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FOREWORD \

\

A
The modern period in hydrology is cheracterized by a cona*_de\;-a.ble

2

S

increase in the use of new techniques and new. methods of reaearch.\'i‘hese

o
2

are primarily associated with an incx:eaee in tke requirements coni‘r&ﬁ{:ing

hydroiogy due to the rapidly expanding national economye \\

\

Among the new methods great importsnce has recently been attached to

o

)

the use of serisl methods (in particular, aerial photography) in hydro=
logical investigationse

The State Hydrological Institute has performed a number of investi-
gations toward clarifying the possibilities for wide use of aerial survey
materials for deseriptive hydrographic works, for determining the descent
of snow cover, and for clarifying certain speclal problems (for example,
obtaining by periodic photographs the characteristics of sea swells,
evaluating the intensity of erosit;n of the banks of large reservoirs,
plotting the previous positions of a riverbed, etCe)e

As result of these studies the Main Administration of Hydrometsoro~
logical Service decided to make wlide use 61‘ existing aerial photographic
materials in hydrographic operationse

Familiarization with the principles of aerial photography in the
wide eircles of hydrologists should expand the aea of its application in
hydrological investigations.

This book i1s intended as a practical aid for engineer hydrologlsts
using aerial photographs in hydrological operations. In addition, special
aerial photographs of water objects mey be made or serial phtographs al-
Teady in existence may be used, which photographs may have been made for
purposes other than hydrological.

In the first place (that is, when the hydrologist is confronted with

the problem of organizing aerial photographic operations) it is necsssary

T P TR TA L T Ly T
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that he be clearly aware of the possibilities presented by aerial photography

in order o put it to proper and full use and glse to be able to turn free-

3F

1
TN

)

ly to the materials of zerisl photography in order to derive from them hy-

&

drological conclusions.

In the secord case (ths use of existing aerisl photographic materials),

the hydrologist must devote special attention to obtaining hydrological

data from aerial thotographs and agy not enter inbo the problems of exe-
cution of photographic operatipns in flight. These circumstances oblige
us to devote a separate part to the principles of aerial photography,
vhich comprises the first part of the book.

This part is not imtended to present sulficient information to permit

the hydrologist to perform independently all the aerial photographic opera-

tions, since he will not be confronted with such problems. At the same
time this part cennot be limited to an expositlion of the most general facts,

gince in this cese it would not be possible to achieve a thorough and tech-

T et v

nieally literate organization of serial photographic oparations.

" The use of aerial photographs for the purpose of synthesieing the

b
2
kA
ks
b

features of hydrological objects calls for quantitative as well as quali-
tative data. For this purpose it is necessary 1o know ths principles of
photogrammetry and stereophotogrammetry, even if the work is performed on
the simplest stereoscopic instruments. In a numbar of cases in using serial
phgtographs for special hydrological problems it may be necessary to use
complex stercoscopic instruments. This must be performed by stereophoto-
grammetric specialists in special lshoratories.

Finally, this part presents general information conecerning problems
discussed in the second and third parts of the book, which parts are de-
voted to problems of special hydrological interprstation, In this way
repeiziti.on is avoided. Thus, this pert contains; general information
concerning the basic features of the interpretation of photographs and
methods of me’asurement from serial photographs. ‘

The second part of the book is devoted principally to g deseription
of the procedures and methods for using aerial photographs to obtain the
dsta required for the characteristics of rivers and lakes,

Procedural elaborations of problems of application of aerial photo-
graphs in hydrologieal ‘investigations as performed at GGI [State Hydrological

-2 -
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Institut_’éj’ “fi:recont years indicate that one of the chief obstacles to the
hydrological dpplication of serial photographs and its utmost development
in the unsatisfactory state of procedure in hydrological interpretation.

Present procedure in hydrographlc jnterpretation is charecterized 28
follows:

1. In most cases the identifying features of hydrological objects
deseribed in the literature are given margirally as limited and incidental
material; they do mot take into consideration the variety of natural con-
ditions determining the nature of the obscuration of one or another element
and, consequently, of the peculiarities of its image on which the accuracy
of its reading and measurement depend.

2, For an entire series of clements of hydrological objects {even of

X

such elements as the width of & river) no evalugtive methods have been

developed and certain methods of interpretation and measurement, especially

AT
e

those based on indirect evidence are performed without sufficient consider-

J"P"i

S

Ay

ation of the hydrological regularities and relationships which might sub-
stantially facilitate and increase the preciseness of the determination of
the dimensions under investigation.

3, The optimmm scales and conditions of photography, whichare the
principel criteria in evsluating the possibility of obtaining the most
valuable informstion from aerial photographs, in the works of different
authors are only & qualitative evaluation based on extremely general and

theoretical judgements and not on objective data concerning the accuracy

of the interpretation and measurements. Hence the recommendations on these
problems encountered in the Jiterature reduce merely to the requirement of
increasing ihe scale of aerial photographs and improving their photographic

quality. The features of the image of one or another element and the

TOPARITY, e AR HE LS DRI LAY

change in character of this elsment according to the nature of the natural
obscuration have not 'been sufficiently investigated.

¥ith such a state prevailing in the methods of hydrographic interprete-
tion it is difficult to judge to what extent the already existing materials
of aerial photography may be used for hydrological purposes. For the same

reason it is difficult to make a clear formulation of the requirements

confronting aerial photography perfgx{:med for special hydrological purﬁoses.

The preparation of a practical if.oxtbooh,on hydrographic interpretation

s g
o i3
T -

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2



s

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

is a complex and, to a considerable degree, a research task the solubion
of which requires aerizl and terrestial survey work of an experimental
nature, the presentation of ’an entirs geries of theoretical and lzboratory
investigations both on problems of measursment interpretation and in the
field of hydrology, and as wll as the extensive introduction of existing
aerial photographic materials with their terrestisl foundation. It is ap-
parent that such a task requirés speclal facilities and a period of tims
on the order of several years.

Considering the u';‘gen’t. need for a practical handbook on hydrographic
,interpretation of asrial photographs, 1t may be prapared only on the basis
of a minimum program utilizing existing developments in interpretstion
procedures and the presentation of special treatments of the principal re-
lated problems of hydrographic interpretation of bulk materials of aerial
p'vhc'bography.

All this material has been subjected to a criticel processing and
checking by repeated interpretation performed by different persons experi-
enced in field studies. Particular attention has beeh devoted 4o the
characteristics which rmst be obtained in hydrographic works performed
within the system of the GUGMS ﬁiain Adminisiration of Hydrometerorological
Servic}_iz . Among the subjects receiving special treatment zre the investie
gation of the €ffect of a secondery medium on the eccuracy of the inter-
pretation of depthsies performed by A. A. Pugin end A. M. Solodovnikova,
the further development of the method of indirect calculstion of river depths
as performed by I. I. Yekunin, a study of the accuracy of determining the
overhang of river banks over the surface of water as performed by S, I.

Pin'kovskiy. The book includes only the basic conclusions concerning the

practical application of these developments.

The third part of the book is devoted to interpretation of serial
photographs of swamps.

" Hatters pertaining to the hydrographic interpretation of Swamps were
discussed in a seperate section for a number of ressons. The use of aerial
photographs of swamps has already found wide and varied application. The
interpretation of aerial photographs of swamps is performed not only for
topographical purposes bub also for limited, special purposes: (for example,
for t?ze survey of peat deposits, revealing swamps of agricultural importance, etc.).

b~
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For each of these ;iurposes the procedure for interpreting these photographs

has its special and extensive literature.

T s b SR

The typological interpretation of swamps as developed by Soviet swamp
specialists in recent yoars has been formulated by K. Te. Ivenov and Ye. Ao
Romsnove They have developed a procedure for interpretation of the sur-
face and subsurface filtration waters of streams in swamps which permits
greater expansion of the field of application of aerisl photographs in hy-
drographic invsstigations and descriptions of swemps.

Interpretation of swamps is discussed in a separate division due to
conaiderationp of the greater convenience for the use of the information
on interpretetion of swamps by swamp interpretation specisalists.

In sll cases of study of aerial photographs stereoscopic examination
is recommended. In addition there is a detailed exposition of the procedure
for wisual or seml-instrumental study of aerial photographs used as an
emergency measure in the absence of the proper equipment under field con-
dstions or in using aerial photographs which are not suiteble for stereoscopic

examinetion (photomaps, photographic diagrams, photographs with inadequate

overlap).

The book employs aerial photographs as illustrations. In using them

the principal material consisted of photographs from GGI, serogeodetic i
enterprises, the Lenaviasotryad Trust for forest aviation, etc. ;
4 Ground photography of swamps and the surface hydrographic system in
swamps wes performed by Ye. A. Romanov 1n systematic hydrographic studies
of swamps by the use of aerial photographic materials. . R

In the body of the text references are made to the appended illustrations.

In some cases, in order not to inerease the size of the book, the same photo-
graph serves for illustration of different elements. The aerial photographs
in the appendix are provided with descriptions containing an explanstion
of the interpretation of the element illustrated by the given photograph.

The proposed book may be used for hydrographic interpretation of photo-

v, v monr e e o ettt e S

graphs both of aerial photographs of limited area (usually small-scale) and

I R

J

of special large-scale photographs made under varlous natural conditions.
It did not seem possible to discuse in this book 21l the details of the
features of various terrains under the conditions of difficulty of assembly

and analysis of materisls within a short period of time. For sxample; it

. -5 -
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was not possible to give 11lustrations for the interpretation of the

phenomena of permafrost, cartain desert characteristics, features of local
constructions of hydrotechnicel installations, etc. FHowever, by using the
basic instructions for the procedure of interpretation given in the present
book, a hydrologlist well acquainted with local conditions, without any
particular difficulty may add to the handbook new specimen photographs
and additional features of interpretation.

The first part of the book, "Basic Information On Aerial Photogrsphy
and Procedures For Interpretation of Aerial Photographs," was prepared by
D, M. Kudritskiy, Candidate in Technical Sclences.

The second part, "Hydrographic Interpretation of Aerial Photographs
of Rivers and Lakes," was prepared by I. V. Popov, Candidate in Ceographical
Sciences.

The third part, "Hydrographic Interpretation of Swamps from Aerial
Photographs," was prepared by Ye. A. Romanov, Junior Scientific Associlate.

Preparation of additional remarks on ldentifying features and test
interpretation was performed chiefly by V. S. Gershber_g, Junior Scientific
Assecclate, and on Chepter 8, "Interpretation of Hydrotechnical Installatjions,"
by S. Y. Pin'kovskiy, Junior Scientific Associate.
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PART ONE

BASTC INFORMATION ON AERTAT, PHOTOGRAPHY AND METHODS OF INTERPRETATIOHN OF AERIAL

FHOTOCRAPHS

CHAFTER X
AERTAL PROTIGRAFHY

Section 1 - General Information

Aerial photography is the pracess of photographing the carth's surface
from an sirecraft or other flying device for the purpose of obtaining qual-
itative and quantitative characteristics of this surface from aerial photo-
graphs,

Aerial photography as a method of investigation of the esrth's surface

is used in the most varled fields of science end engineering: in topography,
geology, the lumber industry, in transport surveys, for the purpose of ground
constructions, in hydrsulic investigations, etc. The aerial photography
finds widest applicaticn in topography; here it hss become the principal method
for compiling topographic charts not only on small scales but also large
scales,

The materials of aerial photography may be used:

{a) for obtaining the qualitative characteristiecs of the photographed
surface as a whole and of individual objects located on it

(b) for purposes;of measurement; that is, in obtzining quantitstive
characteristics of the photographed locality and of individual objects and
expressing them in the form of planes, profiles, and rumerical values,
Section 2, Geometrical Foundations of Aeriel Fhotography and General Concepts for

The Solution of Photogrammetric Problems

In the photographic process the light rays reflected by different points
of the object are collected by the lens of the camr# and create 2n image on
the light=sensitive laysr of ‘the plate or film. The optical qualities of
lenses in modern serial ccmeras permit obtaining sufficiently detziled central

projections of the terrain. The latter possesses metric properties 3 that is,

1
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it permits neasurement and by various transformations may be converted into
a vertical (orthogonal) projection of the photographed locality (Figure 1},
Reproduction of the shape znd dimensions of the cbject from its images
on negative or positive prints for the purpose of obtaining a skelch or s steric
imege of the object or of the model is a subsequent task to be solved by photo=
grammatrye
The image of the horizontal portion of a flab terrain obtained with the
optical axls of the agrisl cemera in the vertical position is represented as
a contour sketch of this locality sultadble fox: neasuranents.
The scsle of this plone is expressed by the relation

1=gab=ac*Dbe= i
% A8 A % -w°

where 1 is the donominater of the nunericsl scale of the photograph, fi is
the focal length of the camera, H is the height at which the photograph is
made, ab, acs bc.are line segments on the photograph, and AB, AC, BC are their
corresponding distances on the photographed terraine

Fhotographic images of the relief of a terrain are distorted; the greater

the distortions, the greater the relstive deviation of puints in the terrain

(Figure 2). Hemce the scale of the image does mot rormain constant even if

the photograph is obtained with the optical sxis of the camera in the vertical
position; it vories from point to point, remaining identical only for points
of the same elevation, that is, for points Jocated on the same contour,

Distortion of the scale occurs even more sharply in photographs obtained
with a tilted position cf the cptical axis of the camers {see Section I)e

Thus, there exist two ceuses for the difference of an aerial phcto-
graph (as a centrsl projection) from a plane (an orthogonal projection): (a)
the relief of the terrain, and (b) the non~horizoniality of the photograph
itself, In order io eliminale these defects and te use the.metrical properties
of photographs fon the purpose of obtaining the quantitetive charzcteristics
of & locality and to express them in the form of a plane in contour lines
and profiles, photogrezmetry has at its disposal procedures and apparatus
worked out in gréat detail.

Ta order to eliminate tha lack of horizontality of the photogrsph, the
bunches of light rays cousing the image on the light-sensitive layer of the

plate are reproduced by m2:ns of an appropriate projector. By placing the

157 =
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screen of the prejector in the proper position, it is possible to convert |

(trsnsform) the imsge on the negative and thereby to eliminate the effect -
of tilt of the optical szis of the camers and to obtain it on the desired -
scale, However, in such transformaticn the reproduced imsge retains the
inherent errors of relief, ”‘"
Eliminstion of the errors due to relisf is achieved either by transforming
the photograph in parts corresponding to different elevations or by reproducing
a three-dimensional model of the locality.
In ‘the latter case it is necessary to have tweo overlapping photographs —
o;:!' this locality obtained from different points in space ~- the ends of 2
certain t}ase. In aerisl rhotography this base is a section of the path
traveled by the aircraft during the interval of time between tuwo exposurles.
. In order to obtain 2 distortion - free modcl it is necessary: (1) by
using appropriate projectors, to restore the vunches of light rsys causing
the image on the 1i-ht-sensitive layer: and (2) tc orient the restored rays
in space, -

For solution of the first probvlem it is necessary to krow the vslues
determining the position of the center of the projection relative to the photow
graph; or the elements of interior orientation of the photegrephs; for solution
of the second problem it is necessary to know the position of each photegraph
at the moment it was exposed, or the elements of extericr oriectation.

The elements of interior orientztion include the foesl lemgth, fyk, and ]
the position of the principsl point, 0, of the photogrsph -~ the tase of the -
perpendicular from the center ef the projection to the plane of the photograph.
The position of the principal peint is determined by the coordinates xg and yo L
within the coordinate system of the photograeph (Figu.;e 3a).

The elements of exterior orientstion (Figure 3b) inclvde: X, T, and Z5 ~-
cocrdinates of the center of the projection; ¢, == the directional angle of
the optical axis; -~ the angle of deflection of the opticsl axis from the
verticsl; and x — the angle of rotation of the photograph sbout the optieal
axis.

In photogrammetric processing of aerial photographs the angulsr elements
of exterior orientsiion are the longij;udinal and transverse angles of tilt

&5 wall as the angle of rotation of the photcgraph about the opiical axis,
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Thus, each photograph has six elements of exterior orientation. In order
to obtain a spatial model of the terrain from two overlapping photographs
3t is necessary end sufficient that within the zone uf oxferlap of these photo=
grephs 2t six previously chosen identiczl points the light besms formed within
them, known as the congruent reys, intersect.

The process of placing photegraphs in that position at which they were
rade and st which only may therc be achieved intersection of congruent rays
is known as relstive orientation of photographs.

The model obteined by relative orientetion of the vhotographs may be
reduced to a given scale and oriented in space. For this purpose it is nocessary
that on tne modcls there be identified not less than threo points having geodetic
coordinater (X,¥, snd H) not lying in a straight line. Ry chenging the scale
of the model (varying the distonce tetuween projectors and their height), by
rotating and tilting the model, the control points may be brought to the
previously given position in the plane snd 2t the proper height. Thereby the
entire model becomes in effect an image of the photographed surface.

A The process of reducing the rodel to the assigned scale and adjusting

it relative to the horizontsl plane is knoun as exterior or sbsolute orientstion

of the model, Thereby the repreduced model is placed in the correct position

in space to obtain the quantitative {mmerical) characteristics of the pﬁoto-

3

graphed surface and to corpile 2 topegrephic map.

To obtain a general idea of the photographed portion of the earth's surface
and a description of 1ts properties we may limit ourselves to the process of
relative orientation of the photogrephs, without obtaining a precise likeness
of the model and tolerating unevoidable distortions.

The above described scheme of optical reproduction of the model of a
photographed surfece is one of the methods of photogrammetric processing of
the moterials of aerial photography. There are other methods of processing

described in the special literature, The final results in all ceses of photo-
grammetric processing of serial photographs is the ordinsry topogrephic map
or the mmericsl characteristics of the elements of the landscspe.

Section 3. Photographic Tgu ioment

The initial material of serial photogrsphy is the aerial negative.

In order to obtain negatives interndéd for purposes of measurement, use
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418 nade of the so~called topographic aerial cameras (Ars).

Any Cameras, including non-professicral cameras, witheut any changes
whatsosver in their construction, may be used to record the qualitative gtate
of an object of investigstion and to fix the precesses occurring in it.

The equipment used for aerial photorraphy may be divided into three
ETOUpSs;3

(1) autematic cameras, festened by one or ancther method to the sireraft

" and remotely controlleds

(2) semi-cutomatic hand cameras;

{3) non-professional cameras.

Automatic cameras; designed to obtein both individual and series photoe
graphs, are complex, fully automatic op‘bicai-mechsnical assenblies, They
may be actuated by current from a storage battery or from the aircraftls own
power system; in most cases the latter method is used,

A modern comers (Figure L) consists of the following basic perts; (a) the
camera proper with s lens, a shutter, and a regulating mechanismj {b) magazines,
vith mechanisms for winding, metering, and flattening the film; (¢) the control
device; (d) the electric motors; {e) the camera mounts.

The camera proper is a regtangular metal housing in the upper part of
which, within the focol plane, there is festened 2 frame with four notched
fiducial marks fixing the position of the prinmcipal point {center) on the
photograph, In the lower psrt of the csmera there is mounted tightly (sometimes
on @ removable cone) a lens with a shutter,

According to the angle of the image end the focal distence, the lenses
25 well as the aerial cameras are divided into three groups:

{1) narrow-angle, long~focus -- with an image sngle of 2/.51;5 derrees
at 8 focsl length i = 200-1200 mm;

(2) normal - with an image angle of 2/%1;5-75 degrees at a focsl length
fic = 150-200 mm;

(3) wide-angle, short-focus, having an image sngle of 2/57,, 75-117 degrees
at & focal length of fx = 150=55 rm.

Designating 4 as the diagonal of the photograph, azerial cameras may also
ve divided into longefocus (4f fj. is greater then d), normel (if fi equals d)
and stort-focus {if fx is smaller than d). i

In the lenses of modern aerial ecameras the relative sperture (ratio of

: ; ) . .
Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2



Declassified in Part - Saniized Copy Approved for Release 2013/05/16 : CIA-RDP1-01043R002000020001-2

e e Pl en T e i i LT

’

the diometer of the imput aperture to the focal length of the objective) is
131&:5-1:6.‘3.

The iens of the AFA pdssesses a high resolving power (the yumber of lines

K
- s e i
i B s e i il s

freely distinguished on a portion of the focal plane with a length of 1)
.In modern lenses it reaches LO lines in the center of the fleld with a drop
toward the edges of the image. 4 psrticularly noticeable drop in the resoliimg
pover toward the edges of the image (down to 7-8 lines) is cbserved in wide-
grngle lenses. The lenses of aerial cameras are focussed at infinity and are
rigidly festened in this position. |

In the complex optical s;}steru which is used in an aerial survey lens two
centers are distinguished, the front and rear nodal points. he distence from
thé rear nodal point to the plane of the photograpn may be equa 4o the principal
foeal length of the lens. This distance, Jmown as the focal length of the
camerz, as vell as the pesition of the principal point en the rhotograph, being
the eleﬁents of interior orie’n\tation of the photograph, must remain constent.

Hany eerial cameras are pr;vided with different recording devices, the
indications of which are photographed on each aerial photograph (Figure 5).

The presence of all this data substantially facilitates eonsideration
of the conditions in which each photograph is obtained.

éamﬁras designed for photogremmetric purposes are provided with between~
the-lens shutters permitting shutter speeds of 1/50-1/300 sec, In comeras
designed to obtain photographs of an illustrative nature, other types of
shutiers are also used, for cxemple, focal-plane shutters which pexnnit higher
shutter speeds.

Release of the shubter, achieved with the 2id of the resulating mechanism
of the camers; cccurs within time sntervals fixed at the control instruments;
the latter is adjusted according to the flight speed end the required over-
lap of photographs.

The Eomplex mechanism of the megazine provides for winding, metering,
and flattening of the £ilm placed within it. The most fregquently used aerisl
cameras are those with phote sizes of 18 » 18, 2 x 2li, and 30 x 30 cm. This
lm is prepered in the form of rolls 30 to 60 m in length and placed on special
spools, this being calculated to produce 150-200 photographs. The stendardized
dimensions of the megazines permid replacing them in flicht.

Thorough flattening of the film at the moment of exposure is 5 netessary

12

L
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condition in using aerial photographs for measuring purposes.
Flattening of the film is achieved by meons of a pressure plote in the
ragazine, which 2t the moment of exposure presses the film agsinst the platens

In addition, air is forced into the camera (in some AFA's sir is evacuated

from the magazine) and the film is pressed against the platen; thereby flattening
the £film over the entirs field of the photograph, Specisl attachments are
provided tc control flattening of the film in the AFA comera.

The operation of all mechanisms of the APA is insured by two clectric
motors mounted in one housing. The first motor drives the camera mechanism
and the second drives the air tube which forces air into the camera.

The command device or panel for control of the entire assembly serves
to connect and disconnect the assembly, to adjust the intervsl between expowsures,
to signal for the winding of the film, and for countisg the number of exposures.
The control device is usu2lly placed in the pilot!s cabin,

‘The camers is installed on a specisl mount provided with shock absorbers
to absorb the vibrations which would otherwise affect the sharpness of image;
it slso serves for leveling of the camera zccording to a spirit-level located
on the top of the magazine. Tne cemera mount is provided with an attaciment
for rotetion of the camera in order to correct for drift of the aircraft with
the wind, ~

During flirht an aerial photogravher sits behind the camers a2nd is in
contact with the pilot by mesns of an intercamﬁéation systen.

' Figure 6 shows the AFA=33/20 zerizl cemera produced in three models in
the Soviet Unior (focsl lengths 20, 50, and 7L om). Technical data for the
éFA—BB/?G are as follows,

Lené, "Wrion" 1-k3; focal length approximstely 200 mm; snguler field
92 degrees; relative aperture 1:6.3 with 2 fixed diapﬁram; a centrsly between-
the-lens shutdér; shutter speed 1/50, 1/100, and 1/200 sec; light £ilterg e
yellow, orangg, and red.

The film is perforateds The photograph size is 30 x 30 oms £ilm width
is 32 cm, length up to 60 m; number of photographs 190-195 with intervals oi‘//
10-15 mmg fletbenirg of the film is achieved by forcing #ir into the comera;
on the photograph there are obtained images of the AFA rumber, focal lengths
frame- counter, apd circular Jevel,

Operation of mechariisms. The asserbly is fully sutomatic, fed a direct

T A s ey mesp s A e S
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current of &6 amperes and a voltage of 2l volts; pumer consuned during opera-
tion, up to 200 watts; control of operation is remote from a control device.

Dimensions and weight of assembly with camera mount, Width 62 cm, length

TR AT
.";,(!2'1 A

81 oy heigm': 57 cm. Flight weight from 58 to T2.5 kg3 weight of enire assemoly

7
,

in packdng (in three boxes) approximately 200 kg.

Nl

2 3
W

Camera operation ¢ o o is not affected by temperatare verdations within

RS
?rz.ll'im

the range from 20 to -20 degrees, Upon connection of the electric hester,

SRl

operation of 211 the nechanisus is insured even to lower temperatures; to =50,

7

~£0 degrees.

s

R

i

Table 1 gives the data for certsin Soviet and foreign automatic cameras

o
ot

o
S

in practical use 4n Soviet acrial photographic operations.

S

14

The cffort to embrace & widey srea in the photograph {that is, to increese
the “productivity” of the comera) has found its sclution in the crestion of

short—focus lenses.

~

Short~focus, wide-angle, aerial lenses insure verticel serial photographs

i

with wide coverage. These lenses heve béen made by Soviet photograrmetrists.
The latest eschiovement in thia fieldr is the R-2b lens {by Ve Se Rodin et als)s

having a focal length of 55 1m with an angulsr field of 2/’. 136 degrees.

e NN

5:7*;
&
3
%
5
g

Tn 1936 V. 1. Semenov developed a completely new type of aerial survey,
achieved by the so-celled slot [shchelevoy/ canera end from which this method

of photographic survey obtained the designation of slot surveye.

g
4
§
i

The principle of surveying with a slot comera consists in the contimous
phoiographing of a strip of tervein on a noving £ilm which is projected by

the lens through a parrow slot in the focsl plane of the camera perpendicular

TR o ot AN 07 PR N AASEL

4o the line of flight (Figure 7). Tous, there is obteined on the film a contimuous
image of the strdp of terrain over which the aireraft has flown, and hence
in contact printing frem this film there may be obtsined a direct phetograph
of the entire flight.

There are relatively few models of hand-held, seri-gutomatic serial
cameras. They sre not widely used epd serve chiefly to obtain single perspective
photogrophs at the choice of the observer, The photogreph is teken by hand
over the side of open aireraft or throurh special hatches or ports on closed
aircraft.

The hand-held AFA=27-T serial cemera {(Pigure 8) weighs 12 kg, Its

characteristics are: 3an 9Tnduster® lens with a foeal length of U0 an, 2

ik
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relative apertire of L5 and image dimensions of 13 x 18 cme

e

Of considerable interest is the design of the HiKe7 X 9 camera (Figure 9)
in which a consideravle decrease in weight and dimensions of the camera is

B achieved due to a decrease in the focal length (12.5 cm)e The definition of

T

the photogrephs and the possibility of 2 substantial increase in shutter speed
during photography is insured by sperture-ratio optics (a relative aperture i
of 1:2). The smsll size of the photographs (7 x 9), peraibting their use for
purposes of j1lustration, may be incressed on a special enlarger by 2,5 times
; (that is, up to dimensions of 18 x 24 cn)e
E lodern hand-held merial cameras are 1oaded with roll film permitting

35 to 50 photographse Winding of the film, and codlcing and releasing of the

shutter are achieved by hand in the ssme mermer as ip the FED camers and its

modelsi In the rest of its design inis camera does not differ from designs

of large automatic serial cemeras (of course, those which are ccnsiderably

Simpliﬁ.ed) .

The msgazines of hend-held aerisl comeras sre tightly fived to the comerae.
Tor flattening of the film =t the roment of exposure it is pressed azainst
2 glass plete located in the focel plane of the camera. The lens is focussed at
infinity and ds firmly fixed in this position.
Various cameras of non-profecsional cuality may be used to record visual
observations. The most convenient of thesec are cameras of the FED type.

Secticn L. Types of Aerisl Photography

hccording to the positionel the opticsl axis of the cemers at the moment
of exposure, horizontel, vertical, and oblique (perspective) photographs are
obtained.
2 horizontsl photogreph is one which corresponds to the perpendiculor
.9 position of the optical axis of the serisl csmers. At the present state of
the techniques of aerisl flight and photographic equipnent, it is not possible

to obtain strictly horizontal photographse

4 vertical photograph is one obtained at a position close to the vertical

position of the opticsl exis (Figure 10-4) on the condition that accidentsl devia-

tions of the p{xotograp‘n from the perpendiculor do not exceed 3 degreess In

. the process of photogranmet'ﬁé‘ processing (trensfomtion)fmertical photographs

may be converted to horizontal photographs.
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Oblique (perspective) photographs are obtained with 2 fixed tilted position

) of the optical axis of the aerial camera (Figure 10-B),

In accordance with this, from the position of the optical exis of the -
aerial comera in flight there :;re determined also the principal varieties of
b eerial surveys: vertical, oblique, and verticol-oblique surveys,

Any of the existing single-lens aerisl cameras, given an appropriately
constructed camera mount and attendance in flight, may serve for the various
types of surveys. .

As was previously mentioned, any of the automstic serial cameras may be

used both for single and serdes photographs, In accordance with this s WE

distinguish single-photo, route, and mosaic aerial surveys.

grapher while in 11ight. Most often it is perfcrmed with hand~held semiw

’ The single-phote aerial survey is based upon individual photographs i
! made according to a2 predesignated plan or at the choice of the serial photo- .’
® f

!

automatic cameras,

(In order to obtzin a clear photograph during hand-held cperation it
is necessary to avoid vibration of the camera and to avoid the undesirable

effectBof the backwash of the sirstream on the camera, A large role is also

played by the ability of the serial photographer to make use of the conditions
of the field of visiony which in certain types of eircraft is extremely limited,
(In the asbsence of a special camera mount vibration mist be absorbed
or changed by bracing of the arms » hence during photography the comera mist
not be in contact with vibrating portions of the aircraft,)
Route aerial survey is a sequentisl photography of a narrow strip of
terrain {for instance; of river valleys) performed with an autc;matic canera
on a straight-line, interrupted, or curved route (Figures 11 and 12}.
Contimiity of the foute in the sx;rvey is insured by a previously aési-g’ned
i inear overlap of comsecutive photographs calculated according to the formmla !
P8 . 100(0.6 + 1) 60%, ~ /
5’; where h is the greatest difference in elevation within the limits of\the photo-
graphed portion, and Ht is the height of photography above the mean level of t

the photographed locality.

: In practice the obteined overlsp of the consecutive aerial photographs

is determined from the fermila

; P =Py 100,
=
BB y i
16 ]
! J
“ |
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where I‘y is the dimension of the photograph in the direction of flight in
centimeters, Py is the overlapped portion of the phctogfaph in that some
direction in centimeters. ‘

The réute survey is widely used in the most variedrforms of investigations
of natural resourdes. It may be used also for cartographic purposes, but under
the condition that the route of observation is in a straight line. In connection
with difficulties arising in the pho*bogrsmetric processing of curved routes, and
also due to the substantial reducticn in the accuracy sn the results in topographo-
geodetic work, interrupted routes are used only as the exception, for exanple,
in surveying a seacoast; curved routes are not acceptable.

The route survey is usually carried out as a vertical survey, but under given

AT
R L

conditions may also be vertical-oblique and oblique for the purpose of increasing

24

RIE

effectiveness of the survey, aircrafte

osaic aerial surveys are used in photogrephing large areas., They are carried

RSN

out in the form of streight, overlapping routes {Fifure 13) oriented in 2 longitu-

{2
A

e e et i
'

dinal direction.

|

The lateral overlspping photorraphs of adjacent routes is celculated according

to the formla
£% = 100 (0.3 % 1_) Z30%.
Hy
In order to determine the actusl overlap use is made of the formula
£ %= Px 100,
I§

where Ibc is the size of itbe photograph across the direction of flight in

:
I
5
3
g
=
g

[PPSR

centimeters and Py is the part of the photograph overlapping in this same

direction in centimeters.

et b s AP b s e B i

A mosaic aerial photo survey performed for the purpose of obtaining a
topographic chart is executed within the limits of a trapezium’oi' the future chart.
This survey is usually executed as 3 mosaic Survey, but 2s with the route survey it
may be a vertical-oblique or oblique; under our conditions the latter forms do
not find wide applicastion.

According to the scale we distinguish: 1large-scale surveys (1.:10,000 and
larger), surveys of medium-scale (1210,000-1:30,000), small-zcale surveys (1:30,000-
1:80,000) .

In topographic-geodetic operations using aerisl photography for the pur-

pose of compiling maps we distinguish survey addies and representative scales.

)
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The latter is the scale of the map for compilation of which the asrial survey

was performed. Between survey and ;-aprpsentative seales there exists 8 rala-

tion considering the conditions ©% the survey, the character of the region of

S

A

operations, md the required accuracy of the imapge of relief; the latter is

insured by an appropriately selected procedure of survey and processing and

S5

also by the proper number of geodetic control marks (Table 2).

The formula for the scale (Section 2) as a function of the height of photo-

graphy H and the foeal length f) may be considered correct only fror veriical

photographs. For oblique photographs the scale formula considers also ihe
angle oftilt of the optical axis from the verpendicular and is considerably

complicated (Section'?), hence the possibility of classification according

R

%o scals for perspective (cblique) photographs is eliminated.,

S

According to the:method of sequential shotogrammctric processing, and

partly also accroding to the method of using the materials of eerial survey,

=0

we distinguish the following types: contour, combined~-contour, and stereo-

%

photogrametric (elevationes{.ereoscopic) SUrveyse

5

¥

= S0

The contour survey is used o o-tain site {contour) plans of a locality
by replacing it with an ordinery vertical photograph along 2 certain route

over a definite area. The tasks of contour aerial survey are sometimes limited

to obtaining photographic plans (fotosikhema) (simple or Aetailed). The latter

may with some success replace not only the visual but also the instrunental

survey of a locality as performed in the preliminary surveys for hydrographic
investigations.

The combined contour survey is 2 combination of two methods of obtaining
a topographic mépz the photogrammetric and the %topographogeodetice The
contour vortion of the map (the "fotoplan") 35 obtained by office methods
from aerial photographs and the relief is obtained directly at the locality
by one of the methods of plans geodeile surveye Tn addition, a s the vertical
vase for survey of the relief use may be made of ufotoplanst or even of indivi~
dual photographs, the use of which eliminates the necessity for a vertical
tiec~in of most points; the latter is replaced by simple control of points by
comparing the photographic record with the terraim.

The combined contour aerial photo survey {inds wide use in descriptive
navigational hydrographic operations in-which even non-transformed photographs
(contact prints) are;successfully used for tying in measuring operations to

the loeal orienting points giving rise to the image on the photographs.

D v " _ i e N . ‘ . . i
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The stereophotogrammetric (elevation:-stereoscopic) aerial photo survey
(Figure 14) or, in its modern and fullest definition, the serial survey, has
as its task the reproduction and measurement of an optical model of the photo-
graphed surface from aerial photographs for the purposes of obtaining a topo-
graphic map of this surface or its quantitative characteristics (without depic~
tion of the obtained results in the form of graphic records).

Contemporary aerial photogranmetry has at its ddisposal apparatus and methods

=%
i {f';_&ﬁq 3

s

of processing of materials vwhich permit limiting ground geodetic operations to
2 wininum, being satisfied by the smallest number of geodetic control marks
necessary to produce 2 model on the given scale and to orient it in space.

Due to the fact that the task of the topographic aerial photographic survey

is to obtain equally precise characteristics for all elements of the landscape,

the materials of these photographs may be used as a basis for the most varied

TN

L3

(including hydrographic) investigations under the condition that the scale of

the survey,.the quality of ‘the photographic image, @as well as the time of the

i PR AT

survey (in some’ cases the latter circumstance may play a decisive role) corre-
spond to the purposes of the investigations being conducted. The materials of
topographic serial surveys, as mass nmaterials (by which a congiderable part of
the territory of the Soviet Union has been mapped and which insure a reliable
geodetic foundation) are used in the most varied investigations of natural
resources both as a topographic base and as a means of obtaining information
concerning the objects under study and the surrounding environment.

Having agreed to consider the topographic aerial survey as a universal
survey, every other aerial survey (nydrographic, forestry, geological, ete)
may be considered as a specialized survey suited for the solution of special
problems confronting the given investigation. This consists first of ’all in
the choice of conditions of the survey, which conditions insure obtaining the
fullest information concerning the objects or elements of the landscape o;@‘
interest to one or a;'zother investigator (in-certain cases this possibility is
insured atthe cost of a deterioration in the quality of the photographic image
of the remaining object).

A second peculiarity of the speciaiized aerial surveys is the individual
approach to their organization and to the problem of the accuracy of results.
Tt 4s also chéosen on the basis of the problems confronting the given investi-

—

zation, din distinction from the universal aerial svrvey (which as a method of
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/"compilation of topographic maps meet the requirements for geodetic aceuracy as

established for maps of a given scals) in the production of specialized aerial

survays there are a number of extremely varied approaches to determining the =

iralioaa i, L sl

accuracy of measurement. Very often the accuracy of measurements from aerial

photographs and from a model is consiiered in comnection with the aceuracy of
the investigations underway ad the results expected from them; hence the gener-
ally adopted concept of geodetie accuracy as a function of the scale of the map
is replaced with the idea of "operational accuracy,! arising from the problems

confronting one or another investigation. Between these concepts it is not

T N N e ey A P oy

e ‘ﬁ"w

pogsihle to find a strict correspondence. In certain cases the requirements

o

for operational accuracy may be higher than for the accuracy of the geodetic.

e

.
e
\
;
1]

Thus, for example, rhotographs intended for speclal riverbed studies (in peare

2%

ticular, for determining the depths of streanms) must meet higher requirements

ity
o

&0
S

than photographs intended for ordinary cartographic operations.

Pk

In the application of aerial surveys in hydrographic investigations it is

necessary to distinguishs:

Photographic observations -~ periodic or systewatic aerial survey of the

S

object of investigation for the purposes of explaining and calculating the

S

G

changes occurring in it, for exarple, the aerial survey of ice formations,

7

floods, melting snow, iRebergs, riverbed formations, etc. ’ 3

B

gsten
{4

Photographic investigations —- the aerial survey of one and the same object

on different scales and under different conditions with the: useof wariouszoor=

SR

tions of the spectrum for the purpose of clarifying the optimum conditions for
obtaining a clear imdge of the object of investigation on serial photographs, Lo
establiching its basie properties, disclosing the natursl and artificial identi-

fying characteristics, etec.

Photograpuic observations and investigzations are used chiefly in detailed

?%? hydrographic investigations and are used as one of the means for obtaining the '

o .
AR |

7}- regime characteristics of water objects and studying the sezsonal. changes in

=
i éi them. ~ ]

i i
:%Eih In the initial hydrographic investigations for obtairing the necessary infor- i
i ) —
B mation concerning a water object or a group of them there are performed various
3%, 3
& . specialized aerial surveys. Execution of the latter is underitaken in the case
¥

vhere for any resson it does not appear possible to use the materiale of
g existing topographic aerial SUTVeyS.

el E
s ;

2 ;
20 ;
B . 7
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Section 5, Information on The Technolorical Process of The Phctographic
derial Survey

e e

In the complex process of the photographic aerial survey used for measur-

ing purposes ve distinguish four distinct but closely interrclated processes
performed in a given scquence: aerial survey, photographie, photogrammetric,
and geodetic, In addition, the interpretation of aerial photographs is
considered 2s an independent cperation in aerial photographic surveys., Tha
lattor is treated (see Chapter IV) as a definite scientific investigative
process having as its task the expianation by mesns of photographs of one or
another object or element of a landacape ang obtaining detailed characteristics
of then,

The processes comorising the zerial survey acquire specific featurss and
importance within the overall volume of operations according to the tasks con~
fronting the survey. For example, geodetic operations may be minimized or
completely omitted where the aerial survey is undertaken for the purpose of
obtaining illustrative material or as a method of recording the changing prop-

erties of one or another objects This circumstance impoges definite limitations

on the photogrammetric brocess; the ensuing photograrmetric construction, com-

pletely lacking a geodetic base, will permit obtaining only aporoximate auanti-

1
¥
3
5
&

ative characteristics. At the same time, with such specialization in the aerial
photographic survoy there is a consideratle increase in the role of the photo-

graphic process, since for solution of the task confronting cne or enothsr

A A A AN

investigaters the aerial survey calls for an especially clear, easily vhoto-
graphic image of the object under study, and this in turn gives certain specific

properties to the process of the aerial survey (the type and scale of the phcto~

el s B

graphic survey, the type of aerial camera, and the aircraft, the conditions and

i et e RS

time of survey, etc).

A1l the peculiarities of the technological process of the aerial photographic
survey find their reflection in the technical plan of the survey, which plan is
drawn up for each individuel case.

Le The derial Survey PyScess

The tasle of the aerial survey process {the principal process of the aerisl
photogranhic s‘iﬁ'vey) :"is. photographing the earth's surface according to definite
rules, observation of which guarantzes the possibility of using the materials
of the zerial p&g}ograp?ﬁ%@%&x‘ﬁéywxa{ﬁﬁé 'Ehoroughness required by the purpose

of the survey.
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The principal requirements confronting the results of aerial survey opera-
tions are as follows:

(a) obtaining a clear photographic jmage of sharp contrast with the proper
transmission of color sheding of the elements of the landscape;

(v) observing the giv;an route and scale of the survey in complete, uninter-
mipted coverage of the arca under survey;

(c) observing the assigned position of the optical axis of the aei:i:;i camara.

There are no aircraft especially designed for aerial photography. Ordinary
transport aircraft of the most varied characteristics are used for ‘aerial photo-
graphic surveyse Some of these differences (for example, speed) causé a whéle
series of difficulties not only in obtaining the initial materials (the !}egativus)

but alse in processing ihem.

A i | E o A Dk e S A

The execution of asrial photographic survey operations is possitle only under
specific :r.eteorol;)gical and atmospheric-optical conditions which go unier the
zeneral term of serial survey weatner. These conditions are: clear, cloudiess
sky and the absence of haze (atmospheric haze, dust, smoke, clty haze, etc), A
choice of these conditions ugually presents considerable difficulties due to the
fact that the number of clear days in the year is usually extremely smalls in
spring and summer, when aerial survey operations are carried out, the number of
survey days within the various latitudes ranges i\:\roru 30 to 60,

Under certain conditions aerial photograpay may be performed even in the
presence of clouds {including solid élouds) but with the stipulation that neither
the cloud nor its shedow shall fall within the field of view of the lens, other-
wise the resulting photographs will be useless.

(2). Characteristics of Aerial Photography °

Aerial photography has a whole series of special characteristics; the princi-
pal of these is as follous:

(1) the survey is made with an aerial camera the optical axis of which is
contimually displaced relative to the grouvnd with considerable velocity.

(2) Betuween the lens of the aerial camera and the survey object there is a
considerable depth of atmosphere, which is a turbid medium and extremely hetero-
geneous in its composition, which composition varies with tine .

The first of these characteristics necessitates adjustment for rapid expo-
sures of the light-sensitive layer, and the second of these characteristics calls

for prolongesd exXpOSuIes. In ordsr to satisfy both requirements and to obtain

thereby photographs which@e suitable for future use it is necessary to have at

s S£ A
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pne's disposal the grestest possible selection of aerial survey facilitics amd
photographic materials. The possibilities in this respect are somgwhat limited,
hence ths deciding factor in the success of aerial. photography is the proper
- gelection and use of the conditions of photograply as well as allowance for them
in procassing the materials.
Due to the high-speed forward movement of the aerial camera in flight, and
. “B@pecially 2lso because the problem of stabilization of the optical axis of the
comera during the survey has still not been solved, during’exposure all points
conetituting the image of local objects on the light-sensitive layer are displaced
by a certain value S known as the image shift (Figure 15). This value, depending

on the rlight altitude H, the focal length of the cemera fy, the flight gpeed ¥,

£
and exposure B, is determined from ths formula.S = T WE.

Yith reference to the accuracy of the photogrammetric measurements, image
shifts exceeding 0,0L mm are considersd excessive for aerial photographs intended
for measuring purposes. In photographs used for illustration or to obtain the
qualitative characteristies of the objects under investigation permigsible image
shifts may be considerably greater; however, if this shift excseds 0.10smim, then
it becomes visible even to the naked eye and the image itself lacks sharpress
and is blurred. Such photographs are considered useless.

Assigning the valuee 5 = 0.0l mm, fj = 100 mm, H = 3,000 m, and E== 1/50 sec,
we know that the flight speed of the aircraft used for the aerisl photographic
survey must not exceed 60 n/see or 216 kan/hr.

Such a requirement for the' aircraft, established on the basls of a survey
scale of 1:30,000, may be considered optimale

The use of aircraf}“, at high speeds is no’r; eliminated; howevey, in this case,

especially in surveys ab lou altitudes, there is necessary & congiderable decrease

in the duration of the exposure, which is limited:

(1) by the design characteristics of the shubters of photogrammetric aerial

A T IR N Y

s

cameras, which permit a reduction in ‘shutter speed only to 1/3C0 sec;

o

(2) the light sensitivity of the photographic materials;

1

R PTYLvs

(3) the conditions of aerial photography, which must be adjusted for increased
durations of exposure in comparisigfﬁfviith the calculated durations on the basis of

the above formulsz.
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(b) Conditions of Aerial Pholography

The duration of exposure necesszry to obtain the clearest and most
informative details of the photographic image on.the light-sensitive
layer of the film depends upon an entire series of factors; chief among
these are:

(1) the illumination of the survey object; (2) the reflectivity of the

survey object; (3) the optical qualities of the aerial camera; (L) the
light-sensitivity of the emlsion layer of the film.

The illumination of the earth's surfece depends on the elevation of
the sun above the horizon; it continually changes and often in the most
random manner. On their way to the earth's surface the rays of the sun,
in passing through the turbid atmosphere, undergo attenuation; this
attenuation increases as the elevation of the sun decreases. In addition,
these rays undergo scattering. The greatest scattering occurs with rays
comprising the short-wave portion of the spectrum: the violet, blue, and
indigo portions, forming the so-called haze.

Depending upon the presence of vapor, haze, dust, and other foreign
matter, the transparency of the 2ir may vary considerable over the course
of a relatively short period of time, and the value and character of .
illumination intensity=will vary accordingly.

light rays falling upon the surface of the earth are to a con-
siderable degree arz absorbed by it. The average reflection of light
by the objects of aerial photography during the summer amounts on the
average to 20 percent, vherein moist surfaces reflect less than nalf
the amount of light reflected by dry surfaces {Table 3). This also
explains the difference in tone of their images on aerial ﬁhotographs.

