bands. Let the number -of bands be N. Let us designate values of

s:Lgns in the gelected 'bands as X , Wwhere i =1, 2,.._.,1\1. Bach object will be char-
acter:.zed by a certain set N of numbers. Let us designate ‘such a set as b, , where

F can take any value of the total mmber of cbjects. .
= =Fach-sign can take-.any .value within limits- of possible change. If we have-in—-
hind values of reflected energy, then the 1limits of change in the sign correspond to
ithe limits of possible change in reflection coefficients which 1lie in the interval
from 0 to 1. Therefore, we will consider that values of signs Xi also lie in this
interval. - The interval of change in actual energy values recorded by the scanner
can always be reduced to thi's interval by the introduction of the appropriate pro-

portionality factor.

\ For selection of specific classes; values of Xi need not occupy the entire in-

;‘Ger'v‘al from 0 to 1,.but a part of it BX = Xima.x - Ximin'

'

Each. class includes a certain set of individusl objects. Different objects of
1

one class have similar values of X , but these can differ slightly from each other

as factors affecting them vary w1th transfer from one object to another. The prob-

ab:l.llty approach (1} is used to describe such classes. Each class is characterized”
by multidimensional density distribution of probabilities fi. Such functions can
:be constructed for each class or for the entire -set of objects of a given class.or
ffor a certain representative sample. Besides multidimensional densities of proba-

lblll'bles, a pr:Lor:L probabllltles of classes P(Bl) are also 1ntroduced, show:Lng how
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often & certain class is encountered in actual conditions,

The distribution. of specific objects by classes is based on the Bayes mebthod
of calculating a posteriori probabilities. In accordance with this method, the prob-
ability of the hypothesis of a given object belonging to each class is determined
according to the formula:

P (Bi}fi })
P; (Bi/by) = M( Gy . (1),
' ' 21 P B (b¢/Bi)
e MR
where ' Py (B;u/'bt)'i — 5 posteriori probability of the hypothesis of t-object

belonging to i-class

fg (by/ BI) — density distribution for t-object, assuming it belongs

v e e e to i~class.

A posteriori probabilities of hypotheses are debtermined for all M classes and
this distribution is used to decide to which class & given object belongs. We shall

consider a determining plan, identifying a specific realization with that class for

which a posteriori probability is maximum. BSuch a procedure provides minimum mean

error of recognition (1).

With the use of the Bayes method for recognizing classes of objects, density
distribubions are constructed for each class according to a certain representative
sample, Thus, if we want to recognize M classes, we would have to havé a minimm
of M key sectiong for insbructional purposes, i.e. £1i Tfunctions sre plotted. We
must have available information on what ig in the selected keys at the time of the
survey. The use of the Bayes method gives us the possibility of identifying all ob-—
Jects in a studied region with eclasses whose descriphtion is given in selected keys.®
Thus, the use of a scanner together with a computer opens the way to automation of

-
the process of recognizing objects. '

%¥Tn this article we are not considering the guestion of selection of keys,
which must be gufficiently representative. But we must acknowledge that this
approach makes it easy to find criteria of the accuracy of key selection.
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Evaluation of the number and accuracy of recognition of classes /189

For a theoretical evaluation of the number of recognized classes and the accu-
racy of .recognition, let us make several assumptions. First, let us assume thabt all

considered classes are found with the same‘freq_uency. Such an assumption, without

]
changing the generality—of conelusions, simplifiies analysis: Second, let us assume !

L

that .density distributions of probabilities of parameters .X. for all classes are

subject to normal law. In this case plotting. of f amounts to finding average va.lues
of X 1 and plotting of a correlation mabtrix, and.in the absence of correlation — to i
;f;’lnd;.ng mean quadratic deviations o - Third, let us assume--that- o; are. constant forj
different classes and do not change with transfer from one spectral band to another.
Z'Let us determine how many classes we can recognize and with what accuracy. Let us l
consider first a one-dimensional case when recognition is conducted in one spectral |
band (see FPig. 1). This illustration shows density .distributions fi for all

- gdjacent classes; average values of }?ii are.located the same distance from each

other. . - :

1

Evidently, all individual objects-beiorggigg to the second class, but haying = _
values of X; lying to the left of point X 40 Or to the right of point Xlo we will
erroneously assign either to the 1lst or 3rd class. Recognition errors are calcu-
lated as follows:

P X10 - X'\ _g K10- X1, 3
r{nl- f (X)dx -]-{@( )=® ( )} ¢

‘ ; 2 WAldxy : B

| : X10 Co e S ‘
| : X. -td2° " . :

where 'O X)m— [ e ds - © — function of errors |

—a . . .
As XIO"' I“AT/QBXIO"XF' <A /2. after simple conversions we have:
/‘(/ ’
C=1-120 (—i';“) - 1 } ’ -_,,:;,(3:)) .

According to formula (3) with a given ¢ it is easy -to find valuve Ay for any )
Ivalue of T, i.e, the minimum distance between average values, providing error of

recognition no more than ¢. Knowing the minimum and maxiwmum possible value of Xi’

YY)



it is easy to calculate.the number of .classes Ll recognized with given error .

‘:‘f;] XY max=X1 min ax]"'- (h)

B et—

b A - A

Figure 2 illustrates cases of two-dimensional recognition for five adjacent
classes. Average densily distributions are located the same distance As from each
gther. For this case, recognition error in the absence of correlatioﬁ between bands
is; . e, .

et o (20 (S2) L R
o 20 27 L

Correspondingly, for the N-dimensionsal casge, in-the absence of correlation he-
tween all N bands, we shall have:

'

"C-l-iﬂif-——)—ll | (5)

Here the number of recognized classes is:

- - - — = - - e

c ﬁ‘_ ; e
'114“*""__"" X . (6)
BN =l

Formulae (5) and (6) are obtained, assuming the absence of correlation between
bands. In fact, such correlation does exist and is the stronger the more spectral
bands we select. In fact, if we know X in K bands and if K is high enough, we can
predict almost accurately the value of X in X + 1 band, i.e. the introduction of

K + 1 band gives no additional information.

Thus, in order to distinguish the most classes, selection of & number and lo-
cation of spectral bands must be based on two prereguisites: the least correlation

of bands and the greatest values of sﬁectral intervals 9X.

Analy51s of curves of spectral brlghtness ratios for agrlcultural objects in
bands will be no more than four or five. Works (6, T) indicate the three most in-
formative bands having cenbers with longwaves of 0:55 micron,10.67 micron and 0.80
micron. The recognition of these bands indicates that,.evidently, they will also

be the least correlated, although this question requires additional study. To

— ks o —
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these zones, based on the principle of least correlation, in owr opinion, we must
also add bands with centers at 0.4 mieron and 1.5 micron, and possibly the band of
inherent infrared radiation and the radar band. Analysis of curves of spectral
brightness ratios of agricultural objects (2-5, 9) shows that for a limited spatial
region values of éX do not exceed the following levels: 0.4, 0.5, 0,3, 0.20 snd

0.10; correspéndipgly for bands Wiﬁh.maximnms st 1.5 micron, 0.8 micron, 0.67 micron,
0.55 micron and 0.k micron (we are considering bands of inherent thermal radiation

and radar because of lack of daba).

For these values of 33X, formulae {5) and () are used to celeculate the number of

separable classes depending on ¢ and ¢ (see Table 1),

Table 1

NUMBER OF SEPARABLE CLASSES DEPENDING OW ERRORS OF RECOGNITION:!;nAND NUMBER
OF SPECTRAL BAWDS SIMULTANEOUSLY USED IN RECOGNITION OF N

. S N . . - __\ -
- =001 £=0,10 ‘ © ¢=0,25
- N éxi a . o 1. - @

0,005} 0,01 {0,02]0,04]0,005| 0,01} 0,02 | 0,040,005 {0,01 10,02 0,04
1(04) 16| 8| 4| 2| 24f 12/ 6 | 8| 85| 17| 9} 4
2| 05| 256| 64 | 16|-4| 525131 83 | 8 | 890| 222°| 56 | 14
3| 0,312.103'310 | 39| 5 [6+103| 810{101 | 13.|1.10%{1.109196 25
4 0,2 [1-10% 925 | 59| 8 |5-10% 3102200 | 18 |1.10%]6.103400 | 26
5| 0,1 [410%1:10% 41| 2 |2108|610B182] 6 |4.105|1.10%] 370] 12

a - N A B e — s aamaa —_— s el s N e L

This method of recogaition specifies the use of high~speed scanners. A scamner, /191
like any measuring instrument, has its own measurement errvor.. If maximum relative
exror of the scanmner is +t%, then the mean guadratic deviation for the scanner. can

be estimated as


http:4.101'1.10

In order to measure accurately random.yalues having mean guadratic deviation ¢, the |
gean.quadratip devigtion of the instrument QC must not he more than 0.25 o CBI, i.e.

!'i_b’g{ O,éSG“ il'. { (—8)r

From formulae .(T) and (8) we get a connection between relative instrument error.
t% and g

X{ ) (91f

The yalue of i&, averaged for all five ranges, is approximételyfo,l5—0.25 and ,
therefore, with o = 0.005; t% must be not more than 1.5-2.5%. Modern scanners pro-
vide accuracy on the oxder of 2-3% (10—121? which corresponds to ¢ about 0.005; '
therefore, in Table 1 this value is also taken as minimum.