Reflection of light from open -ifgter varies from 2 to 70 percent,
depending on the angle of ineidence of the sun's rays ard on the state
of the surface of the water.

Before entering the lens of the zerial carera, the light rays re-
flected by the object of photography again pass through a certain layer of
the atmosphere the height of which depends on the altitude of flight and

is subjected thereby to a partial absorption ahd scattering which chiéfly

—
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affects the rays in the short-wave portion of the spectrun.

In the pessage of a light bean through the lens of the serisl
comera there also occurs absorpticn and scattering of light rays amounting
t6 30 percent of the total incident rays st the objective; this figure varies
for the different lenses. Along with the tygeful? rays of the long-wave
portion of the spectrum constituting the photographic image, there also
fz1ls on the light-sensitive layer in congiderable quantity rays of the
ghort-wave portion of the apectrum, scattered within the depth of the
atmosphere forming the air baze.

These rays, acting uniformly on the light-sensitive layer, cause general
fogging of the entire image, making it illegible.

The most effective methed for eliminating or reducing the harmful
effects of atmospheric haze is the uwse of colored light filters placed
over the lens of the camera, and, in addition, the use of special :types of
£ilm. The light f4lters used in zerizl photography abgorb the rays of the
short-wave portion of the spectrun reflected and sczttered by The atmosphere

and, by thus decreasing the effeet of atwospheric baze, increase the contrast

s e

of the photoéraphic im=ge.

By selecting a combination of film type and light filter and by using
the appropriate photo-lab processing of ihe exposed film, it is possible
to achieve a considerable increase in the contrast of the ne;atives.

In the system of measures for combabing the effect of atmospheric haze
a very important role is also played by the choice of time for aerial
photography. It has been established that the most Pavorable time for a
survey is in the morning hours, the periocds after summer rains, and the
periods of the stable winter anticycline.

Due to the fact that with the sun at elevations less than 20 degrees
gerial photographs with extreme image contracts are cbizined, and long
deep shadows of local objects render interpretation'difficult, it is re~
cormended that the aerizl photographic survey be begun not earlier than
two hours after sunrise and concluded not later than three hours before
sunset., It must also be pointed out that with the sun st elevations greater
than 20 degrees there occurs a constancy of the spectral component of solar

radiation ofer the entire visianble portion of the spectrunm.
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This eircumstance is of great importance in conducting in conduvcting
an aerial photographic survey, permitting the use of one and the same
combination of f£ilm with a light filter in the course of the cntire survey
day. This, however, is possible only in the event that the choice of cne

or another combination of film with light filter, aside from considerations

of combatting the effect of atmospheric haze, is not intended to solve s *:

Tt
,:G."-‘-'eﬁ.}ia

another special problem -~ obtaining the greatest image contrast of one or

e

PreEhy

another previosly chosen ¢lement of the terrain on the basis of a preliminary

R

calculation of““its spectral characteristic, Such possibility also existss .
in the practice of aerial photography it iz known as "epectrozonsl survey"
and is intended to reveal artificial or natural “color concealment” of the
objeets of photography {dee above, Photographic Investigations).

The non-uniform effect of coloration of local objects on the light-
sensitive layver of the filn ie expressed in the differing dem~ity of the
negative upon development. Conversion of the color shades into different
tones (from white to black on a monochromatic photograph) depends on the
selectivity of the light-sensitive layer (its spectrsl sensitivity).

By the introduction of spscial coloring agents known as sensitizers
into the photogravhic emolsions the amulsionez acquire specizl sensitivity
to certain rays of the spectrum, which appear especially strong with the
use of an eppropriste light filter, and in addition, with a specislly
chosen proportion of chemical Aingredients and regime of processing.

With & great variety in the color of local objects it is difficult to
select such a combination of £ilm and filter ag will, without excluding
local objects and elementz of the terrain, insure the necessary image
contrast of the negative, Ilarge or smali evaggeration of the tone of images
on a manochromatic photograph is unavoidable,.This peculiarity of monochrometic
photagrap\hgjlig“%f.?iﬁjhefﬁasis of the spectrozonal method of photography.

In essence it consists in the fact that to reveal one or another object
or element of the terrain its photographic image is built up at the same in
differeni pertions of the spectrum; in other words, the object under study

is photographed by several cameras at the same time on different types
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of f£ilm with the use of appropriate f£ilters.

By comparing the photograph obtained in this manuner it is possible to
disclose the details which are variously recorded on the different types of
£31n and thereby to insure the fullest study of onc or another object {
(Figure 16). In spectrozonal investigations both the visable invisible
portion of the spectrun are ased with success.

In performing aerial photographic swveys over large sreab use is mede
of. generalized spectral ensrecteristics of the terrain and, secording Lo
their content, various compinations of film and filters are used. )

(¢c) Film, Filters, and Their Use

The £iln used in aerial photograph ¢ surveys nave a colluloid base
and is produced in roll forn for use on standard spools.

The light-sensitive 1syer consists of a layer of gelabin (0. 01-0.02 o]
thick) containing & & suspensicn of uwniformly distributed silver bromide
crystals which are sensitive to light and with a small admixture of silver
iodide.

The photographic gualities of the light-sensitive layer ave characterized

by the following sndexes: (1) total snd effective (with filter) sensitivity;

(2) spectral sensitivity; (3) contrast; (h) latitude; (5) fog; (6) And;ire-
solving powWer.

As has alreati been mentioned, the gpecific features of perisl photography
mske it necessary to strive for reduced shutter speeds, the use of which even
under favorable atmospheric-pptical conditions is possible only on the con-
dition that -chs film possesses a high overall 1ight-sensitivity. A film
which is to be used urder unfavorable cOﬂ;xltlons of i1luwmination and in
conducting a survey from low alt'itudes (when especially SHGEE exposures
are required) mmst have tne highest sensitivity. R

he use of fulters is accompanied by & decrease in shutter speed by
a factor of 1.5 to 1 mccording to the characteristics of the fiilter and the
1ight-sensitive Jayer used. The inadequs'ﬁéweffe‘c;tive ;emitivity of aerisl

£ilm when used with a 1ight filter makes it impossitle to obtain 2 photographic
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image under unfavomble\gonditicns of photograph.
The spectral sensiti;-ity of the £ilm rmust correspord to the conditions

of the survey and is chosen on the basis of the spectral characteristic of
the object of the photographic survey. In photographing vegetative cover
the predominate color is yellow-green; in photographing open terrain green,
orange, and red predominate; and in photosraphing water surfaces indigo and
blue predorinate. On the basis of the ¥mean" landscape it mmst be required
that £ilnm used for aerizl photogravhic purposes be sensitive to the yellow-
green and orange pertions of the spectrum.

' The contrast of the £ilm (the ¥garma') is expressed by the clearness
with which the serisl negative shous the most insignificant difference of
intensity of illumination of individual portions of the image of the survey
object, Iz amerial photography use is made of high-contrast film (“garma®
not less then 1.5) characterized by a considerable increase in the dersity
of the negative with a small increase in exposure.

Determination of the exposure (the product of the duration of action
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of light or the shutter speed and the brightress of individual portions

of the terrain) depends upon sn entire series of factors.

In order to determine the exposure necessary to obiain the nermal
phobographic image it 3= necessary to kuow: (1) the brightness of the
oblect of swrvey at a given roment; (2) the atwospheric-optical conditions;
{3) the coloration of the esrth's cover; (h) the optical characteristic of
the aerial camera; (5) the characteristic of the camera shutter; (6) the
effective sensitivity of the film.

e to the fact that not all of the atovementioned factors msy be

SRR NG SV PR T

calenlated with sufficient accuracy (despite the existence of a whole

serias of tables and special devices for determining exposure) in the

N MENES

solution of this problenm, e;:;pecially in surveying irregular terrain,
there are often obtained and may bs considered unavoidable underexposures
and overexposures within the limits of one and the same((even though not
very long) flight route. Simply stated, within the limits of one and the
sane photoéz;;':zph different Wﬁéfn&m}x;y be considered as

S RGN
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obtained under different exposvres, depending on the brightness of these
portions,

If the light-sensitive layer has sufficient latitude (that is, the =
ability to correctly reproduce the ratio of brightnesses of the survey
object) then, without any special loss, for the quality of the photograph
we nay perrit certain deprrtures from the correct shutter speed both in
the direction 8f underexposure and of overexposuée. This condition mmst
be met by all light-sensitive layers used in aerial photography; their
latitudes must not be less than 1:8. F '

The tendency for aerial photographic filn to fog appears over the
course of a certain period of time which is relatively uniform for each
type of emmlsion. This period of time is known as the warranty veriod,

in the course of which the £ilm manintains its quality. For nost types of

TN AN AN T e ey T

film the warranty period under normal conditions of storage is -6 months.

.

The tendency toward fogring is noted chiefly in the layers with the highost

gensitivity.

et 3 e e N £ 28

The fog density, which may be observed by examining a specimen of
unexposed processed film in the light, must not exceed the given standard.

The light-sénsitive layers uded for aerial photography must also have

a high resolving power which permits distinguishing on the negatives the
smallest details of the survey objeets; this is especially important in
those cases where the aerial photographic survey is used for measurement
purposes.

The resolving power of the Yight-sensitive layers mst not: be less
than §0slines per ez, insuring that the requirements not only for visual
but also for izzstrua*fxental interpretation of the aerial photographs will
be net. N

The convenience of using one or ancther combination of a certain ‘bvpe
of £ilm with light filter depends on the conditions of aerial photography.
Consideration is here given to the following factors:

(a2) conditions of illumination (izxtensity and spectral component of
light);

[
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() presence of b 5 intensity;

(¢) distance from the object to the photograph;

(d) characteristic peculisrities of the object to be photographed
(its coloration and refleetivity).

4t the present time the motion picture industry produces the follow-
ing types of film.

Crthochromatic £ilm -~ sensitive to violet, blue, andindigo, as

AN ey T S

well as to yellow-green rays of the spectrum. It ray be used with ex-

cellent illumination, in the presence of fairly noticeable-haze or in its

:

o St Sy ST

cgv:piéte absence, to obtain verticel photographs, with yellow or dark
vellow light filter (Pigure 17)i

Isopanchromatic £film ~=- sensitive to &ll rays fronm violet to the

N T S L

red portion of the spectrum. In addition to increased sensitivity to
rays of the violet pertion of the spectrunm (vhich increase is ordinary
for all ligit-sensibtive layers), the £ilm hes increaved sensitivity io
the rays of the yellew portion. It is used with good illuninatlion and
weak hnéa, with yellow and bright orangs filters (see Pijure 1711

Panchromatic £ilm -~ sensitive to 21l rays of the visible portion
of the spectrum and posseses increased sensitivity to the orange-red raye;
it is wded in the presence of poor illuminstion and solid clouds. Sore
types of this i'iim, having a penerally high sensitivity, permit photographing
after the sun has set. The high sensitivity of panchromatic £ilm to red
rays of the spectram permits photography in the presence of considsrable
haze when used with orange and red light filters (se Figure 17).

Infracnromatic film ~= sensitive te all porticns of the visible
spectrum and, in addition, to the imvisible, infra-red rays next in
length to the visible red rayss it is not sensitive to green rzys. This
£31m is used under poor conditions of visisility, with orange or red (the
so-called corrective filters) filters, which, having a high radius of
curvature, displace the focal plane of the lems in infra-red photographs
the focal plane is somewhat farther awsy from the lems than in photographns
in the visible portion of the spectrunm (see Figwre 17).

The characteristic of filters used {or gerial photozraphy sre given in
Table hoo |

The filter fac‘tcx", ususlly marked on the rim of the filter, indicates
the number of times by which the shutter speed st be increased as come

pared with exposure without the use of the filter.

30
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ferial photography is always performed with the use of 2 filter,

axcept in those cases where its use will be known tc cause underexposed
negatives

-z[n interpreting aerial photographs 1% is necessary to kmow what rays
were used to obtain the photographic imege. This considerably facilitates
interpretation, honce the records of photographic £lights contain detailed
information concerning the conditions of photography and data concerning
the combination of Tilm and light filter used in performing the photography.

Along with the flight records, the exposed £ilm is turned over to the
photograph latoratary for processing (developing, Lixing, washing and dry-
ing) which is performed with special devices, manual or automatic, de~’
pending on the volure of aerial photographic B;“xivéjrﬁaperations.

2. The Photosraphic Process

It is the task of the photosraphic process to cherrically record the
1ight rays which, entering the lens of the zerial camera in its movenent
over the earth's surface, crezte within its fecal plane a series of images
of this terrain. The results of this recording are expressed in the form
of negetives, contact prints, and various reprod.ictions.

Both in the nopative precess and in the positive process of photograply
the task of écnver'bing the "latent® image into a visible {developed) image
and fixing it in a state vhich is not. sensitive to light (fixing) is
solved hy means of special solutions compounded after a detailed prescript-
ton and used under precisely controlled conditions,.

8y changing the ratio of reégents in éolutions snd the concentration
of the latter it is possible to accclerate or returd the process of developrient,
to obtain jrages with greater contrasts and bedter detail, to equalize the
shortcomings caused by improperly determined exposure, itc under the
pcmd‘ltions of a properly chosen cycle of development.

The use of one or snother developing solutien and the choice of a

5D itz aesenswoh bt s,

Lo

developing cyele for the film precedes the preliminary tests (development

-

of sawples) hased on consideration of the cenditions of photography, the
characteristics of the film, as well as the purposes and types of further

uge of the materials of the zerial photographic survey.

-
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The average developing tire for a fully-metered jpolnoretrazhniy/ £ilm
(30 by 6,000 cr) is 15-20 minutes with 2 developer temperature of 18-20

degrees,

After washing the developed film (which is necessary in order to re-

RN

R

O

15

move the residue of the developing solution) it is necessary to fix the

A T

11w in an appropriate solution, in which thesilver bramide not subject

PP NN, BTV

2

to the action of light is converted inte & compound soludle in water and

S
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with subsequent washing iz removed, while the layer itself acquires great

DR

= etk
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atability.

The finsl washing and drying of the film cormpletes the process for

obtaining the source materials of the aerial survey -- the zerizl negatives,

The total time required for the negative process (without drying of the £ilm)

L
Mo e T

amcunts to epprozimately two hours.
The aerial negatives must ieet the following requirements:

(z) a clear imege of the photographed object with detailed re-~

(b) adequate and approximately identical inage density over the entire
Filmg

{c) the avsence of defects in the form of brealls, scratches, fogging,
spots;, nlurs, snd other defects which in obtaining the imsge on contact
prints may complicate use of the photographs or lead 5 ervors in interpretat-
ion.

Despite thc evistence of thoroughly elaborated srocedure for the
lakoratory processing of film, it is extrermely difficult tc obtain
aerial negztives which mect the abtove mentioned requirsments., This is
21l the nore true under field conditions. lence, only hishly skilled

specialists should be employed in dealing with these problems.

i

oy

A properly chosen method of laboratory processing of £ilm permits

i

LA

a certain correcticn of the errors vhich were permitted during exposure,

.

s

e i b o et e

In particular, it is relatively easy itc achieve corrcetion of overexzpcsed

films and in any case, it is considerably easier to schieve correction of

overexposed films than of underexposed films.

o nm o e i
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Considerable underexposure (such as is of'ten encountered and proves
unavoldatle under unfavorable conditions of illumination, when using aerial
$ilm of low sensitivit)y)is generally not correctable.

Films considered suitable for processing are recorded in special

Ry

aerial photographic survey production logs. They contain a detailed

R SRR

description of the conditions under which the initial materials of the

ey

)

aerial photographic survey vere obtained -- such information as is necessary
1

Tor their subsequent processing. A1l the negatives: are numbered so that
individual prints of them may be related to a film series or to the survey
o‘tz_,jgct. The inscriptions are :{xf’.xle 1; India ink on the emulsion side in
m'irror' t’ype.

By the way of example we present one of the types of code which is

used on aerial negatives:
L7 1h/118,
vwhere 17 is the year of the survey, 1 is'the £iln number, and 148 is the

photograph series number.

Films prepared in this menner, with a group of contact prints for each K
of them, are the {inal product ofthe processing in the photographic laboratory.
For further processing these materials are Torwarded to the aerial photogrammetric
laboratory.

It must be mentioned that in subsequent use of the materisls of an aerial
photographic survey for purposes of illustration or mesurement (in which wide
use is made of the reversability of the photographic process) various photo-
graphic operations are performed: contact printing, transformation of photo-
graphs, the prepartation of various types of reproductions s ete, These
operations are performed under the conditions associated with office operat-
ions spechalillyceqiippéduphotoilsboratories., oo

3. The Photograrmetric Process

The photogrammetric process embraces an entire camplex of office opera-
tions which are performed in a2 special laboratory and are associated with
the reproduction and measurement of. an optical model of the photographed

surface from aerial photographs. The ultimste purpose of these 6perations
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- is a topographic map or the o' iaining of a certain mmber of humerical

characteristics (plane and elevational) for the individual objects and

iy
oo it

elerents of the terrain.,

f

In the variety of methods of photograrretric processing of materiszls

o 31y e e a3k a0 darsibhehe . ap

of aerial photozrshic survey there are clearly distinguished two Lasie
methods,

The universzal method, im which the materials of tha zerial photographic

survey are processed on one instrument (as a rule, a erv compiex inetrurent)

which by optical-mechanical means solves the problem of converting the aerial -

photographs to topographic plans of the terrain.

r ey e

The differentiated method, in which the same problam is solved Yy

'

zeans of a vhole series of relatively eonplex&s intruments and procedures

performed in definite sequence according to the previously developed teche

nological process.
{It hss recently besn planned to combine both methods of photogrammetric

processing into a single method which uses the instrurpents and procedures

of both the differentiated ang the universal nethods of photogrammetric

processing of materials,)

oo gty AR TS Sy Tt 0t RN

The ure of one or the other method of office photogrammetric processing

of the aerial survey materizl is preceded by & carefyl check of theqanality
of these matorials as obtained under field conditiona and beirs an un-

avoidable part of the zerial SUrVeY Drocess.

&s concerns the quality of the photographic image, the primary
pactographic processing providds for a cheek on execution of the gerial

,s;urvey 28 igmment with respect to observing the 2ssigned £light )x;th and

the scale of the survey, the assigned overiap of photographs, and 1;3750
a check on the assigned positicn of the optical axis of the aerial camera,

For appraising the quality of the operations performed the resulis of

bhe zerial photographic survey are gathered in the form of an overlap assembly

(Figure 18) of all the overlapping contact orints. The overlap assembly is
made by means of ¢lips and tacks on lthe drafting table or a sheet of Ply=-

wood. This assembly serves as visual préof of the overlap of the survey of
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the entire assigned area.

Materials of the aerisl photographic survey intended for measurernent
pn;:‘gg%gs are subjected to detailed analyses with & view t0 establishinyg the
apsence of photogrmtric discontinuities and extreme differences in scale
of the serial photonraphs, which might otherwise complicate and sven nake
impossitle subsequent precessing of the aerial photographs «

Phtorrasmetric discontinuities appear in the case where the longi-

i e K e i B i
b Kyt i i

tidfnali and transverse overlap of photographs has proved smeller than
permissible or in certain negatives where, for one or another reason,
the photographic irage is wnsatisfactory, and also in the cese of con-
siderable deviations fron & straisht £lipht path,

Difference in scale of adjacent aerial photographs 1is due %o the fact

et Pt

that during photography the assigned (vertical) position of the optical

axig of the camera was not meintained, and in addition the assigned height

R ST D A

in mpsle of

of photograpy was not meintained. The difference in St&:e 2 photographs

RS AR

rust not exceed 7 perecnt over the flight path and 8 percent betieen paths.

Aerizl negaties nob reeting these requirenents are rejected and are

-

i not subject to office processinge
Ater correcting all defects oft photography the final o erlap assembly
4s marked with the boundaries of the trapezia of the future map and notes

are rade on the nomenclature of the trapezia and the principal orienting

festures (large rivers ard poprlated points).

2 weproductieon of the overlap assembly (obtained by photographing it
with a reduction to delivery VA sdatochniy 7 scale or in any case, to a size
suitable for use) is used as an assembly sheet for the selection of negatives -
and contact prints in further processing; it i3 elso used in compiling snd
raking a plan of the geodetic base of the materials of the aerial photograhic
SUrvey.

Aong the photogrammetric operations which may be perforred urder field

‘ conditions there is also included 2 compilation of simple aerisl mosaics

<1

o A L MU BT

T e SR

[ Totoskhema / (see Appendiz, Fhoto 16~a) which are used astasphotographicabase

in inve_stigations_ of a preliminary survey nature.
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The simple aerial rosaic V& fotosldxema] is a photographic image of

terrain corpiled in the form of a mosaic of contour-joined contsct printsy

oL EE3A Tt YIIAEAN

the overlapping portions of which are removed by one or another rmethod {cut-

ting or tearing -- Figure 19).

YL NANADN " 12T €O

T E R

In corpiling aerial mosaics use is made principally of the useful
portions of the photographs (Section 7) — the clearest and least distorted

portions, In this way there is obtained an increase in the overall (usnally

DSy

not véry high) accuracy of simple aerial mosaics. Ovor flat terrain a route

nosaic consisting of 10-12 photographs may be used for linear neasurewments

if the relative error is on the order of 1/150.

Tn order to obtain vrecise aerial nosaics the photographs are brought
%o a single scale by reans of a projector, The aerial mosaics obtained
from such photcgraphs are more orderly end rore convenient to use, however,
their sccuracy cannot be materially increased since distortion due to perspective
and relief in the individual photographs canuot be eliminated.

Tn order to eliminate distortions appearing in individual aerial photo-
graphs and to bring them to a single scale it 1s necessary to transtorm them,
locating L-5 control points on each photograph. Determination of the control
points oa the photographs is performed by photograrmetric means (photo-
triangulation) on the basis of a2 certain number of ground geodetic peints
used as origins.

In various survey practices, as the initial plotting for subsequent
vlots, points mey be adoptéd which are defined on topographic and
identified on the zerial photoiraphs.

Having obtained aerial roseics which are simple or sli-htly refined,
the photogrammetric operations are completed in those cases -here the in-
vestisators using the serial photogrephic survey are satisTied with low
accuracy of the garbogFaphic base and use it chiefly to obtain quelitative
characteristics of the landseape and to calculate thelr changes.

In an aerial photographic survey it is the purpose of photograrmetric
process to obtain a topographic map of the given terrain, 411 the
constructions for this map are performed by photograrmmetric methods and

the aerial survey and geodetic materials are used as initial data.

Declassified in Part - Sanitized Copy Approved for Release 2013/051 : CIA-RDP81-01043R002000020001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2 [

[

hie Wte Goodetic Froceus

Tt is the task of the_geodctic process to create over a terrain tho grid
of control points, to detormine their positions in the plane and elevational
relations and to relate the aerial photographs to them, which is done directly
on the terrain by identification of local objects (comparison of the photograph
with the locality) and appropriate neasurements, The persomnel end volume .
of geodetic operations neccssary to insure the glven accuracy of the final )
result (a map, profile, individual measurements) cepends on the type and
seale of the aerial photographic survey and also on the adopted method of
photogrammetric processing of the materials,

At the present time in the practice of aerial geodetic enterprises
there have been established definite norms for performing topographic
surveys by geodetic control points on the basis of the scale of the sure
vey and also of the physical-geographical conditions under which it is pere
formed (Table 5)e

Continuous tying=in / privyazka 7 of aerial photographs by the
geodetic method at the present time is practised in those cases where
it is necessary o use a contour~combine [ konturno-kombinirovannaya]
aerial photographic survey, in particular in mapping lowland areas and,
in addition, in compiling large-scale charts when photogrannetric methods
of drawing relief from iniZial data fo not provide the required accuracy
of its image.

Ceodetic operaticns may precede -acriel sgngeyioperatimﬁ or ray be

performed alter them. In the first case, especially vhen the arca of the

N T A Ny T

survey lacks clearly expressed crienting points insuring location of geodetic
"marks on the phobtogys these marks are made by one or ancther method
(marking off crosses, trenching, pouring lime, ete). In the second case, the
points of the control grid are joined to local objects clearly expressed
on the photograph or with contours of the terrain by analytic or graphical
means (theodolite, plane toble)e
The choice and tying=in of contour points to the existing geodetic grid
is performed directly from aerial photographs on the basis of 2 previously

compiled (from the overlap assenbly) plan of the geodetic control grid.
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For preliminary planning of operations for tyingein of photegraphs it

i assumed that the number of tied=in contour points (control marks [ opoznaky_])

on each trapezium must be:

(2) in obtaining reconnaissance strips [ i‘otoplany] on a scale of 1:50,000

[ N TR U1 Py s

from a flight on a scale of 1:25,000 == from 6 to 10 contgur points;

(b) in obtaining reconnaissance strips on a scale of 1:25,000 from a
flight on a scale of 1:17,000 «= from S to 8 contour points.

In the practice of complex surveys, when the same photographs are used
for different purposes (including for tying-in measuring operations row

placing napping) geodetic operaticng in the tying-in of contour points

S e AN ST T X LIRS

are usually performed with consideration of the requirements of special
investigations.

In certain cases the tying-in of photographs is conveniently done after
viver measurements {in order to insure the plane and elevational tying-in
of local objects and artificial constructions used as orienting points in per-
forming the measurements and other special investigations). In other
cases the tying~in of photographs is conveniently performed at the same
time special investigations which include the geodetic survey.

The specific features of the aerial phobographic survey which is to be
used for different special investigations find their reflection also in the
geodetic processs For cxample, in bydrological investigations the surface
of the object of investigation (a river or a lake) may be considered as the
initial elevation base or as an essential addition to the grid of elevation
control points necessary for reproduction of the model. This possibility
rust quite often be used in surveys of rivers perforred along curved or

broken routes when, in the presence of previously knowm unfavorable

B e N N L T ¥

survey conditions, there arises the need for a considerable increase

in the pumber of conbtrol points in order %o insure the given accuracy

b T R PR

of measurements, At the same, especially in investigatlons of exbtremely
wide rivers, il.ere arises the needéféora considerable increase in
geodetic ground operations, because the use of photogrammetric methods

of joining a grid of control points in such cases often proves impossible .

. i -
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(due to the fact that on the image of the water surface, in the absence .
of islands it is difficult %o select control points for phototﬁiangulation). =

The volume and staff of geodetic operations, based on the materials -
of the aerial photographic survey, to a considerable degree depend on the

features of the oﬁjeét of the investigations and on tho tasks confronting
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CHAPTER II
PRINCIPLES OF PHOTOGRANKETRY

Section 6. Terminolozy

The geometric foundations of photograrmetry proceed from the theory

of perspective, the elements of which in their application to the aerial
photographic survey have a specisl terminology. This terminology is most
conveniently exarined by way of examwple from an aeriel pactograph obtained
sith consideratle tilt of the optical axis of the camera.

Figove 20 shows the relations between the elewents of 2n oblique
{perspective) photograph and the horizental terrain.

The ceutor of the projection S is the center of the lens (rore exactly,
+the front nodal point of the lens of the serial camera).

The picture plane P is the plane of the negative on which (vy photegrahic
means) the coordinate marks are fixed, vhich marks are located in the
riddle on each of ites sides.

The principal ray G5 is the principal axis of the lens of the aerial

camera, perpendicular: to the plane of the nepabive.

The principal ‘point of the picture, or the principal point of the
photograph, C is the intersection of the principal optical axis with the
plane of the nepatives; on the photozraph it is defined by the intersectiom

of the straight lines joining opposite coordinate marks.

The base ple_;ne or object plane T is the mean level surface of the
earth or the surface of plane E,

The principal verticsl plane ¥ is the vertical pessing through the
principal optical axis.

The' principal vertical ¥V is the intersection of the plane of the
principal vertical with the plane of the negative. i

The horizon line hih; is the intersectlon of the plane of the negative
with the horizontel plane pasainé throogh the center of the projection.

The principal horizontal hh is the intersection of the plane of the

negative with the horizontal plane passing through the principal point of

the photograph.
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The horizontal is the intersection of the plane of the negative with
the horizontal plane passing through an arbitrary point on the negative.

The perspective axis is the intersection of the picture plane with
the object plane.

The survey height H is the distance from the center of the projection
to the object plane measured along a perpendicular line.

The principal distance 05 * i'k is the focal Zength of thja camera
measured along the prineipal optical axis from the rear nodai;;;point of
the lens to tha focal plane (the plane of the negative).

The ..nadi:r- point n is the point of intersection of the plane of the
negative with a perpendicular line passing through the center of the
proﬁection S

The principal point of convergence Io is the point of intersection
of the principal vertical VV with the line of the horizon.

The point of zero distortions ¢ is the point of intersection of the
bisectrix of the angled, of the principal vertical.

The angle of tilt 7is the angle iying between the main optical
axis and the perpendicular,

The angle of swing x is the angle af the principal point of the
photograph creadied by the principal vertical with the dircction Y of the
photograph,

The sziruth (the directional angle) is the angle comprised by the
projection of the principal vertical and the direction o.‘t‘ the meridian,

From Figure 20 we may make the following direct detez:minat?ons of;
the positions of the principal points of & perspective (including the
vertical) photograph:

the principal point of convergence

o, = fkcot s
the nadir point

on = fxtan ;,?; »

the point of zero distortion
oc fktan B,

The distance from the point of zero distortion ¢ to the principal peint
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of convergence

The distance from the perspective axis TT to the principel point of

convergence is

The statemonts of projective geometry usod for analyesis of the aerial
photograph and in its use for measuring purposes are forrmlated in the

following mamer.

1., For a series of parallel straight lines lying in the object plane
and parallel lines in the diroction of photography, the point of convergenco
I, lies at +ho intersection of the line of tho horizon hihi with the princi-
pal vertical W (Figure 21) and is imown as the principal point of convergonce.

2, For a series of parallel straight lines not parallel to the direction

of the line of photography, the point of convergence I; lies on a line of the

horizon hih., being the jeometric location of the point of convergence of paral-
104, § P & .

lel straight lines lying in the object plane (Figure 22.)

3, For a series of parallel straight lines perpendicular toc the object

plane, the point of convergence is the nadir point n (Figure 23.)

Section 7. Aerial Photosraph Scale, Image Distortion on Aerial Photopraphs,

Their Useful Area

The relation between the elements of ' he image on the photograph and
the corresponding olements on the terrair is o xpressed, = was stated in

Section 2, in the form of a scale, The latter is a valuo which is constan®

for the entire picture plane {a horizonial photograph of flat terrain) and is

detormined from the formula.

For ovlique photographe, 1 es vertical ( # 0), the image

scale is variable.

The scale of the aeriasl photograph along any contour line is

Ti(cos =¥
— L. sin .
i % )

e it . e

e et e
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The scale along the contour lino passing through the nadiy point is

1= 1
 H  cos

The scale along the contour line passing through tho principal point
of the photograph is

1= % cos

The scale along the line of the true horizon hihi passing through tho

principal point of convergenco I is

£ .
= E}i (cos =~ L% cos  sin ) = (0)
fk Bin

whenee it followa that at the line of the truo horizon any sogment becomes
a point.
The scale along the line of zrro distortlons is

1=
mn H

The last formula points out an unusual property of the contour line

passing through the point of zero distortions on an oblique photographt

on it, and only on it, ths image scale is the same as on a horizontal

£

53 i

photograph. This scale on an obiique photograph is known as the principal

e N
£

scale and tho contour line passing through the point of zero distortions is

ag.
R

known as the line of principal scale or the line of zero distortion.

i

:

-

The scale for a segment located on the principal vortical is variable
and differs for each point taken on this scgment.

Below we present a brief characterization of the distortions usually
observed <_)n 4an asrial photograph.

(a) Distortions of angles on an oblique photograph. There are two
causes for distortions of angles on cblique photographs: (1) i1t of the
optical axis of the camora and (2) the rolief of the terrain,

Only those angles formed by lines originating at points of zero

distortion (Figure 24) remain undistorted; for them

t:m¢==tan¢o

An-les at the nadir peint of an oblique photograph are always less
than their corresponding angles on the terrain (Figure 25); for them
tan @ = tan 950 cos
ingles at the principal point of an oblique photograph are larger

than their corresponding angles on the terrain (Figure 26); for them
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tan = ten B o
cos

Haximum distorticns of anglss formed by the principal vertical and

e

a given line are with #f = z Li5 degrecs and I 135 gegrecs.

Al
Y

Distortion of angles at the principal axis of a vertical pholoyraph

of level terrain does not exceed 2-3 minutes.

A

3

i

Under the conditions of a clearly expressed relief the distortion of

2L e

angles is deternined by the abruptness of this relief,

(b) Displacement of points on the aerial photograph caused by +ilt
of the optical oxis of the camera. Under the influenco of the tilt of
the opticael axis of the aerial camora relative to the perpendiculer all
segments of the photograph change +heir length and direction, and points
are displaced relative to the position which they are likely to occnpylon
a horizontal photograph with = 0 degrees.

Displacement of points caused by tilt of the opticol mdis is directed
either toward the point of zero distortion or away from it.

For practical calculations the value of displacement of the points

may be taken as
2

= 1"an

T
where » is tho distance betuween the observed point and the point of zero
distortion, a = 0.03 for vertical photographs, m is tho denominator of
the numerical scale of the photograph, and £y 45 the focal length of the
canera,

(c) Distortion of image on the aerial photogreph duve to uhw effect
of relief. On the photograph of a hilly terrain the images of points hav-
iny certain deviations above the average level surfacc are displaced:: either
in the direction of the nadir point n (lowering) or away from it (raising).
Segments az, and bb, (Figure 27) expresses the displacement of the images
of points A and D on an aerial photograph.

From the sketch it is seen that

hs_?b_andS:aoa:;_l%
% il

The error in the image of a point as caused by the influecnce of the
relief of the terrain is directly proportional to the deviation of this

point from the mean level surface, the distance of the point frem tho
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prineipal point of the photograph, and is inversely proporiional to the

SO
e

5

height of photography.

Distorticn due to relief is a feeture aistinguishing ths crihogonal

AR

projection (in which terrain plans are coupiled) from the central pro-
jection (in which aerial photographs are made). It is not possitle to
avoid errors due to relief they mey only be decreased by indreasing

the focal length and the height of photography, as follows from the forn-
wla.

Additionsl angulsr distorbtion which resvlis dus to displacement of
points on the aerial pixabograph due to the influence of relief is apper- )
ent'iif, over the extent of one km of terrain the difference in elevation
of individual pointe exceeds & 30 m. I the vertex of the angles to be
measured is the point of zero distortions, then, as was nentioned above,
these angles will be undistorted. This important property of the point

of zero distortions lies at the basis of phototriangwlation (see below).

On vertical aerial photographs the point of zero distortion in
practice is taken to coincide with the prineipal point of the photograph.
(a) BScale difference of adjacent aerial photographs as caused by
a change in the flight altitude. Flight altitude in aerial photography
along a given route is paintained with an sccuracy of & 15 m, and between
f1ight routes & 30 m. Variations in the height of photography are re-

itk - S b

flected in a difference in position of identical points on adjacent photo-
grephs and is expressed as a 1ack of colncidence of contours for one and
the same images.

Tetting T represent the distance between the principal point of a
photggraph and an observed point, the error due to difference in scale
at the juncture of two overlapping serial photographs may be calculated
from the formula

s =xdd
“an

Tinear displacement of the poimts of an image, caused by chenge in

the height of photography, is directed towsrd the principal point of the

Carers.
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The Useful Area of An Aerial Photograph

Analysis of the sbove formilse leads to the conclusion that distortion
of the photographic image 1s greatest in the periphsral portions, Assuming
that in general these distortions do not exceed a certain previously assigned
value, on the photograph; it is possible to mark off the so-called useful area
within the limits of which messurement msy be performed.

The radius of this area may be determined from any formula taking into
sccount the combined influence of the sbove-mentioned errors, for example,
according to the Klimov formula

In this formila h is the meximum deviation over the average plane, 1/m
is the average scale of the photograph, <3 is the assigned accuracy of mes-
surement in mm,

In practice, the useful area is not tzken to be circular but a rectangle,
the sides of which ave lines extending through the center of the zctual overe
lap of adjacent photographs.

Section 8. The Transformstion of ferial Photographs

Direct calculation of distortions and obtaining precise qualitative chare
acteristica of the different elements of a lsndscape from vertical aerial
photographs (contact prints) sre somewhat complex and, what is more, an exe
tremely difficult and labor-consuming task. Hence it is convenient to cone
vert the serial photograph as a whole {or in parts) to a horizontal photograph
in order that on it, as on a plan, any measurements may be performed. Such

conversion is known as transformation of aerial photographs. It usually en-
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tails reducing all aeriel photographs of a given flight route to one, pree
assigned scale convenient for use. This work is performed on special instrue
ments known as transforming printers (Figure 28 and 29) :Ln which there is ree
produced and then fixed on an appropristely placed screen the tie-in of pro-
Jecting reays (Figure 30).

In order to plsce the screen in the required position it is necessaxry
to have not less than four control points on the photograph. These points
by one or snother method must be applied to the screen and through each of
them there must pass the corresponding projecting rays from the light beams,

reproduced by means of the projector of the tramsforming printer, After this,
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there is faztenzd to the slcreen 2 sheet of printing paper and on it is printed
the converted image of the locality, fres of distortions which might arise due
to perspective.

Here it is especilally necessary to enphasize that in transforning serial
photographs distortion due to relief and a change in flight altitude are not °
eliminated. They nay only be reduced to a certain minimm, Thus, in transe
forming photographs of hilly terrain and in lerge-scale serial photographic

survey transformation mist be performed for elevated areas and thereby it will

be possible to observe the scale of the photographic image over the entire

area of the photogrzphe

Determination of comtrol points pecessary for transformation is performed
either by geodetic or photogrammetric mesns. The first mathod is used only in
compiling plens on 2 very large scale sn the form of a continuous tie«~in of
aerial photographs to a specially developed geodetic grid, In all other cases,
the mmber of control points necessery for trenaformation of the photographs
is determined photogrammetrically, by a method of phototrianguletion based on
a sparse grid of geodetically determined and identified points (control narks)
on the aerial photographs, A phototrisngulation series for a certain flight
path is constructed graphically by means of intersections and resections rela-
tive to the initial directions, waich sre the directicns between the principal
or centrel points of adjacent photopraphs. In this wsy constancy of the ori-
enting points of photographs within the 1imits of the flight path is schieved.
The principsl method of development of phototriangulation is the construction
of a single-route, rhombic series, which is evolved both from the negatives
and from contact prints (Figure ).

Harking by mesns of a templet the principel or cenitrsl points on the neg-
atives or prints, they are subsequently used to plot at these points angles
which are practically equal (see above) according to the angles of the terrain,
and whence the images of csmtral points on adjacent photographs are located
and marked off. Thus, the initisl directions are obteined and from them the
photographic base of the survey scale. Thereby, by means of the intersections,
as in the plane-table survey, it is possible to determine the position: (1)
of the tie points (P), (2) the transformstion points (T), and (3) the grid
control points (B) (Figure 33). The tie points are chosen in pairs in the

zone of triple overlap; the transformation points, according to which the
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transformation of photographs is subsequently performed, ere brought epprox-
imately to the points of intersection of lines passing through the center of
longitudinel and trensverse overlapping (that is, L per each photopgraph).
After marking the points with pin pricks (or at the same time) the so-called
upadial’ tracings are prepared. Placing the serisl photograph on & sheet of
tracing paper, all the marked points are repricked on it and then encircled
in pencil snd lines drawn in their directions (radials) from the principal
(central) points.

By placing a pair of adjacent tracing sheets together along the initial
directions, it is possible to obtain on any scale a grid of points determining
the relative base., Placing a third sheet nexi to the pair, it is moved along
the initial direction 2-3 so that the radials at tle-points P, and P2' pass
through the intersection of the same radials on the preceding photographs,
In this manmer there is determined (tied-in) the position of the third photoe
graph, and together with it 2 new palr of tie points, etc.

As a rule, phototrisngulation is performed on &n arbitrary scals and
hence the plotted series nmust be copied on a strip of tracing paper of ap=-
propriate size and reduced to the required scale. This work is performed
by optical-mechsnical means on a special device known as & photo reducer,
This is a large and sccurate projector in which the sheet of tracing paper
wijth the applied phototriangulation grid is placed and illuminated. On the
gscreen of the reducer there is a2 plane +table with the control points merked
on it. Upon achieving satisfactory coincidence of the projected control
points with the control points on the plane table, a hard, sharp pencil is
used to mark the position of the central and transforming points. with this
the process of concentration of the vertical control grid by mesns of tri-
angulation is concluded., In transforming the photographs, as was stated
gbove, relief is taken into account, hence the transformed points rmsat obe
tain the corresponding displacement on the plane table base.

After transformation, photographs are obtained which are practically
free of distortion., From these it 1s possible to assemble elther uncone
trolled mosaics (fotoplan) or controlled mosaics (fotoskhema)., For this
purpose it is necessary to remove the overlapping portions of photographs
marked by reduced image quality., This work, Jjust as in compiling the mosalc
of the useful srea on a plane-table base, is exceedingly painstzking., Each
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photograph on the plane tsble is placed according to control merks which are
cut into the photograph by means of a specisl punch and, in addition, are
nade to coincide with the adjscent photographs by contour. In this position
each photograph is glued to the base, Then on the resulting mosaic the frames
of a map or plan of the appropriste scale are struck off and the rest of the
rough delineation is performed.

The resulting uncontrolled mossic (fotoplan) is referred to as “clear."
In this form it is of greatest value for the investigator of natural resources,
gince in expressing the results of the interpretation by topographic or other
syrbols the image of the terrain is shaded and cohesive. The interpreted
ufotoplan® is an ordinary topographic map on which the photographic image is
removed by one or another means.

Section 9. Use of herisl Photographs As 4 Topographic Base.

The possibility of using serial photographs as a topographic base is fully
insured by the method in which they sre obtained (a strict central projection)
and by the subsequent procedure of processing {conversion of the central pro-
Jection into en orthogonal projection). Transformed by one or another method
within the 1imits of their useful area, the aerial photographs are plans of
the photographed terrain; with them it is possible to perform any measwre-
ments as ars performed from ordinsry plans,

The radius of useful area on the itransformed photograph 1s calcﬁlated

from the formula

r-_ﬁﬁ_ﬁ,

vhere the value »s is chosen on the basis of the assigned accuracy of measure-

ments.

(2) Determining the Scale of the Aerial Photegraph

The gasle of the transformed serial photograph may be ascertained from
the record dsta. If such data sre lacking, then it is necessary to compsre
the photograph with the map, or better, with the terrain.

In order to deternine the scale of an serlsl photograph from a map it
is necesssry to locate two identical points on the photograph and the map
(Figure 33) and to measure the distances between them. The numericsl scale
of the photograph, determined as the ratio of the distance between the two
points on the photograph to the distence between them zre the ssme points
on the terrain, is expressed by the formula
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vhere ;. is the distance between the points on the photograph (in mm), L,
is the distance between the points on the map (in mm), m, is the denominator
of the numerical scale of the map.

The' distances are measured with a beam compass with an accuracy of tenths
of a millimeter,

Example, The distance between two bridges on a river " 151.0 mmi, on
the map with a scale of 1:100,000 the same distance is equal to 15.1 mm, The

__1__ - 151 3 1 .
¥, WIx %o'o','ooo"' TO;000”

In the asbsence of 8 lsrge-scale map or in the event of difficuliies ase

scale of the photograph ig

sociated with esteblishing identical points on the photograph and the map,
this seme problem may be solved by comparing the dimensions of any object
with its actual dimensions. In this case use is made of the formila

1

-l
vhere |, is the size of the image on the photograph (in mm), I is the actual
sige of the object on the terrain (in mm).

This formula is also used for determining the scale of a photograph in
direct comparison with the terrain, In this case it is necessary to note
that in order to determine the scale of the photograph it is necessary to
choose such objects as have a cleer image and linear dimensions of not less
than 2-3 mm,

Example, It is known that the distsmce between telegraph poles on the
terrain is S4 m, On the photograph this distance proved 4o be 18 mm,

The scale of the aerial photograph is

1= _18 = _1
M 35,000 3,000

The above formulas and rules are used also for determining the scale of
non-transformed (plane) aerial photographs. However, in the given case, due
to unavoidable distortions, such determinations are approximate in neture and
contain not only errors in the identification of points and the measurement
of the chosen segment, but also errors due to tilt of the optical axis of the
camera, etc., of which more wiii be said lster,

Uetermination of the scale on non-transformed aerial photographs is per-
formed within the limits of their useful srea with not less than two pairs
of points, with mutuzally perpendicular directions, and from all the scale
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determination there is derived the mean arithmetical value.
The calculations are made by use of the previously mentioned i‘ormuia

{Section 3) for the mean or navigation scele

lef

o
the data for which are derived from caloulation according to the aerial photo-
graphic survey. -

(b) Orientation Of ierial Photogrephs.

Orientation of aerial photographs throughout the points of the compass
nay be performed by the following methods: (1) from a map; (2) from local
objectss and (3) from shadoss.

1. Orientation of asrlal photographs according to a map. Establishing
two identical points on the map and on the photographs, we join them by straight
lines (Figure 33). Then ve determine the value of the directional angle of the
line @b on the map and we plot it on the photograph by means of intersections
or a protractor. The drawn direction on the photograph is the direction of
the axis of plane rectangular coordinates,; from which it is possible to obtain
the direction both of the true and the megnetic meridian passing through point
A on the terrain and on the photograph.

2, Orienting the serial photograph according to local objects does not
differ essentially from the orientation of ordinary maps. Comparing the
photograph with the locality and using a compass, the aerial photograph may
be oriented relative to the point of the compass an in an ordinary topographic
mep.

3. Orienting the aerial photograph according to shadows. This method
of orientation is a specific method for serisl photographs. It msy be used
in most cases where photography is performed in clear weather and if the
time of photography is known (hours and minutes). Imeges of shadows on aerial
photographs obtained at noon (1300 hours, mean local time) are directed to the
norths -on photographs made before noon the images of shadows are directed to
the northwest; end after roon, to the northeast. Knowing the angular velocity
of rotation of the earth (3600:2L = 15 degrees per hour) and the time of photo-
graphy, from the shadows of loczl objects op aerial photographs it is possible
to determine the dirsction of the true meridian. This is done in the following
memmer. On the photograph there is drawn the direction of the shadow (Figure 3k)

and then, by means of a protractor, the zngle is laid off (its velue depending
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on the time of photography). If the survey was performed before noon, then ihe
time of photography is subtracted from 133 if the survey was performed after
noon, then 13 is subtracted from the time of photogrephy. The resulting value
is multiplied by the angular velocity of rotetion of the esrth (15 degrees

per hour) and in this manmer the required sngle is obtsined. This angle is
1aid off along the shadow in the appropriate direction: from the right side
of the shadow if the photography was performed before noon, and fron the left
side if it was performed af'ter noon.