DISCUSSION

This model is, of course, only a certain plan, assuming the absence of corre-
lations between values of.Xi in different spectral zones and even distribution of

t

I
|
|
|
|
classes in the spectyral hands., In practice these regquivements will be disturbed, ?
which can reduce the number of separable classes. From Table 1 it can be seen that
the number of classes depends on the value of ¢. This value is-given us by natural .
objects themselves, although it is immediately clear that it depends on the scale of
the survey. Increasing the altitude of the survey with g given instantaneous.view- ‘
ing angle of the scamner reduces the area of the individual ébjects and, therefore, i
Phere Is an optic generalization of vélues.Xi, thereby reducing the value of 0. k
However, in order for statistical recognition to be possible, we must guantize a
ﬁniﬁorm feature into no less than 20-30-individual objects. Evidently, optimum

selection of survey altitude, or at a given altitude — the instantaneous viewing

angle, will also give us the maximum possible number of recognizable classes.

The number of recognizable classes (see Table 1) depends on the required accu-

N s
1

racy of recognition. Increasing error from ji]to 25% increases the number of fééog—h
nizabhle classes approximately 5-9 times; even with high recognition accuracy, how- !

1
ever, the nmumber of classes is extremely significant. '
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OF POOR QUALIRI


http:0.15-0.25

From the table it can be seen that for all ¢, with certain values of ¢ there is
a "saturation" effect, i.e. lack of increase and sometimes even a reduction in the
number of classes with increase in the number of bands used simnlitaneously in recog-

nition.

In works (13-14) an attempt was made at aubtomatic recognition of a number of 6b—
jects. 5-8 objects were recognized with an accuracy of 80-90% (10-20% error); it is
noted that accuracy of recognition is higher in the 3-4 optimum bands than in all 12.
Work (AL} gives values of ¢ for all zones for various objects; they range from 0.02 -
to 0.05. For these values of £ and o, Table 1 also shows that the number of recog-
nizable classes is not great and that the "saturation" effect occurs with increase
in the number of bands above three or four. However, recognition in these works was
conducted without optimization of the survey scale which, in our opinion, was also
responsible for such scanty results. The feaﬁufes used for -study and recognition
were quantized into several hundred points. As we already notéa;ﬂ;eduction of !
gcale, and in connection with this — reduction of the number of individual objects’,
must lead to a reduction in values of 0. Reduetion of ¢ two to three timeg, i.e.o
about 0.01, as seen from Table 1, causes a significant increase in the number of
sepayrable -classes and, what is more, can eliminate the "saturation" effect, or-more-
correctly, Increase the number of bands giving additional information. In additiom,
in works (13-14), individual objects were recognized. In our opimion, recognition
must be made of uwniform features, giving limits of these features a priori, for ex-

ample, according to data from contour identification of aerial photographs.
CONCLUSIONS

The above indicated agreement of ouwr results with experimental data of works
(13-14) leads us to assert that the model we considered corresponds quite:well with
reality.” Therefore, this model, and in particular, the results given in Table 1,
make it possible for us to predict a relation between the number of spectral bands,

accuracy of recognition and number of wrecognizable classes.

The Bayes method of recogniéion which we discussed makes it possible with high-
speed highly accurate scanners to identify various classes of objects on the basis §
of informstion obtained in studying previously-selected key sections. This is a i "
suitable path to follow, as it makes it possible for complete automatic analysis of

information according to a pre-set program, i.e., machine identification in the sense
1

A3



of identifying the content of contours. This method gives us criteria for correct
selection of key sections and.survey scale. Conducting the survey at different )
times, using this .method, we can easily select the optimum survey time for solving
different problems. All these problems: selection of keys, scale and time of sur-
veys are independently valuable. But, in our opinion, only a comprehensive approach
Wil provide an optimum solution to the problem of automating the identification
Process.
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Figure 2. Recognition in two-dimensional case

' Ay — digtance between ayerage values

. X103 L'105 Xog3 X'pp — coordinates of ‘density projections of the intersection of
two-dimensional distribution functions on a plane (¥X;1Xs)
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‘insignificant (interval 3-k)., Minimum values of soil brightness are evidently

DEPENDENCE OF SPECTRAL BRIGHTNESS RATIOS
ON THE MOISTURE IN THE SOIL SURFACE

: ¥. B, Malyshev, 0. V. Kaydanova and D. S. Bulatov

e

In connection with the increasing importance of remote methods in studying the

natural resources of the Earth one urgent problem is 1n—depth study of the optic

)

characteristics of aatural objects. Khowledge of the - dependences of these charac-

teristics on factors affecting them will make it possible to identify matural ob- ’

jects by objective identification signs. . !

E However, study of 'such dependences is dlfflcult because varying factors act
simultaneously and 1nteract in a complex way with each other (1-3).. Therefore, this
necessitates £ield experiments.to study the effect of individual factors with the

greatest possible stabilization of others. l

= I A - - —_ —— v ——rzamo—r— =

' One of the factors having an important effect on:eptic characteristics of
such natural objects as soil is its moisture céontent. Many authors-have noted that

moigt soils have less total brightness than dry and with an increase of moisture,

the course of the spectral curve of soils remains practically unchanged, but there

is a reduction in total brightness (3-6). I

1

‘ . I

Fig. 1 shows schematically the general pattern of .reduction of soil brightness |
ﬁith_increase of moisture. From this illustration it can be seen that with a
change in soil moisture in the 0-1 interval, from absolutely dry to air-dry, bright-
ness remains practically unchanged. The so-called gradientless range is specific
%or different soils. In the 1-2 interval, from air-dry.:to maximum hygroscopicity,
a significant reduction is observed in the SBR. The greatest reduction of bright-

negs cceurs in the 2-3 interval, from maximum hygroscopicity to least moisture ca-

pacity. After soils reach least moisture capacity, reduction of brlghtness becomes

?eached with complete moisture capacity. With further moistening, brightness in

the visible band of the spectrum does not change markedly.

|

S — - — = _» ——— = . - = - = — - - -
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We must also note that besides moisture, soil brightness is alsc seriously

i
|
|
I
t
I
|
g

affected by such factors as mechanical composition and structure of the surface.

The purpose of our experimental work was t0 study the dependence of spectral
brightness ratios (SBR) of soil on change in its surface moisture. We made such
tests in June-July, 1974, in the southeastFrn part of the Belgorod Oblast in the
Novo-0Oskol Region. OSBR'measurements - -were made by a field spectrometer similar to
the 8-9 spectrometer (7}, but its diffraction grid was replaced by interference
light filters., This spectrometer operates in the 400-500 nm wavelength range.
Viewing angle was 12°, One cycle of measurements toock 6-10 minutes. Spectrometry
was conducted according to the usual method similar to that described by K. Ye.
Meleshko. As a standard we used a harytic screen. Relative measurement error of
SER was determined by SBR measurement of unaltered test objects and is 3-5% for SER
iof 0.2-~0.3 and 15% for low SBR on the order of 0.05—0..10. A1l SBR measurements were
%uade in clear sunnylweather with winds at 1-1.5 m/see. During one cyt?le of measure-
ments, summary illumination and the ratio of total and diffuse illumination remained

1

constant; this was monitored by a luxmeter. Our preliminary measurements showed i

that from 10 a.m. to 3 p.m. -cha.nées in_the'a.ltitude of the Sun and the related change:

in-ildumination of the object have practitally no effect on SBR. e————
] ‘

i
{

During the experiment air temperature'was 23-25°C. .So0il temperature at a
erth of 0.5 em varied from 33 to 39°C, and at a depth of 5 ecm — from 26 to 30°C.

Our studies were conducted on flood meadow mederately ZJoamy sandy soil in dry
floodland of the Oskol River, formed on deluvial Jloams underlaid at a depth of 80 cm}
with alluvial sand. These soils, evidently, are in a stage of se,ttl:._ng, as good
differentgtion of the soil profile is observed; there are no signs of stratification
iin the profile. A thick dark-gray humus horizon (A + AB = 67 cm) is distinguished
'by 8 pronounced granular structure.

'

In an unplowed field with a level surface, exposed to repeated natural;precipi-
tation, we selected six uniform plots measuring 1 x-1 m, located at a distance of
two meters from each other. The surface of all plots was gray. Twenty four Bours
before spectrometry, plots Wo. 1, 2, 3 and 4 were spaded to a depth of 20-2_5 cm,
ieveled and raked smooth until a uniform surface v.:fas produced with aggregates

measuring from 0.5 to 2 cm.

AL b B et e —
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As is known, moistening can change the structure of the soil surface and, there-
fore, SBR as well. Evidently such a change In structure of the soil surface appears
most strongly on freshly plowed soil. In-order to evaluate this effect, plots Fo. 5
and 6 were left in their natural stabe; due to natural moistening their surface was

very smooth and covered with a crust 1-2 cm thick.

Plots No. 1 and 6 always had natural moisture, plots No. 2-5 were artificially
noistened (Table 1) by watering cans held 1.5 m high with various emounts of water,
calculated on possible precipitation in this area at the time: plot Ho. 2 — 3 mm;
plot Wo. 3 — 5 mm; plot No. & — 10 mm and plot No. 5 —10 mm {9). Soil samples Were.
taken from the surface layer (0-0.5 em) of soil in g1l plots five times to determine
moisture. Moisture sampleg were taken before wabering, immediately after watering,
an hour afier and four hours after watering. Spectrometry was conducted to deter-
nine moisture immediately after the soil samples were taken. Measurement of the

moisture in plots for four hours is given in Table 1.