The same problem, without additional calculations, is solved by means of
the Ban'kovskiy device (Figure 35) == a celluloid disc graduated in hours of
photography (every 15 minutes) and the directions of.the cardinsl points of
the compssse

This dise is plsced with the center at the edge of a shadow on the aerial
photograph in such a way that the lstter passes through the time markings for
photography. After this the northesouth direction is drawn on the aerial
photograph along this line. In order to avold errars of 180° it must be sse
certained that in placing the disc on the photograph the indicating arrows
on the time sesle coincide with the direction of the shadow.

Section 10, Procedural Instructions For Using Single Aerial Photographs

The camera records the imsge of the terrain in that form in which it would
be seen by onms eye. Hence, in attempting to obtain the most correct presentae
tion of the image primted on a single serial photograph, it must be examined

monocularly (that is, with one eye). In this case and on the condition that

'

.
LA R A BT T F ARSI B S N 15,8 % A /A A VRS T i T

between the eye of the observer and the photograph the proper distence is
preserved, it is possible to obtain a most correct presentation of the phioto-
graphed terrain, including alsc to some degree its relief,

In order to maintain the correct perspective the photograph must be viewed
with one eye at a distance appraximately equal to the focel length of the aerial
camera, with the aid of a magnifying glass., Then even a single serial photo=

.

graph gives a certsin impression of relief and depth, whereby the shadows and
other oblique features intensify the impression of relief, facilitating study
of the aerial photograph.

The distence of greatest visibility for the normal human eye is approxe
imstely 25 cm, hence photographs obbtained with a normal lens (f.‘k = 200-250 mm)

may and must be examined at this distance. It is to be noticed that photographs

e T R DR s

obtained with longefocus cameras do not lose relief in binocular exsmination.
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In exanining with both eyes a single photograph obtained with & nornal
cemera a relief image is not obtained, for in this case there is absent the
necessary distinction of images of one and the same object which, being re=-
ceived by ezch of the eyes, permits a sense of vision to recreate a relief
imags of the cbserved object. It will be further observed that simultaneous
examination by both eyes of two photographs of one and the same object, ob=
tained from a certain base, will permit reproduction of a stereoscopic model
of this object. This method of exsmination of overlspping photographs, based
on the natm_‘al properties of opticsl equipment, is referred to a8 stereosc‘qpic N

just es our vision is stereoscopic. Thﬁs, li_:;vihg a single photograph, it is

necessary to exzmine it with one eye, whethé? the right or the left eye, siice

in this respect even = stereoscoplc camera pogsesses no selectivity.

In studying eerial photographs it must be kept in mind that on any topo-
graphic map, slong with the scele symbols accurztely duplicating the outline of
local objacts in the plain view, wide use is also made of nonescale (in the
litersl sense of the word) symbols. On an zerial photograph, in distinction
from a topographic map, 11 images of local objects are to gcsle. Depending
upon the conditions of photography, one or another object on the aerial photo-
graph may not obtain an image or will be hard to distinguish from its sure
roundings. This is especially irue of objects having small dimensions in
the plan view 2s well as of objects which are camouflaged by one or ancther
mathod, blending with the overall background of the locslity.

In examining serisl photogrsphs with the aid of ordinary megnifying
glasses or measuringllenses, or in overall magnification of the image it
is possible to improve the legibility of the photograph somewhat and to
distinguish on it relatively small details. However, it is necessary to keep
in mind that in overall enlargement of photographs by more than two and a
half times there mey occur a noticesble shift of image, this being an ungvoide
able consequence of movement of the aeridl camera at the moment of exposure
(Section 5, Paragraph l-a). Further megnification of the photograph will
serve only for a general survey of the photographed object and to obtain its
qualitative characteristics

In establishing a certain limit or useful magnification of an aerial

photograph (ng it is possible to determine the maximm scazle of the survey,

permitting measurement of objects with a lmown linesr extension,

53
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For a verticsl serial photogreph the formla for the maximum scale is
derived in the following form:

lafy =
T E e

It follows from the formula that if the survey is performed on a sczle
of 1:25,000, linesr segment n (having an sctuel length of N-=<I0m) on an
aerial photograph exsmined through 2 magnifying glass with a mggnw;i_fié_a,tion;‘ )

of 25 times; WLl Kave & iength of one millimeter (that is, for such ob’;jﬁs

a scalg of 125,000 nay be considered as the 1imit). The described method
establishing-the limit of a scale is not exheustive, since it only conaiders
the metric properties of the photograph. The problen of determining the op-
timm and maxirum scales for serisl photographs used for hydrographic purposes
is examined in greater detail later (Section 23).

In order to obtain a complete idea of the entire object under investi-
gation and to establish its relations with its surrocundings, individual aerial
photographs sre joined into a photodiegram (fotoskhema) in the form of an
overlay asssably (mosaic) glued to zny rigid bsse (pastebosrd), The dimen-
sions of the individual photodiagram must not exceed 60 by 90 cm (thst is,
the ordinary drawing sheet), otherwise the photodiagram's usefulness as a
sumnmary tool will be limited.

Tt must be pointed out that irregular tones of the individual prints,
caused by errors in the positive photographic process, somewhet complicates
interpretation of the photographed image and the photodiagram has an untidy
appearence.

flence, in those cases when it is intended to compile a photodiagram or
photoplan (fotoplan), it is possible and permissible to exaggerate somewhat
the tone of the photographic image in preparing contact and trensformed
prints; however, in those cases where the use of single serial photographs

e TR Y A PRI R T

is intended, it is much preferred to use so-cslled "normal® prints; they
are made according to previously selected standards for each object.

Far an investigator using an serial photogrsphic survey as a method of
stwdy, serial photographs prior to photogrammetric processing are of cone

2o X0 e, B R SR T3, Y e A% (0

siderably- greater interest than contact prints, since in transforming the
aerial photographs and reproductions the legibility of the serial photographs
is considersbly decreased snd they usually lose the freshness of the original,
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Hence not only in field investigations but also in hydrographic lsboratory

' investigations it 1s recommended that contact prints be used, the more so

since most information which is needed for the characteristics of a water

object may avoid the distortions present in vertical photographs,

The legibility of contact prints depends to a considersble degree on the
type of photographic paper and its sensitometric characteristics, These papers
are specially selected for the positive process with a censideration of the
quality of the negatives, Vastly greater legibility is obtajined with prints
made on glossy or mirroregloss paper, hence it is also used for contact print.
ing. Matt paper and semi-matt paper are used for making prints intended for
work in the field or for those operations in which it ig necessary to moke
pencilled notations on the photographs,

Photographie paper having low resolving power in comparison with the
aerial negative (10 lines per mm) conceals individual small deteils and somee
times, especially in the hands of Inexperienced photographic laboratory workers,
nmay not express all the detail and light shadings fixed on the gerial negative,
Hence, in individual ceses, for detailed study of e object it ig necessaryy to

use the aerid negative,

!
Seetion 11, \ Dévices Used In Monocular Study of Aerial Photographs.
—

The study of aerial photographs begins with a general examination of the

photograph in which the basie outlines of the photographed terrain and its '
elements are Tepresented, In this examination the use of devices of any sort .
is not required., For mare detailed study of aerial photographs accompanied
by a description of the object under investigation, and for examination and
measurement of fine details of a photograph it is necessary to use special E
devices, A
For a general faniliarization with the results of the aserial photographic
survey before contact printing, for a detailed study of individual aerial photo-
graphs, and also, in extreme cases, when the conditions of operation do not
permit waiting for contact prints, for examination of the film a2 special dee
vice is used == a ght table (Figure 36) -- provided with attachrents for
movement of the £ilm in roll form om o spool. This device is designed to
operste both with natural ang artificial illumination,
For study of details and also for examination of small-scale aerial photo~

el b=t -

graphs optical devices are used: both simple megnifying slasses and neasuring :

-

é —_

)

]

: - 001
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lons, md panoramic mirrors; and for especizlly precise measurements, more
complex devices.

the magnifying glass {the simplest of opticsl devices used for the study
of photographs) consists of one or several lenses placed in a spedial mount.

For mor'xvocular study of aerial photogrephs so-czlled "panoramic" glasses
are especiafhy useful (Figure 37). They have a large field of view (diameter
10-15 cm) with low magnification and are fastened on a apecial support. Some
of the relief of images may be viewed with these devices.,

For examination of fine detail and small-scale aerisl photographs & set
of glasses (Figure 38) is used at a magnificstion of L6 times.

Some glasses are fastened in a special mount having an external thread-
ing which permits displacement of the glass within a special support and nay
be held in a given position when sdjusted for shorpness. Such glasses are
usually convenient for use ¥ th aerial photographs.

For measurement of fine details measuring microscopes {(magnifications
of B~10) are used, These are analytical magnifiers with a scale marked off
in divisions of 0.1 mm within the field of view.

Included under the heading of magnifying devices is the panoramic mire
ror (Figure 39), having a fixed radius of curvature. The gerial photograph
which is to be exsmined is fastened on a movable support within this device
and is located within the foczl plane of 2 mirror. The panoramic mirror,
giving a wagnified image of the photogreph, imparts to it a certain impreg-
sion of relief; the latter may be intensified if the photograph is tilted
slightly during examination,

For a crmparison of tones in a single photograph or in different photo=
graphs, which hes often been of extreme importmece in detecting local objects
and deriving their characteristics, it is necessary to measure the density
of the negative. -

Microphotometers are used for measurement of the density of zerial
negatives, permitting derivation of density characteristics either at ine
dividual points or, by means of recording instruments, in the form of curves
on script records. Integration of the data of these messurcments and explan-
ation of the causes for a change in density at one or another part of the
image is the task of instrumental interpretation (Part II), in which a change
in density is considered ss an objective indicator of a change in properties
of the object under investigation, In particulsr, this indicator is used
for determining the depth of a river (Figare 40).
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CHAPTER IIT

YRR

REPRODUCTION AND MEASUREMENT OF AW OPTICAL MODEL OF A TERRAIN FROM OVERLAPPING

A

Srtmie

ABRIAL PHOTOGRAPHS

N a S

(STEREOPHOTO'G—RAW-ETRY)

Section 12. GCeneral Information

The theory and practice of reproduction and subsequent measurement of

Oy P P

a spacial model of a photographed surface is based on a singular property
of our visual apparstus -- stersoscopic vision due to wnich the visual ap=
paratus has additional facilities for perceiving and evaluating spacial forms
of local objects and their location within the limits of its field of view.

The essence of stereoscopic vision consists in the following.

Images 1 and ¥ of one and the same point ¥ of a terrain vhich is in-
tersected from different ends of an optical base b are perceived different-
1y by each sye. The perception of space 45 obtained from the difference
in muscular efforts in the combination of visual impressions. This dif-
ference is due to asymmeiry of images on the retina of the eyes or physio-
logical parallax.

Possessing a sharpness of vision of

,7}’, < (}’ -
(the difference in the parallactic angles), the visusl apparatus perceives
the separation of any point ifj relative to 2 point of fixation M on the
condition that thers exists a physiological parallax, that is, the dif=-

ference of arc (Figure Ll1)

- P, ’)f',»

(Figure 41 gives the conventional geometric expression of perallax
without considering rotation of the eye. In fact, perception of a single
point in space is obtained if individual images of it arise in correspond-
ing points of the retina linked by nerve paths.)

If point ¥y is located further from the observer than point M, then

7 <
If point My is located closer to the observer than point ¥, then
7 o2
If point ¥y coincides with point M, then the ohysiclogical parallax

0

el
Between the optical base b, separation L, and the parallactic angle 2

there exists the following dependence?

~
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The value of the optical base (the distance between the centers of
ths pupils) is an average 65 mm; it varles from S8 to 72 mm. The paral-
lactic angles corresponding to these values at a distance of optimum vision
(256 mm) amounts correspondingly to 13 and 16 degrees. In observation of

extremely remote objects the parallactic angle is especially small; hence

roo&

whence
4

L:*{):

Differentiating the above formula for o~ and converting to finite

P e . L YR NUNVEpNe

differences, we determine that with a small change in the parallactic

STFTR S T

angle ¥: 5 - &, at which the visual apparatus is still able to per- ‘
coive a displacement in depth of point ¥y relative to M, the value of dis-

placesent is

4 L w305

A4 -4
that is, that the minirmum difference in the separation which is perceived
in stereoscopic vision is proportional to the square of the distance %o
the observed point.
it has been established experimentally that the sharpness of vision
is approximately 30 minutes. If the parallactic angle 7 is assumed equal
to the sharpness of vision v , then we may determine the maxirum separa-

tion or radius of unaided stersoscopic vision, which will be equal to
~ L . e.ee¢ /:, LRI

P ey e

Roowd s S o

This explains why the terrain below an observer flying at high al-
titude appears to be flat.

Special instruments are used to increase the radius of stereoscopic
vision L. In these instrumeuts the introduction of a mirror or a prism
increases the base, and due to the introduction of lenses there is an in=
crease in the sharpness of stereoscopic vision. Such instruments are known
ag stereoscopic instruments.

Section 13. Stereoscopic Examination of Aerial Photographs

The property of stereoscopic vision is used for reproduciicn of a
special image of a photographed object from its photographs. The follow-
ing conditions are necessary for such observation.

1. The photographs of the object must be obtained from two different

points ir space; such photographs constitute a stereoscopic pair or gtere-~

opair.
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2, The differcnec in scale of the photographs must not cxceed 16
porcent.

3. The photographs must be located at +he distance of optimum vision
for the given observer (an average of approximately 250 ™).

L. Both photographs ere viewed simultancously, wherein cach eye must
ohscrve one of the two images of the object.

5. The distance bebween identicul points on the photographs comprising
the storeopair rust be equal to the optical base of the observer.

6. Lines joining identical peints must be located parallel to the
optical bage.

7. The optical axes of the eyes must ‘e parallel, that is, they mmst
be directed o infinity. (It is just this departurc from the natural con-
ditions of operation of the visual apparatus vhich constitutes the diffi-
culty in wnaided examination of a stereonair),

With the fulfillment of these conditions, instead of tio plane images
of an object the obscrver sces one reliefl image. Special test patierns
(Figure 42) arc used in training personnel for stereoscopic vision. Thay
ave slso used for the selection of personnel to operate stercoscopic de-
wices. Looking at the sketch, such a position must be achieved as will
cause the observer to see an imaginary image of a third circlo with the
osjects sketched within it. This imaye is located between the sketched
circles. Ir the third, imaginary, image the sketched figures rust seen
to be located at different heights (give the impression of depth).

The stercoscopic effect is more easil; obtained if the optical rayrs
are, as it were, isolated by a hand applied to the nose or by a plate.

This idea has found its fommulation in the form of special instruments
known as siereoscopes.

There are simple stereoscopes, mirror sterccscopes, and lens-nirror
stzrcoscopes. Sicreoscopes provided with atiactments for measuring special
rodels are known as topographic stereoscopes.

The simple stereoscope is an H-shaped stand 25 ¢ nigh. On the upper
shelf of the stand there are two cut-outs for the eyes and a noteh {or the
nose, and on the lower shelf arc placrd the photographs to be exeminod.
Such stereoscopes arc suitable for cxamining smell (6 by 6 cm) photographs.

For the purpose of celculating the natural convergence of the optical
axes and the accomodation of the eyes, as well as for magnifying the images,
simple siercoscopes employ special lenses. In addition, the holder for

the photographs (the lower shelf) may be displaced. ALL non-professionzl
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stereoscopes (Figure 43) are comstructed in this manner.

A simpls, easily used stereoscope similar to that shown in Figure Ll
may be constructed with the use of two identical magnifying giasses.

For examination of large photographs mirror stereoscopes or lens-
mirror siereoscopes are used. Among these is the widely used LZ collap-
sible lens-mirror stereoscope (Figure 4S), consisting of two pairs of
mirrors and two lenses mounted in a common frame. Instead of lenses in
such stereoscopes there is sometimes used a removable prismatic binocular
which permits stersoscopic examination of photographs without magnification.

The distance d, measured in the stereoscope along the central ray
from the sye of tha observer tc; the photograph, is known as the principal
distan;:e of the stereoscope. In the lens-mirror stereoscope thils distance
is measured from the center of the lems to the photograph along the ray,.
The power of the stereoscope is

25T

V:‘--«.H)

where d is expressed in centﬁeters.
Caleulated according to this formule, the power of the LZ stereoscope

is l.h.

£
e
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It must be pointed out that magnification of the base in stereoscopic

instruments has no effect on the relief and plastic of a stereo model.

Bl AR W H AN

It only permits examination of large photographs; herein also lies the

advantage of mirror stereoscopes over gimple sterecscopes.

¥
RE:

TR

Section 1li. Working With A Stereoscope

For stereoscopic study it is necessary:

(1) to select the photographs forming the pair so that the overlapping

portions will face one another;
(2) to establish from each photograph the principal points and to

draw the initial directions -- lines joining the principal points of the

it Do 5 IRV o] T B ST U 2 EPTA

photographs comprising the stereopair {Figure L56).

One of the photographs (the left) is fastened to the base of the
stersoscope (in the case of the 17 stereoscope; to a special plate around
the table), and the other is moved until doubling of contours is eliminated
and a clear stereo effect is obtained without strain. It should be pointed

\

out that most stereoscopesdo not have a device for focusing the lenses,

hence an observer wearing glasses must not remove them in working with such

-

stereoscopes as, for example, the L7 stersoscope. Observers suffering from
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astigmatism rmst not wear glasses intended for rsading when working with
a steproscope.
The lighting rust ke sufficiently strong and wniform in working with

a stereoscope. As Lor the light source, the photographs rust 2o placed

53 ST RSN Wk R R

in such a menmer that the images of shadows on them fall in the natural

AR R A AL N Y )

direction.

The storeo effect has a different appearance depending upon plece-

u

ment of the photographs in the stercoscopic instrument. If the photographs

are obscrved as per the sbove instructions, then a direct stereo effect is .

e,y
i o

cbtained (Figure 47) in which the treetops, housetops, cte. are raised
glightly above the surface of the carth and there is a distinet impression
of relief over the entire modcl., If the photographs are inierchanged
without turning them around, there is obtained the roverse (pscudoscopic)
sterco effect. In this case the relie’f of the rodel is also perceived,
but elevations appear to te depressed and depressions (for example, river
valleys) become convex, Eapecially curious are the inages of rivers and
lakes: to the observer they appear to be overrunning their banks. In

some cases the pseudo-effect is of practical use, permitting betier ex-
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pression of a river valley on a stereo rodel.

§L

In rotating both photographs through 90 degrecs there results a
ndatum-lovel" stereo effect in which all the photographed poinig sppear to

te lying in one plane. In photographs of mountainous regions it becomes

I AR 2

)

more difficult to obtain the "datum-level" stereo effect, for, though the
points 2lso appear to be lying in one plane, deep shadows are s%ill mani-
fest and the relief of the image remains.

Section 15. Dasic Froperties of the Stereo Model

4 natural requirement for a stereo model is the topological roguire-
ment or the observation of precise geometric similarity of the stereo
nodel to an actusl model, This requircment may be expressed in the followding
form:
l:m

C=_"12=1
B e

where limy, is the vertical (depth) scale, limy = fk/H is the horizontal
scale.

Actually {after ¥, G. Koll') thore occurs a depth digstortion of the
sterso rodel, the magnitude of which is dotermined from the following re-

lation:
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where D is the distance of optimum vision if the stereoscope is used
without a lens, £ is the focal lengt}i, of the lens of the stereoscope,
fk 4s the focal length of the aerial camera.

Hence the stereoscopic model obtained from aerial photographs by
means of the simplest instrument is topological. Distortion of the model

is expressed as a lack of correspondence betweon the vertical and horizontal

PR TG vadr 2yt

scales.

=322 4

The coafficient C is kmown as the coefficient of relative elasticity
of the model. If C i's greater than 1, then the visible forms of the relief
will be stretched in comparison with their actual forms (that is, the re-
lief becomes exaggerated and the entire model is deforned). If the deform-
ation of the model is uniform, this property of the model is viewed not
as a shortcoming but as an advantage, permitting detection of all the de-

tails of the microrelief.

BT TR RN kT s e e

Establishing the depth scale of the stereo model, it is possible to
evaluate the relative height of local objects by mltiplying the visually

estimated height (in millimeters) by the depth scale of the stereo model ==

¥
1)
P
£
£
&
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oy

the product CK (page 61, original text).

The height of the object to be measured (an individual tree, a bridge,
an individual peak, the bank of a stroam, ets.) is compared with the milli-
meter scale, which is mentally placed alongside the given object.

The experience of forestry specialists, who make wide use of visual
approximations of the height of stands of timber, has shown that the mean
square error of such a determination does not exceed 2-3 meters.

Deformation of a stereo model becomes especially noticeable and diffi-
cult to deal with in calculations when the sterso model is reproduced from
an ordinary wertical photograph, with all the attendant distortloms, on
snstruments in which these distortions have not been taken into considera-
tion. For example, the mutual longitudinal tilt of the photographs com-
prising a sterec pair causes depression of the sterso modelj mutual trans-
varse tilt of the photographs results in a twisted appearance of the model;
there are also noted both longitudinal and transverse tilts of the model

observed in stereoscopic study of photographs.
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Tn addition to the distortions caused by orientstional elements of the
photographs, it must be kept in mind that considerable distortions arise
in the model due to the stereoscope itself and the method of its use, Tor
exampls, considerable distortion which is difficult to calculate mey be

noticed in a model when the mirror in a lens-nmirror stereoscope has been

poorly ground. There may also be observed a distortion (gemerally quite

considerable) in the lenses of a stereoscope which sometimes may compensate
for the effect of distortion in the lens of the serial camera, but more
often only intensifies this effect. Hence, in compiling a map it is ree
commended that the sketch of the relief under a stereoscope be performed
without lenses.

Tor convenience in work with a stereoscope the aerisl photographs are
fixed in place and for best examination of 4ndividual parts of the sterso
model the stereoscope is displaced. In the case of slight disturbance of
parallelism of the initial directions and the optical base (sece Section 16)
the stereso effect is preserved but perception is accompanied by strain and
observation becomes extremely fatiguing. WWith considerable disturbance of
this basic rule of stereo examination of photographs the stereo effect is
disturbed and contour imagos undergo doubling.

It should be kept in mind that doubling of contours may also appear
due to a defect of the stereoscopa. Before beginning work it is necessary
to check the perpendicularity of the plane of the mirrors of the stereoscope
relative to the plane passing through the opticsl base of the observer and
forming & right angle with the plane of the photographs, Compliance with
this requirement is checked in the following manner. In place of the photo-
graphs it is necessary to place a sheet of white paper with a straight line
on it along the base. If, in stereoscopic examination this line is doubled,
then one of the mirrors must be removed from the holder and a2 strip of
£in foil or aluminum foil placed beneath it. This check is repeated until
goubling of the line is eliminated.

In displacing the stersoscope the peaks of mountains eppear to be
tilted in the direction in which the instrument is displaced, hence the
slope of declivities in the direction of displacement of the steracscope is

jnereased, while the heights of observed points remain constant, Hence it

e SR SR\ R B SR

T

follows that in order to obtain a correct representation of the photographed

terrain it is necessary to use a stereoscope with & large field of vision
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and it 1is not permissible to move the photographs any great distance off

center.

s52!

Fron the above remarks concerning the properties of a stereo model

|
g T S A

plotted from vertical aerial photographs it follows that:
{1) a stereo model reproduced by stereoscopic examination of a pair

of overlapping vertical aerial photographs is deformed;

-

{2) in order to use verticsl photographs for measuring purposes i't: is
necessary to use special instruments and to adopt measures permitting cal-
culation of the elements of orientation of the photographs;

(3) in those cases where the conditions of operation may permit ob-
taining approximate characteristics of the elemenis of a loeality, obtzin-
ing their values by means the simplest instruments, it is necessary that

the values to be measured considerably exceed the deformation of the model

i

AL TR

under observation,

Section 16. Sterco Model Heasurerents

[
SRR o

Placing overlapping horizontal aerial photographs so that their co-

ordinate axes coincide, we notice that the images of ldentical points

appear to be displaced. Segment {a') a" (Figure L8) shows complete par-

&
¥
&
I
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allactic displacement of point a of the terrain or its complete parallax.
The latter, as a vector, may be laid off on two components: along the ¥
axis (the longitudinal parallax p) and glong the X axis (transverse par~
allax q).

The impression of space and relief of the model arises due to the

presence of longitudinal parallaxes, to which our vision is more sensitive
than to transverse parallax.

Longitudinal parallax of obscrvation point & of the terrain (Figure
48) is equal to the algebraic difference of the ordinates of images a'
and a" of this point on the lefi and right photographs

Ve ; 2 "7{‘ .

Points having identical longitudinal parallaxes lie at one elevation.
The large parallax corresponés to the higher point; hence it follows that
the sign of the difference of parallaxes determines the sign of deviation
of the points on the terrain.

Thus, in order to evaluate the deviation of the different peints of the
model, their longitudinel parallaxes may be determined by thes use of a

compass and a ruler,
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The accuracy of such & determination is not very great (on the order
of 0,2 mn), while the minirum detectable stersoscopic parallax is expressed

in hundredths of a millimeter. Hen;:e, for the measurement of parallax

5 e 1 )

R AR ST T

spacizl instruments and various attachments are used whith insure measure-
ment of the longitudinal paral_;lj;;iés or their differences with sufficient
accuracy.

Photogrametric methods of determining the elevation from aerial
photographs provide the simpler’ and more accurate solution of the problem

vhen the aerial photographs are obtained with a strictly vertical position

25

of tne optical axis of the serial camera and, moreover, with a horizontal
base for the aerial phof:ogx'aphy.

In Figure 19, let O, and Oy represent the positions of the centers of
the lens of the camera, from which the horizontal photographs comprising
the stersopair are obtained. Let B be the base of photography, the dis-
tance between the centers of the projection. Assuming that the optical
axis of the aerial camera, in being displaced from point Op to Op, occupies
a position parallel to its previous position, and producing the imagss
a! and a" of point A obtained on the photograph in one vertical plane, on
the basis of the similarity of triangles A0,0p and Oy a" (a"), we may
write 'y I __’é_ﬂ

& *

. g

.
/= L.f:ff

A
R

#

In the derived formula

4
.-

e }
T

4 b k
where b= _/ *. 5 whence it follows that

2 , ys
#y i

vhere H is the average height of the flight over the given plans.

&

By determining the relative elevation of point A we may calculate its
height above a given msan plane
4 7 - /é/p - Ay
vhere H, is the height of photography relative to the mean plane or a
certain datum point with a known elevation.
In visw of the fact that in obtaining vertic2l aerial photographs the
conditions presented in the conclusion of the given formula are not observed,

the parallaxes of points to be measured from vertical photographs will be

.65
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distorted or conditional parallaxes. However, in the case where the
points to be observed are located relatively close to one another or, whai;
.is the same, vhen the difference in their heights is relatively small,
distortion of parallaxes may be assumed to be equal for both points and it
may be assumed that the difference in the cdonditional parallaxes g is
equal to the difference of the actual pax‘ailaxes p. Hence the above-for-

mula may be used for determining the dgifference in elevations of points

ST

BTV S

of the model,

sl

ol

)
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! - ) : , /,’ .

TR

Noting that

’ [

/1
that is, that the horizontal longitudinal parallax of the point relative

to which the mean flight clevation is determined is the base expressed

2
in the scale of the survey, we may assume that pjpo= b and derive a work-
ing formila for determining the deviation in height of points from the

differences in their longitudinal parallaxes.

ok :
A 5 ot AN ‘ .
/ [ = L, Y = AN /
7/

/ Lo * .
where ,\ H and H are expressed ir meters, and b and {\p are expressed in
A » A

millimeters.
The parallactic coefficient K is assumed to be constant for the given
stereopair and is considered as a depth scale of the stereo model, indi-

cabing the number of xﬁeters of deviation in height corresponding to one

millimeter of difference in longitudinal parallax.

The given formila is used to determine relatively small deviations
in heighte -

In order to determine considerable deviations with a small height of
photography, use is made of the complete formiila

ANy ”Aiii , A7
in which the values entering inté le coefficient
‘ H

are the same as in\‘th; pretidus Zofimla.

To determine the order of the values entering into the above formla
we are given the values: H= 2500 m, b= 72 mm, and IE i()m. In this
case p=00429 mm, that is, 10m deviation in height corresponds to 0.3 mm

of difference in longitudinal parallasx.
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Hence it follows that in order to determine the difference in cleva=

tion of twe points with an accuracy of one millimeter, the difference in

their longitudinal parsllaxes must be measured with an accuracy up to

0.03 mnm,

In order to determine the velues of deviation in height for which the
simplified formula may be used instead of the complete formula, there
exists a relation

h = + JHdh.

Allowing a limit error of dh 0.5 m in determining the deviation
in height, we know that with H = 3200 m the simplified formula may be
used for determining differences in height not exceeding L0 m.

From analysis of the formulas it follows that the greatest effects
on error in determining the deviation in height is had by errors in de-
termining longitudinal parallaxes 4 ps and that errors in determining H and
b have less effecte.

The greatest changes in longitudiral parallaxes are caused by: tilt-
ing of the aerial photographs at the base of photography and unsatisfactory
flattening of the film at the moment of exposure (that is, all those factors
which cause deformation of the model), Along with changes in the longitud-
inal parallax which cause distortion of the model it is necessary to con-
sider also errors arising in measuring parallax, specifically the error in
the instrument by means of which the model is reproduced and deficiencles
in the methods of reproduction as well as measvrement of the model, as well
as, finally, errors introduced by the cbserver,

It is noted that with an increase in the parallactic coeffieient X
the accuracy of determining the deviation in height is reduced and this
is obvious because the value of this coefficient characterizes the angle
of spacial intersection of local objeects with a given base and height of
photography. The smellest value for K is obtained for photographs made
with short-focus, wide-angle aerial lenses which have now found wide
application at aerial geodetic enterprises.

In order to insure the required accuracy of measurement the appropriate
camera and method of processing must be chosen, and a reliable geodetic base

for the stereo model must be adopted,
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In those cases when the abevementioned conditions are ignored, determi-

e

nation of deviations in height of points and the subsequently calculated

EraTre

indexes for the latter must be considered as approximate, meeting the
econditions of simplified preliminary survey investigations.

One method by which a precise height charscteristic for a stereo model

may be obtained employs transformed aerial photographs.

In order to insure the required accuracy in drawing relief directly

P Ty Oy TR X I T

on vertical photographs by means of a stereoscope various methods are used
for condensing the elevational control grid. In practice the widest use
has been made of the methods of the straight line and the undistorted model
as developed by G. V. Romanovskiy. Thase methods are deseribed in detall
in the special literature and are accompanied by appropriate instructions.

A~s experience has shown, in drewing relisf with the simplest instru-
ments it 45 necessary to have a considerable number (uwp to 15) of elevation
points on the stereopalr at distances of 3.l cm from one anothsr. They are
obtained by photogrammetric means as a result of compression of a grid of
points on ths geodetic base with maximum spacing.

In using aerial photographs for hydrographic purposes as a control
and in the absence of a geodetic base, the elevational base may be the image
of the surface of the water object under investigation (rivers, a lake, or
other bodies of water).

within the limits of a separate stereo model (a palr of overlappling
photographs) the water surface of a portion of the river, especially in a
lowland, may be considered a horizontal surfacs. Heasuring the parallaxes
of points projected to a section of water at different parts of the stereo
model, the character and extent of distortions of the model may be ascertained
to some degree, since in order to determine the deviations use is made of
the approximste formula without considering the elements of orientation of
the photographs.

The visible tilt of the model may be somewhat corrected in the following
mamner. After orientation of the photographs from the initial directions
it 4s necessary to measure the parallaxes of a series of points located
approximately at the base line. If there is noticed a longitudinal tilt
in one or snother direction (that is, a visible difference in the elevation

as distinguishdd from the differences in markings for the projected points),
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then one of the photographs (usuzlly the right-hand photograph) must be
tilted somewhat in one or another direction. If there is noticed a transverse
+i1lt of the model, then it is necessary to rotate both vhotographs within
their planes around the principal points in such a manner that the stereo
effect remains undisturbed.

Tleither of these methods guarantees complete elimination of distortions
in the stereco model and only gives approximate corrections.

Tn order to correct for the elevation of points located in the immediate
vicinity of the water object, especlially in the case where the latter has
a meandering outline and occupies a considerable portion of the stereo model, the
following simple method may be recommended. Locating a certain number of
control points reliably identified on the stereo model and determining their
deviations in height by photogrammetric methods, it is necessary to write
opposite each of the points the value representing the departure betueen
the geodetic and photogrammetric markings (that is, the value of the corresction
which must be made in the marking obtained by photogrammetric meens from
the distorted medel). Thence, by producing isolines of equal correction,
any .point projected on the model mey be corrected.

The described method gives excellent results and is of importance in
achieving efficiency in the case where the stereo model is provided with a
sufficient number of control points uniformly distributed over the entire
model, for interpolation for the straight line (the case of flexure of the
model) is permissible only for points lying on a straight line perpendicular
to the base of the survey. As for points located on arbitrarily oriented
straight lines relative to the base, in the given case interpolation must'
be performed according to a more complex rule {a parabola). Hence, it

follows that to obtain corrections by the method of interpolation from a

5 P, A 0T B L T T T

straight line the distance between points must not be greater than 1.5-2.0 cme

g

in order to obtain reliable results it is necessary to employ the
mothod of the undistorted model, calculating the corrections for elevaticns
by analytical means or obtaining them from the grid-sheet drafts proposed by G.
V. Romanovskiye

Section 17. Instruments snd iethods for Reproduction of the Stereo Model

Conversion of an ordinary stereoscope into a measuring instrument is

achieved by inserting within the path of the rays of the observation system
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two movable measuring marks w; and m, (Figure 50). Their displacement over
the model. is measured by means of attachments in the form of micrometric
parallactic sorews or scales.

The measuring marks msy be affixed by various means. They may be
placed directly over the photographs to be examined, the marks themselves
being engraved on glass plates in the form of points, crosses, or short
Iines. They may be fiber or metallic filaments held stretched in special
holders and superimposed on the photographs. Finally, marks in the form
of points or crosses engraved on glass plates may be inserted within the
observation system on the stereo instrument. In some instruments use ia
made of illuwmdnated marks.

During the stereoscopic examination, instead of two actual flat marks
LY and ", the observer sees one imaginary tridimensional mark and obtains
a picture of its remoteness relative to a certain point 4 (Figure 51) and
any other points of the model reproduced in this stereo instrument.

The change in the distance between marks ® and ®, is perceived by
the observer as a depth displacement of the mark. If the distance between
the actual marks w and m

2
ponding points a, and &2' then the plastic image of the imaginary model

is less than the distance betweoen the corres-

appesrs to be suspended above the sterso model (Figure 51). Simultaneous
displacement of both the actual marks by the same distance is percelved as
a displacement of the imaginary mark in a plane parsllel to the plane of
the photographs. If the distance between the actual marke is greater than
the distance between the corresponding points, then the imaginary mark
appears to be depressed within the model. 4n indication of thie 15 the
doubling of the image of the mark (or a break in the filament).

With the possitdility of separate and joint displacement of the actual
marks, the observer may align the imaginury mark with any point on the
stareo model by bringing the mark into juxtsposition with it. it the moment
juxtaposition of the imaginary msrk with the model the images of the actual
pointsnl and W, appear to be joined with the corresponding pointe Y and s,
on the photographas (Figure 51). The readings are then made from the sppropri-
ate scales on ths instrument. .

For measuremsnt of the coordinates as well as of the longitudinal and
transverse parallaxes of the peints the photographs are plated in the instru-
ment 20 that their coordinate axes are panlli% to JEQS Sorrash gsiﬁg E&Sgé
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of the snstrumtnt feom which a corbined displacement of 1. actual marks is
achieved.

In some measuving stereo devices, instead of displacenment of the actual
marks displacement of the photograpns relative to the observation systom is
often practiced. Tias, movement of the marks in the direction perpsndicular
to the optical base may be replaced by conbined displaccricnt of the photo=
graphs in the same directicn and displacement of one mark relative to another
by a corresponding relative displacement of the photographe, Thus, the
distance between the actual marks within the stereo instrument may remain constant.

The principal instrument for stereoscopic study of photographs - the L
stereccamparator (Figure 52) == in which the mothod of an imaginary measuring
mark is used is constructed in just this manner. This instrument, desifgned
for the measurement of coordinates and parallaxes of points, is a prototype
and a distinet part of most modern stereoscopic measuring devices.

The stereoconparator is one of the most precise and at the same time
one of the simplest stereoscopic ingtruments in operations In the latest
of Soviet aerial photographic stereoconmparators (Figure 53), designed for
processing of photographs with dimensions of 30 by 30 cm, measurcement of
coordinates as well as of longitudinal md transverse parallaxes of points
is provided with an accuracy *0,001 rm.

In the TSD-3 topographic stereoscope of F. V. Drobyshev (Figure sh)
the marks are thin nickeline or textile filaments drawn tight over special
frames which are placed over the photographs under examination, Tor
measurenent of the parallaxes at any point of the model the f£ilaments may
be displaced jointly and independently. Displaccment of one of the filaments
by means of the parallax screw may be recorded within the limits of h5-90 mmj
the accuracy of the reading from the cylinder of the parallax screw is
# 0,01 rme

For refinement and control of the measuverents repeated aligrment of
the spatial screw at each observed point is employed. Under favorable

conditions the accuracy of filament alignment is 0,02-0,03 rm.

pmee e ——p—————
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The accuracy of aligmment of the filament on z point depends on the
sxperience of the observer, on the character of the observed point, and on
the quality of the photographic image. With considerable depth of the
filament it is somewhat difficult to deteot, for example, the tops of
deciduous trees. It is easier to detect ﬂu’ top of a mountain than the
bottom of a gully. It is difficult to lay the filament in the glades between
trees, etc. In some cases it is more convenient to interchange the photo-
graphs and perform the measurement of a model in the pressnce of the pseudoscopdc
effect.

In working with transformed photographs and having designated control
points it is possible to calculate the value of a division of the parallactic
screw for a glven section of rellef and to use the spatlial sighting scres
for determining points of the model with a given elevatlon and then, by
selecting such points with sufficient frequency, to draw contour limes. In
practice this is done in the following manner: the parallax of a certain
control point is assigned the valus

v
i

Ap= 4B
where A h 15 the difference in the markings for the ce&t?ol point and the
contour line which is to be drawn, -

Keeping in mind that with changes of H equal to s\ p., as was shown above,
there will not bs correspondingly equal ph, for each contour line it is
necessary to perform individual caleulations and not simply to totsl Ap,
remenboering during this procadure that the greatest parallax corresponds to
the groatest elsvation.

In processing vertical photographs this method of drawing contour lines
may be used to derive the approximate characteristics of a terrain with
respect to olevation, replacing the drawing of contour lines by eye in gll

types of sketches, schematic charts, eto.

The stereopantometer of F. V., Drobyshev (Figure 55) i3 designed for the
measurement of longitudinal and transvarse parallaxes and the coordinates
“of points {on the right-hand photograph). It may be used slso as 2 sketching
device for compiling maps from aerial photographs. Being light and small,
the stereopantometer msy be used not only under laboratory conditions but
also under fleld conditlons.
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Moasurement of parallax is performed with the use of dots applied to
glass plates which are fastened close to the photographs; the latter are

moved toward t¢he marks conjointly (movement of the left relative to the rignt . /‘f”—/ o
photograph). Displacement of the photographs is read from scalns X ard ‘! ,’ l

with an accuracy up to 0.1 mm. For measurement of parallax thora is a et

micrometer unit in the form of two parsllactic screws permitting measurements
with an accuracy of + 0,02 mm.

TR 1 2 T A A R N Il X DA BN R v it

A pencil and pinpoint are used for fixing points of the model by the
method of phototriangulation for transfer to the plotting board and tracing
of the contours on\the scale of the right-hand photograph or on another scale
by the use of a special pantographic unit insuring a consistent change of
scale in transferring from point to point, which is necessary in working with
nol%@hansfomed photographs. Experience has shown that approximately 2.5
hours are required for processing on the stereopantomster a single stereopair
having an average number of contours.

Preliminary surveys for the compilation of schematic charts find wide
use for the field stereopantometer, consisting of a stereoscope which may
be moved in parallel directions and is joined with a parallax bar with a
drawing attachment. The instrusent is mounted on a special table which aglso
serves as the top of the case.

The stercoscope is mounted on parallel guide bars and may be moved to
any portion of the stereo model without disturbing the initial orientation
of the photographs once they have been oriented and fixed on the table; in
this position the measuring marks of the parallax bar are constantly located
within the field of view and its pencil may be used for sketching contours
and tracing the horizontal lines.

The parallax bar (Figure 56) serves for the measurement of longitudinal
parallax. It has the following construction. GClass plates with dots
engraved upon them are fastened to a rod. Both dots may be displaced along
the rod. The operating distance between dots is established Yy displacement
of the left dot and fastensd with a set screw, The right dot is displaced
by means of a parallactic screw and the value of its displacemant is detel~
mined first from the scals and then from the cylinder with an accursey
of + 0,02 ma. !

{
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With the aid of the parallax bar it is possible to mark the contours
directly on the photographs by noting points of idmt:\.cg.l elevation or to
draw them on the plotting board located beneath the stereoscope between the

photographs. For this purpose and also for the transfer of contour lines

use is made of a pencil attached to the parallax bars Hence the parallax

bar is sometimes referred to as 2 drafting stereometer.

For measurement of rectangular coordinates of points on the left-hand
photograph the stereopantozeter has two scales graduated :Lq\milli.neteraa
The scales are mcunted in such a masnner that the beveled edge of the one
serves as the reading 1line for the other. The coordinates are measured by
oye with en accuracy of tenths of a millimeter.

For deteminatim of height differences of individual polnts located
close to one another (the height of Q bank above water, the height of
jndividual trees, etc.) the simple and sufficlently accurate D-6 measwdng
stereoscope (Figure 57) is used.

This instrument successfully combines a sinple lens atorsoacoi:e with
the sbove described parallax bare The D=6 stereoscope 1s a binocular with
lenses replaceable by plane parallel plates on which sighting lines are
etched. In order to adjust the stereoscope for the optical base the left
ocular is displaced relative to the right ocular and in the chosen position
is fastened by means of a pressure screde. In aligning the spatdal sighting
1ine with points on the model the lower part of the right ocular is diasplaced
relative to its upper part along the base Ly means of the parallax screw.

A change in the distance between the sighting 1ines is perceived as a drop
or a rise of the 1ine relative to the observed point of the model and 18
read from the millimeter scale and the cylinder of the parallactic screw;
the scale division of the latter is 0.02 mn.

In recent years the parallactic plates of F. V. Drobyshev (Figure 58)
have found wide use as a measurement device for the lens.yirror stersoscope.
They are constructed on the principle of sine bor proportional scales and
are used for measuring the differences in longitudinal parallax.

The assembly consists of two plates P, and P 2 made of organic glasy
(white plexiglass), a board D with clamps % for the photographs, and a guide
rule Ll'
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The sighting marks in this instrument are movable and are made in the
form of parallel marks applied to the plates. The inner edges of the plates
ars beveled and have the same angle as the direction of the ~zr#.gh*l:i.rng narks
(ch = 5°44120", sind= 0,1). On the beveled edges of the plates we find:

+ BLRE

{

¢
]

I
5L 37 AP NI

on the left plate, a millimeter scale; and on the right plate, the index.

3

A

During measurements the plates are placed directly over the photographs

habis

so that they are oriented under the stereoscope and are fastensd to the board;
4n addition the beveled edges of the plates are firuly pressed against one
another and the sighting marks are located perpendicular to the direction of

T s S A TR

the base of photography -~ the ordinate axis.
Moving the plates together along the guide rule or individuslly (the
right plate along the beveled edge of the left) the observer sees beneith

the stereoscope one spatial sighting mark suspended above the model, which

mark may be made to merge with the stereo model at any point, just as in
operation with the topographic stereoscopas

Mignment of the sighting marks and the numbering of the millimeter
scale on the plates 4s performed so that the reading from the scale is made
when the spatial sighting mark merges on the model with a certaln point A
equal to the distance batween corresponding pointa' ay and a, on the photo-
graphs or the longitudinal parallax of point 2 in its convantional expression.

In order to determine the difference in the longitudinal parallax of
two or more points each of them must be aligned with the spatial sighting
mark and the reading must bs made from the scale. The difference in readings
gives the required difference of 4 p in millimeters.

On the left-hand plate thers are five sighting marks 10 e apart and
nurbered 0, 10, 20, 30, and 40, In measuring the parsllax the operating
mark is that mark which during binocular obsarvation merges with the mark
of the right-hand plate into one spatial sighting mark. If in the process
1t is necessary to change the operating mark (for oxample, if from the zero
mark it is necessary to transfer to the mark numbered 10) then the reading
from the scals is incressed by 10 sm, If the entirs model may be processed
from one and the same mark, then it is not necessary to make any such change
in the reading. |

On the right-hand plate, in addition to the base index located in the
middle of the innar edge, there are two auxiliary indexes located at the
edgez and inscribed + 10 and -10. These indexes are used when the base
index goes bayondthe 1imits of the scale; the reading then varies accordingly

75
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by +1C or -10 mm (Figure 59).
The error in msasursment of ap due to the use of sins rules is ten times
less than the error in reading from the bage scale; consequently, asswdng

the latter to be equal to 0.2 mm, with the aid of parsllactic rulesap

may be measured with an accuracy of #0,02 m. In praotice such accuracy is
not maintained, for in order to align the sighting mark having the same
depth it is necessary to mske the adjustment by hand.

The measurements are considered satisfactory when the difference between
two readings upon alignment of the sighting mark with one and the same point
does not excesd +0.06 mm; in this case we take the arithmetical mean of the
roadingse.

Tho data of the measurements and the calculations performed from them
are entored into an appropriate record (Table 6).

ALl the above described instruments and attachments for meagurement of
the differences in longitudinal parallax are satisfactorily performed only
in the case of the procsssing of horisontal photographs obtained on a hori-
zontal base of aerial photographye. In processing vertical aerial photographs
detormination of the differences in longitudinal parallax are accompanied by
errors which in turn lead to errors in determining the deviations. These

errors increase in proportion to the depsrture of the conditions under which

s
kg
=
i
=
%,
o
%

the photographs were obtained from those conditions for which the formulas

e oo

R

are derdved for the relation between the difference of longitudinal parallax
of points and the difference of their elevations. Cslculation of these
errora and correction of the resulting differences in longitwdinal parallax

ERET

are performed by snalytical, graphie, or optico-mechanical means.
For more precise work directly on nontransformed photographs with
" dimensions of 18 by 18 cm F. V. Drobyshev has proposed the use of a sterec-
meter consisting of a stereocomparator with the addition of corrective
attachments compensating for the offect of elements of exterior orientation.
The Drébyshcv stereometar is produced in two variants: a precision
stereometer (which, with zero adjustments of the corrective attachments, is
converted into a stereocomparator) and & simpler device which is a topographic

stereometer.
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Determination of the height of points on the precision stereometer
corresponds in accuracy to the requirements for compilation of a map on 2
scale of 1:25,000, and on the topographic stereometer on a map with a scale
of 1:50,000,

The contours obtained by means of sterecmeters pass through the imapes
of points through which they must pass in nature, hence such drawings made
directly on contact prints may find widest use in survey practice, pro¥dding °
material for the planning of various installations even before obtaining a
precise topographic map of the entire region, For the compilation of maps
thie resulting contours mst be transformed, and this problem is solved by
means of various types of drafting pantographs or ordinary transforming

printers with the sirmltaneous reduction of the scale 6f the photograph at

>

which the contours were drawm to the scale of the compiled map,.
Tho above instruments are the basic instruments used for obtaining the
elevational characteristics of a photographed terrain from its stereo model,
Each of them is designed for the solution of a relatively limited problem in
the complex process of compiling a map by the differentiated methods Most of
these instruments, being simple in operation and portable, may find wide application
under expedition conditions in the most varied investigations of natural
resources.
In the instruments of the universal method of compilation of a topographic
chart all the processes of photogrammetiric handling of photographs, beginning
with the reproduction of the optical medel and ending with the topographic
map, are automatically operated and cormbined in one, usually extremely
complex, and hence somevhat bulky, instrument,
The instruments of the universal type are produced in three variants:
(a) instruments of optical projections (b) instruments of optico~mechanical
projection; and (c) instruments of mechanical projoctions Practice in “he .
Soviet Union finds widest use for the first two variante, one of them being ‘
the aerial projector multiplex aid the other the stereoplanigraph, Description
of these complex instruments is given in special courses,

Procedure for Plotting the Transverse Profile across a River Valley

s aomst e =
it ;

From the points of a stereo medel chosen along a straight line it is

pogsible to construct both longitudinal and transverse ppdIiies for water

L

objeets. For the plotting of a transverse profile acvoss a river vallsy

it is necessary to give its direction on one of the photographs comprising
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the stereo pair (the left), to locate the points of floxure cn the storeo
model, and to keep them well in mind on the given dirsction of the profile.
After this it is poosible to procesd to measuring the longitudinal parallasx
and to determining deviations from the above formulas (Table 6). Farticular

p——
e T R

- . s

care must be exercised in measuring points corresponding to the shoreline T
and the ridgeline of the valley.
TABLE 6 5

SPECINEN OF JOURNAL FOR MEASUREMENTS OF TRANSVERSE PROFILE g
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The transverss profile is compiled from the obtained data by the usual
method.

As was mentioned above, in plotting the profile, espeoially for large
rivers, it may happen that the parallax of a point taken at the water level
of the left bank differs from the parallax of 2 point taken at the water
level of the right bank by a more or less considerable valus, which indicates
the presence of general transverse tilt of the model, If rotation of the
photographs in their plane (as was disoussed sbove) does not give the desired
results, then it is necessary to restors the ordentation of the photographs
from the initial directions and to perforn the measurements, processing them
in the following mammer. One of the points (Figure 60) must be assumed at
zero and a general rotation 6£ the profile must be achieved relative to it,
taking into consideration the correction for each point of the profile pro-
portional to the distance of the latter from the point taken as zero. This
caloulation may be performed by graphic msthods as shown in Figure 60.

The calculated corrections with the appropriate sign are inserted in
the measured differences of parallax, after which the deviations are calculated
(Table 7).

Experience has shown that if the model does not have substantial dise

o

tortions znd the line of the profile with the direction of the base of the

survey forms an angle approaching a straight 1ine (Figure 60), then a trans-
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verse profile plotted across the river valley from aerial photograrhs is in

rLVER

excellent agreement with the geodetlc profile even when the stereo model
lacks definite geodetic control points and is processed with the simplest

RO R

instruments. Errors not exceeding in most cases one meter are obtained at

e s SRR

points removed from the base and, in addition, in those cases vhers, dus
to an indistinct image or at extremely amall geological folds in the ter-
rain, the observer is mot sure of his observations.

The results are considersd sufficiently acourats and replace instrue
mental measurements in those cases where the stereo palr provides suwch a
number of control points as will perait reliable control of photogrammetric
determinations and corrections from them according to the method of the uUne

s e e et et
) '

distorted model. In this case the profile plotted from photographs is

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-O1043R020002001 -2



Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

quite indistinguishable from and is even more accurate than a profils which

may be plotted from a large-scale topographic map.

TABLE 7

SPECIMEN OF A JOURNAL FOR CALCULATIONS

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

In thos'e cases whers it is possible to use instrumsnts designed for
praecise reproduction of the bunches of projecting radials and to obtain
topological stereo models, ths plotting of such profiles becomes possible
in any direction and, moreover, is performed by automatic means. The widest -
use of stereoscopic profiles is found in the preliminary study of water ‘
objects for the selection of those points and portions.of water objects : e
which 4% 15 necessary to lay off instrumental proﬁl:sdi};c—tzar on the terrain

or to perform specific investigations with the aid of photometric and other

devices.

In any case, the profiles plotted from aerial photographs are considerably
more accurate than profiles plotted on the basis of visual or semi-instru-
mentsl surveys. Their use for the explanation and description of a type of
:;iver valley, lacustrine basin, etc., must find wide application in hydro-

graphic investigations.

CHAPTER IV
INTERPRETATION OF AERIAL PHOTOGRAFHS
G

The completeness and reliability of information obtained from an aerial
photograph depends:

(a) on the accuracy of the calculation of the conditions under which the
thotograph was obtained;

(b) on the ability of the investigator to develop an original code o
which the image of the investigated objsct may be subjected (its interpre-
tation) and to interpret the resulting information. “

The task of mtarpretgtion thus reduces to a representation of the object
under investigation on photographs, establishing its qualitative and quantititive
characteristics, and explaining the relation of thls object to its environment.

By analogy with a general geographic map, on an aerial photograph we may
observe: a base, being a contour map of the terrain on the scale of the
photograph, ‘and the supsrimposed information in a volume determined by the
tasks of the given investigation. In this connection interpretation is divided
into general and special hydrographic interprstation.

S
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It is the task of general or topographic interpretation to explain and Ej{
i evaluate the principal elsments of a landscape comprising the topographic ¥
; base of special investications,
,; The volume and tasks of special interpretation may vary over a wide
range,
The methods of general interpretation of aerial photographs have been :
developed in adequate detall and presented in instructions and handbooks for L
the compilation di' topographic maps by the aerial photographic method as well §"
': as in all works devoted to problems of application of the aerial photographic ?;

survey within various branches of investigation of natural resources, In
these works considerab_le attention is usually devoted to the interpretation
of water objects as the principal elements of the landscape.

o ar——

Problems of special interpretation have not been s0 well developed and
the detail in their development is in direct proportion to the volume of
those tasks which the aerial photographic Survey procedure has been able to
golve in one or another branch of investigation of the natursl resources. {
The photographic interpretation of forest areas has been more thoroughly i
developed. Forestry specialists were among the first to use the aerial i
s photographic survey in their investigations and have accumulated a wealth J
of experience in the interpretation of aerial photographas. This experience
is widely used in centiguous regions, including hydrographic interpretation, !
According to the site of its execution the interpretation of aerial photow f
i
1
!
{

R

graphs may be divided into field interpretation and office interpratation.
In performing field interpretation (in which the recognition of local
objects and elements of the landscape on the photograph is performed directly
in the flield) the interpreter achieves a complets ground investigation of
the object, relieving him of the mapping and lindtations which are created
under the conditions of a ground: swvey. This advantage, arising in the use
of the aerisl photograph as a topographic base, may be oven greater 1P !
so-callad standard sections are previously chosen from the materials of aerial
rhotography and then subjected to detailed investigation and the conclusions
obtained from them are applied to considerable areas. In this case the field

interpretation of photographs my to a considerable degree be replaced by
office interpretation.
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The method of standard interpretation, which has found wide application’
in aerial-geodetic enterprises, may also prove extremely convenient in hydro-
graphic investigations, dipeoially in those cases where continuous jnvestigations
of one or another object (for example, of a large swamp area) are replaced by
selective investigations and the identity of the remaining portions is established
only from the general externals of their appearance.

Office interpretation of aerial photographs is performed when absolutely
religble identifying features are available (see Section 19).

Notwithstanding the fact that an extremely large number of elements of
a landacape on aerial photographs is recognised without any difficulty and
may easily be identified with standards, the results of office interpretation
of 2 number of elements of water objects and terrain, even in the presence of
standards, may be considered reliable only on the condition that they are
obtained by speclalists having adequate experience. Hence it is necessary
to conduct & trial field interpretation, especially in view of the present
stats of the procedure of hydrographic interpretation of aerial photographs.

Thus, the distinction between field and office interprotation is extremely
conditional.

Interpretation must be considered as a distinct process of photographic

investigation in which both field and office operations ‘are performed and

supplement and control one another. According to the tasks confronting the
investigator, one or another form of opsration acquires greater or lesaser
importance. Thus, in detalled investigations great importance is attached

to field interpretation, and in reconnalsance investigations great importance
4s attached to office interpretation; however, as will be seen, this assumption
cannot be considered invariable.

Finally, intsrpretation may be: visual, semi-instrumental, and instru-
mental,

Each investigation of the materlals of an aerlal photographic survey
begins with a general examination of individual photographs or a series of
photographe joined in a photomosate [Totoplap/ or a photodisgram [fotoskheng/.
In some cases (for example, for objects of considerable size and clearly
shown: on the photographs) such examination for visual interpretation may be

adequate and somotimes even exhaustive,
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Semi-instrumental interpretation is pesrformed visually with the aid of
the simplest instruments (ranging from a magnifying glass to a stereoscope).
It is the principal method of operaticn in studying aerial photographs and
1s used both under field and under office conditions. Semi-instrumental
interpretation is performed from cobtact prints, individually or mounted in
a photodiagram, and from a photomosaic.

Instrumental interpretation reduces to the measurement of an object
and the compilation of graphic and tabulor quantitative characteristics
achievad under office conditions with the aid of sometines somewhat complex
photogramsistric and other precise measuring instruments. Instrumental inter-
pretation is performed chiefly from aerial negatives. The above classification
of interpretation of aerial. photographs is not without qualification. Nore
accurately,swe distinguish two types: the visusl and the conceptual (in the
broad sense of the word) instrumental intez;pmtation.

The term "instrumentsl interpretation’ is sometimes used for designating

the more objective methods of interpretation in which the perscnal partid -
pation of the observer is reduced to a minimim, Among such methods are
photometric investigations of aerial negatives, performed for the purpose of
establishing certain relations (for example, between the optical plane of the
negative and the depth of a stream of water, etc.)e Such interpretation is
instmmental in the resl sense of the word, and hence there ls Justification
for distinguishing an intermediate type consisting of semi-instrumental
interpretation.)
-Section 19, JIdentiiving Featuros
The factors determining the character of a photographic image are often
not constant and under given conditions one and the same terraln on a photo-.
graph (see Figure 16) may have completely different lmages. However, for
all objects there exist sufficiently stable “features'rwhich directly or
indirectly indicate the presence of a given object on a photograph and the
natural conditions of the object as well as its relation to the enviromment.
Such features are known as identifying featurss.
Interpretation of serial photographs 1s bzsed on direct, indirect, and
complex features.
Direct identifying features permit the detection and examinztion of local

objects seen on the photograph.
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The direct identifying features are the shape and size of the image
on the photograph, the tone({ihtch gives the imags its clarity), and finally
the image of shadows of local objects on the photograph.

The shape of the image is one of the principal identifying features
from vhich we first establish the presence of the object to be studied on the
thotograph and then its basic properties. For example, from the shape of
the image we establish the presence of a canal and its distinction from a
stream; on the basls of this same feature we distinguish a highway from an

T R P AR RS T

ordinary dirt road, etc.

b

B

Notwithstanding the fact that in being subject to the laws of perspective

i SN,

the shape of the image depends on the conditions of the survey and hence

the same objects may have different images on vertical and oblique photographs,
in interpreting them the shape of the image is a sufficiently stable identifyirg
feature. By representing the object as a series of lines and planes and
knowing the position of this object relative to the center of projection,

EACRE e w0 e N AN o

which is the center of the lens of the aerial camera, we mgy predict the
image of a given object on a vertical or oblique photograph.

S 3

- It must be pointed out that, despite the sharp distortion of geometrical
outlines of local objects on oblique photographs, interpretation is easier

:
g
|
B

with oblique photographs than with vertical photographs. This explains the
greater adaptability of our eyes to the image of a terrzin on oblique photo-
graphs,

The outlines of flat objects lying in the plane of the base are trans-
mitted completely and without distortion on vertical photographs. The
shapes of objects having elevation are transmitted only in part, since the
photograph obtsins an image of only the visible portion of the object {for
example, ln the case of a hcuse, its roof); in addition, these shapes are
distorted, since the aerizl photographic survey is a central and not an
orthogonal projection. Hence an individual tree at the center of a vertical
photograph is expressed in the form of a projection of its top over its
greatest dlameter, and at the edges of the photograph this projection is
displaced from the base in the dirsction of the nadir point; it is corres-
pondingly lengthened and, along with the projectioh of the top of the tree
the side surface of the tree also becomes visible,
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In the interpretation of single photographs the actual shapes of objects

nust be reconstructed from the parts forming the image on the photograph,

in which process a large part is played by the shadows of the local objects
falling on open ground or a water surface. For exampls, shadows permit us

to recognize the construction of a bridge, to distinguish an industrial
installation from an ordinary residence, to estsblish the presence of lines
of communication on the photograph. Shadows substantially facilitate inter-
pretation of forest areas, etc. Hence the shape of the image of local objects
on photographs, as an identifyling feature, must be studied along with the
shaps of the image of its shadow.

Tn order to obtain the moet accurate representation of the spatial shapes
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of local objects from their images, stereoscoplc study of the aerial photo-

“xerpr

graphs 4s performed.

7

The dimensions of the image are just as important as its shape in per-
mitting identification of the object under study from the mass of similar
objects shown on the photograph on the condition that the scele of the image
permits distinguishing the given object, evaluating its dimensions as though
vicwed visually, and comparing these dimensions with those of other objects.

In the interpretation of local objects of small size it is first of

R AT T R B S T LTI

all necessary to determine whether or not, on the given scale of survey and
with the given resulting power of the lens and the given photographic emulsion,
it is possible to obtain imzges of these objects on a contact print.

In making this determination it is necessary to consider not only the
dimensions of one or amother cbject but also its other properties (for
example, the color, the reflectivity of its surface, ete). It is knoun, for
example, that on large-scale photographs the ties and rails of rallroad tracks
are quite distinct, despite the fact that in a given case the objects have
very small width. This is partly due to the high reflectivity of the polished
surface of metal, especially apparent with adequate illumination, over tha
extent of an object with a series of very small tles which neverthslsas cause

a definite outline of the images. Dus to the shadows on a monotone surface

of snow as well as on a meadow, the footpaths, individual furrows, shrubs,

etc. are clearly distinguishable; on a water surface the same applies to

wavas and other objscts.

=
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The resulting power of the retina of the normal human eye permits
detection of objects having dimensions of approximately 0.08 millimeters at
the distance of optimum field and the compardson of linsar values if the
difference between them is 0.1 millimeters. It is noted that the minimum
length which is distinguishable on an asrial photograph is assumed to be 0.08

millimeters for elongated objects and the miniwum area for circular objects

is a point with a diametsr of 0.,10-0.15 millimeters.

If 0.2 mm is assumed to be the minimum dimension of the image {that is,
to assume the accuracy employed in graphic measurements), then the error in
determining the dimensions of such objects may reach 0.1 mmior 50 per cent,
and in the absolute expression it will depend on the scale of the survey.
Thus, the graphic accuracy of measurement on a scale of 1: 5,000 is + 1M
and on a scale of 1:50,000 it is equal to + 10 M,

In order to increase the accuracy in measuring dimensions and to examine
especially small objscts use is made of magnifying devices and, particularly,
special measuring glasses. However, the uses of the latter is possible only
within relatively small limits under the conditions of exceptionally clear
images. Experlence has shown that the magnification of images obtained on
aerial photographs cannot be greater than 2.5 times due to the low resolving
power of the photographic emulsions.

In determining the height of objects of an aerial photograph in those
cases when the conditlons of work do not require; high accuracy, visual
approximations are made with the use of an ordinary stersoscope. In more
pregise operations use is made of measuring stereoscopes and other instru= ©
ments used in the sterescopic processing of photographs for the compiletion
of topographic maps.

The accuracy of the determination of height chzracteristics depends on
the instrument and the method by which they were obtained; 4in other words“;‘
on the accuracy of reproduction of the model and the method of iis measure-
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ment.

The tone of the image or the degree of blackening of the bhotographic
emulsion on the aerial photographs depends on a large muber of factors,
Chief among these are: the angular elevation of the sun's rsys, the nature
of the surface of the photographed object, the color of the object; the atate
of the atmosphere, the characteristics of the negative and pocitive materlq}!’
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ete, Most of these factors ere extremely variable from point to point and

in time, hence the tone of the image cannot be considered a stable and
relinble featurs. In interpretation image tone is used within the 1imits of

a relatively small series of photographs and under the conditions of a mono=
tone terrain -— within the limits only of a single photograph and in cone
Junction with other features. However, the use of the tone as a feature for
Judgment of the general character of a terrsin or local objects is sufficiently
relizble. For example, from the overall tone of an aerisl photograph we may
Judge the charecter of the relief of the terrain monotons grays in a photo~

graph indicate the level surface of a tsrrain, and alternating dark end light

Ry S P e L DTN

portions may indicate the presence of sharply expressed relief.
fn invariable condition for the use of image tone as an identifying feature

is the presence of information concerning the state of the object \itself at

SRS € Ty v

the moment of photography and the conditions under which the photography was

oL,

NS

performed. This is necessary because one and the same locality, photographed
at different times and under different conditions, has images which differ 4in
tone, It is especially necessary to keep this in mind 4n hydrographioc inter-
pretation where it is quite often necessary to use the tone of the ixmsge as
an identi!.‘;ﬂng feature.

As an independent identifying faature tho tonas of the image is used in
aerial photographic investigations performed after the method of spectrozonal
survey (Section 5). Selecting the appropriate combinations of £41m and filters,
frem the tone of the resulting images we may establish not only the presence
on the photograph of ons or another object having natural or artdficial
concealment and thersby causing the latter to blend with the surroundings, but
also to detsrmine certain specific peculiarities of this object. 4n impera-
tive condition for such detsrminations is the posslibllity of comparing two
or saveral images of the object plotted in different portions of the spectrum
and obtained simultancously within s short period of time (Figure 1€).

Shadows are a principal feature from which the spatisl forms of local
objeots may be identifled on a single photograph. Shadow is used chiefly in
establishing the shape of local object and plays 2 large rols in interorating
rellef, vegetation, and artiffieisl structures. Shadow must be studled
according to dimension, shape, tons, and direction. Only under these conditions
may it be fully utilized as an identifying feature.
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In all 1ocal\objects imaged on the serial photograph distinction is
made between shadoss proper and inclident shadows.

The shadow proper, covering that part of the surface of the object which
is not illuminated by the sun, has. somevhat brighter tone than the incident
shados of the object on the earth's surface or the surface of a body of
water (Figure 61).

The presence of shadow at local objects in most cases somewhat facilitates

their interpretation, especially under the conditions of flat terrain in

studying miccrorelief. In the latter case the Shi?.ddw is a principal identifying
feature, for example, in detecting small features which are gifficult to examine
even under z stercoscore.

In some cases the saadows become an inhibiting factor in interpretation
rather than an identifying feature. Thelr application to the aerial photo-
graphic survey has a2 special terminology. Quite oftsen a shoreline is concealed
in a deep shadow castiby high trees or banks; underbrush and small details
of relief are also often concezled by tree shadows; in rugged terrain the
images of bank slopes may be invisible due to shadows; wide ravines and ,
fjords may be concealed in the shadows cast by high peaks. Hence, in inter-
preting asrial photographs particular attention must be paid to the shadowed
portions and in the selection of contact prints photographs with extreme
contrast; poorly developed semi-tones must be rejected.

On the basis of the proportion between the height of an object and the
length of its shadow the latter may be used in determining the height of the
object. Such determination is not marked by a high degree of accuracy and
is used chisfly to obtsin the qualitative characteristics of relief (since
it is known that the length of the shadow depends upon the angle of the
slope) but sometimes also for determining the height of individusl objects.

This is done in the following manner.

According to the length of the shadow of the local object as measured

on the aerial photograph (for example, of a tree) its height may be determined
from the formla b=Ttan(?,

where h is the desired height, T is the length of the shadow, and q; is the

angle of incidence of the sun's rays with the horizon (see Figure 61).

On 2 vertical aerial photograph T=tm, where t is the length of the

i

et A
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shadow and m is the denominator of the numerical scale of the photograph;

whence b=tm tan g

:

[
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The angle &0 in this case must be determined by somewhat complex cal-

&
culations. The results obtained by use of the zbove formula cannot be
considered highly sccurate, for the length of the shadow depends not cnly
on the elevation of the sun but also on the characteristics of the surfacs
on which the shadow falls, If the shadow falls on a2 sloping surface, then
its length will be distorted (Figure 62).

By using appropriate tables or graphs of relative heights of shadows
and knousing the latitude of the locality, we may determine the height of
local objects from the formula

T tm
h= e e
n n

where T, t, and m are the same values as given in the above formulas, but
n is the relative length of the shadow chosen from tables or graphs for the
knovm latitude of the locality, the date, and the time of photography.
Fxample. On a photograph with 2 scale of 1:15,000 made on 10 June at
9 o'clock in the morning the length of the shadow of 2 tree is 2 mm. The
latitude of the locality is 58 degrzes and its surface is flat. The relative
length of the shadow under such condition is 0.95 (Figure 63).
Substituting these values in the formula, we obtain the following height

of the tree:

2 X 15,000
—— 1 M.
0.95 ~ 3

Yore simply but with the same reservations concerning the slope of the
surface, the height of locat objects is determined by comparing the length
of thelr shadows with the length of the shadcr of an object whose height is
already known,

In this case we use the formula

2 2
where hy and hp are respectively the known and undetermined height of local
objects, tj and t, are the corresponding lengths of shadows on the serial
rhotograghs.
s & particular example of determining the height from a single aerial
photograph we may refer to the method used by geologists. It consists in the
following. Proceeding from an observed uniformity of slope of ridges,

mountainsides, ete, snd knowing for the area under study the mean angle of

e B b i 2 e
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cquilibrivm (25-30 degrees), the heights of indlwiducl slopes may be
determined from the forraula
h =\ Mtan .

vhere,; 16 the width of the anterior slope of the ridge, is the angle of

equilibrium of the slope, and m is the denominator of the numerical scale

of the phétograph.

Indirect identifying features permit the uss of dircctly detached features
ssgociated with the given object in determining the presence of other associated
objects or phonomena. Consequently they flow from the natural circumstances of
a given object and its rclations with the environwent.

For example, if a dirt road proceeds from both banks of a river, then it
may be assumed that at the givon locality there must be some means of crossing
even thou. 1 there is no ferry or other means of transportation visiile. If
this section of the river iz shallow, then it may be concluded that there is
a ford here,

The assumption of the existoncs of a ford or othor means of crossing
at one or another part of a river is checked also by othor means (for examyle,
by consulting existing data on river depths, the location of sandbars, ete.)

thereby we check for the possibls existence of one or another type of crossing

at the given soction of the river under investigation. Such a check provides
the required verification of the previous conclusion.

Proceeding further along this line of reasoning, a straight road not
interrupted in its approach to the river may be considered as an indication
that the banks of the river clope graduailv, that the river flow is slow,
that the river bed consists of corpacted materials. The continuity of a
road may be indirectly judged from the Irequency of the use of fords. The
width of 2 road or tracks, if the latter are showm on the photograph, may
be an indication (8s in the czse of 2 ford) of the use of the road by horses
or automobile transport, etec.

Thus, logical conclusions based on indirect signs lead to establishing
a series of relationships whereby we may express what are ofien complex regu-

larities associated with the various elements of the terrain,” As an example

we may cite the relations between the tree types, the lithologicel composition,

and the reliof as developed in forestry interpretation.

T A T T A
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Complex identifying features permit determining the general characteristics
of the terrain or the association of similar objects from a definite combination
of individual direct and sometimés also indirect features.

Complex features include:

(a) The numver or recurrence of objects on the photograph, Thus, if the
photograph shous a large number of randomly dispersed boulders each of which
is reliably identified, then it may definitely be concluded that there are
signs of glacial activity in the area. This evidence may also serve for a
general evaluation of the charactor and intensity of ice flow on the river.

(b) The relative location of objects characterizes the interdependence
and time relations existing between the elements of the terrain as well as
betueen elements of artificial structures. This feature is easily used in
distinguishing a frult orchard from & park, and the latter from a forest.

In the given case the external appearance of the image (its shape) plays a

principal role. From the shaps of the image and the relative location of

objects we may establish the existence of reclamation ditches in a locality
and determine their purpose —- for irrigation or for drainage. The observed
regularity in location of dwellings characterizes the type of settlement, etece

(c) The signs of human activity or economic utilization of objects.
Tespite the numerous types of economic uses for water objects, each of these
types has definite and stable features. TFor cxample, the presence of a dam
with a sluice or without a sluice affirms or rules out the use of the river
as a passageway for vessels, even in the absence of visible vesssls on the
chotogravh. Peat bogs have a definite image on an aerial photograpn. From
their appearance we may establish not only the state of utilization of the peat
but also the method of extraction, etc.

(d) The over-2ll character of the image. Certain elements of the landscape,
being of greater or less area (for example, forest masses. arable land, swamp,
etc) have a well-defined structural pattern. Such structure, perceived as
a whole, may be considered as 2 direct sign for the interpretation of certain
elements of the landscape. This feature is usuelly associated with the tone
of the image.

This discussion has been limited to the principal complex identifying
features. Their number may be considerably increased by consideration of
the indirect stsble features by means of whic’n‘we {dentify one or another

object.
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In recommending the aerial photographic survey as a method of investi-
gation of natural resources, A. Ye. Fersman pointed out that "little by
little the problems orf interpretation and expansion of the analysis of aerial
photographs turn to the special branch of geographic science, reflecting
in a completely new manner those interrelationships which exist between the
individual elements of the earth's surface." Hence, it is natural that the
interpretation of aerial photographs performed for hydrological purposes, as in
all geographic investigations, is inconceivable without preliminary familiari-
zation with the object under investigation according to existing materials,
Preliminary information concerning a water object under investigation permits:
grouping of the indirect features for a given purpose and also permits
generalizations on the basis of an analysis of the interrelationships existing
between individual elements of the landscape,

The possibility of greater or smaller use of both direct and indirect
identifying features depends on the type and scale of the aerial photographic
survey, the type of camera equipment, the conditions of photography, selection
of a portion of the spectrum, the methods of pProcessing the materials, and
a whole series of conditions determining the possibility of using the aerial
photographs which meet the purposes of the investigation in progress., The
effectiveness of these features depends to a considerable degree on the
experience and knowledge of the investigater,

Section 20, Methods of Interpretation

If the object to be interpreted has a clear image on the photograph and
the identifying features are known, then interpretation of this object presents
no particular difficulties; it is simply interpreted from the photograph,

The absence or insufficiently clear appaarance of even one of the direct
identifying features adds considerably to the difficulty of interpreting
aerial photographs., In this case it is necessary to search the photographs
for evidences of such relations between the elements of the landscape as
exist between then in nature, It often happens that certain of the comporents
of such a relationship may be lacking or have distorted images on the photo-~
graph. This is most often the case with the tone of the image, for it is
one of the least stable identifying features. In such cases the interpreter,
having at his disposal a group of features which are, as a rule, peculiar to
a whole series of different objects (for example, similarity in shape, dimensions,

or in the tone of the image), draws Up a series of assumptions concerning
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That which is shown on the given photograph. Eliminating the least likely

of these assumptions and zdopting various additional features, he proceeds

by the methcd of scquentisl approximations to the mest likely

of the photographed terrain and mzkes his conclusion 2s to the presence of
the object undar investigation on the photograph as!well as its properties.
Obviously the data ebtainéd in such a manner are not extremely reliable.

In studying the individual elements of any object {generally an object

for which control points have been established) interpretation proceeds from
the general to the particulzr. For cxample, on a meandering lowiand river

we may with ¥ood reason assume the presence of channel (deeper) znd sandbank

(shallower) sections and, selecting the tone of the image of the water on

tae photograph as the identifying feature, we may, by following Farga's
instructions, search for the actual location of these sections, and we may
attempt to make out the outline of the chamnel, etc. In this case, also,

we do not eliminste the necessity to make conclusions with the aid of successive
approximations. However, in the given case the conclusions are more reliable,
since the object itself and itssoutline are more reliasbly established.

In the interpratation of extremcly large objects it is often necessary

to proceed from the particular to the general. Establisking on the photo-

graph any .element or group of elements of the object under study and knowing
their interrelations as well as their association with other elements (the
regularity in location, timing, etc), the overall picture is gradually
reconstructed and we reveal not only the object itself on the photograph
but also its relationship with the surrounding environment.,

In the interpretation of aerial photographs it is quite often necessary
to resort to the method of proceeding from the particular to the general,
since on the photographs all objects having a certain height are only partially
shewn: on vertical photographs we obtain an image only of the upper part
of the objects and on oblique photographs, part of the image's side surface.
For this reason, in the interpretation of aerial photographs it is necessa
to use a stereoscope, thereby avoiding gussswork in reproducing the whole
object from a part.

Under no circumstances does interpretation become a complex investi-
gation of all the details of the image obtained on the photograph. Secondary

details on the aerial photograph are established with less thoroughness and
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may be grouped under macro features. For example, according to the thoroughness
and’ aceuracy of interpretation we distinguich the interpretation of terrain
adjacent to a river valley, the valley itself, and, finally, the riverbed.

The volume snd composition of work performed in interpretation depends

upon the tasks confronting the investigations. For example, in preliminary

S

hydrographic surveys of rivers these problems are determined by tho schedule
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for the river surveye

One of the major shortcomings in interpretation (especislly in office

TR

i
L

interpretation) is its subjectivity. This shortcoming can only be eliminated

s

3

ty appropriate organization of the process of interpretation, correct formu~

1ation of conclusions, and above all, standardization of these conclusionse.

SR

Particular attention must be devoted to standardizing and checking the con-

clusions of the interpreter.

Section 21. The Basic Materials of Interpretation

For the most valusble and thorough use of the materials of an aerial

T S T T

=T

thotographic survey the interpreter must have at bis disposal a whole complex
of materials. 4mong this complex are included:

(1) aerial film or a series of serial negatives (for instrumentzl inter=
pretation)s; .

(2) a series of contact prints;

(3) reproduction of an overlap assembly:

(&) clean (uninterpreted) aerial mosalcs fo‘boplar_a] or photo diagrams
Eotoskbezg H

(5) a topographic map;

(8) a record of ths work performed with a detailed description of the
corg!itions under which the aerial photographic survey was performed, the method
of processing the msterials, their plane and elevational bases, the characteristics
of the resulting materials, etc,

Such completeness of materials can be expected in only a relatively few

cases, as provided by materials two to three years old (that is, after such
materials of an aerial survey have already besen used for their initial purpose).
In addition, it must be kept in mind that such completeness is to be found
only in materials gathered by aerial geodetic enterprises of the system of

the Main Administration of Geodesy and Cartography (GUCK). The meterials

of other institutes {geological, forestry, agricultural, and other aerial

rhotographic surveys) are usually relatively incomplete.

4
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In all cases of servicing production enterprisss, it is necessary to
concentrate on obtaining the intermediate materials: a series of contact
prints, reproduction of the overlap assembly, and a record of the operations
performed.

One shortcoming of the materials of a photographic swvey performed by
GUGKX (especially in hydrographic investigations of small water objects) i‘é“
the relatively small scale of the survey as well as the fact that in certain
cases the configuration of the flight paths doss not correspond to the con-
figuration of the water objects, rendering difficult the study of the latter.
One advantage of these aerial surveys lies in the fact thst they usually cover
a considerable area and are excellent from the geodetic point of view, which
cannot be said of surveys performed by other institutions.

In carrying out their principal taks (the compilation of topographic
maps of different scales) the aerial geodetic enterprises of GUGK strive to
make the scale of the survey coincide with the scale of the map which is to
be compiled; hence, the intermediate products of the aerial photographic
survey operation, especially from flights in recent years, are distinguished
by their small scale {1:30,000 - 1:60,000), This should be kept in mind in
selecting materials obtained in recent years in aerial geodetic enterprises
of the system of GUGK.

The materizls of spscialized aeriazl survey enterprises (geological,
railroad, agricultural, forestry, ete) are distinguished by relatively great
diversity. At these enterprises large~scale aerial surveys are often performed;
however, in using the materials of these enterprises it is necessary to keep
in mind the variety of these special purposes for which the aerial photographic
operations were performed and to make the best of these unavoidable limitationse.
These limitations are most often associated with the area of the flight and its
configurations. The flight may be performed over a predetermined route without
embracing all of one or another water object. In addition, in conducting photogra-
phy for special purposes use may be made of such a combination of film and filters
as will result in an unsatisfactory image of the water object under investigation.

It is ncoessary to keep the above clircumstances in mind in using the materials
of mass serial surveys as well as of specialized aserial surveys. It is clear »

that the greatest thoroughness and accuracy of information obtained from the

materials of aeriesl survey is in;\&ed only when the latter is performed for the
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spocific assignment of the hydrologist, with a consideration of all the specific
features of the object under investigation.
Information concerning th> presence of materials of an aerial photographic

survey of one or another region of the Soviet Union is gathered in GUGK and

its authorized agents throughout the Soviet Union. The nomenclature of toro-
graphic maps is used in controlling the materials of aerizl surveys. The
control unit is a map sheet on a scale of 1:100,000; the record materials

for the aerial swrvey are usually formulated according to the individually
performad operations -- aerial flights. Hence the study of the materials of

an aerial swvey must begin with a consideration of the work performed,

deriving therefrom the data for selection of materials concerning one or another
object or region.

For a thorough consideration of all the factors influencing the character
of the photographic image in the aerial survey, the process of interpretation
aust employ the following data:

(1) information as to the time of the survey (date, hour, and minute);

(2) the characteristic of the aircraft and the aerial cemera;

(3) the height of photography;

(%) a detailed description of the atmospheric-optical conditions and
other conditions of survey;

(5) the characteristics of the film, filter, and materials used in the
survey; and information concerning the treatment of these;

(6) the recorded information concerning the quality of the flight survey.

In order to insure the possibility of obtaining guantitative characteristics
for the elements of a landscape it is necessary to have detailed information
concerning the geodetic elements of the entire area covered by the survey in
the form of = record of the coordinstes, markings, and the system of the base.

In the records of aerial geodetic enterprises of the GUCK system as
well as certain other aserial survey enterprises, in accordance with the current
instructions for compilation of topographic maps, there are extremely thorough
physical geographic descriptions of reglons subjected to aerial phot‘o_graphic
surveys. These descriptions are made according to an all-embracing programe.

Such descriptions are accompanied by numerous supplements and, in particular,

by materials of standard interpretation performed directly in the field with

the compulsory participation of qualified geographerse.

1 Gy e e Fimia
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From this portion of the record for the aerial survey the hydrologists
may draw important information necessary for interpretation of aerial photo-

graphs and the compilation of a hydrographic description,
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PART TWO

HYDROGRAPHIC INTERPRETATIOHN CI.? RIVERS AND LAKES FROM AERIAL PHOTOGRAF

B N A e e SR e e

CHAPTER V
GENERAL REMARKS ON THE HYDROGRAPHIC INTERPRETATION OF AERTAL PHOTOGRAPHS

Section 22, The Tasks of Hvdrographic Interpretation

The first works in the field of application of aerial surveys to hydro-
logic investigations were begun in 1932 in the former Central Bureau of
Water Codastre of the State Hydrological Institute (GGI). A group of co=-
workers of GGI (D, I. Nikiforov, N. P. Predtechenskiy, S, L. Vendrov, L. O.
Pallon, et al.) together with specialists of the Scientific Research In=-
stitute of Aerisl Surveying (V. A, Fass; A. P. Yushchenko, ot al,) studied
the possibility of obtaining hydrological characteristies from aerial photo=-
gz:aphs and there were performed the first experiments in the application

of- the photometric method of determining depths,

The results of these works were published in a special collection L%EI

It must be pointed out that as a result of theses works there were ob-
tained a series of important additional data for the use of aerlal surveys
in hydrological investigations which even at this late date have not been
fully exploited.

In 1945 - 1947 GGI performed a number of special aerial survey operations,
There was also developed a method of aerial visual cbservation of the state
of the ice cover, floods, and snow cover, and a number of important works
were performed on the stersoscopic - photographic survey of sea swells,

In this same period recommendations Wwere made for the use of materials
of aerial surveys in preliminary hydrographic surveys, resulting in the
present "Instructions for Preliminary Hydrographic Surveys of Rivers"
{published in 1949).

Since 1948 GGI has devoted special attention to problems of accuracy
in interpretotion, particularly in the effect of natural concealment on the
accuracy of measurements of individual elements of rivers, As a result of

these studies it has been possible to proceed to the problem of selecting
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optimu scales for surveys. !
In 1950 work was begun on the prepsration of the present té;‘bbook.

gince the recommendations of the abovementioned instructions didt‘not Pro=

vide for a procedure of hydr/ographic interpretation and there uez‘?:q no

provisions made for practical instructions and illustraticns in '&lhﬂ.\s;

regard, The first results of these preparations were published i:'n 1%2 @J.
As a result we may proceed to the following basic conclusioz‘as. f\

J

\
(1) fixing the practically instantaneous state of a photographed

The use of aerial surveys permitss \

\

A\

surface aver a large areaj }\‘

(2) obtaining a detailed image of this surface with a large seleg'/i\'}iyity
of material; in other words, to obtain the charscteristics of the phq[{;c»\‘-\
graphed surface from the wealth of detail or data which may be obtaixﬂi'ed '

i

from large~-scale maps, and in n number of cases also in the execution of

1

\
{3) using the aerial photograph for measuring purposes in order'to

ground surveys;

obtain plan views, profiles, and numerical characteristics of the photo.
graphed surface or of ils individual elements for practically any point

of the terrain with sufficient frequency of repetition as to insure a hizh
quality of materials and the possibility of careful control, Such possibe
ility is practically eliminated in field investigations,

The use of aerial surveys for hydrogrephic investigations permits:

(1) obteining informative characteristics of photographed water
objects and their watersheds and to revezl a number of their elements which
are not obtainable in ground investigationss

(2) on the basis of a compilation of a series of acrial photographs,
fixing the instantaneous states of water objects in different characteristic
periods of their regimes, to obtain date concerning the direction and
intensity of development of & series of hydrological processes (the course
of snow cover, icing phenomena, ficods, erosion of banks, etc.). Due to
the possibility of embracing large aress within short periods of time,
such materisls are undoubtedly more sdvantageous than those obtained from
ground observations} |

(3) to investigate the reletionships both between individusl
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hydrological factors snd between these factors and other elements of the
geographic environment with respect to their periodicity, distribution,

character of occurrence, etc;

LRI R A T B 3300 AT

{L) to trace the history of deveiopment of a series of hydrological

2 Sl

processes. For example, the mitrorelief of a bottomland (a displacement

fan) which is clearly visible on aerial photogrlphs.is extremely difficult

to obtain by ground methods but permits tracing the different forms in
displacement of a riverbed and also permits reconstructing the history of
its development ﬁy .

Thus, the use of an aerial survey in hydrological investigations makes
possible its wide application not enly for compiling hydrographic descripe
tions of a cadastral type, btut also for a study of the regularities in a
series of hydrological processes,

Consequently, in its application to hydrology the aeriel survey may
be considered as a method of investigation.

Hence it also follows that thorough interpretation of aerial pﬁo‘i:o-
graphs for hydrologicel purposes is not possible without a knowledge of
the typical properties and characteristicsféatures of a given terrain,
Interpre;ation mmst be regerded as a definite creative process in which
we not only state the presence of one or another group of objects and
phenomena in the terrain under investigation but also establish and
explain the causative relations between them, Without this the thorough-
negs and effectiveness of the information obtained as a result of inter-
pretation are considerably reduced.

The present state of the procedures for general (topographic) and
special (hydrological, geological, forestry, etc) interpretation permits
in the investigation of rivers and lakes the solution of the following
specific tasks with one or another degree of accuracy on the basis of
aerisl photographs: '

{1) Determining the presence of water objects (rivers, lskes, swampe).

{2) Establishing the character of their relative locations, the local
features and boundaries of the watersheds.

(3) Obtaining information concerning a river valley {(or a lake basin),

especially concerning the following elements thereof:

2 T AT
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(a) the type of valley and its outlines in a plan view;

(b) the slopes of the valley = their height, abruptness, shape,
intersections, vegetation, and soilsp

(c) terraces, — their number, height, slope of embankments, surface
slopes, width, vegetation, the degree of dissection, soilj

(d) the character of the bottom of the valley (bottomland) ==
its width, position to relative to the river banks (in the plan and
elevation views), the nature of the surface, the degree of discontinuity,
the vegetation, soils, the extent of flooding;

(e) the presence of landslides, rock waste (avalanches), mounds
of eroded seil, and points of exit of ground waters;

(f) roads and footpaths on hillsides and at the bottom of the
valley (bottomland);

(g) the swampiness of slopes and the bottom of the valley.

(L) Obtaining information concerning the river bed (or lake basin),

that is:

fa) its outlines in the plan view ~= the meandering of the riverbed
and the branches thereof {the presence of islands, chanmels, split streams,
inlets, cte);

(b) river bed formations (reaches, sandbanks, falls, rapids, water-
falls, narrows, shallows, sandbars, beaches);

(c) the width, depth, direction, and rate of fiow / current/;

(d) obstructions of the riverbed and their expansion;

{e) the relief of the bottom of the river and its soilsj

{f) the river banks -= their height and slope;

5w

SRy Lol

{g) the turbidity of the water.

(5) Obtaining information concerning hydrovectnical constructions —-

eontere s oasesrnm

their location, type and constwuction, condition, dimensions, load cape

7

acity , and the nature of the approaches.
(6) Obtaining for an appraisal of the runoff conditions from the

L2 BN R
[ T T D

watershed of a river (or of a lake) the following datas

(2) concerning the relief —— its type, predominant forms, their
individusl types, from the hydrographic point of view; the nature of the
relative location of the various forms of ;che relief and their dimensionsg
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{b) concerning the soil of the watershed — the limits of dis-

el songien

tribution of the principal soil varieties (clayey, sandy, gravelly, con-

glomerate; stonys peaty);

i
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(c) concerning the dtegetative cover in the area of the watershed =
4ts character according to principal groupings (forest, shrubs, brush,
meadows, fields, pastures, swamp), the nature of displacenent over the
area, the nature of each group (the visible composition, predominant rock
formations, age, density)e

In addition to obtaining the above information, the following tasks
may be solved by interpretation of aerial photographs:

(1) Compilation from the aerisl photographs of a cartographic base
for navigation or pilotage maps with the interpreted details of the
loeality applied to them. ,

(2) Compilation of disgrammatic maps /Karteskhems/ of the spatial
distribution of hydrologic phenomenaj for example, maps of floods, the

B O ot P e P

course of freezing along the lepgth of a river, the accumnlation end
movenent of thaw or rain waters, selenium-bearing flows, the distribution
of snow cover in an area, eic.

(3) Establishing the relationships between the hydrological factors
and other factors of the geographic enviromment on the basis of an analysis
of their relstive periodicities. Solution of this problem is achieved
chiefly due to great detail of the images of various natural elements and
the selectivity presented by aerial photographse

(L) Determining the direction of the development of various hydro-
logical phenomena. As an example of such investigations we may consider:
the study from a series of segquential puotographs of the changes in relief
of the bottom of watersheds or reservoirs, the study of the process of

erosion of banks under the action of waves or landslides, study of the

regulatities in the formation of snow cover or its movewent in the period

of spotty cover of a landscape etc.