Table 1

CHANGE TN MOISTURE OF THE SURFACE LAYER OF SOIL IN EXPERTMENTAL PLOTS

Moisture of . .
Plot Amount of Natural solil surface Mo%sture of Moz'_sture of
watey . . - s0il gurface soil surface
number moigture immediabely .
used for in an hour after four
- (%) after water-
watering X (%) hours (%)
; ing (%)
in mm
Time of day
10:45 11 a.m. 12 noon 3 p.m.
1 0. 4,1 41 1,7 2,3
2, .3 o 4,1 - 9,1 3,3 - .. 2,3
, 8 .5 . - 4,2 21,9 4,5 2,1
-4 o 10 -5,1 25,7 T 9,7. 4.7
* B T 10 3,8 30,3 .. 19,8 . 9,8
-8 0 4.0 40 . =~ 28 '-8,2
B 1S
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; From the table it can be seen that moisture in the soil surface in plots No. 2~ 5
immediately after watering increased shayply, but in only one hour in plots Wo. 2 and
3 the meoisture in the surface had dropped sharply and approached the natural m01sturg
in plots No. 1 and 6. In plobs No. -4 and 5, where watering corresponded to 10 mm, ?
the moisture remained markedly high. Four hours after watering the moisture in all t
plots with a mechanically treated surface.(No. -2-1) were practically equal to the |
nabtural level. In plot No. 5 with an undisturbed surface a significant reduction

ﬁas also observed in moisture, but it still slightly exceeded the natural level.

i Results of ‘spectrometry conducted before watering showed that spectral curves.
of brightness of mechanically treated plots (No. i-k) show practically no diffevence.
Spectral curves obtained from plots No., 5 and 6, ramaining in a natufal state, also
do not differ from each other, but have higher values (Fig. 2), indicating the sig- )

nificant effect of the structure of the soil surface on reflective capacity.

[l
t

“ Analysis of spectral curves obtained immediately after watering (Fig. 3)

showed that with increase of moisture, SBR:of the soil are reduced in accordance
with the degree of its moistening. The.sharpest reduction of SBR {50-60%} is ob-
served-dn-plot No., 4 with a moisture content of *25.7%. In plot No. 3, with moisture
bf 21.9%, spectral brightness was reduced @gproximatelyfgo%, and in plot No. 2, with
moisture of 9.1%, reduction.of brighitness was insignificant, indicating the close-

ness of the moisture content to the limit of the gradientless range (Fig, 1).

A comparison of SBR curves for plots with treated and untreated surfaces shows
(Fig. 3) that SBR values for plot No. 5 (with 30% moisture) are the seme as for !
plot No. 2 (9% moisture). Such a course of SBR curves is due to differences in the i
étructure of the surface of the experimental plots and indicates the importance of |
accurate calculation of this factor in studying the effect of moisture on SER.

' In.an hour after watering (Fig. 4}, moisture was reduced in all experimental
ﬁloté and, correspondingly, SBR values were increased. As plots No. 2 and 3 dried

to their initial moisture content, brightness became even slightly higher than

the original level. This increase of SBR is due to change in the structure & the

soil surface because of watering, which smooths the surface and reduces its rough-
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8, - Meleshko, K. Ye.- Metodika izmereniya (SKYa)’spektral ‘nykh koeffitsientov yarke

oo
i

: _ In four hours after watering, in all experimental plots with mechaniecally .
E - - -
treated surfaces, the moisture of the soil surface becomes approximately equal to

that in the plot left under natural conditions end no longer has an effect on SER.

: Our studies are the first experimental test in our cycle of works to evaluate
the effect of different natural factors on SBR and the photo image. Our experiment
shows that the structure of the soil surface has an important effect on SBR3 as the

result of rapid drying of the surface, in only several hours after watering soil

v s e = e . L o . A S e

m01sture has no effect on brightness ratios in the visible band of the spectrum.

]
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Figure 1., Genepalized course of brightness rgtio, expressed in relative .units, de-
pending on .soil moisture. Figures on graph indicsbte moisture in soilsi 1 — air-dry
soils; 2 — maximum hygroscopicity:of soils; 3 — least moisture capacity of soils;

4 — complete moisture capacity of .soils.
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Figure 2. Course of spectral brightness ratio of soil with natural moisture: [
with mechanically trested surface
plot W6, 1 with 4,1% moisture ’
plot No. 2 with k.1% moisture
plot Wo. 3 with L.2% moisture {
plot No. 4 with 5.1% moisture

with mechanically untreated surface
plot No, 5 with 3.8% moisture - . B [
plot No. 6 with L.0% moisture o




Tigure 3. Course of spectral brightness yatio of soil after artificial moistening:

plét No. 1 with L.2% moisture
plot No. 2 with 3.1% moisture
plot Wo. 3 with 21.9% moisture
plot No. 4 with 25.7% moisture
plot No. 5 with 30.3% moisture

-
.
[]

Figure 4. Course of spectral brightness ratic an hour after watering:

plot No. 1 with 1.7% moisture
plot No. 2 with 3.3% moisture
plot No. 3 with 4.5% moisture
plot No. 4 with 9.7% moisture
plot No. 5 with 19.8% moisture
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SCME CRITERTA FOR EVALUATING THE ,INFORMATIONAT, VALUE
OF MULTIBAND PHOTOGRAPHS

I ottt et b s L e e i

L. A. Vedeshin, I, S. Garelik and D, G. Tsvetkov LY
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Multiband photography'~;simnltaneous photography in several more or less nar-
FOW bands of the electromagnetic -spectrum — is-a-promising-method for remote study
gf natural resources. Actually in.multiband photography reflected energy and intrin-
sic ;adi&tion are recorded in narrow spectral bands. This makes it -possible then to
synthesize remote sénsing data in any of numerous combinations, either as color
&mages‘or in d{gital form, -Célor synthesiﬁed images (in false or natural colors)
?xceed the quality of visuai identification and digital synthesis iz used for aubo-
matic identification based on the theory of pattern recognition. Recently intensive
;tudiés have been conducted in the area of creating multiband surveying systems and
using multiband survey data to solve vg;ioﬁgnpggblems in stud&ing the natural re— 1
?ources of the Earth. Of paramount importance in this is selection of .eptimum
parameters for the equipmept and survey conditions to obtain the most complete
' Qualitative—quantitative information on test objects. In particular, one of the
ﬁost important is the p@@ﬁlem of selecting the most informative -spectral Pahnds and

groups of bands. [

The great variety of problems involved in studies of thé nabural environment
;nd in natural objects themselvés.complicates solution of this question. Tt is
‘%heoretically clear that from the point ofhview of informational wvalue, for each
problem of Earth resources research (ERR), there should.be & best set of speciral
?ands; But at the same time it is evident thabt it is not technically possible or
economically feasible to conduct surveys in a given set of bands only to solve one
particular problem. Attempts are usually made to eliminate tﬁis contradiction by
selecting-a combination of spectral bands which would be optimum Ffor simultaneous. ...
%olution of the'largest number of all posed ERR problems most important at the time.
ﬁowever, a set of 3 or 4 fixed narrow (Kondrat'yev, et al., 1973) -or wider bands
(multispectral scanner ERTS-A) can hardly be considered universal and completely

satisfactory for solving the numerous and varied ERR problems. It would probably
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e more correct to determine several such sets of spectral bands, each of which

it o S

Would be best for a number of comparatively similar ERR problems., It is assumed i
that satisfactory solution of the question must entail several steps., First, the i
@ost informative bands and sets of bands are determined for individual .specific ERR !
problems. When such sets agre.established, we .can go on o the next step —-determinaj
tion of optimum sets of bands Ffor solﬁing'ﬁore or less broad groups of similar prob- |
lems. In the next step several optimum sets can be determined for operationsl sys- l
ters to study natural resources. Such an approach to the problem of selecting

spectral bands is based on'preliminary classification of specific practical prob-,

[ ——

lems.

! In many works the problem of selecting informative spectral bands is solved in
connection with the problem: of separating basic classes and types of natural objects
aceording to the classification of Ye, L, Krinov. However, as already correctly in-
alcated LKhodarev, et al., l9Th) the maJorlty of practical problems {and the main
dlfflcultles) relate to recognition of nabtural objects within classes and types.
?herefore, it is logical to begin evaluatl?n of the informational quality of bands
for recognizing such objects.

; There is & variety of approaches to sélving the problem of selecting informa-
tive spectral bands using different initial data and criteria, This problem has

been solved by analyzing spectral contrasts {Ivanyan, .1972) -and by anal&zing curves

6f entropy, calculated according to spectral brightness ratios (Kondrat'yev, et al.,
1972) Selection of informative bands for solving automatic identification and
mapping problems was made experlmentally by evaluating the accuracy of machine :
?ecognltlon of various objects (rocks, soils, vegetation) using different combina= F
#iOns of bands (Smedes, et al., 1970). We -shall discuss several possible methods of
evaluating the informational quality of spectral bandé according to multiband survey
data. The use of multiband surveying as iritial data for selecting informative
épectral intervals has a number of advantages in comparison with the curves of
%pectral brightness ratios used in a number of works. First of all, an extensive -
girplane experiment (Khodarev, et al., 197h4) will produce a large:number of multi-
baﬁé.pﬁﬁ%és taken in different landscape zones and'uﬁder various photography con—
ditions. This will offer the opportunity of eyaluating the informational quality of

épectral intervals for solving a number of varied problems in the investigation of

different natural objects. - :
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Second, multiband photographs help determine not only average statistical
characteristics, bui- also dispersiens, making it possible to carry out mathematically

stricter analysis of the informational quality of spectral bands.

Let there be multiband survey data (for example, photographs in several bands)
of some local area. In this section there is a set of classes of objects (V). The
purpose of identification -is to recognize classes within this set, But for reliable
solution of this problem, first it is necessary to determine what photographs of the
existing multiband collection are the best, the most informative. In this situation
the problem of determining the most informative photographs (bands) corresponds per-
fectly to the problem of determining the usefulness of'signs in patbtern recognition.

Let us consider possible solutions in a specific example.

There are, photographs of a local area oblalined in 5 bands. The problem of
recognition consists of using the measured optic density of picture elements¥® (Dil
to determine to which of six classes of objects (Vi)‘the given element belongs.
Classes selected were: forest (1), plowed field (2), mowed steppe (3), ummowed
steppe (h4), pastured steppe (5), gwlly (6)}(Fig. 1). For simplicity, in this case
we are using a limited number of classes and it is assumed, as already indicated —-
aboye, that we can in some way distinguish objects in this set of classes from
cthers in the photograph. In theory the problem can be solved for all classes of
cbjects in the photograph,

In order to compare signs, it is necessary to describe classes in the language
of these signs. In the case of sprobability signs, which are optic densities of
images, it is necessary to determine the law and parameters of probability dis-
tribution of optic densgities of picture elements for each class in each band.

This problem fs solved by means of photometry of the negatives and subsequent
mathematical analysis of the results. The work consists of the following operations{
;

1) photometry of negatives and sensitometric wedges (on G-11 microphotometer |
vith G 11 Bl recorder}, 2) plotting characteristic curves and determining contrast .
coefficients of negatives (according to measurement data of wedges), 3) measurement

of registrograms and comparison of variation series of optic densities for all

*By picture element is meant a section with area on the same order as the |
diaphragm of the measuring instrument.




studied classes of objects in all bands, 4) calculation of probabiliiy character-
istics of optic density distribution: maethematical expectation M (D), dispersion

G2 (D) and standard G (D). To ensure compsrability of. results, corrections are in-
troduced into calculated values of probability charachteristics to reduce negative
contrasts to the same coefficient (y = 1) and compensate the effect of uneven ullu-
mingtion in the focal plane due to optics of the objective and the operation of the
shutter. Calculated values of M (D) and G2 (D} for a given case are given in Tables
1 and 2. Table 1 contains calculations of mathematical expectation (M (D)) and dis-
persion (G2 (D)) without teking the above indicated corrections into consideration

and Table 2 — takes them into account.

Table 1
pamds] - A At v v
'_ 0,45-0,55 0,48-0,52 -0,54-0,65 0,58-0,69 0,63-0,76
n TR [w] Y j/ u

oblects| M) G2(m MUL) 6XM ML) 6XM M(L 62(m) M(L) oX(m) -

1 0:78 0,0007 0,64 00,0009 §,68 0,0017 0,68 0,0016 6,74 0,0013

2 . 0,84 0,0002 0,72 0,0008 0,77 0,0002 :0,79 0,0002 0,85 0,0003

3 0,78 0,0002 0,70 0,0004 0,74 0,0002 0,66 0,0004 0,76 0,0002

4 0,82 ©0,0001 0,75 0,0004 0,80 0,0002 - 0,78 0,0004 0,84 ©0,0006

8 0,82 0,0008 0,74 0,0001 0,80 0,0006 0,69 0,0004 ©,80 0,0005

6 0,80 0,0005 0,73 0,0001 0,80 0,0004. 0,66 0,0009 0,73 0,0004
Table 2
ot S i Ml v R

Ghieces|; ML 62(M mM(@) eZ(m MM oXm MM 62(M) M(I) .62(m

| 2,11 0,0029 1,51 0,0012 1,79 0,0045 1,56 0,0041 1,45  0,0010
2 2,16 0,0008 1,52 0,0008 1,95 0,0015 1,67 0,0003 1,49 '0,0003
3 1,99 0,0024 1,47 0,0009 1,85 0,0035 1,45 0,0016 1,39 _0,0004
4 2,04 0,0008 1,53 0,0004 1,96 0,0015 1,63 0,0036 1,45° 0,0010
5 2,05 0,0033 1,52 0,0003 1,96 0,0034 1,50 0,0008 1,42 0,0002
6 2,09 0,0024 1,60 0,0003 2,04 0,0023 1,51'0,0025 1,41 0,0003
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: Having thege data, we can proceed to comparing the informational guality of

- =

photos in different bands from the point -of view of the most reliable recognition of
the indicated six classes. In the theory of pattern recognition there are several i

criteria of sign usefulness, ' Here two of them are considered, the most suitable for:

our case: i

Quite complete and strict evaluation of sign usefulness is based 'on calcula- '

tion of the amount of entropy and information.

According to the Bayes formula, s posterlorl prdbablllty of & plcture element

CD\\l belonging to an object of class V is:

P(V;)p(D; /V) ,f
' P(Vr/Du)" e (1)

4 Cimd .
Here PCV ) — a priori probability of. class V , and” P(D /Vi) — probability of-

optie density\of the picture element falling in lnterval (D

—rr— s i by

.. - ) on the condition
ii.l
this image s an object of class Vi.

o1
Indeterminancy of solution of the probled of recognition, under the conditivh

that the Input of the system includes imagé Diil’ is equal to conditional entropy

FHCV/Diill-

P T ST e s e e s e ey

I
- “ o iH(V/D“-l)-— 2 p(Vr/Dul)logp(V'/D”-l)

|

2)

S |

The yglue of entropy will differ for different images. Sign usefulness is i

characterized by complete entropy, averaged for all images, taking into account '
probahilities of the appearance of these images:

|
(3)

Hk(V/D)a z P(D}; 1)H(V/D“,)., |
! 1-]

Here k = number of signs, i.e. in our case the number of 'bands,

n — number of intervals into which the wange of optic densities is divided,”

P(D.

11 l) — probability of the appearance of the Image in the density interval D.

l

e T T TTTT
!/ P(Dii-i)u-iilP(Vi)ﬁ(DiHW;)l" (4)

{261
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f
; Qur specific egleulations were carried out with. two assumptions. The first f
concerns g priori probabilities of the appearance of objects. The value of PCVi) :
can bé calculated as the ratio (typical of a'given landscape) of ares occupied by !
object Vi to the sum of areas occupied by all objects of set V. ©Such data can be f
obtained, for example, from literature sources or maps. As this work pursued only
methodological purposes, for simplicity, a priori probsbilities of the appearance
of all objects were taker as equal to each other, i.e, PCMi)-: %ﬁ The second |
assumpbion concerns establishment of the law of the probability distribution of
optic densities of photographed objects. Theoretically, in the calculation of en— ;
tropy, instead of theoretic probabilities of falling -into given intervals, experi- ;
mentgl yalues of corresponding frequencies could be used, However, such. an” approachi
has a2 number of drawbacks: there is a sharp increase in the amount of initial data :
and.it is more difficult to unify calculations and use computers to solve large f
volume-problems, In many works researchers, for example (Yantush, 1970; Fu, et al.,
1969]), have noted that the probability distribution of optic densities of images of
many naturel objects is close to normal. Therefore, all our calculations were made
assuming normal distribution. An éxample of calculations according to the above
formulae :is given in the table (see Appendix).

' Column 1 gives opbic densities of interval boundaries (D...). The entire range

iil
of optic densities is divided into intervals @.02 D wide, Columns 2 give standard-
. R . . Ds « MiDj
ized interval limits, i.e. ;3;___.£:il . Columns 3 give -summary values of La Place
G; ’
i

functions accovding to arguments from columns 2. Columns 4 — probabilities of fal-
ling irto the givern interval, obtained as the difference of La Place functions for
two adjacent interval boundaries, Columns 5 — a posteriori probabilities of those

picture elements whogse optic density falls in the given interval belonging to the

i R ik = S e

éorresponding clazs of cobjects. A posteriori probabllltles are caleulated according

41
to formula- (1), which in tabular symbols is written: *(5;) = P D)
oot ‘z Py (4i)

Here (51) and (43} are numbers taken from column 5 and L for 1—obgect. Columns 6
give products of P(V; /D ) log p CV /D ), obtained from the table (Barabash, et

al., 1967) according to arguments of column 5. Values in column 7 are-obtained

according to formula (L); they are sums by lines of the products of values from
columns 4 and’'a priori probabilities of objects PCVi). In column 8 are given values
of entropy by intervals, i.e. sums from cclumns 6 by lines {(formula 2). And,

finally, the average value of entropy is calculated according to formula (3) as the

%um of products of numbers in the same.line in columns T and 8.