The list of problems which may be solved in interpreting aerisl photo=
graphs for hydrological purposes has not been exhausted, HMany possibilities
for the use of an serial photographic survey will undoubtedly present
themsclves in the future, which will prove to be of a wider practical use
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in employing the materials of the aerial survey for hydrological investe
igations,

Section 23, Detail of Information Obtained from Aerial Photographs_and

tSeT‘,%action of Scales for Aerisl Surveys for Hydrographic Interpretatidn

The possibiq.ity of obtaining from aerisl photographs detailed quane
titative and qualitative characteristics of rivers and lakes depends upon
the scale of the aerial photograph chosen for these purposes znd on the n
natural features determining the character of concealment of various elements,
We mey distinguish optimum and extreme scales for aerisl surveys
used for hydrological interpretation,
. w optimum scale is meant the scale permitting obta:iﬁ{ng from the

aerisl photographs accurate, detailed informetion in the shortest time,

The extreme scale is the swallest scale rermitting obtaining informa~
tion concerning hydrological elements of the water objects in the form
of generaligzed qualitative characteristics,

Thus, thé optimum scale permits performing qualitetive interpretation
and detailed measurements from aerial photographs » but the extreme seale
serves only for purposes of selection and permits obtaining only a general
quantitative characteristic for the various hydrological elements,

The principal features of the optimum scale of zerial photograph con-
sist in the following:

(1) The optimum scale of a survey is established according to the
type and purpose of interpretation,

Tl;e use of an aerial photograph for measurement purposes, as a rule,
requires larger scales and in interpreting for descriptive purposes, In
this as in other cases the scale of the photograph will depend also on the
accoracy required by the task which must be solwved by the information to
be obtained from the aerial photographs, Horeover, in = number of cases
smaller scales will be preferred to large scales due to the fact that the
smgll scales provide a grest selectivity of terrain,

(2) The optimum scale survey depends on the size of the objects to be
interpreted, The larger the object, the smaller the survey scale mey be
in order to obtain the majority of its characteristics,

(3) The optimm scale of a survey depends upon the features of the
gnkerpretafion of.

interpretation of the given element, For example, different forms of

104,
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natural concezlment of hydrological elements (shorelines, bank overhsngs,
etc) by vegetation, shadows from local objects, snow, ice, etc, couse a
1ack of coincidence in graphic accuracy of measurements permitted by the

given scale as compsred with their operationszl accuracy. In these cases

it is convenient to use larger scales, as this will provide greater
graphic accuracye

Consequently, the general assumption that the greatest accuracy of
interpretation from serisl photographs is cbtained from the largest survey
seales proves incorrect in a number of caseSe

The above conclusicng lead to the necessity in a number of cases of
using photographs of different scales for the interpretstion of different
elements.,

Considering that the same detail of information concerning different

hydrological elements is not aluays required, it is often possible, dee
pending on the assigmment aid the study programy to use an o?erall optimm
swrvey scale, If this is @ifficult, then we yust designate certain stages
of the operation which are to be performed on the basis of the aerial survey,
and the other stages to be aschieved by conventional ground operations; that
js, we resorb to the combined method of obtaining the informatione

General considerations of the optimum survey scales required for
porforming hydrographic operations reduced to the following.

A sufficiently detailed interpretation of large items of relief is
possible in stersoscopic study of photographs on a scale of 1325,000 =
1140,000, depending upon the nature of the relief, its contimuity, and
its conceslmente A survey scale of 1:25,000 is desirable for a level or
undulating relief, & scale of 1:40,000 anld smaller may be used for a
hilly relief, The use of photographs on a scale of 1:10,000 somewhati
complicates the general charscicristic of a relief due to necessity of
mounting lerge mapse. For the interpretation of individual shapes of
relief the most suitable photographs are on a scale of 1:10,000 = 1215,0004
Interpretation of the microrelief usually requires scales greater then
1:10,0004

The survey scale from which we may obtain the most complete informae
tion concerning a river velley depends upon the size of the valley, The
general characteristicd of the velley may be obtained from photographs on

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

the same scale as was used in interpreting the relief,

Tn order to obtain the most detailed characteristics of the slopes of
valleys of lowland rivers with a valley width of 1-2 kllaneters, photographs
with a scale of 1:10,000 = 1:15,000 are required, With 2 valley width
greater than two kilometers sufficiently detailed data may be obtained
with photographs with scales of 1:25, 000 = 1230,000.

The sides of hills and deep cuts (well expressed) of valleys with
the same upper width (22 kilometers) may be interpreted from materials
of smaller scales == 1125,000 and even 1:40,000,

Quantitative interpretetion of bottomlends is possible on photographs.
of the same scales as were employed in interprating the slopes of valleyse
Measurement inberpretation of microrelief of bottomlands and the height of
river banks calls for large scales == preferably 1:5,000.

¥ith the Jarger scales there is a sharp decrease in the selectivity
of information ccncerning the bobtormland and, while the sccuracy of
measurement of individusl details of its surfece structure is increased,
the disclosure of general regularities in the reletive location of indive
idual elepents of the microrelief will be somewhat more difficult. In

these cases photographic reduction of the assembled charts is recommendeds

For grestest accuracy in plotting the profile of a velley in accorde

ance with the above observations it is necessary to use photographs on a
scale of 115,000 - 1:10,000 in which it is possible to detect microrelief
of the bottomland. However, if the lower part of the profile is obtzined
by geodetic means, then plotting of the remainder, where the slopes are
well expressed, may be performed from photographs on 2 scsle of 1.225,000
and 120,000,

In order to obtain the characteristic of a riverbed it is necessary
to have information concerning its various elemenis with a varying degree
of detail. Hence, selection of one optimum scale for all interpretation of
the clements of a riverbed is difficult.

Information coneerning the outlines of a riverbed in the plan view or
concerning the presence of flowing lskes may be obltained from photographs
of anv scalss Choice of the survey scole at which it is possible fo

obtain detailed characteristics of riverbed dimensions, verious riverbed
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formations, tbe condition of the riverbed (obstructions, ctee), the
botton of the bed, and the height of the bonks is determined chiefly by
the gize of the river itself.

The principal characteristies of the riverbed {that is, the width,
depth, and height of the honks) must be taken as the rrincipal criteriom
for evaluating the suitability of photographs of a given scale for in-
terpretation of the riverbed.

The accuracy of determination of the width of a river from en
aerizl photograph depends upon the accuracy in determining the shore-
1ino. The latter is determined not only byythe scale of the photopraph
and the quality of the photograph image, tut also by the nature of the
conjuncture of two surfaces (the surface of the water and the bank), the
junction of wbich gives the shoreline.

Special experimontal operations performed in dealing with probleﬁxs of
interpretation have shown that the accuracy in detormining the shorelins
within the scale limits of 132,000 to 1:15,000 is in practice de‘wmir'ied
by the natural conditions of its concealmente Absolute exrors in deter-
nining the shoreline for the most favorable conditions {the combination
of = dark water surface and a steep bank) average l.4 meters, snd for the
least favorable (a rivorbed overgrom with aquatic plants) averages up
40 3.2 meters. Conseguently, for each type of ccncealment of the shore-
1ine there will te a corresponding optimm survey scalc. IT varies fram
1:8,000 to 1:15,000 depending upon the type of concealment. Thus, in
the case of an apparent predominsnce of eny type of shoreline concealment
on the section of the river under study, the scales of the merial survey
must be choscen on the ba;sis of this type of concealment. For the selsc~
tion of this scale the chart shown in Figure €4 may be used.

However, on lowland rivers there is usually observed an alternation
of shorelines with different types of concealment, whersas on the opposite
banks the latter do notscoincidee Honce, it is convenient in these cases
4o consider the optimm scale to be 1:11,000 — 1:12,000: then the average
accuracy of determining the shoreline is approximetsly 2.2 meters.

Measurenwent of the width of a river from aerial photographs is con-
veniently performed only in those cases whers the error in determining the

shoreline does not oxceed the graphic accuracy of the measurements on ths
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phonoaraph of the given scalee

Thns, from aorial photographs with 2 scale of 12 2,000-1:15‘,000 it
is convenient to conduct neasurcments of siver ghaving a width of bed
from 20 meters and greatere In this case the error in determining the
shoreline is less than 10% of the width of the river.

[ For scalos shaller thun 1:15,000 the exrar in deteymining the
shmelme, éepend.m,_, upon the ccnditions of itg concealment, is con-
s: dora.hly ove1lepp56. by ths graphic accuracy of measurcnent on the

‘glven gcele wnd hence the possibility of identifying a viver of given

:ieﬁg;th will depend only on the grophic area of the scale. Hence, con-

'siderins +he maximum graphic accwracy of meazsurement to be 0.2 1m, on
protographs with o scale of 1325,000 with an accuracy up to 10%, we
Moy measure rivers W Ath widths from 50m and on photographs vith o
! sealo of 1:40,000 rivers with o width of 80 m and greaters
Tnterpretetion of derth is based on two rrineipal operstions —
determining the character of the relief of the bottom from an cerial
thotogreph and measuring tyvone or another method the deviations of
the characteristic points of ite wmdulatione
Thus, determining the optimum scale in interpretation of depths
requires an aprreisal of the possibility of obtaining both distances
and devintions of points from an eeriel thobograrhe.

On an average ve may assune that for hydrograrhic purpodes the

smallest survey scale rermibbing qualitative debermination of the share
of clements of a riverbed is 1:10,000.

The detail of elements of riverbed formations which may be exel-
ined on e photograph with & seale of 1:10,000,- given conditions gen-
crally permitting examination of the umderwater velief (see Section 35},
derends on the size of the river. For rivers with a width of 20 to
100 » on this scale we may see only the rolative location of water and
sandbarse With river widths exceeding 80-100 m ve may distinguish the
microrelief of the surface of various riverbod formations (sand deposits
at sandbars, etcs)e This is well illustrated in photographs 23 and 33
(see appendix), showing the form of velief at the bottom of the same Sec~

tion of river on photographs of different scules.




-
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On rhotograrhs with a scale of 1:25,000 under the seme conditions it
is possible to determine the location of siretches of water and sandbars
only for rivers with a width of the order of 50-60 meters and greater,
btut it is not possible to examine the microrelief of the bottom of these
riversyushile for rivers of considerabls width (greater than 200-250
meters) we may accurstely define the principal parts of sandbers (creats,

troughs, etc).

Optimm survey scales for stereophotogrammetric determination of
depths (given an image of the underwater relief), as determined from ex-
perience in measurements, are 1313,000~135,000. In this case the typical
accuracy in determining depths is approximately 10 cm. Ot photographs with
a scale of 1:10,000 the accuracy in determining the deviations is approx-
imately one meter. Survey scales amaller than 1:10,000 are suitable
only for the most general appraisals of distri‘b\:ltlé: and the sequence
of depth values on large riverse. )

The question of the optimum scale for stereoscopic determination of
the height of banks can be solved by analogy with the requirements which
are presented in determining the deviations of points cn the terrain. This
is explained by the fact that in the given case the concealment of the water
surface, on which all the readings depend, has a morked effect on the
accuracy of interpretatiom.

As investigations have shown, for determining the height of banks
on the order of 2-5 m on lowland rivers with well-expressed bottamland
the optimum survey scale is 1:3,000. For rivers with nonflooding bottom-
lands, in cases where the river banks are the slopes of the valley with o
height on the order of 10-15 meters and more, for measurement of their
deviations above the shoreline sufficiently accurate use may be made of
photographs of all scales up to 1:20,000.

Thus, as follows from the above discussion, for measurement inter-
pretation of the principal elements of a riverbed (width, depth, and
height of banks) as a rule, it is necessary to use large scale photographs.
{larger than 1:10,000) with the exception of the width of the river, for
determination of which it is permissible to use photographs with smaller
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scalese

. Hence inqi'_:tatrial surveys performed on scales of 1:25,000-1140,000
end smaller are a5 a rule suitable only for qualitative interpretstion
of the beds of large riverse. However, even in this case the detail with
which these data sre obtained somewhat exceeds that which is possible in
their determination from a map or a plan of any scale and even in pre-
liminary ground survey.

Data for the ortimum scales necessary for hydrological interpretation,
obtained on the basis of the ebowve considerations as well as from ex~
perience in interpretation, are given in Teble &. 1In this table, in
addition to the optimm scales, we present the data for the smallest
scales which will permit obtaining information concerning hydrological

elements from serial photographs.

Using the data of this table and considering the specific task of -~
investigation, we may select the overall optimm survey scale which will
to the greatest degree mect the requirements of the assigned problem. For
exaxple, for the purpose of campiling a description of rivers according to
the program of the "Instructiona® 4&7, the optimm survey scales are
1:10,000-1115;000s By using aerial photographs of these scales we may
conpile a completely useful description of the watershed of the river under
invsstigation, the terrain line nexi to the valley, the valley, and the
riverbed with quantitative characteristics for all their elements with
the exception of the data for the river depth, rate of flow, and the
characteristic of the water rvegims. In order to obtain the mismsing in-
formation in this cuse it is necessary to condidet f£icld investigatianse

Adequate data may also be obtained by using photographs with a scale
of 1225,000-1230,000 for lowland rivers and 1:40,000~1350,000 for mountain
rivers: However, in this case quantitative determination of a number of
characteristics (height of the banks of the river, boftomlands, individual
terraces) is not possible, as well as the measurement of the width of
rivers less than.50 m, etec. In this case the volums of field detexrminatioms
must be imeaeefl. | -

The inpocsi;:ility of obtaining the number of hydrological echaracteris- T

ties from aerial photographs must not be taken as sufficient reasom to

110
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neglect the raterials of zerial surveyse.

Even discontinuous inforzation obtained from aerial rhotogrephs in a
number of cases may contribute a great deal of information and be of con=—
i siderable value, since they afford the possibility of obtai'ning detailed

quantitative characteristics of the elements closely associnted with this |
phenomenon. For example, by inserting into formilas for hydromarphological .
relationships data concerning the actual widths of a river as obtained ‘
from aerial photographs, it is possible to increase the accurscy of depth
and flow calcnl&tioba (Ssction 51, Paragraph 2)}. Deteiled study of the
yellef of e watershed surface, the vegetation, the microrelicf of ‘bobiom-
lands, the possibility of plotilng transverse profiles of a valley for any 1
direction — all these permit exceptionally valuable material for analysis
of flow conditions, including inclined runoff, the nature of the descent

and establishing the snow cover, the controllability of the riverbed, the
f£loodability of the valley bottom, etce

Finally, the possibility of replacing a mumber of laborious ground
cperations with informetion obtained from serial photograrhs permits ratitne~
alzation of ground cperations, contributing to their usefuiness.

Thus, it is esrecially necessary to emphasize that the use of serial
survey materials in a number of hydrological and, in particular, hydro-
graphic investigetions does not replace ground operations, but substantially
supplements ard faeilitates the latter. Only on the basis of a skillful
combination of amerial survey operations or the use of already existing
materials of aerial survey with the execution of ground investigations may

a significant result be obtained.

O! General Seguencs retions in Interpretipng
Moterials for Hydrographic Purposeg

In the interpretation of aerial photographs for hydrographic purposes
it is necessary to distingulsh: the interpretation of materials of nass~
produced aerial photopraphs made for the compilation of topographic maps
or other maps not intended fer hydrological purposes, and the interpret-
ation of special surveys performed for hydrological purposes.

Tn the first place the ccmposition of informetion and the sequence of
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on a previously designated scale which more fully meets t.n requirements
of the given investigation. ‘ N '

Ta the rresent section we examine chiefly the sequence of ‘\&"ig\l_:aﬁm
in interpreting the materials of mass production surveys performed f{n'

the compilation of a hydrograrhic description of rivers end lokese \'\‘

R T

The use of the materials of an aserial survey for hydrographic inv\;st?.{\\\
igations, as has already been mentioned, has as its purpose their use ! ‘\\»\\
for obtainings (1) qualitative charzeteristles necessary for compilation . \-\
of a descripticn of the terrain through which a river flows, its valley,

and riverbed; (2) a series of quantitative characteristics of the cross

BT Y Dt = A (et RS 5

section of the valley, ‘the width of the riverbed; and (3) a topographic

T e

base for precise orientation of information gathersd in the field, for
their mapping, the compilation and fefinement of a map of sections ade

jacent to the description, and also directly as illustrations.

T ARG, T 2 A

The genersl sequence of hydvographic operstions is as followe,
{Detailed technical instructions for methods of working with photographs,

preparing them for interpretation, and the oxecution of meagurements are

S TS G T

given in /75/.)

In this phase of operations, it is necessary to achieve general
familiarization with the area of operations and individual objects of
investigation from the literabire, archival and cartographic meterials,

- and to select the materials of aerial survey axd general certograrhic
bages for the region under investigatione

The subsequent, basic and most important stage is the interpretation
of aerial photégraphs and compilation from them of the preliminary des—
eription of objects underlying the study.

In addition to the compilaticn of the text of the deseription and the
geries of tabular and graphic illustrations required by the program of
the "Instructions® [ &7501‘ the assigned program of operations, at this
time on the basis of infoz'mation obtained from seriel thotographs there

must be compiled a concrete program or a plan-assigmmont for the executicm

S
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of field interpretation and hydrological ground operations in the field.

This permits refinement of the acouracy of information obtained in
office interpretation. It permits subjecting the most characteristic
portions of the object or the characteristic phenomens to ground invest-
igationa, end consequently, permits conducting operations more expedi-
tiously and carefully. As a result it permits redueing the volume of
ordinarily labor-consuming field cperations, improving their quality.

The third stage of operations is the field check and refinement of
accuracy of infoxmation obtained in office interpretatiom as well as
the use of aserial photograrhs as a topographic base for mapping a num-
ber of hydrological characteriastics obtained in the field.

The reagons for performing a field check may differ considerablye
Its necessity may be detormined by the use of only extremely small

scales in interpretation, scales which are so small as not to permit

performing the series of measuring operations with the required accuragye.
It may be caused by looal peculiarities of natural concealment of certuin
elements not reflected in known identifying features, the poor quality
of the survey or processing, etcs In addition, field operations are
performed in order to tie in the materials of the aerial surveys with
the grodetic grid (see Section 9, the Geodetic Process).

!i
3
L
|
H
|
|

In practice the field check consists in comparing the terrain with
the materials obtained as a result of office interpretaticon in vhich the

interpreter is not satisfield with these materials for one of the above~

mentlone? varaeme, snd also consists in supplementing the resulis of inter<
pretation. Thus, the field check is selective in nature and is consider-
ably facilitated by the fact that the basic schedule for this check is

AP

prescribed, as was mentioned previously, in the office Interpretation.

The use of aerial photographs as a base for mapping data obtained in
the field is one of the factors considerably increasing the quality of
ground operations.

B N P s

However carefully the field description of any water object is per-
formed, the orientation of the resulting data for the terrain and the
tying=-in of thig data to the loeal situation is always extremely sketchy,
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even if for these purposes use iz made of a map of very large ccale. How=
ever, sn serial photograph showing the local situation with exceptional
Getail permits such tying-in with great accuracy.

For example, in performing bydrographic investigations on an serial

photograrh we may, even from the local situation, £ix the location of

measuring points of depths, directional lines for detsrmining rats of
£1ov and widihs, the character of the river bottom, the height of banks,
flood boundarics, etce As a result it is posaibile to achieve a graphic

formulation of many hydrological chacteristics and, consequently, also to

inerease the accuracy of dets Vi'bil respect to their tie-ins to the Jeeality

and o considerably reduce all deseripiive operatioms.

Aerisl photogrephs may be used for somewhat accurate mapping of the
snow-cover distribution during the pericd of irregular snow cover, icing
phenomena, flooding, ctc.

Finally, even without speclal annotations an aerial photograrh may
gerve a8 an illustration fox:, deseription of the most varied hydrological
phenomens and in a number of cases may considerably simplify and otherwise
extensive caé;

We will discuss the principal methods of office interrretatiome They
consist in the followinge

(1) In a1l cases the stereoscopic exmmination of merial photographs
18 desirable., The reproduction under stereoscopic instruments of a tri-
dimensional model of a terrsin always increases the possibility of inter-
pretation. In such axamination of photographs many objects are detected
directly.

Stereopairs are required far stereoscopic examination of aerial photo-
graphs, Considering that in performing hydrological operations the user
does not always have stereopalre at his disposel and in & number of cases
he is limited to the study of a photédiagran fotoskhen;a? or mosaic
Eotoplag it is mecessary to resort to monocular study of aerial photo-
graphs.

The interpreter must be familiar with the identifying features, since

nob all local objects are directly expressed on the serial photographe
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(3) In monccular expmination of photographs it is recommended that
&t least a fou sterecpairs bo nvailable for the mest typical sections of
the water object and the locality in arder that, by using them for care—
ful and detailed interpretation, the intermreter may subsequently use
them as & standard (see Section 12) for the characteristics of identical
portions of objects, using only the external features for their recognition.

(4) The study of a water object from aerial photographs mt begin
with a general review of the territory in which it is located, from a2
mesalce [fotoplar;], a photodiagram [fotoaktmmq], an overlap agsembly, or
a reproduction thereof. By this method the interrroter becomes famillar
with the rrincipal, typical features of the portion under study and its
characteristic distinetions, and subsequently, in detailed interpretation,
he may proceed with greater accuracye In performing this operation the
portions morked by uniformity of natural conditions must be distinguished.

In such work it is recormended that the begimming interpreter contin-
ually compare the photodiegram [i-‘otoskhemaj with a topographic map. This
permits him to establish on the aerial photograph the peculiarities of
individual objects and the phencmena for the given terrain as well as %o
amplify or to refine those identifying features which he discerns. This
is necessary also for purposes of independent control, for greater
accuracy in work results. In edditien, insofer as i% possible, it is
necessary to use a map of the largest seale for convenience in collation
in order to approximate s closely as possible the scale of the aeriel
photograrh. In addition to the fact that a topographic map must be used
for general familiarization with the terrdin (nmature of its relief, the
location of the hydrographic net, etec.), it serves for orientation of local
objects on the aerial photographs, end from it rermits establishing the
identity of populated points, rivers, boundary lines, etc. Tn the case
of the use of nontransformed contact prints, a stickup mosalc, a repro-

duction thereof, or a photedlagram [ fotoskhems _7, 811 vertical measurements

are performed from a bopographic charb, but from aerial rhotographs only

the location of points showun on the map is refined. Only an assembled

mogaic [fotoplanj elininated the need for using s map for messurementse
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(5) The next stage of opevations must be a detailed study of the objsct.

PO S

B
v eban S

Tt consists of tuo basic operationss & quantitative interpretation of the
object and its individual elements and the execution of meagurements. The

latter is divided into operabions for determining the vertical dimensions

Y PS

L

of water objects and into operations for determining the deviations of

" points on the terrain.

]

I O L !

The determination of vertical dimensions of objects is practically

!

the same in procedure and technigue as in performing measurements from a
i

topographic map. It must only be remembered that these measurements on

nontransformed photographs must be performed only within the limits of

SURPTR N

the useful portion of a aingle photographe

The measurement of deviations requires the use of special imstru-
ments (the simplest, such as the lens-mirror stereoscope with parallax
plates, or complex, such as the stereoplanigraph and the mltiplex). These
operations must be performed as an individusl part of the work.

(6) The sequence of interpretation of different hydrological end
other elements of a terrzin depends on the purposes of their investigat-
jon and may differe.

In the interpretation of rivers for the purpose of compiling hydro-

j
3
{
i
?
]
|

i

i

!
i
i

graphic deseriptions thereof the same sequence is recommended in the des-
eription of individual characteristics as is given in the "Instructione®
/66/ for the execution of ground operations; that is, first describing the
river valley and the bottomland, and then the riverbed. Actually, the
methods of gathering information in interpretation, especially from a stereo
model, differs tut little from the direct description in performing ground
operationse

(7) In the proceas of interpretation it is recommended that the chject
be examined i"n parts — the smallest rarts distinguished by a uniformity
of conditions.

In such examination it is almost always possible to trace changes not
only in one but in several closely interrelated characteristicse.

(8) In detailed intermretation of an object and its individual charac-

teristics it is recommended (especially for begimming interpreters) that
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the stereophotograph be covef/ed with tracing paper and +hat the contouwr

lines be marked on it. 7his is of sssistance in subsequent messuring
operations and does not require the execution of secondary determinations
in compiling &e description, asince certain detalls may alvays be for-
gotten by the interpreters In addition, the presence of such tracing
paped- with an image of the interpreted material is extremely convenient
for control of operations or in solving'disputed questions in the re-
petition of interpretation by another persone Finally, it may serve as
an illustration for description and somevhat reduce the texb.

Specific jnstructions on special features and the sequence of
operations in interpretation of individual elements of water objects are
given below.

Interpretation of river valleys and bottomlands. Since in information
concerning a river valley it 1s necéssary to distinguish general data
{concerning the type of valley, its extent over the length of the river,
terraces, gemeral information on the location of the bottomlsnd, etc) and
more detailed date (on peculiarities of structure of slcpes and terraces,
microrelief bottomlands, etc), work with aerial photographs may conven-
jently be divided into several stagese

The first of these stages will consist in investigation of the pecul-
jarities of distribution of various elements of the valley along the length
of the river; the second stage will consist in the measurement of individusl
elements of the valley; and the third stage will consist in detailed
examination of individual, characteristic portions. 4 preliminary sep-
aration of characteristic portions must be performed from topographic maps
on the largest possible scales.

During interpretation it is necessary to note the location of cross-
sectional profiles of the valley which may subsequently, as has been men-
tioned, be plotted by photogrametric means (see Port 1, Chapter II1).

Measurements must be performed as an independent operatioh, since they
always require excellent training on the yart of the person performing
theme

Interpretation of riverbedss As in the interpretation of river
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valleys, it“{§°41s0 Hecegsary-to obtain general data (meandering, branching,
rredominant types of riverbed formations, ete), to perform a series of
measurements, and to give specific characteristics of the riverbed over

short portions. Thus, work with aerial phetograrhs is conveniently per- )

forred in the following sequence: (1) a study of the general *régtﬂgfigis:

!
D b R

in spatial distribution of individusl elements; (2) measurements — river

ot vy

widths, height of bsnks, depth (in portions where the bottom is visible);
{3) description of individuel, characteristic portions and stretches,

.
i SRDTORITH

Measurement must be copsidered an independent operation and may not

P

be performed as an incidentel operation in quelitative descripbione
It is also useful to treat the interpretation of hydrotechnicel
structures as an independent operation. The work consists in deter-
mining the location, description of the type, structural features, and
material of the installation, in en appraisal of the gtate of the in-

stallation and approaches to it, in the execution of stereoscopic measure-

ments and messurement of vertical characteristics of the installstion.
These ope:;a‘hions may be fully execubed only in the stereoscopic study
of the photograrhs,.

The interpretation of a river catchment is alweys divided into a
sories of stages. This is first of 21l necessary in order to becoms
familiar with the general character of the geomorphology and the geo-
logy of the region under study on the basis of the litersture and
cartographic materials in oxrder to obtain an ides of the type of relief
and its relation to the geological structure as well as to be able to
explain the occurence of a relief of a given type and its individual farms.

Interpretation of the relief must begin with a comparison of mogaics,
[Fotoplan/ (aerinl photograrhs) with existing topographic maps of the
region under study on the largest scale (1:100,000 and greater).

After soledting the photographs and detecting the more clearly ex—
pressed forms of relief, we may then proceed to detailed study of the
type and elements of relief from the indiwvidual nerial photographs with
the compilation of descriptions and exscution of necessary measurements
(the technique of this work is discussed in greater detail in Chapter II1).
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The experienced interpreter easily dispenses with maps and inmmed-
iately determines the type of relief from the external appearance of &
sketch of the photograph; the relief is next elaborated in detail.

Tt is sometimes convenient for the inexperienced interpreter to
begin not with a determination of tye type of relief but with a study
of its individual forms and then to make generalizationse

Interpretation of soils is performed after or simulteneously with
interpretation of the mesorelief and vegetation, since the closest rela-
tionshipal_.gxist' betueen these three elements of the terrain {correlative

. dependences)s»A comparison of soils on the basis of the tone of the
image may be performed within the limits of a single series of photographs,
but with a poorly expressed difference of tones this comparison may be
performed only from a single photograph. Interpretation of soils is
achieved in the sewe order as in yreliminary surveys. First it is
necessary to locate on the photographs points of erosion {at washouts,
ravines, pits, gullies, on the slopes of & valley, etc), and then to in=-
terpret these points in terms of soils.In the absence of such exposed
surfaces determination of possible soil types is based upon the elements
of terrain which enter into the correlative relations (relief and vegota=-
tion)e The results of interpretation must immediately be mapped in order
to avoid compilation of uhwieldy intermediate descriptionse

In the interpretation of vegetations, as in the interpretation of .
other elements of the terrain, it is first necessary to have a lmowledge
of the principal regularities in distribution of vegetative formations
(the basis of ecological concurrence among differenmt forms of relief, soilsy
etc) as they apply to the conditions of the regiom wnder investigation.
Interpretation is performed, as a rule, on the basie of the materisls of
an area SUrvey.

The first stage of work ig the delimitation of areas covered with
forest and those sreas not so covered. Since interpretation with photo-
graphs affords up-to-date and extremely valuable qualitative as well as
quantitative eveluation of the forest cover of the terrain, it is desir-

able to perform measurements and the compilation of sketches of areas

@
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occupied by forests (in the rredominance of uncovered areas) or oren
portions (in the predominance of forest nreas) within the limits of the
vatersheds. Such meesurements are convenient for small uatershed areas,

that is, in cases where small rivers are under investigation and the

assembly of mosai..'cs does not present special difficulties. With water-
sheds of considergole size, requiring an avea survey and the performe

ance of labor-consuming work In asserbling photographs, this work must

be considered as inderendent. Having established the character end extent
of forest cover, we msy proceed to a more detailed investigation of the
forest portions and portions occuples by other grouthe.

Interpretation of roads rmust be perfoarmed both for the study of
relief and for the chorscteristics of soils. By comparing nerial
rhotographs with a topographic map it is possible to reveazl the main
roads, establish the identity of populated points, and then perform
more detailed exanmination thereof, vhich is best done from contact prints.

z
I
|
‘i

e a1 s s b
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CHAFTER VI

INTERFRETATION (F RIVER VALLEYS

River valleys are usually recognized in the examination of single
photographs with the unaided eye; but they are esrecially easily detected
in the steoreoscopic examination of aerial photographs.

A detalled examination of a photograph under a stereoscope permits
eagy determination of the size and type of the valley itself as well as
its prineipal elements -(slopes, terraces, bottomland, ete) that is those
elements vhich are immedintely visible on the photograph).

However, concerning a number of other characteristics of the valley
not directly shown on the aerial photograph (for example, the degree of -
svempinesa of slopes and the bottom of the valley, soils, etc) information
may be obgaiixed only on the basis of a knowledge of the identifying
features. The latter is mecessary also because the person performing the
vork is rarely limited to the use of a mosaic, Kotoplag/es photodiagram,
[Eotoskhema/ or even a reproducticn of an overlap assembly, {that is, mono-
cular examination of the photographs).

River valleys and other structural formatlons associated with the acte
ivity of water are elements of relief subject to interpretation cn the basis

of ldentifying features uhich are sufficiently well developed in the general
(topographic) or specizl (geomorphologic and geologic) interpretation.

Below we present a description of the principel identifying features
of river valleys with a view to their use in obtaining hydrological charac-
teristicse

Thécprimary identifying feature for establishing the presence of a
river valley 1s an image of a water surface (of a river)s The riverbed is
among the most clearly distinguished elements of terrain on an aerial
photog;{-gph. In the absence of water or glven a stream of small dimensione
the identifying feature is the image of the relief of the terrain.

The relief of the terrain as examined with the unaided eye on an
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aerial photograph is perceived due to shadous caused by the different
exposures of slopes, &8s & result of which the latter obtain different tomes
on the print. The dark tones usually correspond to the unilluminated
portions of the gurface and the light tones correspond to the i1luminated
portionse Due to the contrast between the illuminated and dark slopes

the expressed relief formations are easily read and the flat outlines are
less easily read.

Hence, even from the general aprearance of a photograph we may easily
distinguish the expressed valleys in mountaincus and intersected terrain
from flat, lowland terrain with weakly expressed sculptural forms of
slopes (see Sectlons 26-28) .

In order to determine the limits and, gubsequently, the dimensicns of
unexpressed valleys as well as the microrelief at the bottom and slopes
it is necessary to resort to indirect features.

One of these features is the ‘tome of the image of the vegetative covere
Dark-toned vegetative cover is usually cheracteristic of the lower surface
of the terrain and the light~toned cover is characteristic of the upper
sections. However, this feature is unreliable and under the influence
of local conditions they have other significence (Sections 26 and 27)3
hence, at the seme time it is necessary to resort to other features, including:
the location of the road network, portions of the agricultural layout, pop-
ulated points (Section 28).

There is an entire series of interfering factors which make interpretation
of valleys and microrelief difficult. Among these, in addition to defegts
arising in execution of the aerial survey process and the processing of
photographic materials, we inelude the snow cover, forest growth, in some
cases the developed sections, as well as shadows obscuring details. Among
the interfering factors we may also consider the optical distortions of the
model under the stereoscope (exaggerations of relief)s This refers prin-
eipally to visusl appraisal of large elements of valleys. As for the sualler
shapes, eiaggeration here may be considered as a factor faeilitating at

least a qualitative interpretation.

Tn & mountainous relief the increases in elevation regnlg%ly alternate

with decreases in elevation. FProminences, the relative elevations of which

122
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may reach hundreds of moters, form chains and ridges, often with gharp
outlines of pesks and steop slopes separated by a network of deep valleys.

Undor these conditdoms, in the deseription of a river volley consid= .
erable attention must be devoted to the characteristics of individual shapes
of mowntain relief acconpanying the river. The declivities of mountains
1xx{der these conditions are naturally & continuation of the valley slopese

The principal identifying features of walleys under these conditions
are the shadowing, the shape of the images, and the structural patterne

Characteristic for the general appearance of the image of a momtain
relief on an aerial photograph is the alternation of sharply contoured
large arvens of derk and light tones (Fhotograrph 1, appen\éix). The more c¢learly

_expressed the relief, the clesrer will be the boundary between these dark
and light tones formed by the shedow of the mountaine. The space covered
by the shadow depends upon the angle of ismcidence of the sun's rays, wherein
one boundary of the shadow corvesponds to the peaks of the mountaina (the
upper edge of the shadow) and the second may proceed along the slopes cor th'e
bottom of the valley (the lower edge).

The houndaries of shadows usually have a complex configuration and often,
due to the contrast between 1light amd dark, appeer as tright linese An in-
experienced interpreter may assume that the latter are the lines of roads
or rivers (Fhotograph 1), but with careful study of the photograph, as is
shown below, such errors should not occurs

By examining a photograrh for the relative location of boundary lines
of shadows we may clearly determine the location of ridges, individual peaks,
and depressions, and we may distinguish vslleys, basins, and their individual
elements. We may thereby make out the vatersheds, Due to the fact that the
edges of shadous may =130 corresponr, as has been shown, to the lines of
mountain ridges and the axial lines of valleys, in mcnocular examinstion of
& phobograph it is important 40 determine the upper and lower boundaries of
shadows, for withoub such distinction we may assume the peaks to be depressions
end vics versae. Such identification is to a considerable degree facilitated
by correct location of the photograph relative to the direction of the light

source of the survey =~ it must be placed so that shadows from the objects

fall toward the observers

S
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* The direction of the light source may be determined from the shadows _

of clearly expressed local objects. In this way 1t is easy to determine

T EH Y e e WAt

the position of the light source for inhabited localities or in the presence
i of essily identified objects (individual trees, skrubsp poles, ete) on the
terrain and on ihe photograrhe By establishing the direction of the light

S

‘ gource it is easy to determine the upper and lower boundavies of shadows .

for individusl shapes of relief and to lccate the ridges of hills, slopes -

of valleys, nollows, and other elements of reliefe

For uninhabited regions with a rellef devoid of vegetations, in ordexr

to establish the uprer and lower edges of shadows and, consequently, the
1ines of mountein ridges and the axes of velleys it is sometimes necessary
to vresort to indirect featwres. These features are as followss

(1) with sharply expressed forms of relief (heavily dissected relief)
the upper edge of the shadow usually has finer dissection than the lower
(Photograph 1); with level outlines of relief, on the other hand, it is s
sharper than the lower portion (Fhotograph 2);

(2) the lower boundary ls elueys turned toward the axis of a weter—
collecting depression — a riverbed or a temporary stream of water clearly
expressed on the photogreph in the form of light lines (FPhotograph 1). As
'5 has been shown, the light lines of rivers may be mlstaken by an inaxperienéed i ‘
: interpreter for the lines of ridges. However, in this case the bright line

of the river image does not clearly correspond %o the edge of the shadow —
the shedow overlaps or on individual sections does not reach the right
line of the river imagej

(3) under mountsinour conditioms the roads, alweys clearly visible on
the photograph, also usually found in the lower portion of the slopss,

7 b B30 P R WS T e

valleys, and in the depressicms in the terraln; -
{4) parrow trenches, ravines, pits, and gullies are vieible on illwm~
inated slopes with the wide portion turned toward the bottom of the valley
or depression, and their branches are joined toward the mouth, creating a
fanliké appearance in the upper reaches (Photograph 1)s
(5) patches of strips of vegetation noticed on the slopes are denser
in their lower portion than in the upper (Photograph 2);
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(6) the desper the valley, the more dense the tone of the shadow
{Photograrh 1),
Using such signs for determining the upper and lower edges of shedows

from the relief formations and orienting the photograph relative to the light
121 o
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source by which it is examined in such a way that the imsges of shadows on
the photographs are turned toward the observer, we may proceed to a de~-
tailed description of individuel elements of the valley and the forms of
relief accompanying theme

The principal sign of the upper elevation is convergence of the upper
ec}ges of a shadow to 2 point.

With pyramidal sharp peaks of the edge of light and shadow there scme-
times ocecur dissected outlines and sharp transitions of tons. The sharper
the peak of a mountain, the sharper the angle of separstion between light
and shadow (Photograph 1). '

On photographs of smoothed forms of relief the boundary between light
and shadow has cirved outlines and is veakly expressed due to the gradual
transition in tomes (FPhotograph 2).

ection 27 terpretation of Valleys with Hilly Rellef

Hilly relief is characterized by frequent alternation of increases in
the height of the terrain with decreases, wherein the increases have smoothed
outlines. The relative heights of terrain do not exceed 200 meters. Om
‘the whole, valley formations play a subordinate role.

Derending upon the character of the landscape and the size of individual
hills we distinguish the following types of hilly terrain.

(1) Small-hill relief. It is formed by an accumilation of low hills
and ridges (relative height up to 15 meters) » among which are dispersed
valley-shaped depressions, most of which are closed. The hills are without
sharp outlines and have predominantly convex slopes. In the plan view the
hills are usually circular.

(2) Medium-hill relief. In general it conforms to the above descriptiom,
but the relative heights of hills (relative to thair bases) varies from 15
to 50 meters.

(3) Large-hill relief. The relative height of the hills is 50-200
meters and in some cases greater, Their slopes ave often abrupt. The hills
are grouped in distinct rrominences, forming chains and ridges. The terrain
in this case may be considersd mountainous.

With any variance of hilly relief between hills, swamps end lakes may
be encountered in hillews and depressions, If the lak

®s in depressions be-

" . .
ween hills are sulficiently frequent _that they give the terrain a special

thea its relief may be considered to be smalle,
lerge~ hill lake relief. »

appearance,
- medium-, and

Under hilly cmdiﬁo
ms of relief the ﬂlﬂ%‘s of river valleys often serve
- iy '

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : IA-RDP81-O1043R002000020001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

a8 the slopes of hills between which a river flous. It is often accompanied
by ridges or chains of hills. Thus, intorpretation of a river vailey under
conditions of hilly terrain, as in mountainous terrain, will consist to &
considerable degree, in describing from aerial photograrhs the individual
elements of relief of the terrain — hills, their slopes and veaks, the
hollous betueen them, etce

With unforested hilly z:el:i.ei' the rrincipal feature of the valley, ‘o8

» . However, the contrast between
for mountainous relief, is the shadows h
lighted snd derkened alopes of valleys which characterlzes their photographs
wnder hilly relief conditions is not sharply expressed and usually there
ave smooth transitions of tones. In this case intexrpretation of the valley
18 often complicated by the character of the non-turfed slopes, their
forest cover, and the presence of farm Jandse

Thus, the general appearance of hilly rolief on the photograph is
characterized by an alternation of relatively small dark and bright areas
with smoothed outlines.

Non-turfed or evenly turfed pesks of hills have a trighter tone than
the slopes and hollows. They usually have circular ar ovel outlines. Toward
the peaks there is a convorgence of lines of tright tone corresponding to
the ridges of mountain ranges. The bottoms of volleys cn the photograph
correspond to the darkest areas.

0On the very steep slopes of hills {large~hiil relief) there may be oubte
croppings of soil which on the photograph have a brighter tone than the
turfed surface of the penk. In this case the peak of the hill aprears as
g daxk spot..

The sharply outlined contours under conditicns of hiily relief appear
as rovines, usually ecovered by a derk shadou. The deeper such gulley, the
darkor the shadow of the photographe

On photographs of forest areas the hollows appear brighter than the
pesks of hills, especlslly if these hollows ere swamiye In this case the
fine~grained structure of the pattern of the bottom of the hollow is char-
acteristic. Interpretation of the hollow is also facilitated by an inapection
of the hydrographic netuwork, since rivers, lskes, streams, traided chexmels,
etc. ave alvays found in depressions of relief and ave easily obsorvede

The complex features m densely populated localities umder conditions
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of hilly relief are the location of roads and the leyoutb of the populated

points. The latter ave distinguished by tteir irregular outlines (ses

Section 28)e
Among the hindrances to interpretation ares:
(1) The effect of forest growth, which somewhat softens and sometimes

r

A

g Yo e BT U F Rl R

greatly concenls the effect croduced by a shadowe The principal identi~
fying features in this casé are the general tone and structure of the
pattern (for interpretation of forests, see Sections 29 and 45)

In farest terrain the peaks of nills are often darker than the slopes
and the bottom of the wvalleye This is explained by the fack that with
steep slopes the conditions of growth of trees at the top of the hill
are more favorable then on the slopes, in connection with vhich the forest
at the top is denser and on the photegrarh gives a darker tone (Photograph 3)e
The denseneas of the growth ratiern characterizing forested areas bence
is different on the peaks, on the slopes of hills, and in deprossions, aince
with a decrease in the helght of tree tops the denseness of the pattern
ihcreases. As o rule, the top of a hill in this cnee shows sparser growth
%han the slopes or depressioms (Fhotograph 3).

(2) The plowing of slopes or the presence thercon of other agricultural
activitics sometimes considersbly complicates interpretation of slopes at
the bottom of valleys, especlally under conditions of small-hill and medium-
1111 relief when even the peeks of hills may be ploved. Faymlands create
an exbremely mottled mosslc of shapes of bright tone of normally straight
outline over large areas and considarably weaken the effect created by
shadow. In such conditions the principal feature permitting evaluation of
wnevenness of the surface of & tarrain is the irregularity of the cutlines
formed by ‘the boundaries of farmland. Usually plowing is executed along
the divectlon of the contours, that is, perpendiculsr to the alopess Thus,
plowed or sown portions outline irregularities in relief. By tracing these
outlines and comparing them with other objects on the terrain, chiefly
with the images of riverbeds, we may detect hills, ridges, steep slopes,
and depressicns with considerable clarity (Fhotograrph 4)e Outlines which

bend in the direction of rivers correspond to ridges, hills, or the

aupericr portions of valley siopes; outlines which bend away from rivers

-
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correspond to derressions and hollous leeding into the valleye.
Section 28. Interpretation of Velleys under Flatland Conditions

A flatland =< cterized by en slmoat level surface with little
variation in elevetion and relatively 1ittle dissection, Individual increases
end decreases in elevation usuelly have a emoeth outline in the plen and
profile views.

Ve distinguish low flatlonds —— 1owlands (elevation less than 200 meters
absolute) — and high flatlands —— plateaus. In addition, we distinguish
sloping, concave, and rolling flatlands {changing slope in one or another
@irection)e The characteristic elements of the mesorelief of the flatland
are river valleys, saucer-shaped hollows, craters, basins, flat troughs,
ravines, gulleys, pits, crests, ridges, end individual hills. Often they
are well expressed and their interpretation byyusing the featwres discussed
in Ssction.s 4 26 and 27, is ecsily achlevod.

For unexpressed valleys as well as for bottomlands, interpretation
under all conditions is performed chiéfly by indivect features, the chief
of which is the tone of the image caused by the color represented on the
photograrh of the surface. The color gives to the photograph & vhole gamub
of greyish tones evenly blending into one another (Photograph 5)e Shadow
plays a subordinate role as a fegture end on the whole is used only in inter-
pretation of small wall~oxpressed relief formations (see the image of the
riverbed in Photograph 5)e

Various other indircct features are of particular importance: the
nature of the vegetation, the soil, the location of portions of farmlands,
the voad network, porulated points, peculiarities of microrvelief.

The tone of the image of the surface of the bottom of an unforested
valley is determined chiefly by the color of the vegetative cover, and in
the zbsence of such cover is determined by the color of ‘the exposed soile

(1) Determining Surface Irrecularities from Tones as Caused by the
Color of Vegetetion

Usually the darkest tone of a £lotland surface corresponds to depressions
in which more favorable conditions are created for the growth of vegetation
and, consequently, its density and richness of coloring. Elevated portions

are characterized by trighter tone —- vegetation is raver here and less
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clearly colored. Often for rolief formations within the 1imits of valleys
there is a regular alternation of 1ight and dark spots {depressions and
elevations), whereby they usually have & generel orientation. This is
especially vwell seen in interpretation of the micvorslict of hothomland
(Photograph 16) in which the "fan of displacement® (an elternation of
ridges and depressions) is alweys quite visible, due chiefly to the differ-
ent tone of the vegeltatlon on the ridges (bright) and in hollows {dark).
The dark spots are often encireled by a bright ring. Its appearance is
exélained by the fact that, due to ‘the intonsified drainage along the

bluffs of depressicns, vegetation is rarer then in the derressions themogelves.

The general rule for the correspondence of dark image tones to vege-
tation in depressed localities does not apply in a number of cases, and
the indicated festure cannob always be considered applicable for all casebe

.However, the case of tha exception to this rule is determined relatively
easily and may even sorve as an independent indirect feature.

These exceptions occur in the following casess’

{a) The rresence of sSwamps and silt accumulationse In river velleys
the depressions are often accupted by swamps the vegetative cover of which

always appears on the photographs as a brighter tone than the cover of
dry stretcﬁes and in this case the correspondence of dark tones to the
lovest portions of the valley does not apply. However, such swamps are
ensily identified on the thotograrh from the characteristic blurred grainy
structure over the considerable area which they usually occupy and the
very fact of the presence of 2 swemp in the valley attests to the presence
of depressions in the surface (see Chapter XI). The bright tone of small
depressions may be caused by their silt eccumulations and subsequent drying.
Such small depressions are easily observed steroscopicallye.

(b) Flowering of vegetation. The tone of the image of vegetation on

the photograph also depends on its condition. Vith variance in the growth

eriods of different vegetations the brighter tone will identify those

which are in the flowering state. Thus, bright tones in this cese will not
always correspond to the depressed portions, The identifying features by

which the rresence of flowering may be observed are the fine patchiness

it

{ripples) of the pattern within the limits of the contour occupied by the

flowéring vegetation and the absence of gemeral orientatioms in the location
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of patches (FPhotograph 6).
(c) Hay mowing. A bright tone in the image of a surface may be caused

b
)

tl

by hoy mowinge However, the slwsys easily noticed indicati\.‘c_gns of mowing
(stacks, mowed rows of grass) confirm the correspondence in the tones snd

i

elovations of relief (Photograrh 17).