omns 7 end 8. oy |
ORIGINAL PECE 0
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The method of calculating entropy gives sufficiently accurate and complete '
quantitative characteristics of the informational value and, what is very important —
in theory mskes it possible to compare not only individual signs, but also their
groups, i.e. it makes it possible té select the most informative combinations of
bands. In particular, the statistical relation between spectral bands is studied in
advance and only the statistiecally independent are usedj then the rule of selecting
the most informative combination of bands in certain amount consists of selecting
bands in the order of increasing values of average entropy (Barabash, et al., 1967),
However, a serious disadvantage of the method is the large volume of calculations,
especially in.analyzing the informational éuality of groups of stabistically de-
dependent signs. It - is quite simple to determine informational value by comparing
probability characteristics of signs of objects (Gorelik, Sk?ipkin, 1974), Besides
simplicity and a small volume of caleculations, an advantage of this method is that
there is no need to know laws of probability distribution of signs of objects. This
method is based on the following. It is clear that the best separative property will
belong to that sign whose values {obher conditions being equal) change sharply in ,
transfer from one object to ancther, Mabthematically the best sign must have large
dispersion of mathematical expectations of optic demsities (in our case) of all
classes of objects. For example, band 1 will be more informative than band EE if4

o2(My; @) T>o2 [M Imfr-)ij;w On the other hand, better separative property will be
shown by the sign whose values (other conditions being equel) change-less within
limits of one object.‘ In other words, in the best sign the mathematical expectaiion
of dispersions of optie density of all classes of obaects must be 1east.* For ex-
ample, band I will be more informative than band II if M{a ;(D)T<M[U S (D)]'
As both. factors (change in values of sign, a: within llmlts of one class and b: in
transfer from one class to another) act simultaneously, the general result of their
action wtll depend on the ratio of these factors., Therefore, as the ultimate cri-

terion of informaticnal quality K we take ratio

2
K =loi) (5, /206
o2 (M)

*We.must stipulate that this is true if we are speaking of recognition of ob-
jects by-measured optic densities of thelr picture-élements, i.e. instrumental
identification. If we mean visual recognition, then evaluation of the informational .
value of this criterion can be directly opposite. In fact, gresat dlsper51on of
optic density can reflect the typical texture of the image, which itself is a highly |
informative sign in visual identification.

1



Results of the calculation of crlterla for lnformatlonal quality byiboth methods

are given iIn Table 3.

1, eriteria H. and

2

Criteria Hl and Kl are calculated.according to data in Table

Ké by data in Table 2.

Figures in the last column of the table

|

show what place the corresponding band occupies in visual evaluatlon of informational

gquality.
_ ) Table 3
: : i - ¢
! P SR s » : ﬁ
. krlterlafﬂ Sk MbQ) * . v M2y
p— T H M) oM Kyt h, M) o2 i) K= %) ':
| /bands] o2 (Mi) - oot (M)
. - 1
i E
(0,45-0,55) 1,82 0,0004 0,0005 0,8‘0' 1,87, 0,0021 0,0030. 0,70 ' 5,
(0,48-0,59) .1,58 0,0004 00,0013 0,31 1,75 0,0007 00,0015 0,47~ 4.
(0,54-0,65) 1,53 0,0006 0,0019 0,31 1,74 0,0083 0,0067 0,48, & |
. (0,88-0,69) 1,45 0,0008 00,0029 .0,21 1,59 0,0022 0,0058 0,38, |1' !
" (0,68=0 76) 1,47 90,0006 0,0022 0, 27 1,72 90,0005 .0,0011 - 0,45 2

: Anglysis of Table 3 leads to certein conclusions.

First of all, let us note

the agreement of results obtained by the two methods — by caleculation of entropy and

by comparing probability characteristics.

!
1
|

|

However.,, we must note that the reliability

of evaluation by criterion H is higher than by criterion K, as the accuracy of

calculgting criterion X depends not only on errors of measurement of optic densities.

(this source of errors also affects the accurany;éf determining H), but also in

large measure on values of characteristics M (in) and'cz(Mi). With low values of

these characteristics, large.relative errors in determining criterion K can lead to

an errcneous conclusion on the informative value of bands.

! Agreement between gquantitative evaluation of the comparative -informative value

and visual evaluation can be censidered a certain verification of the correctness

of evaluation by criteria H and K.

agreement mandatory.

these evaluations can be direetly contradictory.

However, there'is no basis for considering such
What is more, it can be expected that in a number of cases

The question of possible reasons

for this and of the mechanism and psychophysiological criteria of visual evaluation

of informational quality by -itself is of great interest and requires special study.

‘The-distribution of bands by informative -degree was in this case the same-both -

by criteria taking into account corrections for reducing contrast to one coefficient

and for uneven illumination in the focsl plan and by criteria caleulsted without
!

taking these corrections into account.

Without making hasty conclusions on the

} - . . .
Pasis of analyzing a limited amount of material, we can note only that distortion
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of optic densities, for the above indiecated weasons, evidently, has no significant
effect on eyaluation of informational gquality. Iniour case this can be in part due
to the fact that contrast coefficients of different films and the laws of distribu-

tion of illumination in focal planes of different cameras are accordingly similar.

A direct result of analysis of Taeble 3 is the conclusion that for recognition
of basic natural conditions of the typical landscape of the chernozem zone, the
most informative spectral interval of those considered is 0,58-0.69 micron, and
the least informative — 0.45-0.55 micron. Quantitative criteria for evaluating in-
formational gquality can be used to select the best conditions for surveying and for
photographic analysis of negatives. For example, we can define éntropy ags a func-
tion of the coefficient of contrast ¥ and we can search for the best coefficient of

contrast under the condition H{y) = min.

As already indicated above, as a result of the airplane experiment we can ex-
pect a large amount of multiband survey data. In connection with this, the above
listed methods of determining the informational wvalue of épectral bands by multi-

band photos can be useful.
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Figure 1. Aerial photograph obtained in 0.58-0.69 micron band
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WATER PROBLEMS AND PROSPECTS FOR THEIR SOLUTION
H USING AERIiL.SURVEY DATA

' G. L. Kalinin

Prospects fc;r the development of hydrology in connection with man's entry imto
extraterrestrial space are determined by the level of development of this science,
}ts ability to pose and solve new problems and most effectively use current and
foreseeable possibilities of a new system of -studying nature. " At the present time
%he most important problem of hydrology is-development of new remote methods for
§thdying the dynamics of surface, soil and underground water in various phase states.

4
H

!
ment of remote methods of study. TIn particular, these include:

| A number of branches of hydrologiczl science are interested in the develop-

T e - e B

i
: 1) calculation and prediction of the formation of run-—off;

2) .poliution of water supplies;

3) thermics of reservoirs and the ice cover;

, 4) dynamics of the snow cover and glaciers;

5) moisture reserves of the atmosphere and soilyg -

——— .

6) levels of underground water, exit of underground water into lakes,
seas and oceans;
i T} erosion of the soil and shores, structure of modern and ancient river

\ networks, ete.

At the present +ime there are possibilities for creating new ,.more eccu-
rate ‘systems of ‘predicting hydrological processes, based both on the logic of de-

velopment of hydrology and on new methods of obtaining information.

fosm pmmome—oo

| The basiec pesitions of this work can be reduced to the following:

i

' 1, Although the objects of study of land hydrclogy are proceéses of the

ltormation of water on the Farth's surface, the main source of information has been

[270]

/211



only point observations of hydrometeorclogical stations, which because of limited
coverage of the territory cannot give a complete picture of the dynamics of these
processes. Indirect observabions of the dynamics of hydrological processes in the
territory in various scales can significantly improve study of these processes and

the accuracy of their calculations.

2. The generally accepted theory of the formagbtion of run-off in combination
with certain empirical dabta makes it possible to use observabtions fo obtain con-
version functions from point hydrometeorological observations to run-off. The so-
called genetic formula of run—off has such a general character that in theory (with
certain modifications) it can also be used for new information obtained from photo-
graphs, This permits wide use of already known equipment to solve a broad range of

hydrological problems with the inelusion of qualitatively new information.

3. The, connection of areas of inundstion (basin surface, ravine-gully and
river networks) and the extent of the network of temporary water courses with
hydravlic characteristics of these elements of the ‘landscape, as well as their run-—
off, 1s close to functional. Although the structure of these connections is still
not completely known, by using eﬁtensive experience of solving inverse' problems, it ..

can theoretically be established on the basis of analysis of cobservation data.

4, The varying sizes of the mentioned characteristics of water-catchment area
filling, as well as ravine-gully and river networks, make it-possible to use cerbain
initial material of observations in calculations, depending on the resolving power
of the camera. This gives great flexibility to the possibilities of using photos
under the condition that z system of making predictions and calculaticns will be
created, using as much as necessary some or other various-scale images of the

Earth's surface.

5. Run-off from the surface of a basin {in the final analysis) is the differ-
ence between precipitation and run-off losses, These elements, in particular run-
off losses, for a number of well-known reasons are determined extremely roughly,
legding to large errors in predictions and calculations. At the same time, pictured’
areas of the surface of a basin covered with water can be represented as the result
of transformation of the indicated differences between precipitation and run-off,
This creates prerequisites for avoiding such crude characteristics in predictions

and calculations and using as initial daba more direct run-cff factors. In par-
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(Eatellites at various altitudes.
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ticular, we must point out such a unique characteristic as the flooded area of the

1 :

basin surface, Deing simultaneously an index of the nourishment of surface and un-

aqrground water. ) '

6. The above creates a theoretical possibility for.reorganizing the current ‘
system of predictions and calculations to. another logically related sjstem, but us-
] .
ing new information.

T. The great importance of the new possibilities of prediction‘will stimulate

the development of new experimental studies of the surface of basins, the structure

I S

of the water-conducting network and the compiex—of_hydrological procesges in their
origins. Called on to play the basic zEﬁe here are experimental test grounds,
which must also specify ground observations, cbservations from stationary -towers

(photographs, radicactivity of the Earth, etc.), observations from airplanes and

R

1. Methodological basis for the. prediction of ‘run-off in aerogpace

—— = S ——

-7~ photos of flooded areas of thé bagin surface. and river network = e
, - - { - Cl ) -

[
The easiest to determine by remote data are characteristies -of processes

occurring on the surface of a basin, (in particular, areas occupied by .a water sur-

face).

On .the other hand, there is a close to an eguivalent connection between areas !
of inundation and subsequent run-off through the enclosing range of a river: E
, Thus, the problem of predictions and calcilations of run-off by remote methods

consists of:

1

'a)iestabliéhing direct dependences between areas- of the discussed elements of

the basin covered with water and characteristics of run-off;

i | —
| b) establishing typical dimensions of areas covered by water under certain.

hydrological conditions;

¢) .determining (in accordance with the resolving power of the camera) the ac-

|

[l
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methods at the pregent time and in the future.

1

|
curacy of measurement of these areas or their integral characteristics by remote I
!

The flrst two problems as a whole belong %o the area of hydrologlgal resegrch. E

In the latter, the role of hydrdlogy amounts to establishing requirements For remoteE

studies to solve hydrological problems Wlth_the Necessary .accuracy.

X As -yilil be shown below, the vériety of processes of run—-off formation and the

strict seguence of its‘dev§lgpment in time creabte extremely favoradlé prerequisites

for the broad use of remobe methods.

: In fact, in the first phase of run-off formation after the water reaches the-
basin awface, low-lying and poorly filtered parts of the basin are filled immedi-
ately. That is, a network of flowing and non-flowing microlakes is formed on the
surface of the basin, The distribution curve of areas (F) of drained and undrained
microlakes is a function, little subject to change in time, of the water reserves of

a basin or slope ﬁpn—off. The total area covered by wabter cam be represented as

i Fop = f@) or F . =19 (q )

ot

.

Sizes and areas of individusl microlskes depend on permanent physical/geographic

el S

conditions (primarily gradient) and time-variable conditions of run—off formation.

The smaller the sizes of microlakes, the more of them there are. The range of flue-
¥

tuations in sizes of microlakes is'very great: from fractions of square meters to
Pundreds of square meters and even several square kilometers. With heavy flooding

the sizes of miecrolakes increase.

; Areas of coverage of the basin with microlakes, measured remotely, can char--
acterize:
t

: a) the total basin area of microlakes, the sizes of which exceed resolying

power of the cameraﬂ
1

b) changes in reflective capacity due to changes in the total area of the

¥
1

water surface of the microlakes.,

{
t Development of a.method of solving these problems requires the combingtion of

kround and remote observations.

slope*"’ ) - . |

2
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One of the basic complexities of 'determining temporal change in areas of a
basin covered with water is the brevity of the process, which is often measured in

hours or days, reguiring correspondingly frequent measurements.

With measurements of nabtural resources from satellites at a rate of about twice
5 month, it is not possible to trace the dynamics of the water coverage of catchment

areas.

1

i
|

Data of these satellites can be used to estimate the dynamics of soil moisture,
%hich_changes much more slowly. Solution of many hydrological problems requires
the rate of taking measurements from a satellite in individual pheses of the hydro-
logical regime be the same as from a meteorological satellite, and in some cases

gregter, |

The second phase of run-off formation consists of the arrival of water in

;évines and dry valleys.

‘ During flood time, gquite ;significant water courses are formed in dry valleys,
as the-drainage system of.dry valleys usually covers 5-10 -km? with very broken-re———;
lief and up to 20-25 km? in poorly broken relief. The process of run-off formation

here takes longer then from slopes.

We must note that transition from one phase of run-off to the next takes a
short time.

. The next phase is sequential formation of run-off of Tirst,. second and higher
grder rivers.

Depending on the resolving power of remote measurements; initial elements for
which the area of the river surface is determined must be rivers of several orders
and, therefore, different (in inde¥es and sizes) characteristics of surface run-off.

The filling of the ravine-gully and river channel network is characterized by the

area of channel and water meadow inundation.

Tt must be kept in mind that decoded space photos are already being successfully

1

hsed to obtain morphometric characteristics and evaluate river conditions. Standard

i
identification of space.photos for a number of regions shows that in practice they
I .
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reflect the entire river and lake network. The broad scan of the photog makes it
iossible to study the structure of the network as a whole.

H

$

Even small permanent rivers (less than 10 ¥m) are seen in these pictures, the

chammel is clearly reflected ip all details. Temporary water courses are reliably

recognized in space photos looking like light-gray .elongated, sometimes winding

B T O T—

bands. In significantly more detail than on large-scale maps, it is possible to
distinguish boundaries of flood meadows along rivers, marked by a general darkened
tone, Therefore (especially in the case of catastrophic flooding characterized by

large overflows), the use of space and airplane surveying can help make quite -

- -———

highly accurate predictions. |

' 2. ' Determination and prediction of surface run-off by the

' area -of a basin covered with water

| Between the surface influx of water into the river network (q) and the volume
of water (W) on the surface of the basin, there is a close to functional connection:
|

qf=-fGWl370n the other hand, between the ares: of water coverage on the basin-surface-;

 and W +there is also a close to functional connection:
; :

[¥=g(o) |

Thence
[a=¢ (o).
Thns, to determine the influx of surface water into a river network it is
necessary to solve two problems: determine the portion of basin area covered by
water and find the form of commnection between this value and the influx of wabter

into the river network.

The first part of the problem is solved by aerospace methods or direct deter-
iination of the area covered by water or by the average reflective capacity. of the
basin surface. The latter case involves preliminary establishment of connectfoms=—
between these changes and coverage of the basin area with water.

]

D b

Extremely promising for fubure studies could be determination and prediction

Ff surface run-off by areas of different degrees of soil moisture, At the present
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time, methods have already been developed to determine water reserves in the upper

"
[

layers of the soil using gamma-surveying by airplanes.

Estimation of soil moisture can also be made by satellite images in the wisible
range; in studying regional moisture fields, even compararatively low spatial reso-
lutions provided by a 1 km scanning element of television images is 'sufficient. Tt -
has been shown that there is an extremely close correlation between the albedo of

soils with different moisture content and the density of the negative image, making

B e

it possible to determine soil moisture by the intensity of the signal of a televisio

picture.

Encouraging for study of pluvial flooding by satellite data are examples of
up-dating of precipitation contours and .boundaries of soil wetness by color photo- |

|
graphs from "Gemini-k.™

Hew opportunities for determining quantitative characteristics of soil moisture
are reflected in the use of passive radar methods in the centimeter range. Accord-
ing to measurements of microwave.radiation in 3.4 and 8.5 cm wavelengths, there is
a reduction of radio brightness temperature-with increase.in moisture of the ‘groundy
which is linear in character. Recently a number of works have sppesred which attempJ

%0 make a gquantitative determination of moisture content by solving inverse prob-

lems of finding physical parameters of the soil by its heat radiation field,

0f greatest interest for purposes of hydrological prediction could be evaluatioq
of the distribution of water in soil by depth according to measurements of radio /
‘brightness temperatures in 0.81, 2i2, 6.0 and 21.4 cm wavelengths. ;
1
The second part of the problem can he solve& in two ways and their combinationsj

the first of them consists of theoretical/experimental justification of forms of
connection ¢ = ¢{w), the second rests on solution of an inverse problem — by obser-

vations of w and q is established w(q).

T Y

. The second problem of caleulating (predicting)} run-off amounts to calculdtinig™"

run—-off by genetic formula:

; ’ '_Qjﬂ--;f : ‘f(r)hﬂf—r)d&, ?
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. t=rmax t - )
Q=g f f(r)ca dt+ b f f(f},a) 2dfo t
. 0 0 -

or

Usually the most common are the following formulase for calculating cuxves of run-~in:

.
J 1 1 n=l =

Flr)m —— - (— v
:-.(r) f(n—-l)! '\f’) I.J;"-#
2
"f(f)ﬂalsinf—r +:b]'sin__.ﬂ: .
Fmax rmax

3. Determination-and prediction of surface run-off by

the extent of the channel netwoerk

Extremely interesting and theoretically important and new indexes, suitable

for remote identification, could be data on the length and number of temporary water -

courses during the flocd-formation period. Study of the dynamics of the temporary

river network is an interesting independent problem.

The general extent of temporary water courses X1, formed on the surface.of a
bagin, is a function of influx q; this gummary characteristic can also be used for
predicting run-off from a basin, The primary uwse of this characteristic is connec-
ted with the fact that linear objects are identified more readily and accurately
on photographs of any scale, At the present time, however, there are no known
studies to find the structure of ‘the connection between the influx of water and the

length of the temporary river network.