Exposed poil usually appears on a rhotograph as a brighter surface than
turfed ereas. Since the prominent forma of relief (on peaks or slopes) are
usually subject to greatest exposure, this fact to a considerable degree
facilitates determining surfece irregularitics.

Bright spots éaused by natural exposure of soils usually have extremely
irregular outlines and o characteristic striped structure caused by the
residue of wvegstation {Photograph 5). This rernits relisble determination
of the brightness of tome of exposed soils (for discussions in greater detail
see Section 44).

3« Ipteroretation of itieg in the Bottom of a Val in the
Zregence of Arable lands

In all cases the images of flatlands are usually e gradual tramsition

of tones from bright to dark, causing a uniformity in the patiern of a

regular surface. However, the ammoothmess in transition of tones is sharply

disturbod by the eluays clearly contoured portions of farmlands (Fhotograph 4).
Flouwed lands and fields, as aluays, cause a considerable varicty of

‘tones, giving the photograrh the appearance of a mosaic. This is explained

by the fact that the tone of each of the individual portions will be deter-

mined by the prescnce thereon of the vegetation and ite siate. Depending

o th;z time of the year and the pericds of vegetetion of the crops, even

adjacent sections may differ considersbly in tone. In the presence of

mature grasses on large-scale rhotographs the shadow may be dotected from

the contowr of the portion. The principal feature for determining surface

irregularities in this case, as under the conditions of a hilly rolief, is

the character of the relative location of individual tilled lands. On a

fistldddeared thblévekcurdnfermed Yith shrtessifpeachheeplomadhasetitonighe /

Tisually extended in a direction perpendicular to the slépes as though embracing

them {Thotooraph 4).
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/e Dote ¢ the Nature of a o, om_the aticn of &
Botwork

With flat wndissected slopes of valleys in inhabited rogions there is
usually observed a brenching road network uith predominantly straight roads.
There sve numerous paths in the vieinity of crossroads (Fotograrh 18)e
Inproved roads usually pass within the Jimits of tsr:.mm which is subject
to f£looding and hence such portions of the valley bottom are often hard to
distinguish.

5._Deternining the Giaracter of e Surface from the Lavout of Pomulated

int

When the slopes of the valley are not heavily dissected the populated
points located in it are usually distinguished by a reguler layout of
streets and wniform distribution of yerds (Fhotogrerh 5)s When the slopes
of the velloy are dissected the streehs of populated points ave charecterized
by co'nsiderable irregularity and the yards are seottoreds

.__Interrretation of eys in t 52 of a Fletlond ¥ £
Relle

The forest grewth of @ terraln incresses the difficulty of interpretation
of river velleys (Faotographs 3, 7, 8} by concealing the folds of relief
even of rather larges forms. —

In this case the principal slgn permitting evaluation of the Feltef is
the structure of the cutline. Ievel surfaces of a forested terrain within
the 1imits of a forest sector with trees of the same age is distinguishod
by a wmiforn graininesasof the strueture of the figure on the photograph
without sharp changes of tone (Fhotograph 7, 8)e This is explained by the
fact that the absence of derressions and elevations on the surface of the
terrain creates aprroximetely identiesl conditions for the propagation of
vegetetive growthe Consequently, the strip of forest appears on each individual
age sector uniform and identically complete (methods of identifying tree
types and their age are given in Section 45)e

i hm o fron bt T i

Tn local depressions or hollows moisture conditions may be excessive
and swamps aré formede The trees in a swamp are usually stunted and the

outline of such trecs on the photograph has a fims-grainsd, somewhat blurred

1 bt s

structure, often quite unususl, due to the presence of dense undergrowth
(Fhotographs 31, 33).

The wnigue siructurs of the forest pattern, not asgociated with relief,
is caused by the presence of overgrowth in areass vhere trees have beent felleds
It is charaoterized by an alternation of bilgl'f. and derk spots (discussed
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in dotail in Section 45).

Approximste evaluation of the valley types in a forested terrain may
be obtained om the basis of a correlation series betwsen types of vegotation
and the type of rollef. Such serles have not yet ‘been developed for 231
types of lend, Table 9 presents the correlation geries between the pre-
vailing type of vegetation, lythology, and relief as developed for a flat-
land-taiga zone.

on_30 teypreZati Fhot;

lerial photographs made in winter differ considerably in their external
appearance from summer photographs. The distinctive features of inter-
pretation of winter photographs consists in the followinge

(1) The snow cover on a photograph is distinguished by a clear, twight
tone caused by the extremely high coefficlent of reflection of light rays;
for example, for freshly fallen snow the coefficient of reflection is 0«90.
Together with this, the shadows, vhich are the rrincipal identifying features
of relief, are longer on a winter photograph than on a summer photograph
(the sun is at a lower elevation).- Hence, with an uniwoken layer of light
snow cover, even fine shapes of/ velief aprear to be emphasized (Fhotograph II).
In addition, the shadow is cast by lerge objects and relief formations on
the tright surface appear clear and permit tracing the features of the
structure of slopss and concave forms of relief, vhich on photographs made
in the summer are covered with thick shedows. On winter photographs, for
e:nample, 4t is easy to detect steep slopes of river valleys and ravines
(Photoéraph ).

{2) General aprearence of é. flatland terrain with thick snow cover is
o umiform monotone characterized by the absence of smooth trensitions due
40 the fact that the solid, thick snow cover levels out the irregulstiides
of relief and generally masks the terraim, covering meadows, cloud flelds,
eto.(Photograph 12), Even the gulleys of small rivers and streams may appesr
unbroken under snow COVers

{3) With an unbroken snow cover these objects which are not covered
by snow (structures, railings, roads, forests) are quite distinguishable

in virtue of their comtrast (FPhotograrh 12) and more easily detected them
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on summex photographs.
(4) Solid snow cover eliminates the possibility of using e whole series
- of indivect features (for example, in evaluating the microvelief on the
besis of the tone of vegetation, ete) or makes it aifficult to use them
(in determining the shape of relief from the structure of the outline of a
deciduous foresty otc.) end thereby limits its use for interpretation of
correlative seriese
(5) An interrupted snow cover, on the other pand, may emphasize doteils
of velief. iAs the snov begins to melt the first patches of exposed eaxrth
permit intorpretation of the relief, sinece they first appear on prominences s
23 considerable sreas begin Lo be freed of snow, the sharp contrest between
the gnow cover and,ithe dark melted areas makes interpretation difficult,
gince in the absex_ice of smcoth tramsitions of tongs it is almost impossible
to distinguish the details of these derk spots which ab this time embxrace
not only the depressions but a1so concave foxms of relief (Photograph 13)e

Snow which has cellected &r remains in trenches, pits, holes, fwrrows,

"
ditches, otce at the end of the suow thaw ave sharply distinguished by the

outlines on the photograrh (Pnotograph 14).

(6) The snow cover introduces considerable distinctiveness in the
structure of the pattern of forested sectors (Photographs 13, 46)+ Deciduous
forests on winter photographs has o characteristic hatched appearance caused
by the shadous of the trees without their leaves. In the stereoscopic
examination of relief this feature in a eparse forest facilitdtes interpretation
of the relief, permitting direct examination of the surface of & terraine
In visual examinabion the dense streaking of the pattern smooths the shadows
from the relief { Photograph 13). Along with this, as has already been men-
tioned, the loss of the leaves considerably restricts the use of correlative
series due to the fact that under these conditions it is more difficult to
‘determine the gpecies of trees and the differences in height of the forest
cancpy (see Section i5)

Coniferous forest 1s usually betier seen o winter photograrhs than

on summer photographs. The snow which often remains on the crouns of

coniferons emphasizes their outlines, Thus, the features for interpretation

e e e Bt e S S T S e s
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of valleys in terrain covered with coniferous growth, as discussed in

N e SV,
PR S e

Section 29, are applicable.
The general conclusion concerning interpretetion of valleys on winter

photographs may be formulated as followse The possibility of interpretation _

At d e

of winter photographs depends upon the character of the relief, the depths R

end degree of snow cover over the terrain. For the conditions of mount=

g rov ey

sinous relief snov 4s an obstruction, concealing details ordinarily

N clesrly seen on & photographe Accumilating in valleys and depressiong, the
snow gives & distorted representation of the dimensions in the plain ‘
view and in elevations _

Tor hilly relief snou cover facilitates interpretation of large oul~ :

1ines bub hinders the interpretation of nicroreliefs

‘ tnder the conditions of flatlend relief a thick conbinuous snou cover

considerably hinders interpretation. With a thin or interrupted spnou cOVST,

! on the other hand, it may be possible to datect the adteils of microrslicf. -

‘For those parts of a valley bottom which are subject to flooding (bottom= )

Jands) it is usually necessary to obtain information concerning the char-

acter of its locatlom relakive to the riverbed, ite dimensions (uwidths,
ele_vation), the tyre of bottomlend according to the character of vegetation

(#eadou, scrub forests, swamp), the extent and pericdicity of flooding, etce

; . A1l this information may be obtained with varying detail fram gerial
photographs, wherein, on the basis of a number of ‘bottomland characteristics
observed in examining aerial photographs, it is possible to detect those
details which usually esceps the notice of even a ground obsérver.

Tn the inbterpretation of bottomlands the same identifying features
are employed as in the eage of interpreting river valleys under flatland
conditions (see Section 28), However, the interpretation of & bottomland
is an independent type of operations due to its considerable extent and
certain peculiarities of the identifying features.

It is first necessary to point out the general identifying features
vhich permit locating the bottomlend on a photograrh, that is permit distin-
guishing the bottomland from the non-flooded portion of the valley bottom

and mapping 1te

)

i

i
!
{
&

L
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According to the character of the concealment by vegetation ve

distinguishs open fmeadow), scrub, and Swampy bottonlande -

R it s i *

In addition suamps may be distinguished as being dry oF flocdede -

The yrincipal identifying foatures of open meadow bottamland are the
tone and structure of the pattern. The tone of the surface of a meadow
vottomland, determined by the color of the grass cover, is usually uniform
(grey)e Depemhng on the character of the surfece, the overall fiat tone
of the imoge of a bottomland may be streaky or spotitede

An undissected bottomland with leyel surface has a wniform light~grey
tone (Fhotographs 5, 15). As dissection of the Lottomland increases its
appesrance beccmes more variogotede Tho presence of local fallcws and
depressions in the surface resvlts in the appearance of spots of a dovker
tone than the genersl tone of tne bottomlend imagee Thers then becomes
evident the characteristic alternaticn of bright and dark bands corrose—
ponding to increases in elevation (1ight) end the depressions between _,_:
then (dark bands and spots)s These bands often have a fan~like arrangement
{vdisplacement fan") Fnotograph &3 interpretation of displacement fong is
discussed in greater detail belove ‘

If the photograrh is made during the hay-mowing period, then the tome
| of the bottomland land Imsge ab hay-meking points aprears right. Houever, ‘ :
; thoge hay-msking points are cloerly detected from the presemce of ordimerlly

43 1 R

sharply distinguished rows of mown hay and hayricks. The image of the
1atter resembles the head of a pin (Paotograph 17).
‘ Scrvb growth on the bottomland is dotected on the aevial photogragh

SO T N

as spots, wsuslly with a circular outline, having e spongy pattern (see

Section 45). Individunl spots of the spongy skructure merge and form
curtains which in their external appecrance vegemble the typographical symbol
for scrub growth {Fhotograph 17 Yo

In those cases where the ‘ootﬁ:om of the valley is covered with forest
growth interpretatlon of the bottonland becomes difficult. The forest,
lacking the relief and microrelief of the suriace, does not permit fvll use
of the- sbove-mentioned J.dentii?fmg features of the bottomland (Fhotographs,
8, 25)s The most used method: for detez'mining the presence of botbemlend
when the valley is forested is t’ne atereoscopic emmination of photographse

forgstk grawth, .
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of banks. Vhersupon, though kmowing only the approximate heights of increases
in water level, we may Judge the probability of fleoding end the width
of the flood area (see bolow). In monocular exsmination of photographs feor

determining the character of ralief at the bottom of a valley it is necessary
to use indirect features, as indicated in Section 29 -~ to study the graininess
of the forest image and its corresponding chonges of relief and the veriety
of trees. However, this is possible only with sharp veriation in the
height of terraces in the wvalley.

The key to identification of bottomlend swampiness is the presence on

[ ]
the image of its surface spots or streaks of a light-grey tone (kwighter

than the general tone of the bottomland). With the charscteristic blvrred
graininess of the pattern (see Chapter XI).

The next stage of operations is that in which we obtein detailed charace
teristics of the bottomland.

It is £irst necessary to determine the bowndaries of the bottomland
in order te obtain data concerning its uidth!

Information c—oncerning the width of the wottomland msy be obiained
directly from aerial photogmyhs.and by plotting (Section 17) a transverse
rrofile of the bottom of the valley and applying thsreupon high-water
marks. In a number of csges it is necessary to combine both of these
nmethedse

For clearly expressed and well develepad valleys the boundaries of the
bottemland may be approximately established as the line dividing areas with
o miform grey tone corresponding to the bottom of the velley and areas
having on the serial photograrh the appearance of a variegated meosaic and
correspending to the slopes of the valley { see Section 32, Photograrh 20-24).

With clearly expressed "displacement fans® the boundary of the bobtom-
land may be taken to be the line outlini¥gsportions with such fans.

In same cases the boundary of the bottomland may be traced from the
vestiges of the high vater levels. During floods, at approximately the same
width (tho width of the bottomland and steep slopes of the valley or the
bottomland with a well-expressed lateral gradient) along their boundaries,
as a result of undercutting, there is often formed a small shoulder (FhotB-
graph 15), the slope of which is often detected and traced as a bright band.
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Sometiizs the edge of tiw flood is clewly tavced in the form of e lwight
line caused by the wnter end the strip of r-sidee of vegetation, delwris, eic.
depositod in the form of an irregular band., It must be kept in mind that
with sharp vasdations in the height of the high wator, this line often only
roughly indicates a border of the valley, since it may not correspond o
the line of maxismmm {lcod level.

In many cases the edge of the bobtomland may be tolen to be the edge
of the plowed portiocns in the riwver valleye. These portions are wsunlly
located beyond the zore of floodings However, in popuieted points the bottom-
land may be under truck-gorden cultivotion. In tiis case the ploued portions'
are small and form a veriegated mosaic (Fhotograph 12). In mony cnces
dotermination of the edge of the bottomland faciliiales study of the chav-

acter of the distribution of railrcad systems, levees, and other hydro-

IR e

technical instollaticns. Moin rosds usually proceed boyond the limits of

i

s

TR

‘the valley botiea subject to flocding and where they enter the bobimmland
they pass along leveog and cmbanlments. In this case the edge of the levee
on a slope or within the limits of the valley bottom will at least corres-
pond to the edge of the rormal flocd area of the rivers. Leveos are often
used on a river to protect o part of the bobtitemland and therely serve as
indications of fleod boumdaries.

The width of flood areas moy be estimated from the boundary determinations
of o bottemlond. In crder to establish the frequency of flooding it is
necessary to determind the high, average, and low lewvels. This is schieved
with the greatest accuracy byystercoscopic meagurement of the height of the
banks of the riverbed and plotting and the basis of these measurements a
transverse profile of the valley (Section 52). As has been showm, in this
cage thd height of increases in the level obtained from tho dats of water
nreasurement observations is compered with the heights of the banks, For
deternination of increases in level we msy also procesd on the basis of spau
moasurements of bridges and other hydroteckmical instellations (see Seetion 40).

The high level position of the bottomlend may be approximrtely dolBRiSAbine
G isee tion 0k 0s SXEAAER O e BE SR Ll thRe PRt ORI e R a5 Righ

and seldom flooded (Fhotograrh 15). The presence of sharply expressed
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displacement fons with o developed network of streams, braided channels,
and bottomland ponds provides the basis for asswning a low elevation of

the the bottomlond and frequent flooding (Photograrh 16)e This is also in-
dicated by the presence of suampy surfaces in the bottomlande

A detailed study of the wicrorelief of the bottomland permits in
isolated cases evaluabing the pericdicity of flooding and the elimination
of flood waters — stercozcopic examination of the bottcmland surface of
the hanks with determination of the hoight of banke and crests as well as
of the relative depth of individusl hollows in the bottomland permits deter-
mining the sequence of fleoding of individunl portions of the bottomland
or of the sequence of their climination of water during the recessions of
spring floods.

In addition, a stuly of the microrelief permits certain conclusicns
concerning the hydrofyanuicefeviures of the strecm in a given poritiem, noting
the rrobeble distribubticn of wlocities during flocding, and cvalunting the
intensity of riverbed prrocesssde

The displacement fon is formed due %o the displacerent of the riverbed.
The mere intensive the meandering the greater the cwvatwre of ths bandse
The degree of curvature and the frequency of bends compris;ing the image of
the.displacement fen may indicate the intensity of riverbed processes. A
multiple pattern of displacement Tans wnder shoble seil conditions charae-
terizes veriability of action of the streamcon the banks along the rivere
The microrelief of a bobtomlend under unstable soil cornditicns, with the
so0il poorly retaired. by vegetation, may permit evaluwating the coincidence
of divection of flow of the river and the flov of the river with the bottom~
land flocded during the spfng floed. Finally, it is necessary to mention
that the directicn of the curvent (Section 39) may be determined from the
srrangement of the displacement of the eurront (Section 39) may be deler
mined from the orrangement of the displacement fan.

The obove information confirms the facht that a study of the pattern
of the displecement fan permits ralechydrogrephic analysis (that is, tracing

the history of develorment of the riverbed by plotting its previcus position

from the bends of the fan). The displocement fans, ropeabing the outlines
of the present riverbed sre usvally located below the fens of the upper
pattern. This permits, at least qualitatively, distinguishing during ine

nof e nosgd ; -
vestivasio f even a mosaie or a single photograph, portions of the
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bottomland with different depths of flooding and different ground water
levels relative to its surface (this problem is examined in greater detail
in the article by I. V. Popov /74/).

Section 32, Complex Identifying Features of Different Types of Valleys

A combination of variocus identifying features, as mentioned in the pre-
vious sections, permits establishing the type of a2 valley directly from
the external aprearance of its image.

A complex identifying feature,,permitting determination of ke trestnce
of a valley within the limits of an aerial rhotograph, tracing its ridges,

" slopes, and bottom, is the characteristic structure of the pattern of the
slopgs' in the bottom of the valley, whick is dus to the faet that river
valleys to a greater degree than other relief formntions, are associnted
with tho interaction of water and soils, as a result of vhich therc are

_ created extremoly unusuzl sculptured surface forms in the form of erosion
trenches, gulleys, and ravines on the slopes, displacement fauns in the bottom-
land, etc. Due to this feature, om the phc;tograph it is easy to distinguish
the slopes of the walley from the surface of the adjacent terrsin and from
the bottom of the valley even on the basis of the general character of the
imege.

Thus, from both banks of the river it is usually possible to trace three
bands of terrain with a different image pattern.

The first bond from the riverbed corresponds to the imags of the bottom-
Jand. ¥tz general aprearance is choracterized by uniform image tone if the
bottomlend is level, and crescent~shaped radials of lright and dark bands
in the case of the m:es‘ence of crests and depressions bet'.-.r;en them {a dis-
plecenent fan),

In the presence of stzep slopss, the second band from the river, corres-
ponding to the slopes of the valley, is characterized by the greatest varie-

gation and mosaic structure. It is caused by the presence of outcroppings

i ¥
N v P TR e S 8
AR IYBNA . U YT T L O 3 I 7

of rock, often with a characteristic striped pattern and by a network of
erosion tremches, gullies, and ravines fanning cut into the river valleye

They ere almost. always clearly visible on photographs due to the contrast

o

between their darkened and trightened slopes. The images of flat slopes are

often characterized by large striped patterns. Parallel stripes in this case

correspond to the different levels of terraha,ggg
d L]
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The third bond from the river, with o distinctive structural pattern,

is o feature of the surface of the terrain adjacent to the river. The

RN T

structure of this bund deponds on the genmeral relief of terrain romoved from

the direct influence of the currvents of the river. This band is characterized
by the larger forms of relief and consequently also by the smallest
veriation in pattern.

In the prelse/fnce of fields and with flat slopes of the valley such
contrast in thé'i pattern of the slopes and the adjacent terrain does not

us{zal]y ocour and in this case, as has been mentioned, in order to locate

the ridges of the valley without a stereoscope it is necessary to study the
character of the .l;arrangement of the fields relative to one another (sce
Section 27). w%'lﬁh stecp slopes location of the ridges of the valley facili-
tates the studj: of the formations characteristic for the valley slopes:
ravines, gul/l’n".cs, outcroppings, etce In this case it mst bs kept in mind
that the rié‘lg‘e cannot extend along the upper parts of ravines and gullies;
it usuolly 1§.es inithe vicinity of the expanded, water-discharge portions.

We prqsen’b below e summary of the identifying features of different
tyres of malle

(l) Grevasses (fiscures), cenyoms, gorges. ,They are easily detected
on photqglaphs from their shodows. A hindrance to imterpretation lies in
the, usua.l]y long shadous from the high and abrupt slopes, sometimes pre-
v/.e’néomg oxamination of the bottom of the valley (Photograph 20).

‘,-j (2) lV--s.m‘,.pad (mdeveloyed) valleys (Photograph 20). Their features

on\an aeri-1 nho-bograph ares 4
i i (a) ‘the variege.ted and sharply e:,,f;n-essed mosaic of the pattern of the

_ 8lopss as caused byyen abundance of outerdppings and sculpbured forms;
. :

(b) e weak develomment of bottomlands, which are easily recognized
" Prom the characteristic pattern of their } surface (see Section 31);
(e) the presence of lateral terrace{is and formations in ’ol;e riverbed
in the form of waterfalls and lerge rapil‘;‘ps (Photograph 20).
{(3) A trough-shaped valley (a glacig’al trough)s It reveals on photographs
2 wide bottom with a narrow band (with c'\lear horders) with the characteristic
variegated mosaic pattern for slopss as "1?:811 as the presence of a wide

bottomlend {Fhotographs 18 and 22).

{4) Trapezoidel valleys. They ere }similaﬁr ‘to the bin-shaped valley.
o J
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The particular identifying feature is the weakly oxpressed band with the
mosaic structure characteristic of slopes, This band is broader than in
the bin-shaped wvalley but scmevhat norrower than in the V-shaped velley and
in the glecial trough (photograph 23).

For reliable interpretation of this form of valley, stereoscopic
examination of photographs is recommended.

(5) The wnexpressed valley. In the absence of clearly exgressed dis-
continuity of the transverse profile of the valley, the principal feature
for identifying ite tyre is the tone of the surface ss caused by the vege-
tations The latter, in accordance with the conditions of drainsge (moisture),
creates within the limits of the valley and its slopes definlte zZones which
differ in tone and facilitates distinguishing the irregularities of velief.

(G) The dry valley. The identifying features of dry valleys differ

but little from those of river velleys. The rrincipal identifying features y
are the ghadouw, the tone (dotermined by the character of the swrface cover
of the slopes and the bottom of the dry valley), and the structure of the
slope patternm,

‘ {7) Ravines arec always scasily identified on photographs fram the con-
trastsof light and dark. A hindrance to interpretaticn is the presence of
a long shadow, preventing examination of the details of slopes in the bottom
of ravines. With incorrect placenent of the photograph relative to the
lights the ravines often aprear as convex formations (en inverse effect)
(Photograph 24).

For more reliable determination jof the type of valley it is necessavy
to plot its transverse profile in che.'racteristic directions. These profiles
may also serve as illustrations sudplementing the description of the rivers.
In addition to the transverse profiles, the heights end steepness of slopes
for a mumber of principal directions may be determined in order to provide
the most basic quantitative appraisal of theme The methods of determining
these characteristics of slopes and plotting the transverse profiles ave
deacribed in Chapter IV.

Detailed characteristicls of the relief of slopes in the bottom of the
velley, there interscctions and dissections, the yresence of terraces, land-
slides, talus, and cave-ins, as well as alluviel fans and data concerning

their dimensions are determined on the basis of identifying features as given

in Sections 26~29. Svamp, vegetation, soils, and the road network of slopes
and the valley botiom are also determined from features described in the

sppropriate sections.
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CHAPIER VII
TNYERFEETATION GF RIVEREEDS

Section 33 General Tnformation Concerning Riverbed Tnterprotation

mtion Goncerning Rivorbod InteXproihlist

As vas shoum in Section 24, riverbed interpretation consists of three
prineipal stages.

The Pirst of these stoges consist of determining the contours of the

rivorbed. This makes it popsible to obtain information concerning the
charector of the riverbed in the plan view: 1ts crookedness, brenching,
the presence of islands, flowing lokes, etce

The second stare 18 thet in vhich information is obtained concerning

the various riverbed formations, thely aprearanco and type, the distribution,;
#he character of their relative Jocation, their spacing end structiro, the
reriodicity with respect to the vertical oubtlines of the viverbed, the

tyre of banks, cte.

The third state consists in determining the quzntitative characterigbics.
of the riverbed and of its indivicul oloments (that isy measurement inter—
pretation).

& mumber of riverbed characteristics is regd from acrial photographs
on tho basis of direct identifying feabures (the riverbed outline in the
plan view, the presence of certain riverbed formations, the character of
the bonks, installations on the river, etc.) However, meny riverbed chor-
acteristics are obbained from aerial photograpns only on the eeis of ine-
girect fentuves {informabion copcerning bottom soils, Geptis, rates of
flow, direction of flow, otCe)e

Fumerical characteristics of many olements read directly on the aerial
photo@aph may be obtained alsc from si ordinary large-scale maps However,
some of them a3 well as a number of characteristics obtained fram indirect
fogiures, may be qumrbitatively expressed only on the basis of special
photograrmetric and stereophotogrammetric methods of measuremenbe

Tn the ensuing sections vie mresent the doscripticn of the principal
jdentifying features of the most important characteristics of the viverbed.
Information concerning stereophctogram:etric ané photometric methods of
measuring 1s given in an independent chapber in which we gob forth the srecial

festures of application of these metheds in order to obtain the riverbed
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characteristics. The rrinciples far peri‘orﬁing these operations are discuseasd
in Chapter IV and in iten /547 in the bibliography.

/’4 i
|

os . / . o
Scetlon 3he Dotormining the Contours of Rivers and Lakes

\
The general outlines of riverbeds dre amfit aluays ecasily detected

due to the difference in illumination of banks bwen on ractographs of the
smallest scale. ‘3 °
Hence, with incorrect placement of the phol,(%graph relative to the
light source a rivsrbed often aprears as g conva;c! twisted embankment
(Photograph 25), but is easily distinguished :f‘rom other objects on the
terrain by its characteristic crockedness. i

Thus, an important identifying festure of a rfhvsri.\-:d is the natwre of
it crookedness /meandering/. The crockedness of é‘i}\rerbeds is wsvally not
repeated over different sections, whereas for arti;{{iéial structures (roeds,
carels) it is customary to obscrve smotilyae or gecrn‘ strie curves. Hence,
the curves forired by a river may not be confused wii;l‘ the outline of any
other object seen on the photographe - }l\x

Indirect identifying features for a riverbed u;‘!e suitability for the
deprossed portions of relief (waterfails, valleys), 'Q\E.he mesence ef
s\ﬁ-uctm'os reculiar to rivers, ridge.fil, dams), etc.

If on ‘cne photograph thers is seen an onen water suri‘ace, then it
may ezsily be recognized from the uniformity of the tone s the regulat or
oftﬂn eampletely structureless outline of its imagre, a::}t (m_‘ch transparency
of 'Lﬁe water) from the characteristic smocth outline of \nmm,s of the relief
c)f ’bhe botion. !

4 water surface concealed by aguatic vegetation is 1denﬁ1f:.ed chiefly
frae tho structure of the outline, but a frozen surfwe 1i8 identified from
the vniformity of the swrfzce and the clearly visible shadcus of the banks
(Frotograph 11),.

According to the tone of the vaber surface, the following distinctions

are made, an open water surface {summer thotographs) may have a different
image tone on the photograph, devending on the conditions of the survey and
processing of the negative (or positive), the color of the watey, its
transparency, derth, bottom soils, conditiun of the water surface, and

cloudiness. However, distinetions in tone (nomely, in the uniformity of

T T T D

deneity of tone or the graduainess of transition from derk to bright tones)
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are so characteristic thet an image of open water surface is wnmistakebdly

identified.

A black tone for the surface of the water occurs on photographic

prints in the following cases:

(1) with the sun at e high elevation ot the moment of photography,
as performed with the vertical position of the opticel axis of the aerial
camera (Photograph 24);

(2) with large depths of reservoir;

(3) with a dark color from the bottom of the reservoir;

(4) with concealment of the water surface by shadows falling from the
banks, from vegetation on them (.photographs 20 snd 25) or from clouds.
Shadows from clouds usually have irregular outlines (Photograph 4}, and cover
not only the surface of the water but also part of the shors.

In all these cases we assume the pre.sence of considerable transparency
of waterand a quiet state of the water surface.

Bright tones are obtained:

(1) T the presence of flashes on the surface of the water (sgitation,
with the sun a2t a low of elevation at the time of photography, tilting of
the optical axis of the aerial camera), even it is transparent { Photograph 26).
Flashes during agitation of the veter surface due ito movement of waves are
arranged in rows bwoken at the leading edge (FPhotograrh 27);

(2) In bright bottom soils with shallow water; in this casc we observe
a smooth trensition of tones from dark to br.ght and can examine the relief
of the bottem {Fhotograph 32);

(3) vith consideiable muddiness of the stream (mountain rivers, flatlend
rivers during flooding); the general character of the tome in this case is
distinguished by miformity (Photographs 28 and 29);

(4) With concealment of the water surface by aquatic vegetation; in
this case the characteristic structure of the image is that of isolated
circular spots or groups of grains depending on the scale of the survey
{Photograph 17);

(5) The white tone of the image of exposed water, sometimes encowmtered
on photographs, is usually a defect in the survey and indicates that at
the moment of the photograph the rays of the sun reflscted from the surfeee
of the water, entered the lens of the aerial camera. This is easily est~

ablished by comparison of two adjacent photographs. If the white spot appears
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only cne one of them, then its occurience can only bo attriouted to
reflection of the sun's rays. The presence of a white spob on both photo-
graphs indicates other causes for its sppearance. Ina few cuases the tone
of the image of the water surface is caused by the reflection of clouds;
this is indicated by the characteristic structure of the pattern, in the
form of curling vapor (Photograph 4)e

A water surfoce concealing a solid ice cover cannot, of course, be
seen through on photographs. Tn this case the presence of a river or a
1ake is indicated onmly by the identifying features used for interpretation
of relief, ammely the shadows of borks end the level character of the suxfece
1ying between theme If the ice cover is concealed byysnow, +he ‘tone of ils
image does not differ from that of snow cover on a teriain adjacent to a
river. Exposed ice cover in an area of snow appears on a photograph in
dark tones, whence on large-scale photographs there is upually seen an
irregularity in the structure of the ice, patches of enow, often in the
form of ridges, fissures, etc. (Fhotographs 11, 12).

In some terrains (wooded or stepre) a riverbed mey appear to be can=-
tinuously inclosed by the tops of trees or oxamined orly in a stereoscops
(Photograph 30). In steppe terrain o narroubband of forest (with its
characteristic sinuousness) is in itself an indication of the presence of
a riverbed since vegetation in such areas is usually adapted to I:i;rerbeds
and stresms (Photograph 30).

In & heavily forested terrain a riverbed, even when fully swrounded

by ',hree ‘tops, may still be detected from the presence in the nidst of the

‘;‘.’orest of the characteristic twisted band of dark tone accompanying the
usual riverbed. This band is formed by the tops of trees growing close to
the™river which are the richest in coloring and lergest. In eddition, the
presence of a river may be determined from the difference in elevation of
the forest canopy in the vieinity of the riverbed and on the shoulders of
the valley if the river velley is clearly exrressed (see Section 29, Photo=
graph 31).
Section 35, TInterpretation of Riverbed Formations

Riverbed formations are detected on aerinl photographs on the basis
of both direct features {the image of the elements themselves on Photographs)

and fram a number of indirect features. The possibility of obtaining this
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information derends on the natural peculiarities of the object under
invsetipetion and to o great degrce on the conditions of photograrhy and

its processinge

it i st L R TR B2

We have §iscusged the causes for the different tone of images of

water swee=ee en a photograph. It is clear that the relief of the botiem

|
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and the different formebions in a riverbed will be diveetly ccen only in

case the water is sufficiently transparent, the riverbed consists of kright

Sy T

soil, and the surface of the water does not reflect the sun's rays. Ths
only exceptions are certain riparian formsticns in the form of alluvial
fans, net fully coversd by ths vater, sandbars, and shoals, valerfells, and
replds. The latter are responsible for a considerable change in the
cheracter of the pabtern of the water surface end may usuclly bs quite
casily interpreted secording to this feature.

Thé indirsct feoatures permitting determining the presence of one ar
another formation in a riverbed are based on well~knowm, lorgely quelitative
relationships betwecn the outlines of a riverbed in the plan viow und in
the profile, the relations befween them and the character of the relief of
banks, bottom soils, the aquatic and riparian vegetation, ond glso on the
suitability for the particular features of the riverbed under the loeal
conditions -- chiefly the woafs interseeling them, footpaths, and various
artificial strimiures.

Below we rresont descriptions of the direct and irdirect features of
various elemsnts of & riverbed and of riverbed formations. It muat be
prointed oub that the direct features moy be wsed only in s transporent layer
of water.

(1) Those points of a riverbed with the hrightest bottom tones ave
gendbanks. Sandbanks are indiecsted by tone of irregular density, ranging
from light to dark grey. The brightest points correspond to the lovest
depth, the darkest points corresyornd to the greatest depth. On large-scale
photographs it is often possible to examine end identify the parts of a
sendbunk —— the ridge, the bobtom, and even the regulorities in the botbom
swriace caused by currents and agitation {Photographs 15, 32, 33).

' Acfording to the nature of the relative location of the ridges of the

sandbank and the shoreline, we way oasily ddtermine its type (normal, and
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oblique sandbanlk-spit, ot al.)e

(2) Those porticns with the densest dark tone of surface usually
correspond to the water weaches {(Fhotograrh 32)., In determining the location
of reaches and sandbanks on the photograph it is mecessery to check the
pelative location of these with respect to the bends of the riverbed
: (Forfa's rule).
(3) The darkest portions of the imege of o water surface correspond

to the water channel. In determining the location of a channel it is

necessary that it be matched with the loentions of the water reaches and

7

sendbanks (Photograph 32).

YR

(4) Flat, shallous, shoals, sendbars, ond beaches are identified by
direct features (that is, as in nature, directly, according to the character

of the location of the corresponding bright tones in the riverbcd). In

those cascs where these formaticns are covered, even if by o shallow layer
of water, on the photograpns there is aluays clearly seen thelr microrelief,

vesembling in external appearance the photograph of a rippled water surface

S v Ve P Tie e oY

{small sand ridges formed as the result of movement of woter over their
' surface). Sometimes beneath the water there is seen a narrow white band
formed by o shelf created by the Tiver during o pericd in vhich the water
Jevel rempins at a given height.

The exposed surface of these formations is almost alwvays distinguished

by the brighter tone end the usuelly structureless aprearance of the outline.
Only under the stereoscope is it possible in this case to see the irmegularities
of relief. The brightest tones ore usually on sandy soil, the darkest tones
are usually on clayey soil. In wide shoals and beaches sometimes against

the generally bright tone, even in exsmining the photograph with the naked

v

eye, there are arparent small, usually circular figures, ratehes. This is
the grassy vegotation which grows on their surface during a prolonged period

of low level during which this surface remains exposed for a considerable

X
®
5
RS -
%
A
¥
¥
X4
N

length of time. Sometimes on guch formation there are visible small, dark

narrou bands. They are formed by the shadows of small shelves erising during
prolonged peintenance of & given level and its subsequent reduction.

{5) Rapids are ususlly easily recognized by the white bands of different

dimensions extending over the surface of the water, wheeein from these pa}“.;qhes

L e

s
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there are vsually two well-expressed, expanding vhite bands extending

over the direction of the flow (Photograrh 34). Both the patches und the
bands oxe formed by foaming water as it flows at a great rate over local
‘obstacles — rocks, boulders, etc. (di.scussec‘i in greater detail in Section 53).
Small waderuater shelves will sometimes be evident by the shndouw cagt by

the shelf oven if it is located gt a considerable depbh.

(6) Vaterfalls =re also often clearly secn on o photogrophe They
apreer either in the form of & white band yunning perrendiculer to the
riverbed und formed by the reflection of the falling water {Fhotograrh 34),
or in the form of a dark band formed by the shadow fran the shelf of the
waterfall (Photograph 20). Since the waterfalls occur chiefly on meuntain
rivers, the water surface of which usually has a light gray tone on the
photograph, both the white and the black band corresronding to a waterfall

is elearly seen. From the photcpraphs we may easily detcrmine not only the

loeation of the waterfell, bub also the uprer and lover waters thereof, and

S P P PR N g ST I

by stereoscopic mesns we may examine large secole rhotographs to determine

erz

the drop of the waterfulls.

If a watorfall apresrs as a white band, then its upper porbion is
wsually e¢leerly delineated agairgt the general tone of the surface of the
water above the waterfell, while 'the lower portion forms a ring of white
patchies or isolated white bands of foaning water. If the waterfall appears
s o dark band at right angles to the flow of the river (Fhotograrh 20),
$hen,gs:in the rrevious cuse, the upper edge of e shadow is usually
clear znd the lower eds is irvegular end vecedes dowmstream (FPhotograph 20).

Sometimes the imoge of a waterfell may resemble the image of a spillvay
dam. However, while the waterfall is differently oriented with respect to
the Tiverbed and has an irregular outline at its crest, the dam is distinguished
by its always sirictly regular outline and its usually perpendicular
orientation relaiive Lo the banks.

Section 36, Identifying Botbom Soils
Rottom soil is identified on the basis of identifying featires described

in Section Z4. In the interpretation of soils the mrincipal procedurs is
is baped on evalustion of the tonality of the image of the bottom as adjusted
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for a series of indirect terrain features (according to the nature of the
structure of the bunks of the riverbed, sections at the mouth, the vege-
tation on the banks and in the bottomiznd, ete.). If the bottom of the
riverbed connct te examined, then it is necessary to employ one of the

abovementioned indivect features cn the basis of all the informetioniubich

is obtained in interpreting the soils of a terrain adjacent to a river.

As a suppiement to the abovs (direct and indirect) festures for identi-
fication of solls we may introduce the following indirect features. With
a sandy riverbed the tone of the imnge of the vater surface, as has been
mentioned, is distinguished Wy bright tones, the density of which derends
chiefly on the dopth. ¥ith clayey or muddy soils the relief of the bottam,
oven with oxtremoly shallow water in tho bank portions, is almost not de-

tectoble and the tone of the image of the water surface is usunlly gray.

£ Ty M Ok e T AR A BT A el aSR T

The grsy bone of the water may olso be due to obher causes (for example,
a high content of detritus in the water).

& rockly botbom on flatland rivers gives black tomes for the images
of the water surfoce even at shallow depths with considerable transparencye

In those cases whers ve muy assume that the water leyer is of considerable

i

depth, identification of a rockly bottom is extremely difficulbt; however

)

on photographs of the largest scale it is possible to examine the shadow

from lerge rocks under water. If the wocks extend beyond the surface of

Chowy B! v

the woter, then the general rockly character of the bottom is deternined

SR e

T

without difficudty.

Secbion 37, Determinine the Presence of Vepetstion in o Riverbed

e 4

Tnformation concerning growth of vegetetion im a riverbed is usually
obtained from a rhotogrerh withoub particular difficuliy.
The presance of vegetotion in o riverbed is determined from the char-

scteristic strueture of the outline and the bright tone in comporison with

e i 1 Emh VP2 e SOOI ATLIEOS

the davk image of the water sweface usunlly cbkained in these cases (& muddy
dark bottom).

The oubline of tke image of aquatic vegetation usually has o fine-grained
structﬁi‘e, wrerein there are clearly visible the various sizes of patches
with civculsr outlines. The outer boundary of the bands of aguatic vegetation

(directed towvard the river) is usually not clesr and has an extremely irregular
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outline (Photograph 17).

Tnderwater vegetation, as a rule, has the darker tone, vegetution above
the vater hes the brighter tone. The presence of large patches in the
latter case is clearly distinguished. From these features it is often

possible to establish the edge of underwater vegetation as well as that

above water. In those cases where the overgrowth of a reservoir occurs by
the invasion of squatic, swempy vegetation from the banks, among the bright
grainy patches there are detectod small irregular outlines of almost black
patchos corresponding to the aveas without such vegetation. They soretimes
form a rather complex mosalc resembling lace.

Tn order 4o check the resulbing information concerning the overgrowth
of the riverbed it is necessary to consider the general character of the
riverbed and the banks so that we may ostablish the extent of the typical

- correspondence of the located points of vegetation on the photograrh to the

conditions of their growbth. For exsmple, aquatic vegetetion grouing above
‘the water, cmong which we may include lillies ond wateriillies, are usually
widely found in mills, small lakes, and in the vicinity of swampy banks, etc.

Section 38. Interpretation of River Banks

In order to obbtain characteristics for river banks it is necessary %o
determine their height, slope, secil, vegetotion, and stability. ’

The most complete quantitative characteristics of banks may be obtained
only by stereoscopic oxamination and measurements This is usually from any
direetion on a river, whershy with a considerably greater accuracy than
from any btopographic map, on which the image of the banks is alwoys quite

" sketey.

Tor a discussiocn of the methods of stereophotogrammetric measurement
of the height of banks see Section 52.

When it is not possible to conduct stereophotogrammetric measurement
of the banks of a riverbed (small scales or extremely small rivers with mildly
sloped banks), their chavacteristics may be obtained by using various indirect
features, permitting evaluation of the character of the river banks. The
most thorough quolitative determination of the height of banks msy be ob-

tained by eveluating the chavacter of the bottomland. As was mentioned in

Section 31, it is sometimes possible to evaluate the degree of flooding of
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a bottomlend from an aerial photogreph and, in studying the microrelief of
this bottoxr':land, to proceed to a qualitative evaluation of the bankse.

By the use of an aerial vhotograph the height of the banks may also
be approximately detormined Ly compering it with the height of known objects
located on them (shrubs, trees, tuildings, etc.)s The steopness of the
slopes of banks may be qualitatively determined by the presence of shadows,
by the extent of their vegetative cover, by the nature of the outline of
the surfuce of the slopes, by the soils composing the bank, by the width
of the visible portion of the slope,

The identifying features of steep banks may be:

(a) the presence of a clearly expressed shoulder (the shadow of the

banks )3

(b) erosion of the bank, in the absence of shecals, end sandy stretches
of considerable width;

(c) the presence of horizontsl stratification on the imege of the slore,
with smell intervals betveen individual leyers 3

(@) the presence of shrubs and trees located close to the shoreline;

(e) the rredominance of dense soils in the riverbed and on the boticm
land: the narrover the visible portion of the bank slope, the steeper the
slopee

For steeply slanting slopes the characteristic features are an absence

of shadows, the absence at the shereline of scrub and trec vegetation, the

f1
3
#
I‘l
>
i

predaminance of friable or porous soils in the riverbed and the bottomland,
swampiness of the banks, end indistinetly expressed shoreline (except the

case where it is covered with a shadow from the bank),

The soils, vegetation, ang, especially, the turf condition of the banks

Lrdyoniace win e oy

are ascertained from idontifying featurcs for the corresponding elements
of the terrain (see Secticns 44 and 45).

It must be pointed out that the banks consisting of sandstone have a
brighter image, tone and the clayey soils have a gray tone s often with a
striped pattern structure. Banks composed of rock formations are distinguished
by the complex structure of the relief of the slopes due to the presence of
fissures, crevasses, trenches, etc. The more the exposed slope is su‘b:ject
to moisture, the darker the tone of its imsge. Turfed slopes, on the o’bher'

hand, are seen on the photograph as areas which .increase in brightness in

proportion to the moisture content.

b I g 7 VA TR
e v e SRSV
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The stability of banks may be judged from the character of their soils,

from the charscter of the ghoreline, and portions of tributaries, gulleys,

and ravines of intersecting banks in the vicinity of estuories.

An important factor for evaluating the stability of tho banks of a
riverbed is the study of the character of the microreliof of the bottom
(displacement fans). The less stable the soils of the bottomland of the
riverbed, the more numerous the Lanks and the more complex their pattern

(see Section 31).

In the presence of wooded growth, the stability of banks may also be
judged from the condition and the character of the growth. For example,
on undercut banks in a forested terrain it is oftern seen that trees have
fallen into the river.

Section 39. Determining the Direction of Current
The direction of a river current is determined from aerial photographs
on the basis of numerous indirect features. These are: the character of
“the rélative positions of rivers and their tributaries; the shape of river-
bed formations; the character of the arrangement of hydrotechnical structiures
and navigetion facilities on rivers; the character of the image of the water
surfece. In additicn, a conclusion as to the direction of a current of a
river must, as a rule, proceed not from one of the abovementioned features
but from a number of them.

(1) The chsracter of the inflow of tributaries has rarticulsr significance
in determining the direction of a current, especialliy for small rivers wvhich
agppear on the serinl photograph as narrow bands. The direction of the current
is determined from the angle at which the tributery entors the river. A4s
a rule, the tributaries of a river enter at a sharp angle, the vertex of
wnich points down stream.

(2) The shape of riverbed formations permits determining the directinn
of the current from the following features.

The peaks of vends in the shoreline are, as a rule, directed dounstream
{Photograrh 32).

Islands rotated in the middle of a riverbed usually have an elongated
pear-ghaped ocutline in which the pointed portion of the island is always

pa .4 ~ FUCR PP
CUIEG. L CIE IS W T Sk

‘turned downstresm. Often its exiension is a sendy shoal, but in a number

of cases such a sandbar is washed oul and sedimentation cccurs in the uprer
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- portion of the island, Thus, it is not feasible to base preliminary observations
of the shape of an island on the presence of a sandbar alonge This same
share is apparent in the outlines of flats, that is, sandbanks located in
the middle of z riverbed.

Sandbars with a pointed tip are also always located downstream (Fhoto-
graph 16b). Dend end back-uaters erc directed against the current (Fhoto-
graph 17).

Yith a trgnsparent river botbom the bent ridges forming the usual micio-
relief of shoal and sendbar surfaces have the convex side directed upstresm.