But we ultimately get as input function ZL(%)}, and as output function of the

run-off in the enclosing range @{t).

Such a problem as predieting run-off is reduced to determination of;

. e .
Q)= [ @@ 1) (t=r) flr)dr,
0 - e - -
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! The use of changes not only in temporary water courses, but also in the picture§
of the river network (its extent) to evaluate discharge is extremely promising, for i
as wabter-carrying capacity increasés, the extent of pictured sections of the river §
network (other conditions being equal) should also -increase significantly. There- %
fore, indication properties of the river network cén be useful for estimating”ﬁater
?ontent. In particular, we must nobe that even afﬁer the passage of floods, maximum

overflows and.corresponding run-off can be' established by the darkening of river

valléys.
L, InitialAdaﬂé‘for pfacfical usé;d§ ;ﬁéégéféarzéthods_ ‘
of prediction and calculatioﬁ
Initial data can be divided into three goups: ground, asirplane and space. .

i
; Ground data includes observabtiodn of iﬁﬁ?éff“in enclosed ranges, water levels,

H

?opographical data characterizing areas of:water surface in channels and on the

basin surface, as well as local relief, soil, vegetation cover, curves of the con-

neetion between channel areas and levels, soil moisture, etc. Some of these ThaTac—§

teristics can-be obtained from low-flying airplanes and-also photographgifrom ob-

! -
servation towers.

These data can be used for several purposes, namely:

4
t

1) .development of a method of prediction and ecalculation in certain basins and

run—-off stations and establishment of the effect of the accuracy of.measured elements
on prediction error.

' 2) finding dependences necessary in-using remote ‘measurements, for example, -
establishment of the kind of connection between the area of large accumulations of
water on the basin surface and the total area of water coverage in the basin‘under

i

various physico-geographic conditions,

1 - N

|

i .
on the connection between measured-punioff factors and amounts of run—off for de-

3) determinafion of the effect of physico-geographic characteristics of basins

#isipg a method of conversion from studied basins to unstudiedﬂ

- = - - - - _— EC ST S By P S FS e SEE . e =
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L) use of these data to identify photographs from spacecraft and high-altitude
airplanes,

5) -compiling several kinds of predictions, especially of catastrophic floods

(particularly of-villages).

Resolving power of aerial cameras varies in an extremely wide range from 50 %o
12,500 m. The scale of the survey (m), as is known, is determined primarily by
altitude (H) and focal “iéﬁéthl of the survey camera f. If we do not take into

account the angle of inclination of the survey .or the curvature of the Earth,-theﬁ
by

—_— f

H-

i
m

For the purposes under consideration, most Important will be craft with low
orbits or in part medium orbits, which can provide highly accurate observations for .

the above named small objects.

The resolving power of the multispectral scamming system (MSS) and the RBV "
television system of the ERTS-1 satellite with 6000 scanning lines appracoches that

obtained by manned spacecraft from lower albtitudes. S

One of the most complicated problems in obtaining relisble aerospace photos at.
any btime is exelusion of the effect of clouds and vegetabtion., Extremely promising~
for excluding the effect of clouds are research studies of measurements in the
radio range {centimeter). In tests in the radio range, either the Earth's surface
must be radiated by radio waves from a generator mounted in the system or the
intrinsic radiation of the Earth and atmosphere must be recorded (passive system).
And in some cases, to exclude the effeect of eclouds, in perticular in the case of
catagtrophic floods, it can bhe advisable to use low-flying airplanes and helicopters
as well as satellites. In general,let us note the extremely greab promise of using !
these airplanes to develop a method of predictions. We must also note that actual
resolution will also depend on the brightness of landscape elements and the trans-
mission function of the atmcsphere. For distinct landscape elements, and what is
especially important for hydrology. linear objects (rivers,lakes), it can bBe
much higher.

As noted by B. V. Vinogradov and A. A. Grigor'yev, photos made by a long-focus /21T

camera in Gemini-% (scale 1:700,000) showed in detail the entire ravine-gully net-



work appearing on a map of the state of New Mexico (scale 1:200,000). 1In the
Arabian Desert, the dendriform erosion network is eagily distinguished on photos
from this satellite by thin light threads.

Table 1 gives the range of typleal values of hydrological characteristics needed
in remote measurement for the use of the suggested methods of prediction in accord-

ance with physico-geographic characteristics of' the basin and the method of predic-

tion.
Tahle 1
Messured characteristic Range: of typical sizes of object
Portion . of basin area covered with
water 1000-30,000 Xxm?
Areas of wet soil 1000-30,000 m?2
Area of individual microlskes from several square meters to

several gguare kilometers

Width of water surface.of

ravine-gully network 10-30 m
Ares of water surface of river length 10-300 km
system width 50-3000 m
Length. of temporary water courses length 1-3 km

5. Study of the snow cover and predietions of spring flooding

by remote methods

At the present time, along with ground cobservations, aerial photographs and
television pictures from satellites are being effectively used to determine charac-
teristics of the snow cover, height of the snow line in the mountains and the ares

of snow coverage in basins.

As regards area of snow coverage on the basin surface, these data and especially
those of aerial photographs can be used to calculabte a hydrograph of melted run—off.i
In fact, S e e e e '

te rmax .
i ’Qf'“ f q Ft--r s *Prids,
0 — P -
where i is the intensity of the water yield of snow coveri F is the area of the
basin covered with snow, P(T) is the curve of run-inj; n is the coefficient of run-
ORIGINAL PAGH 18
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éff; depending on soil moisture,.depth of freezing (H)- and layer of melted snow (Kt)‘

1 4 . f t. e
j' Xf ="f id‘l’oj

The coefficient of run-off (n) can be determined by empirical data

J= g e HL/

14 »

The intensity of water yield, inserted into the formula,!can be calculated
from ground observations by the heat balance method.or more approximstely by air
tempergbure.

Soil moisture W can be determined by remote measurements in the period of time
preceeding establishment of the snow cover.

{

: The depth of freezing can be obtained by agrometeorological observations.

Thug, there is the possibility of making a prediction of thawing., based on a combi-
F

nation of remote and ground observations.
t

i

_. _At the same time, we.are not excluding the possibility of determining water |

-
reserves In the snow cover, based only on areas of snow coverage of the basin and

%he law of snow melt.

. Extremely interesting are the possibilities of estimsting snow reserves by
means of evaluating ﬁétural gamma radiation. In-fact, soils and rocks contain
hatural radiocactive elements, radiating gemma-quanta (certain elements of uranium,
ﬁhorium, the radicactive isotope of potassium, potassium-%0). The gamma field up
to an altitude of several hundred meters is due to this source of gamma radiation.
Passing through the snow cover, intense'gamma radiation weakens by exponential law,

depending on water reserves in the snow cover.

This method of measuring water reserves in the snow cover, developed originally

f

by Soviet scientists, has received application and some development by foreign

scientists. e

A

{ Based on airplanegemma-gurvey data from altitudes of 25-100 m, it was possible
' ;
with accuracy close to that of ground data, to obtain a field characterizing the

digstribution of water reserves in the snow cover.

[op—
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By known values of waber reserves in the snow cover (x), determined by this
remcte method, long-range predictions can be made of the gpring thaw. In fact, the
total layer of spring run-off (y) is expressed approximately by the equations:

it
Jymx=Polas’ T0),.

or

X

Y= X = PO th
S Po

The physical meaning of parameter PO is that it Is egual to the maximum possible
basin water absorption. TFor regions with deeply-frozen soils, this parameter de-

pends only on soil moisture.

Characteristics of soil moisture can be determined by satellite or airplane

surveys. The calculated dependence is compiled by data of preceeding observations.

As 'the accumulation of water on the surface of g basin and moisturé of the
surface layer of soil to a depth of about 30 ecm cen also have an effsct on reduction'
of gamma radiation., change in the intensity of radiation can alsc be used to esti-
mate moisture reserves in the surface layer of a basin, having .. decisive -impor-

tance in the formation of surface and ground run-off.

6. - Some further problems in studying processes of run~off /219

formation by aerospace photographs

One of the current problems of hydrology is the use of satellite informstion

concerning the surface of the Barth for analyzing hydrological processes.
The basic directions in solving this important problem are;

a) development of a theoretical concept making it possible to analyze processes

of run-off formation by new methods;
b) conduct of a complex of grouwnd and altitude observations of run-off forma-—

tion processes hoth for purposes of pexrfecting the theory and establishing the

parameter of computer models,
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In connection with solving a number of hydrologicsl problems by remote methods,

including fundamental problems of predicting run-off, it -is necessary to improve

remote sensing equipment, on the one hand, by raising its resolving pbwer, and on

the cther — by using new methods of surveying, in ranges different from the visible,

The inclusion of measurement of intrinsic thermal radiation in the centimeter
range by passive -and active -radar methods for -estimating ‘water resocurces of hydro-
iogical objects promises important progress in hydrology due to obtaining new quan-~

titative informationt

The creation of corresponding equipment and development of methods for quanti-
tative evaluation of the water resources of the snow cover, atmosphere, soil and
closed reservoirs by radiation in the centimeter range of the spectrum is now an
extremely urgent and not complicatéd problem, solution of which will open wide

bpportunities for using remote methods in hydrology.