The edges of shoals end sandbars arc directed upstream on the convex
gide; their dowmstream edges are sharply outlined (subterraced), and their
upstresm sides are indistinet (Photographs 32, 33).

The arrengement of displacement fans also facilitates determining the
direction of cwrrent., Usually the broad part of the fan extends into the
stream (Photograrh 16b).

(3) Location of ice—guards end other hydrotechnical structures is a
reliable feature for determining the current.

The ice-guards (at obuiments or in the form of individual groups of
piles) at bridges are always cloarly seen on photographs and are located
on the upstream side (Fhotographs 27, 306).

Pontoon (floating) bridges bend downstream. There are also floating
log-catchers and other floating devices.

Retaining dikes are located at a sharp angle to the current, that is,
the ends of ‘the dike head into the streom (Photograph 19).

Boats and barges moored at river landings point dounstream.

The gotes of river locks are pointed toward the current (Photograph 38b).

The clearly expressed outline of a dam faces upstream (Fhotograph 38b).

(4) The direction of the current is determined from the image of a water
surface in the following manner.

White bands formed by the water as it foams in flowing around obstacles
or in passing through narrows are extended downsiream and are most clearly
visible at the obstacles. In flowing around the obstacles the water forms
two bands gradually diminishing downstresm and often having the form of diverging

T
jrrcaitney

parabolas. Thu§, the reaks of such parsbolds lie upstream.
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In the :ivblending of 4wo streams of different turbidity the impge of the
water surfqée,belpw their fusion often has the form of two differcently
colored s};:'rems w;ith the most sharply expressed differences in tons irsesde
iately bélou the %usion and with gradual matching of tho tone of the water

downstream (Phot;égra.ph 29).
1
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CHAPTER VIII

THTERPRETATION OF HYDROTECHKWICAL STRUCTURES

Section L0, Prineipal Identifyine Features of Bridges
Interpretation of hydrotechnical structures is of interest not only in

{tself but also in that it provides information of & hydrological nature.

For example, stereoscopic measurement of ‘the height of bridge spans gives

indirect indications of the probable height of flood levels; the location

of individual details, as was mentioned in Section 39, permits Judging the
direction of the current, etc.

The principal direct identifying features of bridges are the shape of
the image of the outline of the shadow of the bridge. The road network is
an indirect btut wholly reliable feature.

The presence and location of & bridge is clearly established on photo-
graphs of all scales. The principal feature determining the location of a
bridge is the roads leading to it and the narrow, often bright band (the
deck of the bridge) joining them across the river, a ravine, or‘other ob=
stacle., From its regular outline (in the form of & rectangle) in the
plan view of & bridge is easily distinguished without a stereoscope
(Photograph 27).

The deck of & bridge (on dirt roads or highways and sometimes on
railroad bridges) is usually narrower than the roads leading to it (roads
on the approaches to & bridge are often widened) and has an extremely
sharp outline. Thus, the image of a btridge on an serial photograph re-
sembles the symbol by which bridges are represented on a topographic
map {Photographs 27, 36).

The type and construction of bridges are easily determined from the
shape of the shadow cast by the bridge and often permits observing even
the details of conmstruction (Photograph 36).

On large-scale photographs construetion details of a bridge, espe-
cially with magnification and stereoscopic examination, mey be determined
directly: the visible parts of plers and abutments, crossbeams, girders,
ete. {Photograph 36).

The material of the bridge may be determined from indirect features
by taking into consideration its type and construction. These indirect
features of the tone of the image, features of construction, dimensions

of the br.idge, etc. (Photograph 37).

;.
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Reinforced-concrete bridges are distinguished by great width, regular
and distinet outlines, and a light-gray tone. Only when the deck of the
bridge is covered with esphalt is its imege dark. It must be pointed out
that, other conditions being equal, the deck of the bridge is usually
brighter in tone than the roadvays leading to it.

Steel bridges are always easily jdentified from the dark tone of the
image and the shadows from girderse

Yooden bridges as well as reinforced-concrete bridges usually have a
lipght gray tone and it is difficult to distinguish the raterial of the
bridge in this case.

On large-scale photographs, with careful stereoscopic examination
and with adequate magnification, the concrete 4s sometimes distinguished
from wood by its smoother and brighter surface.

The image of wooden structures always gives 2 somewhat Tough and
darker surface. Thus, the tone of the image in this case is not a re-
Jiable identifying feature and the principal identifying feature is the
shape of the outline of the bridge. Usually the outlines of wooden
bridges are irregular and the edges of crossbeams and other compliments
of wooden structures are visible; hence, in a caresful study of a photo-
graph wooden tridges are easily distinguished from all others.

The upper dimensions of a bridge ars gasily determined by direct
measurement. The height of the bridge above the surface of the water may
be determined stereoscopically with an average accuracy of 0.1 to 1 meter
depending on the secale of the photograph.

Section hl. Interpretation of Dams, Locks, and Hydrotechnical Installations

For all hydrotechnical installations on a river (dams, locks, bank
reinforcements, riverbed retaining structures, special installations of
irrigation systems -- lock regulators, aqueducts, etc.), in compiling 2
hydrographic description information is gathered concerning the location,

materials, dimensions, and features of construction of the hydrotechnical

installations. » In uéci;:l'i'bion, the following information for individual in-

stallations is assembled:

For dams -—- the purpose (water retaining, raising the level of water),
& hydroelectric power station, the possibility of travel over the top of
the dam, and concerning 2 reservoir {the nature of the banks, the dimen-

sions, the volvme of the overflow prism);

L
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For locks -- the depth of the water at the lower gate and the traffic
capacity (the time required for the passage of a single ship through the
locks);

For bank reinforcements -~ the approaches to the banks;

For special installations of irrigation systems — the flow capacity
(greatest discharge in w/sec) .

An aeriel photograph permits obtaining almost all the basic informa-
tion required for a hydrographic description with the exception of data
concerning details of concealed structures (for example, the type of valves)
and information associated with the operation of structures.

A necessary condition for obtaining information of the greatest possible
value concerning hydrotechnieal installations is the interpreter's prelimi-
nary nowledge concerning the types and constructions of a given type of
jnstallation. With such information at hand, an interpreter, according to
the relative location of individual installations, can without particular
difficulty determine all the basic data concerning an installation ae read
directly on the photograph.

The sequence of operations': determine the locetion of the installa-
tion, establish its appearance and type, distinguish the details of con~
struction and material, perform measurements; then, on the basis of this
data and the indirect features, make a logical conclusion concerning the
character and type of installation. In using large scale photographs it
45 desirable to outline the installation with a pencil.

As in the casec with bridges, the principal identifying features of
hydrotechnical instellations are the outline of the image, the shadow,
and the tone of the image. In addition, in order to ansuer a number of
questions it is necessary o resort to indireect features, chiefly for

determining the purposes of the installation. Thus, in interpreting

hydrotechnical installations use may be made of the same procedure as
was used in interpreting bridges.
The images of various hydrotechnical installations with explanatory

texts for their interpretation are given in Photographs 37-L0.
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CHAPTER IX

INTERPRETATION FPOM AERIAL PHOTOGRAPHS OF THE CGENERAL CHARACTER OF T1E SURFACE

OF A WATERSHED, SOILS, VECETATION, AND LOCAL ORTENTING FEATURES (ROAD SYSTRMS)

Seetion L2, Ceneral Introduction

e —————

The interpretation of relief, soils, vegetation, and the road system:
is one of the most important orienting features within the limits of the

entire watershed area of a river and camnot be considered as one of the

hydrological problems; however, ohtaining information concerning these ele=
ments with one or another degree of detail is necessary in comparing hydro=
graphic de[scriptions.

Obtaining data concerning the nature of the relief, soils, and vege=-
tation of a river watershed is necessary also in the solution of many
special hydrological problems (for example, in determining the conditions
of surface runoff, establisking the degree of forestation of the basin,
studying the regnlarity of the descent of snow cOVer, etc.). This chapter
presents the principal methods of interpreting the above terrain elements.

Section L3e. Interpreting Relief and the Boundaries of a Basin

(1) Determining the Ceneral Character of the Relief of & Basin

For the hydrographic description it is necessary 40 obtain data
principally concerning the large forms of relief.

411 thie information may be obtained from aerial photographs with 2
grester degree of thoroughness than from & topographic map and even from
the materials of a field reconneisance. An exception is the obtaining of
height markings,which are determined approximately in the form of relative
heights of single points (hills, individual peaks, etc.) above others
(a river, a lowland, etc.). The task of interpreting meso- and micro-
relief pertains to the study of river valleys and bottomlands.

The principal identifying features by which relief is interpreted on
aerial photographs are diseussed in the description of interpretation of river
valleys (Sections 25-32).

As an additional instruction it must be pointed out that one of the
moet important indirect features in the interpretation of relief is the
structure of the hydrographic net. On the basis of the study of its cut~
line from figures it is often possible to determine the morphology of &

surface. For example, considerable twisting of riverteds is usually

158
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characteristic of a2 lowland terrain. Tie presence of water streams which
are parallel to one another over considerable distances permlts concluding
the presence of a general slope of the surface in the same diroctlon as
that in whick the water streams flow. The presence of a series of parallel
water divides and the trunk system of the bydrogra};hic net characterize a
rolling lowland. Convergence of the hydrographic net to one center, usually

toward a lake or a swamp, indicates a concave lowland surface.

For these same purposes a study of the location of populated points
and road systems may be used (Section 28).

(2) Determining the Boundaries of a Watershed

In the presence of a well-developed hydrographic network determination
of the bounderies of a watershed from aerial photographs is performed with
greater accuracy than from large-cscale maps. This ig possible due to the
fact that on aerial photographs it is possible to detect even the smallest
streams (brooks) and sometimes the smallest ravines and trenches formed in
the runoff of thew and rain waters and to examine under a stereoscopoc ir-
regularities of the surface not detected on maps.

Especially waluable information may be obtained by using aerial photo-
graphs for determining watersheds under the conditions of a flat, swampy
relief. With an aerial photograph it is possible to achieve great accuracy
in deterrining the lines of surface flow on messy, ceonvex swamps. In
adéition, it fixes the image of the lines of streams flowing over the
surface of the swamp (flowing swamp) due to the fact that at such points
the richest and densest vegetation grous.

he interpretation of flowing swamps and hydrogravhic network of
swamps is discussed in greater detail in Chapter XII,

In lowland areas in the presence of open, unforested streiches the
water divides are determined with less accuracy than in swampy areas.
However, due to the close relationship betwesn vegetation and moisture con-
ditions, and, consequently, with the microrelief of the line of water
divides, even in this case they may be fairly zccurately defined (Photo-
graph lj1) by using the identifying featurss discussed in Sections 28 and 31,

Correlative relations between forest vegetation and relief as deter-
mined by the difference in moisture of soil on elevated and depressed
portions also permit noting the line of water divides under the condi-

tions of a lowland, forested relief (Section LS).
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In arid steppe regions on aerial photographs made during the surmer

(that is, during the period when the vegetation withers and consequently

]
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has a upiform color) lines of water divides are more weakly expressed.
Tet, even under these conditions the traces of temporary streams flowing
during the snov thaws may be detected from the residue carried by them,
forming the typical striped outline of bright tones, or from the dark
bands of vegetation typical of depressions in the terrein (the more moist
portions) which may be detected chiefly due to the greet density of vege-

tation at these points.

Rt L N URUNIRT SO TS ST A

Finally, under the conditions of exposed =oils in semi-arid and arid
areas the fine network of small stresms formed during the rainy period is
detected on the aerial photograph with sufficient clarity if the séils are
not extremely loose and are not subject to. intensive erosion {Photograph h2).

Thus, by means of qualitative interpretation the lines of water divides
may be detected even in those cases whera their stereophotogrammetric deter-
mination tecomes difficult or impossible due to a lack of clearly expressed
relief and the presence of only inconsiderable deviations.

Section hli. Soil Interpretation

Interpretation of soils from zerial photographs is only approximate;
however, under certein conditions, with careful study of & photograph and
extensive use of indirect features, data concerning the soils may be ob-
tained with sufficient aceurecy for preliminary hydrographic survey opera-

tions. In addition, the aerial photographic survey permits embracing

b eiisomiestt b Loes ot

large areas which cannot be overlocked in preliminary surveys.

In the interpretation of soils usge is made of direct features (the tons
and pattern of the image) as woll as, for the most pert, indirect features
and correlative relationships.

(1) Tone of Image

The tone of the image is determined largely by the color of the soils
consequently, from this feature the scil may be determined only for soils
which are devoid of vegetative cover.

Soil colorations are usually caused by a combination of colors:
black (humus) soils, {ved (cansed by compounds of ferric hydroxide), and
white (caused by the presence of kaolin, silicon dioxide, or compounds of
aluminum hydroxide). According to the proportion of these compounds the

photographic image of exposed soils is in most casea of & bright tone and
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only the black soils and red soils show dark grey tones. Sand, silt, lime-
stones, etc. give the brightest, almost vhite tone (Photograph 32). Gravelly
soils and conglomerates give a white tone with a characteristic speckled
pattern on large-scale photographs. Clayey soils give greyish tones
(Fhotograph 2k).

The density of the tone of soil images on a photograph depends not only

on ite composition mt also on the moisture content. The more moist the

Q)

soil, the darker ites tone. Hence, in interpretation allowance rust bte made

for the degree of moisture of the soil (according to the time of the photog-

raphy the effect of depressed forms of relief on the color of the coil, the
proximity to the swamps, rivers, and lakes, the possible outflows of ground
waters, etc.). In addition, the density of the tons of soil images on
aerial photographs depends on a number of other factors: the conditicns
of illumination, the quality of the photographic f£ilm, laboratory pro-
cedures, etc. Hence, the tone of the image is often an unstable and un-
reliable feature.

(2) The Image Pattern

The image of gravelly soils and conglomerates, as has been mentioned,
has a characteristically speckled pattern.

The presence at an outcropping {escarprent, cliff) of horizontal
bands of different tones indicates the presence of close-packed rock forma=-
tions (Photographk 2L).

A variegated pattern of nonturfed sections (a seguence of bright and
dark spots) corresponds to surfaces with rocky deposits and exposed rocky
soils (Puotograph 1).

(3) Indirect Features

The principal indirect feature is the character of the forms of relief
and vegetation.

From the character of the relief we may establish the following varie-
ties of soils.

Dunes and barkhans are characteristic only for loose, sandy eoils

{Photographs k3, Lb).

Vertical walls, deep narrow ravines and jagged ridges of washouts are
formed in compact sandstones and loess.
Cliffs consisting of slopes with convex formations and smooth outlines

are found in areas with clayey soils (Photograph 2h).
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The presence of rubble at the foot of a cliff is an indication of rock
formations.

Isolated craters and closed deprossions, if they are not located in
river bottomlands (karst terrain) indicates the presence of limestone and
marls.

The large exposed piles of detritus often encountered at the mouths
of tributaries (streams and gullies) are evidence of the scattering of non=-
cemented soil (sands, gravelly rubble, etc.).

The presence of steep banks without reinforcement at artifiecial
structures (dikes, open cuts, canals, highwaye and railroads, ete,) it an
indication of the stability of the soils.

If there is evidenee of plowing right up to a steep bank, this also
is an indication of the stability of the soils.

(h)‘ Correlation Series

As a rule, soils are associated with particular types of vegetation,

which may permit approximating the characteristics of the predominating

soils. For example:

R et D Al R P Ry

Pine groves indicate the presence of sandy soils;

Spruce and fir occur chiefly on clayey and loamy soils, the spruce
usually being located on swampy lowland sectors;

Osier usually grows on sandy and wet loamy soils;

YR BT R Y
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Headow vegetation occupies the greater part of alluvial sands, sandy-
loamy or loamy-peat soils. Additional features are discussed in Section 29,
Table Fe

Section LS. Interpretation of Vepetation

Tor the purposes of hydrographic investigation there are usually
necessarys

(1) A short characteristic of the vegetation according to its prin-
cipael groupings: forest, shrub, meadow, steppe, swamp;

(2) The characteristic location of vegetation in the basin area under
etudy;

(3) 2 short characteristic of each grouping, to wit:

for forests -~ tree species, the predominating rock types, the height
of trees, the diameter of trunks or the age {young, mature);

for shrubs =- the predominating rocks, the héight and density

{sparse, dense);
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for meadows =~ dry, swamped, with a variety of grasses, with grama
grass, with reed grass, the presence and nature of location of shrubs;

for steppes == with a variety of prasses, with feather grass, aic.;

for swamps -- mossy, Rrassy, forested; the composition of vegetation -
grassy, shrutbed, with scrub forest, wiooded;

in clearings and b}n-ned off areas it i5 necessary to ascertain the
characteristics of the new vegetation.

The use of the materizls of an aerial photographic survey in order to
obtain information concerning vegetation is widely used, for example, in the
timber industry, where data concerning stands of timbgr is obtained from
photographs in considerably greater detail than required in hydrographic
investigations. Thus, for general hydrographic purposes it may be considered
that the materials obtained fro;n an serial photographic survey are wholly
adequate.

"The principal features for interpreting vegetation of photographs are
the structure of the pattern, the tone, and the shadow, and to a consgiderable
degree the outline of the image (for cultivated forests, plantings, and
farmlands).

The graininess of the pattern, always clearly expressed, is deter-
mined by the imege of.the tree tops and easily permits jdentifying sectors
and areas covered with trees and shrubs; shadows from a forest or individual
trees and shrubs make the areas even more evident (Photograph 30).

For grassy vegetation the principal feature is the tone, while the
character of the pattern plays a minor role. For swamps and farmland
both these Teatures are of importance and a substantial role is played by
the outl:{ne (configuration) of the image.

Thus, it is not difficult to distinguish forested and unforested areas.

According to the character of the pattern {graininess) the tone of the
surface of the shadows determine the principal characteristics which permit
evaluating the composition of rocks. These features are given in Table 10,

which is usually used in forest interpretation and in predicting the inter-

pretation of fully mature stands of trees.

Most of the features listed in Table 10 are detected with the unaided
eye, but certain of them (items L,77;' B) are detected only by the siereo-
scopic examination of photogrephs. 4s a rule, vegetatlon and many other
elements of terrain are more easily and more rapidly identified under a

stereoscope than with the unaided eye.
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The differences in growth, the density of a forest, the time of the
year, and the scales of photography may introduce considerable complication
4n the process of forest jnterpretation; however, in nost cases the features
listed in the table are considered satisfactory due to the fact that thess
conditions may usuvelly be taken into account.

(1) The differences in growth are observed from the heignt of the

forest canopy, the edges of sections with & different height of canopy, and )

.
H
4
£
z
¥
i

from the size of treetops.

The higher the canopy, the older the forest. In comparing the heights
of the canopy in different sections of a forest it is necessary:

(2) to establish that the sections are compared with identical types

of trees, since the height of the latier depends not only on the age tut

also on the type of tree;

{(b) +to ascertain whether or not the change in height of the forest

32l k2 EE N

is due to irregularities in terrain;

(c) +to determine whether or not there is a depression in the foreete.

The types of trees forming the forest canopy are identified from the
table and from the description of the identifying features of the individual
species (see below). There are auxiliary tables (Table 11) for use in de-
termining reforestation site classification VA bonitet_/.

The effect of the relief of terrain on the heignt of the canopy is
explained by the following features. If the porders of sectors with
different heights are sharp, then this is explained solely by differences
in growth. Smooth changes in height (a gradual transition in tones of
the surface of the canopy) are caused by changes in the relief of the
surface (Photograph L5). It must be kept in mind that spruce~fir and
mixed forests are characterized by & considerable difference in canony
height.

(2) A depression in a forest is indicated by thinning of the Fforest
and a smaller diameter of treetops and the characteristic pattern of the
terrain surface shining between the trees = bright tones and 2 fine,
blurred graininess —- the identifying features for a swamp (Photograph 31).

(3) The imasge tone of deciduous trees depends consider2bly on the
tirme of year (in the fall the tone of deciduons trees, as seen from item 1,

Table 10, is considerably brighter than at other times of the year).

P et Srmea—
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In the winter only the coniferous trees are easi:_(.y identified. Snow,
falling on the branches, emphasizes the outline of the tree top.

(4) On small-scale photographs interpretation of forests is somewhat
complicated even in stereoscqpic examination and, due to the marked fine
graininess of the pattern, errors are possible even in distinguishing
shrubs and trees.

Information concerning the general identifying features of various
large forest stands is given below.

Spruce-fir forests. The structure of the pattern of a stand of spruce
and Tir, as of all forests, is grainy. The distinguishing features which
permit identifying a forest as 2 spruce-fir stend are as follows.

1. The entire pattern of a gpruce~fir forest has a uniform clearly
grainy appearance (Photograph 31), whereas deciduous Torest is cheracterized
by grouping of grains (curtains) and soft outlines of the latter;

In exenining individual (illqmina'bed) trectops there is cleerly seen
a sharp difference in intensity of illumination of the projection of the
treetop and the shaded intervals between thenm;

The shape of the grains is slongated. On a photograph made with the
sun at a low elevation, when only isolated high trees are illuminated, the
graine will appear as bright streaks;

The dark intervels between the grains are irregular in shaps, bot the
predominating shapes are elongated in the direction of the shadow and re-
semble triangles;

The size of the grains differs, but as a rule, the image of & spruce-
fir forest is distinguished by smaller grain dimensions in comparison with
pine and deciduous trees.

2, The general tone of the image, as a rule, is darker +than in all
other species of treese

3. In stereoscopic exsmination the treetops have the appearance of
a cone with the base turned toward the surface of the earthe.

L. An easily discerned difference in tree height is characteristic
of sprace~fir forests.

Mixtures of deciduous species in 2 spruce-fir forest are clearly
distinguished by bright spots against the overall dark hackground of the

image.
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5. Ummixed spruce and fir forests have the same identifying features,

e

except that the fir trees have more circular shadows.

In addition to these identifying features, it is also helpful to

G

determine the species of trees from the individuals trees (see Table 10).

e

rRONS

Pine forests (Photograph 7). Unmixed pine forests have circuler grain

outlines with a gradual transition from the illuminated to the shaded

TP
adA

portions of the treetops. The dark triangles fonne.d by the shadows of
treetops and cheracteristic for the spruce forests are not found here.
If the forest grows on dry soil, then the grains are sparsely disributed,
while on swampy soils the forest gives a dense grainy pattern.

The overall tone of the image of pine forest is brighter than that
of spruce forest; the low classes of fnllness give a light grey tone,
a fullness of O.7 meters and zbove gives a grey tone, and with extreme
fullness a dark grey tone, but all of these are brighter than in spruce
forestse

In stereoscopic examination the treetop resambles a hemisphere
suspended in air. The older the forest the more convex the treetops.
In young pines the depth of the top is considerably greater —- the lower
branches of the trees are closer to the ground and are oval-shaped in
appearance, hence their overhang appears smallers

The canopy of a pine forest often permits examination of the surface
of the earth, while this is not the case in a spruce forest.
’.f:he shadows of the trees are not dense.

The surface of the canopy of & pine forest is characterized by an
almost complete lack of difference in height, hence the greater the density

of trestops, the more level the canopy of such a forest appears on the

o

photograph.

Distinction of the boundaries of unmixed stands of pine surrounded
by stands of trees with other species predominating is quite clear.
Young pines (up to thres years) are quite similar +o young spruce and it
ig @ifficult to distinguish theme

It rust be pointed out that in external appearance on .the photograph
a pine forest resembles bireh, hence it is necessary to exercise extreme
care in interpretation. Mixtures of deciduous specles are well-defined
from the grouping 6§ treetops among the generally uniform grainy péttem.
This also is an indication of sharp variations in height of the canopy.

(Photograph 7).
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Birch forests. Birch forests do not lend themselves to interpretation
and relisble identifying features for them have not as yet been evolved.

In addition, 1t must be kept in mind that only matur lond themeelves
to interpretation.

According to the character of the graininess of the pattern a birch
forest, as-has been mentioned, somewhat resembles a pine forest. The size
and shape of the graine 1s approximately the seme as in a pine forest.

The few distinctions lie in the fact that edges of birch tops have a
blurred indistinct outline and there is sometimes noticed a grouping in
the location of the grains in which the groups consist of 3-l isolated,
blended treetops. A greater number of grains in the group indicates a
stand of aspen. The tone of the canopy of a birch forest is brighter

than that of spruce and fir and is very close in tone to that of a pine

forest. The tops of birch trees are denser than pines and as a rule
there is no light visible through the trees. This is a singular and
reliable feature distingnishing & birch forest from a pine forest. The
difference in height of trees is negligible,

Aspen forests (FPhotograph 8). Aspen usually grous on the felled and
burned out areas of other stende of timber, on sandy loams, clayey, or
loamy soils. They ofien cover plateaus and river terraces. Aspens are
normally not encountered on moist soils or on fans.

The structure of the pattern of an aspen forest is distinguished
by cleerly outlined grains with a variety of sizes; the greater part of
the dot is clearly illuminated. Croupings of a large number of grains
(curtains) with blurred outlines of the groups are characteristic.

In the mature growth the sizes of grains (treetops) are approximately
three times greater than the treetops of spruce and two times greater
than of birch and pine.

General tone of the imege of an aspen is brighter than that of other
species of trees.

Aspen stands have a completely level canopy surface and difference in
height is observed only between isolated curtaing.

Visihility through the curtain is very poor. The aspen tree is a

2 SR N et KRS W R R
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lover of light and its top tends to spresd, forming holes {Photograph 8).
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Oak stands {Photogreph 33). The structure of the pattern of an
oak forest differs from the forests of other species in the great
dismeter of the grainsy their general appearnaco is that of quilted flakes
or clumps with small grey spaces tetween them (the greater part of the
treetop is illuminated).

The treetops overlap and the canopy of the forest is almost opagues
under the stercoscope the asymmetry of the treetops is clearly seen.

Image of coniferous and deciduous forests at different times of the
year. In photographs taken during the winter coniferous forests have a
sharply contrasting image on the generally bright background, being
distinguished by a dense dark tone due to the clumps of snow clinging
to the branches of trees. The graininess of the pattern is often more
clearly evident than on summer photographs (Pnotograph L6).

The image of a deciduous forest on winter and spring photographs
is distinguished by the extremely unique structure of the pattern in
the form of streaks formed by the shadow of the bared treetops with a .
para¥lel arrangement of the shadows of their trunks (Photograph 13).

In the fall the deciducus forests have a generally bright tone of
image (Photograph 47).

Photographs of coniferous trees made in the spring differ but little
from those taken at other times of the yoar,

Burned areas, cleared areas, windfalls. These areas, seen in many
forests, are clearly distinguished on photographs from the irregular,
clearly visible outlines and bright tone of the image.

Usually on burned areas there are isolated trees, standing without
particular order, and curtains of young trees standing out sharply against
the generally bright background. Dense stands of dead trees usvally
appear on the photograph as white spots and give weak grey shadows. 4
dead tree at the center of a photograph appears as a point, at the edges
of the photograph it appears as a stresk.

Windfall sections are also distinguished by broken outlines within
the limits of which there are usually clearly visible streaks (slanting
in one direction from the tree trunks).

Cleared areas, as with burned areas, have a bright tone and ave
characterized by the regularity of outlines, Those trees which are left
standing (seedlings) and the curtains of young forests are clearly seen.
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Sometimes there are visible the evidences of lumbering operations (unhenled
logs, piles of t;mber) in the form of white streaks. Cleared areas with
211 the trecs felled ere distinguished by their resular outlines.

General identifying features of scrub forests. ThHe principal identi-
fying features of scrub forests, as for tall forests, are the structure of
the pattern (graininess), the tone, and the outline.

Structure of the pattern of areas occupied by scrub growth is charac-
terized by fine graininess, cometimes somewhat blurred, and the even tone
of the image. In virtue of these iwo features, on large-scale photographs
(larger than 1:10,000-15,000) it is relatively easy to distinguish scrub °
growth from mature and even young trees, For the letter, even over small
areas, there is always the characteristic different tonality caused by

mixture with the principal species of other trees. Scrub growths are

always more uniform in composition and hence the tone of their images is

distinguished by evenness.

\ The outline of areas occupied by scrub growth is almost always circuler.
4 forest has less eircular, often straight, outlines.

The types of scrub growths (species) are determined from a number of
direct, complex, and indirect features.

Among the direct features are: +the shapve of the grains, the tone,
the outline, and transparency of the individuwal crowms. The arrangement
of scrub growths serves as complex and indirect idertifying features.

Willow scrubs. The principal feature for identifying willow scrubs

is their grouping within the arrangement of grains, creating a bearded

o &,

pattern of the surface occupied by tiais type of scrub, since the willows
are usually arranged in curtains (Fhotograph 32).

Bright tones alsc are characteristic of willows, the circular out-

lines of the crowns and the considersble transparency of which are clearly

i
!

“»|
i

seen in stereoscopic examination.
; The indirect features of willows are the location of the scrub growths

on alluvial islands, high sendbars and shoals, on lowland bottoms and along

river banks.

i e NSRS 4,

Alder scrubs are characterized by the finely grained structure of even
bright tones, without noticeable curtaining (the bearded pattern {Photograph

33). The tone of the images is brighter than in_areas occupied by willows,

‘ S » 169
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sincs the crowne of the alder are usually closely packed and their illumi-
nated portions usually predominate over the shadowed portions. The trans-
parency of the crovmns is less than in willows. Sometimes, the alder scrubs
are mized with willows, when the differencs in tone and structure of the
pattern is clearly seen.

As regarde location, alder scrubs are ;zsually adapted to the slopes of
valleys, high tottomlands, ravines leading into rivers, and slopes.

Mixed birch and alder scrub is identified by the veriety in tone of
grains (the alder is bright, the birch is dark) and as concerns location

are usually adapted to burned areas and cleared areas.

Meadow grasses are characterized on the photographs by a structure~
1dss pattern, a smooth transition of tones, and circular outlines of the
meadow sections {¥notographs 5, 6, 19).

These features are well expressed, and a meadow is easily distinguished
from other farmlands, which also have clearly expressed image features. In
addition, one of the distinguishing features of meadows is their location,
that 1s, their tendency to occur in definite types of mesorelief (bottom-
lands, terraces, etc.).

The tone of the image of an unmowed meadow depends chiefly on the
moisture content of the soils, the typs of vegstation, the time of the
year, and ranges frorm almost white to a gray tone.

With an even distribution of moisture over the suriace the tone of
the image of a meadow is also distinguished by & uniform or weakly vary-
ing spottiness (mottling).

With clearly expressed irregularities of the surface there ie always
easily distinguisked a difference in the tone of the image of the meadow.
Depressed portions have a dark tone, elevated portions have a bright tone.
A brightness of tone may also be caused by blooming of plant growth
(see Section 28, Fhotograph &).

Fields with maturing grasses are shown on a photographic print with
even hrighter tones than a meadow and have a characteristic imesge pattern
in the form of a weakly striped, generally uniform tone (Photograph L).
Fields with mature grasses (yellow color) give even brighter, almost white,
tones. The outlines of fields, as a rule, are regular. The boundaries
are clearly visible in the form of thin white lines, and the 0ld bovndaries

and plowed under trenches are still in evidence. Plowlands are distinguished
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by regular outlines but a darker tone than fields (Photograph 4)}. The
striped pattern, caused by the presence of furrows, is preserved and is
often more sharply expressed than in fields. Clearly visible is the
difference in tone between adjacent sections, which is explained by the
different plowing periods. The recently plowed, more noist sections appear
darker, the dry sections appear bright.

Section Lé. Interpretation of Roads

In the hydrographic interpretation of zerial photographs roads are
necessary as local orienting features and they are important in the planning
of field operstions. They must also be interpreted in using hydrotechnical -
installations on roads for the calculation of runoff. The road network
facilitates interpretation of the relief of a tasin and evaluating the
likelihood of flooding of bottomlands, etc.

Roads &re shown onwaerial pbotographs in the form of thin bands of
differing tone; in the summer they are often quite bright, but owing to
interferences the roaGs =yc somehimss dark (darker than the surface of the
surrounding terrain), and in the winter, with the presemce of snow cover,
as a rule, they are dark.

The principal features for identification of road types sre the form
of the image (the clarity of outlines, the character and degree of
crookedness), and the presence of installations.

The straighter the owtline of the roadbed, the higher the clasp of
road; the more crooked the roadbed and the smaller radius of curvature; the
lower the class of rozd. The different degrees in crookecdness are ohserved
alse in mountain terrains, tut in suchk iterrain everything, including roads,
is distinguished by considerable curvature and is particularly subject to
irregularities of relisf.

Darkening of the tone over individual sections with irregular con-
figeration of dark spots indicates interruption of ihe cerface of the road
and the presence of hollows.

Highways with generally straisht outlines have:

sharp outlines of roadbed (Fhotograph LO);

a radius of curvature maintained within a definite range and 2 width
of about &~7 meters;

They are usually iniercepted zt many points with sidercads and dirt

roads, often entering them at a sharp angle;
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Ordinary highways with drainage ditches and trenches are usually cuite
visible and are distinguished in tone from the roadbeds. For asphalt roads
they appear brighter and for cohblestoned roads darker;

The presence of isolated piles of rallast along the road is character-
istics \

Tn distinction from roads of low class, along highweys there usually
pass telegraph lines, which are detected from the shadows of poles located
at regular intervals.

The type of road covering is determined in the following manners:
asphalted and tarred highweys are distinguished by the dark tone of the
roadway in the summer and winter and only & heavily traveled highway doring
the dry period of the year iz characterized by 2 certain brightness of tone
due to the polished surface of the roadbede.

Grevel roads and cobbled pavements during the summer are dist}nguished
by bright tones.

Improved dirt roads are distinguished from highways by greater crooked-
ness. Their tone during the dry period of the summer is always bright.
During the winter it is dark. TDrainage ditches parallel all the roads and
kence the width of the roadbed is rather constant.

pirt (side) roads are distinguished by considerable crookedness,
irregular width, the presence of widenings and branchings (sideroads, de~
tours). Such widenings on the photographs often appear as junctions and
are an indirect indication of a poor condition of the rcad (Fhotogrephs 27
and 3L). Drainege ditches are lacking. The tone of the image of a side-
road depends on the composition of the ground and mey vary over the length
of a road, while on improved roads it is considerably more uniform and is
preserved over & considerable extent. Only on a very heavily traveled
dirt ;'oad is the tone brighter iban on exposed soils in the adjacent ter-
rain (with the exception of sands). After a rain the tone of the image of
a road is darker than during 2 dry period.

Field roads are jdentified by their location. They pass along the
edges of plowed lands and other farmlands. Beginning at a populated point
or close to it, such 2 road often ends in a field and not at the populated
point and does not proceed to other roads.

Footpaths. Even after the single transit of a human being over grass
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or the snow cover his traces are visible on aerial photographs, in the summer
in the form of & fine white line, in the winter in the form of a gray line.
The passage of automobiles or tractors leave traces visible on a large-scale
(larger than 1:10,000) photograph in the form of two parallel bright lines
(Photograph 17). The footpaths over e terrain often form a dense network.

Eailroad lines are easily identified on aerial photographs of all ecales.

Their identifying features are:

regularity of outlines;

smooth and large radiuses of curvature;

constaney of the width of the roadbed over great distances (single-
track approximately six meters, double-track ten neters);

the presence of railroad booths located at regular intervals;

station tuildings and station structures. Large railroad junctions
usually include a passenger station, a freight station, a car yard, a sort-
ing station, a freight-loading station, a water tower, a locomotive depod
and a turntable close to it, railroad shops, storages, warehouses, loading
platforms, & populated locality, viaducts, etc.;

the presence of large cuts and high embankments;

snow-chield plantings;

the presence of rolling stock.

The tone of the imare of the railroad bed is usually darker 'thgn roads
without rails (Photographs 27 and 39).

On aerial photogrephs with scales larger than 1:7,000 the rails are
clearly seen. They appear as thin, dark, parallel strands (on photographs
with a scale of 1:7,000 the distence between rails for a wide-guage rail-
road is 0.22 millimeters, and on a scale of 1:5,000 the distance is 0.30
millimeters). On photographs of smaller scales the railroad line appears
as & thin bright strand.

From aerial photographs we may determine the number of roads and the
type of guage (wide-guage, narrou-guage). The type of guage for large
scales (larger than 1:7,003) is determined directly by measuring the width
of the track {for narrow-guage track it usually is 0.6~1 meter). For
small scales the type of track is determined chiefly from indirect features:
from the size of installations on the line, the overall width of the road-
bed{for narrow-gnage track, approximately 3 meters) and the sharpness of

bends, down-grades, and up-grades. A wide-guage railroad is distinguished
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from a nerrow-guage railroad by the smoother bends and the turns of elongated
profile.

Section 7. Interpretation of Enow Cover

Aerial photographs may during the snow cover period permit evaluation

of the extent of the cover in a tesin with & high degree of accuracy. This

is especially essentigl.during the period of so-called mottled landscape,
that is, the period of spotty snow cover. Daring this period evaluation of
of the oxtent of snow cover over a terrain during ground tnow meaturements
is especially difficult due to the extensive interruption of the snow cover
by the exposed areas of ground at the beginning of this period or patches
of snow at the end of a period.

On open spaces the exposed arees of ground are always clesrly dis-
tinguished in the midst of the snow. The difference in the size of snow
patches may vary considerably even within the limits of a small area
(Photograph 13), which ceasiderably complicates the calculation of the
overall percentage of snow cover.

Tn a forested terrain with coniferous trees the saow cover Leneath
the canopy of the forest is perceived only by stereoscopic examination of
photographs. With dzcicuous forests (Photograph 13) the snow cover on
the forested portions is quite clearly seen. The surface of the spow in
this case appears to be marked by a network of shadows from the bare trunks
of the trees and hence the general pattera of the snow cover is cheracter-
istically streaked.

As is seen from Photographs 10 and 11, with 2 thin snow cover aerial
photographs in individual cases may permit determining the thickness of
this cover at least in gqualitative degrees (high, average, and low). For
example, an examination of Photograph 10 will permit determining tne height
of the snow cover as heing small, on the order of 5-15 centimeters. Tnis
is indicated by the possibility of examining the smallest details of the

micro-relief (for example, individual ridges in the fields, depressions,

and gullies). The appearance of the snow cover on Photograph 12 indicates

its great thickness.

et s At

Under mountain conditions determination of the thickness of a snow
cover is possible on the besis of a comparison of the same profiles on &
terrain plotted by stereophotogrammetric means from sumer and winter photo-

graphs. The quantitative characteristics of the thickness of snow cover
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may be obtained in practice only in this case, if the thickness of the snow
cover is at least several meters and the scale of the survey is large
(1:3,000~1:5,000) » since the accuracy of plotting of such a profile is
inadequate. Thus, with a scale of 1:3,000 the error in determining the
deviations ranges from +0.20 to 0,70 meters, and with a scale of 1:10,000
from +0.60 to 2.2 meters (Section 52).

Since an aerlal photographic survey is performed under winter con-
ditions only as the exception, it is not possible to depend on the use of
prepared photographs. Hence, for a study of the snow cover in a basin it
is necessary to perform special surveys. In this case it is necessary to
consider that at the present state of the art of interpretation of enow cover
from aerial photographs we may in practice evaluate only the extent of the
terrain covered by it:s Y¥or can we overlook the difficulty encountered in
precise determination of the areae covered by snow during the period of
mottled lzndscape (planimetric measurement, the method of the grid sheet

or weighing for large areas). Uowever, Ly means of systematic aerial photo-

graphic surveys accompanied by paraliel ground observation we may, quite
clearly, solve z wiile ceries of problems associated with the study of snow
cover. In particular, we have in mind the investigation on the basis of
systematic aerial photographic surveys of the effect of the relief and the
character of the surface on which the snow liee and the process of forming
snow cover and its melting, a study of the cycle of accumulation of thaw
waters which is especially important for steppe regions, checking the re-
liability of the data of ground meesurements of snow with a view to deter-
mining the percentage of snow cover.

It follows from the above remarks that special aerial photographic
survey® of snow cover must be performed for small basins or over given
routes and these operations must not be considered as network operations
but as exploratory operations.

The parallel execution of ground measurements of mow and aerial
photographic operations will in the final result permit establishing defi-
nite correlative relations between the physical properties of snow and the
reculiarities of the process of freeing & terrain of snow cover and, in all
probability, to establish the relations between the physical properties and

the microrelief of its surface.
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CHAPTER X
MEASUREMENTS OF ELEMENTS OF WATER OBJECTS FROM AERIAL PEOTOGRAPES

Section h8. General Information

This division of the book discusses the basic principles and methods
of performing measurements of the individual elements of water objects
from aerisl photographs. The methods of determining quantitative character-
istics of water objects from aerial photographs may be divided into four
basic groups.

(1) The direct measurement of images on a single print with the aid

b, ARSI B AT,

of the same simple instruments as are used in measurements on & topographic
map. In this case the aerial photograph is used as an ordinary topographic
map or plan.

(2) Hethods based on the use of the stereo-effect. They require the
presence of a stereo pair and special stereophotogrametric instruments and
are used in determining deviations of points on the terrain and for obtain-
ing other guantitative characteristics associated with determinations of
the height or volume of objects.

(3) The photometric method of measurements, used in measuring the
depths of water objects. It is besed on establishing 'bi':e variations in
the image density of a water surface with depth and the use of this property
of the tone of the image as a standard.

(4) The use of indirect calculations on the basis of deta definitely
established from an aserial photograph by one of ‘the zbovementioned methods.

As general vemarks on the applicability end potential use of -the abtove
nmethods for hvdrological investigations we may make the following statements.

The measurement of linear dimensions from aerial photographs has a
considerable advantage in the completensss of data as compared with a topo-
graphic map of any scaele, since the latter, even at large scales, always is
schematic and generalized in representing the image of the object.

The scale corraspondence of the image of objects in nature fully com-
pensates for such shortcomings of an untransformed photograph as distortion
of the optical model {Chepter IIT).

The applicability of stereophotogrametric methods of measurenients is
limited by a mumber of conditions. Tius, riverbaed depth determinations

are limited to those cases where ihe botiom of the river is transparent
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'throughout the depth of the water and its relief is visible and the scale

.of the photograph does not exceed 1:5,000-1:10,000 (Section 23). The accu-
racy of determining deviations in the shoulders of the banks of a riverbed
over the water surface depends not only on the quality and the scale of

the photo-gré;i;_?:;;—also to a consideréble degree on the nature of the con-
cealment of the riverbed surface, for the latter facilitates or hinders the
application of the sighting merk in measurement with the aid of parallactic
rules or the measuring mark on other stereo measuring instruments (Section 17).

Concerning the rhotometric method of determining river depths it must
be pointed out that, since the tone of the image of a water surface on aerial
photographs depends on numerous variable and hence random factors, in practice
the applicability of interpretation of depth by this method is extremely
limited.

Indirect methods of obtaining the quantitative characteristics of a
riverbed and a stream have the widest prospects for development. Their
application localizes the shortcomings of an aerial survey (for example,
distortion of the optical model, the impossibility of examining relief over
many portions of the bottom, ete.).

However, the state of these methods at present is gtill such that we
can only determine a relatively restric.ted group of characteristics {for
example, only the averaged characteristics of sectors and data cnly for
individual characteristic direections).

Section h9. The Use of Aerial Photographs for Measuring the Lengths of

Rivers and the Area of Watersheds

The lengths of rivers and the areas of watersheds are detemmined from
aerial photographs by the same wmethods and instruments as were used for
these purposes on topographic maps. However, in this case the aerial photo-
graph has considerable advantsges over the topographic map. It permits
dizclosing many details and features of the measured object and thereby to
avoid errors arising due to generalization of images, as is characteristic
of the ‘topographic map.

In measuring the lengths of rivers it is necessary to transform photo-
graphs. In order to distinguish the characteristic sectors it is most con-
venient to use & photomosaic / fotoplan /, a photodiagram / fotoskhema /, or

at least an overlap assembly. The measurements themselves must be performed
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on a photomasaic. For more precise determination of the initial and termi-
nal points of measurements or for study of complex sections it may be
necessary to use individual stereopairs in order to obtain information of
greatest detail.

Identification of outlets and tributaries {especially the tributar-

ies of large rivers) is often extremely difficult not only on maps but
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also on the terrainis In this respect an aerial photograph has considerable
adventages, increasing the detail of the image as compared with a topo-
graphic map and improving the selectivity as compared with ground surveys.

In order to measure the leugth of a river it is necessary to determine
the channel line or the median line of the riverbed (depending on the posed
problem), nmarket, then to begin a measurement of the length.

In those czses where the boittom of the riverbed is clearly seen, de-
termining the line of the channel, as has been mentioned, presents no par-
ticular problem. If the relief of the bottom is not visible, then in order
to determine the 1line of the channel it is necessary to resort to indirect
features (according to the overall meandering of the riverbed, determining
it from the character of the banks, etc.) and to determine its position
more pracisely in comparison with the line of the channel as drawn on large
gcale navigation maps. With the possibility of measuring the width of a

river along any line of direction, we may also make a precise trace of the

median line of the river.

In order to avoid spoiling photographs in performing measurements with
calipers {in accordance with the instructions for measuring the lengths of
rivers) it is desirable to mark the line of the channel ae noted on the
aerial photographs on a tracing paper and to perform the measurements
therefrom.

Photographs may also be used to obtain procise information concerning
+the meandering characteristics of the river. The aerial photograph permits
careful division of the meanders and a reliable separation of the oro-

graphic meanders (of the valley), the hydrographic meanders (of the river-

bed), and the meanders of the channel.

The latter is important for caleulations of depths from hydromorpho~
logieal relstionships (see Section S1), for navigational characteristics of

the river, etc.
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The use of aerial photographe for measurements of the areas of a water-
shed permits accurate definition of the line of a water divide in those

cases where to perform such & determination on a topographic map would be

difficult (in svampy terrain, in the presence of bifurcations, etc.). This
is possible due to the fact that the aerial photograph permits tracing the
strocture of the microrelief, the lines of streams of water in the swamp
(marsh) as indicated by dark bands, to determine the direction of water

flows, etc.
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In order to measure the area of basins it is necessary to have a
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mosaic at hand. Fowever, in the absence of photomosaics / fotoplan Jor
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diagrams / skhema 7/, the compilation of an overlap assembly or the borders
of the watershed will suffice. The measurements will then be performed
from an ordinary large-scale map (1:50,000~1:100,000) with refinement of
the boundary measurements of the basin from aerial photographs.

Determination of the boundaries of a basin, especially of those sec~
tions where they are not clearly expreseed, requires, as a rule, the use
of a stereoscope and, consequently, in addition to the photomosaic, it is
neceesary to have a series of contact prints at hand.