In addition, measurement in the centimeter range, even with existing low-reso=-

lutions, can be of great help in interpreting photographs in the visible range, as

i
additfonal information not subject to the effect of clouds. - ===

f Provlems in studying the conditiom of reservoirs, evaluation.of their pollu-
tion and biological productiviiy, as well ags change in a number of hydrological
processes, for ex%mple; snow melt, can be solved by multiband surveying on the
basis of regularities in the spectral albedo of water and.snow covers under various
conditions;

t ¢) -establishment of requirements to create optimum (from an economical and.

hydrological point of view) system of ground and altitude observations.

It seems that the time has come to create in interesting (in -a hydrological
sense) test grounds used for space research special hydrological: stations with a

?ignificant program of experimental research.

=

Grownd observations, besides their special probléms, can be necessary for
standard identification of remote cobservations conducted in test grounds from

%atellites and airplanes.

Jp—— e e - - - . — - - . - e o= EE LY SRFEY S )
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A number of formuiated problems of hydrological prediction can be solved only
by high-resolution photos, which would inevitably entail a large flow of informa-
tion., Therefore, solution of these problems must be based on standard methodologi-
cgl developments for typical uniform underlying surfaces in selected sections with
the inclusion of Images of both low and high resolution. Here space .surveys of low
resolution should be used to detect uniform physico-geographical sections where

identificagtion signs ohtained in selected standard sections will be distribubed.

The optimum system of test reference sections for high-resclution aerial
photography and space surveys, the same as determination of differential {for dif-
ferent hydrological problems) demands for resolution power of the equipment, will be

determined by the result of a comprehensive subsatellite experiment.

A no less important technical problem could be development of methods for com-

puter analysis of images and analogous methods for the purpose of recognition, dis- |

+

crimination, generalization and classification of hydrological objects and phenomena%
so important for hydrological processes. The use of automatic image analysis
methods for hydrology Is especially important as of all kinds of natural résocurces,

water resources are the most variable element. - - =

Analysis of the effects of different factors should serve as the basis for
establishing accuracy requirements for the identification of elements, accuracy in
establishing transfer functions of the atmosphere and development of new methods of

studying the Earth's surface In relation to the discussed problems.

In conclusion, we must point out that the varisty of procesgses in run-off for-
mztion, the definite sequence of their development In time with various-scale
phenomens,, create prefgquisites for the development of a system of predicting run-
off, based on phenomens varying in scale in time and space, occurring on the surface.
of the Earth and creates favorable conditions for subsequent (as accuracy of identi-i
fication develops) use of remote sensing methods to study the formation of water

conditions on land and predict run-off.
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POSSIBILITIES OF USING AFROSPACE PHOTOGRAPHS IN THE GEOGRAPHIC STUDY /221
OF THE STRUCTURE AND DYNAMTCS OF LAWD USE

A. V. Antipova

Aerospace data delivered into the hands of geographers today gives them the
opportunity of pubtting many kinds of research on a theoretically new base. In full
measure this also applies to such a direction as comprehensive geographic study of

the structure and dynamics of land use,

This direction is being most successfully developed in England, the United

States and Canada. TIn their numerous works, scientists of thé;e countries especially
emphasize that the structure of land use is one of the most important factors affect-
ing the general condition of the enviromment. And, therefore, study of the structure
and dynamics of land use, development of the most rationazl general land utiliz'e_g:bion
plans and control of the practical implementation of the latter are considered by .
them as one of the most effective methods of controlling the enviromment at the
regional level.* The use of aerospace ma_:t_:éi‘.‘ials to study the extremely dynamic sys-
tem of land use in all the above noted aspects will ensure -a high quality of.re-

search, giving it the necessary spatial accuracy and comparability -in time,

From the point of view of general theoretical concepts this direction can be
considered as an important element in the development of 11-, geosystemic (accord-
ing to the definition of Academician I. P. Gerasimov) level monitoring,providing
regional control of the condition of the envirommert. In essence, detection and
mapping of the struchture of land use is the process of determining actual spatial

ratios of different natural and natural-technical geosystems,

The beginnings of the geographic study of land use were laid down in England
by workers under the direction of Profesgor D, Stamp. 1In the late 1940's he pub~

" *The third factor - land use. TUCN Bull, . Vvol. 3, No. 2, 1972,

785



lished a monograph on the lands of Great Britain,¥* in which he discussed the corre-
spondence and noncorrespondence of the modern structure of land use with the natural
possibilities of the latter. - This work still preserves its theoretical value, al-
though the factual material collected from prolonged ground éurveys rapidly became
outdated.

Significant progress in studying the structure of land use was noted in the
1950's and 1960's when aerial photography became.widespread. It became possible, by :
means of comparative identification of data from repeated surveys, to obtain mate- ‘
riegl on the dynamics of land use in an accurately defined period of time. BSuch a
study was conducted in the Hawaiian Islands. It revealed a distinet trend in the
decade 195L4-1965 toward encroachment of urban zones on agricultural lands and de-

termined general scales and regional features of this phenomenon,*¥#

Finally, a new step in studying the structure and dynamics of land use was i fe22
reached, as already indicated, in the 1970's when aerospace data became widely used
in geographic research. The main advantage of these data is the complexity, syn-
chronicity and spatial continuity of.the information, as well as the possibility of
obtaining rapid repeat data characterizing vast areas. These qualities -of inferma-
tion are especially important for analyzing land use.

The first experience of interpreting space photographs for the purpose of com-
piling land use maps gave very interesting results., On the "Map of land use of the
southvestern United States" (scalesl:1,000,000), compiled from photographs obtained
from the Gemini and Apollo spacecraft ,¥*% it was possible to show regional traits
of land use structure in close connection with its natural landscape. Despite the
comparatively small scale, such a map can also be used to estimate the condition of |
thé Sovironment within 1imits of the entire region., Eleven categories of land in-
dicated in the map legend are gquite clearly divided into ,three large groups which
are distinguished by the degree of anthropogenic altewgtion of natural landscapes

1
and which can be qualified as basic types of enviromment — natural, cultivated and

|
i

¥Tand of Britain: its use and misuse., By D, Stamp. 2nd edition. London, 1950i

#%Baker, E. L., and H. W. Dill. Urbanization of agricultural land in Hawaiil.
Journal. Sgil and Water Comserv. Vol. 24, No. 3, 1969. . ’

¥¥¥Thrower, N. <« W.  Land use in southwestern US — from Gemini and Apollo i
imagery, "Ann. Ass. Am. Geogr. Vol. 60, No. 1, March 1970.
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ﬁrbanized.* Analysis of areas ocecupied by each type of enviromment and their

1

spatial ratio gives a general ideg of the quality of.the enviromment with the -cur-
rent structure of land use. Analyzing data’ from repeated surveys, interpreted by }

the seme method, trends can be seen in qualitative -changes .of the enyiromment,

calcdlation of which is necessary in developing monitoring problems.

.
i

Multiband space surveying, providing qualitatively much more waried informa-
tion than simple photography, makes it possible- to create on its base very detailed

ket e —

tand use meps. Such are the first experimental sheets of the US "Atlas of Urban

and .Regional Change."#* A large scale map.(1:62,500) and detailed legend consist-—
ing of 38 categories of land refléct. quite small features of land use structure
within the three large types of environmment which we noted above. Thﬁé analysis of
subsequent surveys will catch comparatively small changes in the land use structure
%hich have, however, important significancé in the development of specific technical
measures in organizing a regional monitoring system.

I .

i The above examples -quite obviously indicate the large and still not completely

realized.possibilities which are.connected with the use of aerospace dsta in the

greavoﬁﬂggographical study of the structure -and -dynamics of ‘land use. Geographers-—

developing this promising direction are.faced with at least two serious problems:

l. ©Study-of the technical possibilities of multiband surveying and development

of methods of its -idemtification in relation to comprehensive -studies of land use;

2. Development of -a general classification of land use (geosystems) reflecting !

its natural and'na:tura.l—teqhnical characteristics in combinations close to those i.

actually existing.
§

| T

i

' ¥Antipova, A. V. ' The place of reereational areas in the general system of

]
'
1
i

#%Atlas of Urban and Regional change, USGS;-NASA, 1970.

land use. In the collection: Voprosy geografii (Questions of geography). Moscow,1973 -
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Table 1 /223

PLAN
OF GENERAL CLASSIFICATION OF LAND UBE

I. Lands practically not gubjected to transformation because of poor economic
utilization
a) untouched. lands @mountains, salt marshes, wasteland, ete. )
b} nature preserves (so-called recreational land)
c) lands used in a natural state
1. hunting lands
2. natural pastures

3. forest-management lands (timber cutting + reforestation)

IT. Lands subjeet to significant transformation -becsuse of intense economical use
1. cultivated meadows and hay fields
2, 7plantations of perennial crops
3. rplowed fields
L, truck farms

5. drrigated lands

ITI., Lands subject to strong transformation because of_yery intense economic use
a) urban lands
1. dindividual structures of the suburban type
2. large housing complexes
3. 1industrial structures
b) aregs with thick transportation network

c) mine pits

On the basis of such classification, keeping in mind the purpose of monitoring,
it is advisable to represent three bgsic types of enviromment, determined by the
degree of transformstion of the natural landscape under the effect of economic

activity (see Table 1).

(A. V. Antipova)
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