Section 50. Measuring the Width of a River from Aerial Photographs

Heasurement of the width of 2 river may be performed only in those
cases where the image of the riverbed on the photograph has 2 width of not
less than 2-3 mm., for in these cases the graphic error of measurement

averages +0.2 mm., wiich is not greater than 10 percent of the overall

AT R TA I RN Y

wvidth of the river.
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Thus, measurements with such accuracy are possible on photographs
with scales greater than 1:15,000 for rivers with a width greater than
20-30 meters, with a scale of 1325,000 for rivers with a width greater
than SO meters, and with a seale of 1:40,000 for rivers with & width
greater than 80 meters.

Heasurements of the width of the river may be formed in any line of
direction, that is, as often as desired.

In addition to the general rules for selecting measurement directions
(given in the "Instructions for Hydrographic Investigations of Rivers"),

in choosing the characteristic directions it is first necessary to evalu~

ate the distribution of the concealment of the shorelines over the length
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of the section under measurement in order that, in performing the measure-
ments, every possitle case of different concealment will be covered and
thereby the most reliable values for the average width over the section
will be obtained. .

The securacy of measurement of width under various conditions of con=-
cealment of the shorelines is given in Table 12. The data of this table
was obtained by empirical means and must be considered approximate. Fence
it is not possible to use this data in introducing corrections in measure-
ments, since it has been established that in approximately 60 percent of
the cases of error the values of the measurements are less than the actual .
width and in 4O percent of the cases they are greater. Thus, the errors
have two signs and these are approxinately equal in their distribution.

For more precise measurement of the width of a riverbed in determine
ing the shoreline it is desirable to use stereoscopic instrumentsa In
this case the results may be eonsiderably improved over the deta given in
Table 12.

1f the measuremente are performed from nontransforned photographe, it
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is recommended that for cach contact print the scale of the photograph be

checked and measurements be made within the limits of the usefal portion
of the photograph (Section 7).
With a clearly expressed relief (deeply cut valleys), in order to

calculate the width of a river 3% is desirable to determine the scale of
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a photograph for the plan of the surface of water (that is, to consider
the difference in scale of the image of objects located at widely different
elevations (see Section 7b).

411 these refinements are performed in cases where it 1s necessary
to have accurate data concerning river widths. In preliminary surveys the
introduction of corrections is nc;t obligatory.

The measurements themselves are performed in the following wanner.
The shoreline in a given direction is identified under the stereoscope
and 1t is marked on both banks. Neasurements of the distances between
marks ave best performed with the aid of a measuring lens with an accuracy
up to Q.1 mn.

Tnstructions for defining the shoreline under various conditions of

concealment are given below.
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(1) & dark tone of the image of the water surface and the bank {join~

ing of the water surface with an open, turfed bank}. In this case the shore-
line appears most clearly and further elucidation of the shoreline is not
required.

(2) A dark tone of the image of the water surface but with an eroded
bank. The legibility of the shoreline deteriorates somewhat and, though it
was previously directly visible, it must now be carefully examined under a
stersoscope.

(3) Bright tones of the image of the water surface and the bank
(sandy shoals and surf strips). In this case, especlally with a shoal of
great width and shallow water, the shoreline is difficult to read and par-
ticular care must be exercised in determining it. This is explained by the
fact that the thin layer of water on the shoal is hard to distinguish on the
photograph, since the difference in tone of the covered and noncovered portion
of the shoal is negligible.

The signs of the presence of a layer of water on portions of the shoal
are as follows:

That part of the shoal which is not under water usually has a clear
white tone, against the backpground of which it is almost impossible to dis-
tingnish the microrelief of the surface.

The presence of even & thin layer of water on the surface of a ghoal
usually permits exemination of the microrelief at +he bottom. This is ex-
plained by the fact that the characteristic formations of nicrorelief in
the form of ridges caused by the wave movements and the movement of the
water itself, are smoothed out in the drying of friable soils and under
the action of the wind, and, in the second place, it is due to the Specii'ic
optical cheracteristics which a dry surface and a wet surface possess in
their images. The latter always appear on a photograph as dark, but re-
fraction of the image due to the secondary median only emphasizes deiails
of the microrelief. |

Sometimes the shoreline on a shoal can be traced (in careful stereo~
scopic examination) from the presence of a small shelf along the shoreline;
this shelf is formed during the stable condition of a shoreline.

This shelf is often detected from the shadow which it casts. In such

cases, when the water rises and the shelf 1s flooded, it is usually seen in
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the form of a thin, wavy white 1ine under the water and thus does not cor-
respond to the shoreline.
The shoreline at shoal banks is usuvally extremely variable with tinme

(sm2ll increases in the water level suffice to cause considerable displace~

AT
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ments in the horizontal plane), hence error in determining the snoreline in

TS

shoal water is considerable.

In these cases it may be recommended tha‘t; the width of the riverbed
not be determined from the waterline, but between the shoulders of flood
banks, the boundaries of which in ordinary flatland conditions may be
traced from the boundaries of grassy vegetation which stand out on the
photographs in contrast with the exposed surface. As a flood line we may
often adopt 2 sufficiently distinctly distinguished boundary on & print
of the microrelief of the tottom or the line of the avovementioned ledge
(under water or above) formed during a stable condition of water level.
For mountain rivers and rivers of the southern steppe regions the width
of the riverbed within the 1imits of the shoulders of the banks often
differs considerahly from the width of the strean itself.

(4) The structural image of the water surface and the banks. The
presence at the surface of the water of aquatic vegetation is a most un-
favorable condition for determining the waterline. In this case deter-
mination of the waterline requires careful sterecscopic examination of
the photograph, wherein it is necessary to investigate not only the given
line of direction but alse to trace the shoreline over the entire section
of the river.

The shoreline is esteblished as the boundary between the character-
jstic speckled surface of the aguatic vegetation (see Section 37) and the
pattern of the bank.

(3) Concealment of the shoreline by shadows. In the case where the
shoreline is masgked by shadow it is also extremely difficult to interpret
the shorelins. The clarity with which the shoreline is defined under such
conditions depends upon the density and continuity of the shadoW.

When the shadow is not very dencge careful examination of the section
covered by it often permits tracing the thin white line which outlines the
banke and is formed by reflections at the surface of the water. A band of
dark gleams usually appears close to the bank and without great error can

he assumed to identify the position of the shoreline.

182
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where a dense, unbroken shadow occurs, the shoreline must be defined
by stereoscopic examination of the photographs, since in this case it can
only be determined by approximation from the shoulders of the banks. Con-
sequently, the a2ceuracy of its determination will depend chiefly on the
steepness of the banks, which is determined only under a steroscope.

Where the hanks are steep the shoreline will correspond almost exactly
to the line of the shoulders of the hanks. In this case the shoreline may
be precisely determined by caleulating the lengthof the shadow (see Section
19). If the shadow from the hanks is not continuous (formed by treee or
shrubs growing on the banks), then the shoreline may usually be traced at
points not casting a shadow, while for shaded points the shoreline can be
traced according to the points and outlines of the bank line obtained by
this method.

Section 51. Determining Depths from Aerial Photographs

In order to determine the depth of open water objects from aerial photo-
graphs three methods are employed: steroophotogrammetric, photometric (vy
comperison with a standard), and the method of indirect caleulations.

The photometric method, based on a comparison of the densities of a
negative (a positive) and requiring special insiruments cdue to the variety
of natural concealment of riverbeds has limited application. Fence, we
discuse below the two principal methods which may find application in hydro=-
graphic investigations.

(1) The stereoscopic measurement of depthe is performed with the same

inetruments and methods as are used for deternining deviations of points on

a terrain (see Section 16), only in this case one of the points is always

the shoreline, and the second is a point at the bottom. The second factor
(the depth of water) introduces substantial distortions in determining the
deviations and locating the actual position of a point, while the feasibility
of the measurements themselves is limited, as has been mentioned many times,
4o those cases where the relief of the bottom is examined through a thick-
ness of water where the scale of the photograph must be greater than 1:10,000.
In practice this method is widely used for studying dépths at maritime coast-
lines where, judging from recent works in this field, due to the high trans-
parency of the water it is possible to examine the bottom {6 a depth of 20

meters and sometimes greater.
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For measurement of river depths or the depths of lakes the stereoscople
method is used only on objects having 2 bright bottom free of growth and
wa.ter of high transparency. In addition, it is usually necessary to produce
special large-scale photographs in order to obtain the best conditions for
viewing the bottom and to eliminate the effect of conr;ea]ment of the water
surface by bright flashes on waves, etc. In this case exemination can be
made to a depth of approximately 5 meters.

The simplest method of calculating the effect of the secondary medium
(the water) consist in introducing correction factors (n) into the data of
ordinary stersophotogrammetric determinations. The value of the n factor
depends on the angular field of the gerlal camera and on the position of
the points to be defined relative to tne center of the photograph. In
measurcments for obtaining approximate data the values of the factor mey
be assumed as follows:

For narrow-angle cameras 1.38
For cameras with normal angular fields 1.40
For wide-angle cameras Lohh

It is vrecommended that depth measurcments with the simplest instrue

ments (parallactic rules, the D-6 stereoscops, a stercopantometer) be
i performed on photographs obtained with slight tilting of the optical axis
or on transformed photographs on a scale of 1:5,00(_).

Depth measurement with the aid of parallactic rules is performed in
the came manner as in single-medium stereophotogremmetry [ Shj. The control
points in this case are the shorelines of the right and left banks of the
river, the heights of which are usually taken as zero.

The factor (n), considering the influence of the second medium, is
inserted into the parallactic coefficient X by multiplying their values.

The resulting generzl coefficient !f..l = ¥n must be multiplied by the dif-
ference in parallax 2% p of each pair of the measured points (the bottom
and the shoreline), Where it is necessary to have soveral selective points
of depths on nontransformed photographs if, iz possible, with the aid of
parallax plates or a D=6 stereoscope, to make one reading at the surface of
the water and the other at a chosen point of the sulmarine relief. In
ad&;i.tion, the points to be defined must be located in one vertical plane.

The accuracy of depth measurements, as in measurements in single-median

photogrammetry depends on the scale of the photograph, on the value of K
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(the smaller k, the smallor the error), on the valuc of the scale divisions
on the instrument, and on the accuracy and corrsciness of the reading; which
in turn depend on the personal aptitude and experience of the observer.

(2) The application of hydromorphological relations. This method of
determining depth consists in using hydromorphological relations (that is,
the relationship between morphological characteristics of the riverbed and
the slope, rate of flow, and dischargs of water).

The combined application of hydromorphological relations and aerial
photographs is of great advantage in obtaining the most reliable date for
the following reasons.

In calculations on the basis of hydromorphological relations, the use
of data which may be provided by aerial photographs permits:

(1) refinement of calculations due to the introduction of actual data
vwhich in practice may te obtained for any line of direction (this relates
principally to the plan-view characteristics of the riverbed);

(2) the analysis (with great detail) of local conditions and a quali-
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tative consideration of possible deviations of values of riverbed character-
istics, cavsed by various local factors; which are not taken into account in

hydromorphological relationships (the presence of hard soil discharge, con-
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traction of the riverbed, alluvial fansg, ete.).
ks the basic relationship between the riverbed elements and the stream
we may adopt the cystem of equations proposed by I. I. Yakunin [ 120_7.

Section 52. HMeasurement of Heights of Banks

The height of banks is determined from aerial photographs by stereo~
grammetric meens (that is, by the same method as used in determining devia-
tions of points on terrain or in determining the depths of water reservoirs
and stream).

In addition, one of the points of measuroment is always a watered
surface, the image of which has a number of peculiarities on photographic
prints, hence in the operation of interpretation there are certain specific
features in comparison with the usual determination of deviations of points
on the terrain, These circumstances alsc necessitate a special approach to
evalvating the aceuracy of these measurements.

The nature of the concealment of the image of a water surface, as has
been mentioneé', has a considerable effect on the accuracy of measurement of

the height of banks.
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We may consider it as established that the dark tones of aun image of a

S

unter surface,introduce considerably greater errors in measurement than the

cAfsn 37

bright tones (when the bottom of the riverbed can be seen).

¢ .20

In measurements from a water surface, the sighting filament of paral-
lactic plates or the elevation mark on other stereoscopic measuring instru-

ments must not simply coincide with the surface of the water, where it will

be difficult to seclect the given point, but with a point located at the
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shoreline within the limits of which' it is easier to find the visible
orienting point.

The accuracy of measurement of the height of banks is determined as
follows.

The acceptable accuracy of readings in determining parallax is usually
assumed to be within the limits of +0.02 to +0.08. If we plot a graph of

the relationship between the values of the mean square errors in determin-
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ing deviations, the values of the parallsctic coefficients for definite
degrees of overlap and acceptable accuracies of readingé, then we may easily
determine the accuracy of measurement (the mean square error) which we may
expect to obtain at different scales with different accuracies of reading.
This graph provides the following information.

With a scale of 1:3,000 and with an accuracy of reading practically
equal to the accuraey of the instrument (+0.06), in determining the de-
viations there may be obtained an accuracy on the order of +0.20 m, and
with an accuracy of reading of +0.08, approximately 0.70 m. Correspond~

ingly, on a scale of 1:10,000, we obtain +0.60 and 2.2 m; on a scale of

e i
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1:25,000, we obtain 1.k and 5.6 m.

Thus, the data for the height of banks (given the caleulated value)

R R NC

may be obtained in practice only from photographs with scales larger than

ST

1:10,000, while photographe of smaller scales (including 1:25,000~1:30,000)

eg

are usually required for mass area surveys and are suitable for obtaining
only $liuetrative and qualitative characteristics of the helght of banks in
accordancs with the instructions mentioned in Section 38. In addition, in
interpreting the height of banks the "standard method" may be employed

(thet is, determining the character of distritution of height of banks

5

from the length of the river on the basis of d:atemﬁning the relationship
of the appearance of the image of the bank with the heights as precisely

measured in individual directions).
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Section 53. TDetermining the Rate of Flow

Tiae rate of flow of streame may be determined from mass aerial photo-
graphs only on the basis of indirect features. Their characteristics are
obtained chiefly in qualitative gradstions and only in relatively rare cases
is a2 more or less appré:dmte quantitative evaluation possible.

The principal features by which rate of flow is determined from serial
photographs are as follows.

(1) The outline of the riverbed in the plan view. A meandering river-
bed in a flatland terrain with easily eroded seiles is an indication of low
rates of flow at the low water level -~ not more than 0.3 meter per second.

(2) The presence of aguatic vegetation in the riverbed also usually
indicates low rates of flow with values close to thoss given in paragraph
one.

(3) vhen the image of the streams surface ie smooth the prevailing

rates of flow are not greater than 1.5 meters per second.

(4} The presence of rapids smd weterfalls {see Section 35) may indi-

czte high rates of flow over a considersble extent of water.

(5) Interruption of the image of the surface of water, that is, the
presence of & pattern in the form of white bands :fzmning along the direction
of fiow (eddies in the viciniiy of obstacles in & riverbed - abutments,
bridges, ice guards, rocks, etc.) is usually observed with rates of flow
greater than 1.5 m/sec. In this cage there is possible a more precise
quantitative detormination of the local rate of flow, though even this
calculation does not exceed the limits of experiment. It is based on the
following conclusions. If the white bands formed by the agitated water
in flowing around an obstacle have a parabolic form (parabtolas joined at
the point of location of the obstacle and spreading down stream) then, as
experience has shown, the distance between the ends of the parabolas (at
the point of thelr greatest divergence on the photograph) is proportional
to the increase in level of the backed-up water at the obstacle. It has
glso been established by experiment that actusl streams cause water back-
ups of 0.2 to 1.0 meters in flowing around local objects. This corresponds
to a range of flow of approximately 2 to L meters per second. Since 2 pree
cise quantitative relationship between the distance from the ends of the

parabola and the size of water back-up has still not been obtained, then
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evaluation of this relationship is performed visually; for a widely diverg-
ing band we assume 2 £low of L m/sec; for small divergence, approximately

2/eec.

~—_____The/formula relating the rate of flow to the size of the water back-up

for the examined case is expressed as:
v - 2gAh.
(6) For well-expressed drops a difference of a marks may be determined
stereophotogrammetrically and the slope (i) may be calculated; then the flow

is determined from the formula

e kb b

58 e mmor e o st g it e s i

v= \;:hm';m

vhere g is the acceleration of a freely falling body {9.61 m/secz).

a Wit g el Nbe el 2N

(7) Calculation of flow may also be performed from hydromorphdlogical -
relationships. In this case it is possible to obtain an approximate evalu-
ation only for the average f1ow over the section and for the largest stretches
of shoal water.

(8) Given two photographs of the same section made immediately after
one another end with a precise knowledge of the time of the flight, the
rate of flow may be established from floating objects which are not likely
to be effected by the wind. It is clear that in these cases it is necessary
to take special phetographe. For rough measurement such objects may be
floating ice cakes, etc., and for more accurate measurement special floats
may be provided with smoke boxes for grester visibility.

Tt follows from the above remarks that it is not yet possible to obtain

" the values for the rate of flow from aerial photographs with sufficient pre=
eision to suffice for hydrometric porposes and for precise engineering col-
culations. But those flow characteristics which may be cbtained from an

aerial photograph do suffice for approximate measuremenis.

2 - - e e e £
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PART THREE

HYDROGRAPHIC INTERPRETATION OF SWAMPS FROM AERTAL PHOTOGRAPHS

I e Y 8L e

CHAPTER XI

FUNDAKENTALS OF SWAMP INTERPRETATION

Section 5. General Information

In this part of the book we discuss the typological interpretation
of aerial photographs of swamps and of the surface of the hydrographic
network of swamps. By typological interpretation is meant not only
the mapping of swamps from aerial photogllaphic materials but also the
distinction of intemal features /contours/ in the swamps with a
determination of types of swamp masse.s and the characteristics of
individual microlandscapes.

The types of swamp masses discussed below are characterized by
their particular surface forms and microrelief as determined by the
vegetative cover and the upper layer of a peat bed, to which definite
water properties also correspond. Hence, the typological interpre-
tation of swamps is at the same time a hydrograpnic interpretation
in connection with the fact that the typological interpretation of
aerial photographs of swamps must be accompanied by adequately detailed
interpretation of the surface of the hydrographic network of the swamps,
which is always well expressed on aerfal photographs.

The typological interpretation of aerial photograpk;a of swamps
became possible on the basis of modern landscape control of swamps
as developed by Soviet scientists, It is assumed that persons using
this book are adequately acquainted with the principles of this study.
4s concerns the present subject of discussion it is necessary the
reader be acquainted the work by Ye. A. Galkina /18/ and the articles
compiled by a group of authors /22/,

In distinction from all previously published worked on the inter
pretation of swamps, the present chapter dwells not only on the
typological interpretation of swamps but also gives instructions eon-
ceming mathods of obtainig data aerial photographs on hydrological
features of swamps (extent of flooding, the hydrographic network, and

courses of runoff from the swamp). This should find application both in

1818.
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hydrographic investigations of swarps and in obtaining information
concerning swamps in preliminary sSurveys of rivers and in swarp
reclaration work.

It must be pointed out that the hydrographic interpretation
of aerial photographs of swamps is a relatively new practice and is
almost the youngest branch in interpretation of aerial photographs
of swampsSe.

Uaneral observations concerning the possibility of using aerial
photographs for the study of swamps was first presented, insofar as
we know, in 1932 in an article ty I, Fedorov /111/.

The first rcsults of the applications of aerial photographs of
swamps in agriculture were reported in 193} by H. P. Dyukarev /32/.
The author presented Iis own observations of features for interpretation
of lowland swamps in Kareliya and quite correctly stated that direct
interpreting features are not fully adequate. Ee emphasized that the
interpretation of aerial photographs of a swamp must be made with a
consideration of analy-sis of the regularities in the landscape of a
terrain. In 1935 W. P. Dyukarev /33/ tegan to publicize in the press
the use of zerial photographs for surveying peat depositse

In 1936 there appeared the collection of articles of the Central
Administration of the H_vdro;.zeteoroloi.-;ical Service on the use of aerial
photographs in hrdrological investigations. The article by Le Oe
Pallon /71/ shed light on a special problem in interpreting swamps
from the data of aeriel photographse The author correctly noted that
aerial photographs of swamps not only permit determining the type
of swamp but also are an excellent indication of the extent of their
floodings Along with this he pointed to the need for using in addition
to direct identifying faatures {tone, the pattern of the aerial photo-
graph), indirect features for interpretation of swamps (the location
of the swamp, etce)e

The interpretation of acrial photographs of swamps found futher
development in the work of Ye. A. Galkina /16, 17/, who employed a
new, genetic approach to the study of swamps and developed a class=
ification of swanp terrians /18/.

The leningrad Administration of the Hydrometerological Service

devoted mch attention to the hydrographic interpretation of aerial
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photographs of swarpse

It was at this organization, over a period of several years

(194L-1949) , that Ye. A. Romanov conducted systematic hydrographic
investigations of swamps with the use of materials obtained from
aerial photographs and ground checks of the indentifying features of
swamps and of the surface of the hydrographic networks. This work
was continued and extended into hydrological studies of swamps at a

State Hydrological Institute.
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At the present time the use of aerial photog.raphs of swamps for

various purposes has Hund wide application. Let is suffice to say

that such materials have been interpretedfbr regions and oblasts

vt e

in which the swamp area amounts to many thousands of square kilo-

neters.

t
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The definite advantages of aerial photographic materials contributed
to the rapid development of interpretation of swampse

In the first place, the interpretation of aerial photographic
materials by plant methods permits obtaining not only a general re-
presentation of the swamp area bub also establishing its type and
a nurber of distinctive features even before the ground study
of the swamp itself, This work is completely independent of the
accessibility of a swamp and its cost is negligible.

In the second place, aerial photograpnic materials are objective
and documentary. They permit comparisons between aerial photographs of
different swamps as well as verious photographs of the same swamp.taken
at different times. For example, a comparison may be made between
the swamp itself in the natural state and after it has been
drained or any other steps have been taken to allter it.

Inthe third place, it must be pointed out that aerial photie
" graphs are swamps 8re extremely graphice. In examing a pair of ade

jacent photographs in a steroscope, photographs are, in effect,

a model of the swamp. Any atrial photograph is completely free of

the schematization which is a feature of amy map ccmpiled by use of

conventional symbolsSe o
Ths of swampp oro diiilre
In the fourth place, aerial photograplis. of swamps are distine
guished by exceptional preciseness, detail, completeness of situation,

and the iﬁages of natural- features of the surface of the swamp. They

excellently reflect not only the character of the surface and the
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vegotative cover of the swamp but also the extent of flooding and the
most minute internal hydrographic network, as well as the swamp's
connection with external water-receiving bodies.

Aerial photographs of swamp clearly show the boundaries of the
datum led, dry islands, forested areas of the swamp, various marshes
and bogs., It is sutricisnt ¢3 point aub that in examining an aerial
photograph of a swamp under a steroscope or even with a magnifying
glass even the individual trees are visible (on large-scale photographs)
and we may distinguish microlakes with a diameter of 10 meters. Mo
ordinary ground survey of a swvamp, no matter how detailed, provides
such information.

Section 55. Fundamentals of Typological Interpretation of Aerial

Photogrephs of Swampe

The interpretation of swamps from aerial photographs is based
on investigation of the relationships between the geomorphological
and hydrological factors, the vegetativ(; cover, and other elements
of the landscape of the terrain., In order to establish identifying

features and methods of interprctation of aerial photopraphs of

swamps, use is made at present of landscape control of swamps.

A swamp is considered to be a unique geographic landscape
which is characterized by peat deposits, definite forms of surface
relief, a spec;ial hydrological resime, and rezsularities in the dis-
tribution of vegetative covers

It is well-known that large swamps are irregular and that there
is considerable difference between their central and peripheral por-
tions. Hence, in interpreting aerial photographs of swamps, it is
Tirst necessary to consider the degree of complexity of the swamp
and to distinguish thereon the more or less distinctive portions.
A swvamp may be considered as a swamp system or an independent, isolated
swamp mass. In turn, swamp nesses are subdivided into swamp sectors
(micro-landscapes).

A-swamp system is formed as the result of a fusion of several
svamp masses due to latersl extension as the result of swarping of
adjacent dry sectors and the increase in the bog upwards in proportion

to the growth in peat deposits. Usually the swamp system are separated
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into swamped masses by internal water receivers or by chains of mineral
iglands which are the rermants of non-peated accretions at the bottom
of the swamp inlet.

In dividing swamps into landscape units it is necessary to con=-
sider the swamp masses which characterize and determine the type of
swarp. By the term swamp mass is meant a swamp landscape with an
accumulation of peat deposits in an isolated inlet of any form.

Swamp sectors (micro-landscapes) do not appear as wholly isolated
portions of a swamp but, as a rule, they are located in a definite
arrangement relative to one another at the surface of the swamp masses
and are also characterized by the micro-relief, peculiar for each
portion, a temporary vegetative cover, and the water properties of the
upper layer of the peat deposit.

One of the principal criteria of typological interpretation of
aerial photographs of swamp masses if the well-known regularity of
distrivution of vegetative cover associated with the course of devel-
opment of the swamp. The general course of development of the swamp
is determined from the location of the sectors on which there first
beéina to develop an oligotrophic vegetation fed chiefly from the at-

mosphere. Depending on where in this swamp the oligotrophic appears

and develops--in the center, on the periphery, or in the center and

on the periphery at the same time-- we distinguish three courses of
development of swamp masses: the central-oligotrophic, the peripheral-
oligotrophic, and mi'.xed. Each course of development of swamps has not

only its own regularity of distribution of vegetative cover but also
surface forms of swamp masses, relative location of water receivers,

and internal surfaces of the hydrographic network in the swamps.

Swamp masses of the central-oligotrophic course of development

are encountered chiefly in terrains with a relatively undisturbed
flatland relief and small surface slo;é;._ fvéﬁ while the central portion
may be covered with oligotrophic vegetation, the peripheral portions may
have eutrophic vegetative cover. These swamps often have a concave sur-
face in which the central portion rises above the periphery by 5-8 meters.
Swamp masses of the central-oligotrophic course of developrent are char-~

acteristic for the upper swamps of the forest zone.

ot
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The principal types of such masses are described futher along with ;

I

i i
i their interpreting features. E
i B
i' Swamp masses of the peripheral-oligotrophic course of developuent ;é
f are encountered chiefly in terrains with sharply intersected relief Z
| =

and frequent alternation of elevations and depressions. These swamps
are usually elongated and have a concave surface and considerable

i longitudinal and transverse tilts of surface. Typical cxamples of

£l T TR s T

; swamp masses of the peripheral-oligotrophic course of development are
the many swam;s of the Kareliya and Pechorskiy krays, t
Let it be pointed out that swamps on a whole are studied in cone
. nection with their location relative toother elements of the geographic
lsadscape. In addition, each of the existing types of swamp magsses may
bo examined as one of the stages of development of swamps. This results %
in conclusions of practical importance concerning the regularity of
distribution in the vegetative cover and the formation of an internal
hydrographic network of swamps » and in interpreting aerial photographs
of swamps it permits dist.inguishihg the so-calied indirect identifying
features. However, the necessary premise of typological interpretation
of aerial protographs of swamps is a knowledge of the natural features
‘- of geographic region. ~
It is also necessary to point out that the specific.features of
Images on aerial photographs of various swanps as well as of other
objects are rarely caused by distinctive features of the aerial survey
: process and the scale of tie photograph, which show a definite ‘tendency
to smooth out many details of the object and to present them in a some-
what wnusual forn,
Modern monochromatic aerial photographs of suamps permit in most
cases, as a result of analysis of the character of the pattern and
the tonal characteristics of the aerial photograph, establisfil:lng the
boundaries, ‘the vegetative cover, the extent of flooding, and relief

of swamps. The above<mentioned features constitute the direct inter-

preting features of sx(ampé on aerial photographs. The importance of
these features in irii;'e}pretation stems from the fact that each swamp, in
any portion thereof has on the aerial photograph a definite pattern and tone.

In its external appearance in the geaeral landscape of a terrain,
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a swamp is usually seen to be covered with vegetation or subject

to considerable water inflex, as a consequence of Hhit;lh it is somewhat
easily identified on aerial photographs, in distinction from dry
portions with more extensive vegetative cover. (n an aerial photo=
greph the irregularities of shape in the plan view and the overall
appearance of the borders of this same swamp can be distinguished.

However, precise delineation of the borders themselves is not
always possible on an aerial photograph if the swamp is bounded by
1and parcels which have a similar coloration. Thus, it is difficult °®
to distinguish the border of a grassy swamp which is located next
to a swampy meadow or 2 forest swemp located in the midst of swampy
forest masses, In these cases, due to the pradual transition, the
torders of swamps are usually indistinct, and hence it is difficult
to distinguish then on an aerial photograph.

As has teen shown, the image patterns on aerial photograrhs of
swamps are of various types. The image pattern of forest swamps and
forested sections differs sharp]bv in its gaininess from the smooth
pattern of unmixed {rass-moss SWamDSe .Complex moss swamps with
heavily dissected microrelief, with hillocks, ridges, and Ltoggy soil
have a streaked pattern. Variations in the tonality of the aerial
photographs of swamps are due to two principal causes; the different
reflexity of the vegetative cover according to its natural cover
and structure, and the differing light absorption of the surface of
swamp sections as agsociated with the extent of their fiooding,. For
exarple, on aerial photographs of forests and dfforested swamps the
coniferous trees, especially the spruce, will be darker than the decie
duous trees, and will give a darker -tone in stands of trees (as well as
a different pattern for the treetop). Other conditions being equal,
the darker the flooded portions of the swamp, the darker they will
appear on the serial photographs. Hence, by careful analysis of the
tone of an serial photograph of a swamp we may evaluate the extent of
the flooding of its individual sections.

Howeve—r, it must be kept in mind that, due to the various com-
binations of reflectivity of vegetative cover and the differing light
absorption of the swamped surface with irdodstdnt Hoisture conditicns,

the same degree of intensity of tone of an aerial photograph does
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not always correspond to identical conditions in the swamp sections.

The veriety of these sections mey be revealed by ananysis of the pattern

of the acrial photograph and from indirect fdentifying features.

The general tone of the aerial photographs depends also on the con=

ditions of photography. For example, a forest swarp photographed with

the sun at a high elevation will have a generally bright tone, and tre
game swamp when iphotographed with the sun. at a low elevation will have

a generzlly dark tone. This usually doss not lead to misinterpretations,
since in analyzing an aerial photograph the relative tone of the vari-
ous portions of a swamp stands out in comparison with the other portionse.
Experience in interpreting aerial photographs of swamps shows that
even the unaided human eye suffices to distinguish the relatively small

differences in shading between these sections.

CHAPTER X11
METHOD OF INTFRPRETATION OF SWAMPS AND THEIR HYDROGRAPHIC METWORKS

Section 56. Principal Identifying Features of Swamps

Tt was stated above that the idenifying features of aerial
photographé of swamps and of the surface mﬂ;:ographic networks in swampss
may be divided into direct and indirect features.

Améng the direct indentifying features are: the grainess and
streaking of the pattern, the differing tonality of indivkidual portions

of acrial photographs of swamps as vell as the ponds, streams, and

o e e st ot i B A i ST
'

mineral islands in swamps. The presence of elements: of the hydro-
graphic network as well as of mineral islands condiderally facilitates
interpretation.

The graininess of the pattern of an aerial photograph is an in-
dication of the extant of foreststion of .:bhe terrain., In additiom,
the image of tress in dry stretches is characterized by a considerably
coarser axd more diverse graininess of pattern than trees in the swamps,
hence the forest swampsand afforested swampgs: are relatively easily
distinguished on aerial photographs.

The characteristic streaked pattern of an aerial pht?tograph is
an indication al a well-developed microrelief of the swarp, and an
alternation of ridges and boggy soil or ridges and ponds. Since tvhe

relative location of the elements of microrelief and of vegetative
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complexes in swamps differ, correspondingly there is a difference in

the character of the striping of the pattern of aerial photographé.

The different tone of an acrial photograph reflects a difference

D P B ooy o (1 KT SR A

in the extent of flooding of the {ndividual secticns of the swarp.

A11 other conditions being equal, the darker the tone of a given sec-

- rgl rrguie

tion on an aerial photgraph, the greater the extent of flooding.

e, Ty

There are often visible on aerial photographs wide bands having the

.A

I
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appearance of brush strokes or streaks. These distinect bands on an

aerial photograph are an indication of the flow and the direction of

Frsbiy

o

flow of water in the swamp.

Ponds and streams are excellent direct jdentifying features of

R BT

A

swamps on aerial photographs. They are often numerous and vary in
size from large to small, These ponds and streams are easily dis-
tinguished by the smooth, dark or black tone of the pattem and by
their shape; circular (for ponds) and elongated, harrow and mean-
dering (for streams).

Minernl' 1slands stand out sharply on serial photographs of swamps.
These 3§lands, as a rule, are forested and their pattern is distin-
guished by a course and clear greininess,

As indirect indentifying features of swamps use may be made of
the definite regularities in the distribution of vegetative cover, the
relative location of swamps and stresms, and the location of types of
swamp masses and the secticus of micro-landscapes relative to the water
receivers. For example, on lowland grassy swamps in various stages of
development the water receivers are often located in the middle of th?
swamps. Moss swamps of confex shape have the water recelvers at the
margins. Where the water receivers are located in the central portion
of large moss swamps this is an indication of a swamp system which
was formed as a result of a conbination of several swamp matters.

The signs of agricultural activity in a swamp are sufficiently
definite interpreting features. ctlxief among these figures are peat-
cutting activities, a drainage network, causeways, roads, paths, cuts,
sections of clearing and mowing.

For convenience in reference a systematic description of identi-
fying features of swamps is given in Tables 13-15. Table 13 gives a
short description of the above mentioned direct identifying features

pertaining to agriculture activity in swamps.
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The principal indirect identifying features of aerisl photographs
are given in Table 14 for typological interpretation of swamps and
in Table 15 for. the surface hydrographic network in swamps. These
tables also céni;in references to the corresponding aerial photo-
graphic examples given in the appendix and illistrating the images
of individual types of swamps as well as the identifying features
listed in the tables.

The typology of suamps, as given in table 1ll, was based on the
following considerations.

As is known, there are many systems of classification of swamps
baged on various principles, However, due to the specific tasks con-
fronting typological interpretation of swamps from aerial photographs,.
none of the existing swamp classifications may be used it its entirety
for this purpose.

It islclear that purposes of interpretation the distinction of
swamp types must not be very detailed. It is alsoclear thot the basls
distinguishing s wamp types for the above mentioned purpose must be those fact-
ors which can be quite clearly distinguished on aerial photographs, In
this connection, the interpretation tables given inthe text divide swanpe
according to three classification features: forastation, distribution
of vegetative cover, and surface structure.

As a result of the ananysis materials for interpretation
and i;or the field check of interpretation of aerial photographs fwi-
principal groupe of ‘$iamps are distinguishéds (1) forest swamps; (2)
grass swamps with a concave surfaces (3) grass-mosw swamps with a flat
"a/urfaoo; (L) complex moss swamps with convex and comcave surface
structures. Bach of thesse principles groupes is subdivided into subgroups.

Of the above groups, the most studied and ¢ lea>ly defined on aerial
photograpks are the complex moss swamps of the north and northwest regions
of the Soviet Union. Among these swamps we distinguishe sharply convex,
slanting conves, and planoconvex mo#s swamps, which in twrn may be
represented by several variants.

It must be smphasized that the apperance of swamps an aerial

RN
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\’ photographs and the possibility of interpreation depends upon the -
season and the condivions of photographys Only in certain cases will .
a winter photograph of a snow~covered swamp permit determining the

type of swamp within general outlines. Aerial photographs of swanmps

made in early spring and late fall are of unequal value; the coloration

of the vegetative cover of the swarp durding these periods differs

considerably from the color of the vegetative cover during the surmex’.

Tn addition, in the spring and fall swamps have an abundance of water
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and are flooded in parts. Moreover, the acrial photographs appear some-

what differently according to the time of day &t which the photograph is

made--~with the sun at a low or high elevation. Aerial photographs of

k4
5

g
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swamps differ considersbly when made with different light filters.

ety
S8

Interpretation of the boundaries of a swamp on an aerial photograph,
as was mentioned above, will be more definite and reliable as a given
border of a swamp 1s more clearly distinguished from an adjacent dry
stretch of land. Gradual trangitions in vegetation necessitate 2
ground check of the interpretation and probing of the peat deposit.

On the basis of experience in office interpretation of aerial
photographs of many swamps and subsequent ground checks of the
serial photographs of swamps according to the degree of difficulty
of an interpretation we may distingudsh the following three groupse.

1. Easily interpreted from direct features?t

(a) pond=bog complexes (Figure 65)3
(b) ridge-bog complexes {Figure 66);
(c) afforested and forested portions of swamps (Figures67 and 68);
{(d) nonswanp.dry islands in swarmps;
(e) water objects (lakes, rivers, streams) .
2. Interpreted with some difficulty, ewploying both direct and
indirect features:
(a) equisetacious and cane types of swamp;
—_—

(b) m;ss-vsedge vegegation groupings {Figure 69);

) sphagnunm and cotton-grass swamps.
3. Interpreted ua.gl md&f&gwy, using direct and indirect features z

and hen i £33
?&f’%ﬁ%z" fotundaries of swamp masses adjacent to swamped

stretches bf dry 1andj
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(b) certain forest and grass swamps.
Table 1 gives the designation of swamp types, the identifying
features of these swamps on aerial photographs,f and brief 'ground

characteristics thereof (vegetdtion, location of the terrain, sources
L]

of water),

Section 57. f&nﬁfﬁgg Features of the Hydxwogrwgp!dé Network -in Swamps

Sone di.\fficulty is encountered in distinguishing on aerial phote
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graphs the types of swamps already described in detail in their natural
'I
appearance, The elesments of the hydrographic network in swamps, on

the other ﬁand, are well distinguished on aerial photographs, while

they have not as yet been fully studied in nature. The literature con-
tains descriptions of the principal elements of the hydrographic net-
work of intra~bed waters (I. Di Pogdanovskaya-Giyenef &) and surface
waters (Ye. A. Romanova 8l). Meanwhile, on the aerial photograph

itself, in swrveying the entire swamp the location, di:trimtién, and
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types of elements of the hydrographic network in swemps are especially
clearly defined. Keeping in mind the practical purposes of interpretation

of aerial photographs of swamps, we performed a trial classification

N ek A e S

of the elements of the surface of the hydro-networkj in this trial

we employed not only literary data but also numerous materials of

ground checks of the interpretation swamps from serial photographse
As the basis of division of the elements of the surface hydro-

graphic network in swamps three classifications features were assumed;

(1) the circulation of watersj (2) the origin and formation of corres-

3
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§
3
¥
i
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¥
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3

ponding elements; and (3) their suitabiljty for given sections of the
svamp landscapes. The scheme of this classification is given in Fijure
70 and descrived in Table 15,

As i; seen from this classification, according to the feature of ¢
circulation of water the surface hydrographic network in swnmés is T
divided into basins, streams, and bogs. The latter were distinguished
because they are the most numerous and specific group in the surface
hydrographic network appearing only in swamps in distinction from basins
and streams, which &re found also on dry stretches. In addition to this,
it is often difficult to relate cne or another form of bog to the water

basins or streams, since the bogs are in essence intermediate elements,
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According to their orign or :forn\avt',i.cni the elements of the surface
hydrogrsphic network may be divid‘ad irfxto two groups: those of primary
) and those of secondary orign. Those of ;_)rixn_ary orig}n are formed in
minm:al soil (prior to peat formation of the basin or day stretch) o
and have a mineral foundation; these of secondary origin developed
according to the rate of development of this swamp, in the peat
deposit itself.

The basins ad streams in swamps may be both primary and secondary
inorigin; the bogs are of secondary origin only. In addition, the basins
and streams are emoountered in swamps of all types, the bogs develop
principally in swvamps in the last st:agos of development (that is,
on complex MOSS SWaNDS)e

In association of certain secondary elements of the hydrographic
network with certain portions of swamps is determined in part by the

previously adopted designations for them. For oxample, micro-ponds

are divided into slope ponds (located in groups over the area of a smooth
slope of the ewamp) and contact ponds (usually located in a chain

over the line of contact of the permeable and impervious layers of the
peat deposit in the case of excape of the latter into & diurnal surface
of the swamps. This is borne out by such cog designations as riparian
bogs or bogs from mineral ilslands.

The ground characteristics and the indentifying features of elements

9
iy
3
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of these surface hydrographic network in swamps are described in Table 15.

Section 58, Methods :nd Techniques of Interpreting Aerial Photographs of Swawps -
The initial materials for interpretation of swamps in practice are

the three types of poaitive production of the aerial photographic survey;

contact prints, photodiagrame (foroskhema) of an overlap assembly,

and photomosaics /mozaichiny fotoplan/.
A contsct print is distinguished by the greatest definition

and clezrness and is always preferred in complex cases of interpretat‘fp

of individual portions of swamps. The major shortcomings .oi'— contact )

prints are, in the first place, the Giscontinuity of £ndividual photo~

graphs_and the necessity of assembling them in order %o abtain ~ photo-

graph of the entire swamp and, in the second place, the difference ‘in
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scale of the survey within the 1imits of even one contact print. For
example, in the contact prints with dimensions of 20 by 25 centimeters
distributed at the present time the scale of the survey may very within
the 1limits of 132l;,000-1:26,000. Hence, in assembling the different
contact prints there is usually obtained a certain lack of correspond-
ence between the prints and a distortion in length and area.

On the other hand, photomosaics are precise images, since a1l the
distortion of scale due to the perspective of ‘the survey, variations in
the flight altitude, dissection of the relief, etc, are automatically
taken into consideration and corrected-in the process of transformation
of the contact print on a special device, However, the definitions an;I

clarity of images is thereby "somewnat decreaseds

Thus, we Fay recormend the following additional materials for inter-
pretation of aerial photographs of swamps. In case where the aerial
photograph is easily interpreted, it is sufficient to use a precise mos-
aic (fotoplan). In those cases where the swamp is interpreted with
difficulty, it 1s necessary to use at the same time both a mosaic and
contact prints; the first in order to obtain precise contours and dimen-
sions, and theé second for a careful interpretation of the swamp sections.
If it is not necessary to know the precise dimensions, then it will suf-
fice to use only single contact prints.

The choice of a contact print is made from photodiagrams of an over-

lap assenbly, knowing the coordinates of the swamp and the sheet of the

map on a scale of 1:25, 000.

As a result of interpretation of photomosaics /aerofotOplan/ and
contact prints the following materials may be compiled:

(1) a typological map of the swarp (71)3

(2) a grid of lines for flow of surface and filtration waters with
the location of the hydrographic network in the swamp (71a)3

(3) a general description of the swamp.

The moa:. imortmxt@iled on the basis of interpretation of aerial

Sremans s

photographs "of swarps in the typological map of the swamp.

The typological-map of the swamp bears a ddtailed and precise situa-
tion of the boundaries of the datum bed/nulevaya zalezh'/, dry islands, and
; vegetative cover, as well as the internal hydrographic network--brooks,

streans, lakes, bogs, boggy soils. In addition (even before going into the

et S i e

field) an impression is received concerning the complexity of the swamp

2

and its characteristics relative to the typology of individual

202

TS
et

R

o4

ETm

Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2




Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

portions, the sxtent of forestation and floodit;g of different section'a )
which permits correct and sccurate laying out of the routes of field
jnvestigations and reducing them to a minimua,

The typolozical map of a swamp is complied directly from materigls
of an aerial photographic surésy by using the above mentioned identifying
features in accordance with the typological characteristic of the
swamp, The sequence of operations there in may be as follows.

A solid line is drawn around the external boundaries of the swamp
(vi,thin}.he boundaries of the ‘datum level of the bed) and the
boundaries of the mineral inlands of the swamp. Vague boundaries are
indicated by a think dotted line and sre subject to ground check. Thin
dotted lines seperite the in;xer conuours of the swamp sections which are
characterized by different propertiesamd are _eaaily reflected on the
photograph in the from of a definite g@iﬁgﬁgg, ,3treakiness, and
tonality. At the same time, the complexity of an object and its genetic
nature are revealed.

In practice it is convenient to outline the evident boundaries
directly on aerial photographs by using a drawing pen and yellow ink
(gouache). This color stands out very sharply against the general
backzround of the photograph, and since gouache is soluble in water,
it is easily removed from the photographic paper whenever necessary
(vith & wet rag or piece of cotton) without damaging the photagraph.

It is thereby possible to work with the initial material vwithout fear of
damaging it, and any errors which may occur are easily corrected.

After cxgmining the swamp by sections, it is useful to once more
ananyse the interpreted are& in order to disclose an sliminate possible
isolated obscurities at certain 'poihta in whichk interpretation is diffilcult,
and then it is possible to proceed to preparation of the typological
map of the swamp as a whole.

Ror this purpose tracing paper is placed over the photograph with
the contours marked in yellow and & copy is made which isthem colored
and marked according to the legend of the object and conwentional symbols.

In the process of interpretation of aerial photographs of swamps it
is necessary to usé a magnifying gléss with & power of 2.5 to 5 times; the

most convenient magnification is obtaimed with a Lepower lens. It is
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desirable to have a lens with a large angular field (for exarmple, with
a diamster of 10-12 ceritimeters) which makes it easy to examine a large
portion of ;che sWampe It is obvious that in all cases where it appears
poasible to use a steroscope and sterocopic pairs of aerial photographs
are available (that is, adjoining contact prints with a considerable
overlap) in the interpretation of aerial photographs of swamps it is
convenient to use a steroscope. The resulting spatial image con~
siderably facilitates accuracy in establishing the regularities in

the vwamp J:andscapa.

Current developments will see the creation of photometric instruments
with the application of quanitative I‘ag.tures of interpretation and of color
photbgra’ﬁxs which will undoubtedly increase the objzcticity and reliatility
of interpretation of swamp photographs without particular complication
of the technique of interpretation,

In addition to the basic typological map of a swamp there is
compiled a net work of lines representing the runoff of the surface

and filtration waters, locating the hydrographic network of the surface

SRR, I3 Tj BBSANA Ve IFE To 3 h L il ad e e O $e Ko
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©of the swamp, Such an independent hydrogrephic scheme is extremely graphic
(Figure 7la and the tracing sheets for photographs 62 and 41) and constitutes

a substantial addition to the typological map of a swamp.

%
3
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The runoff lines are aseries of curves in the horizontal projection

-
-

of ‘the swamp which indicate the gemeral direction of movement of ground

waters in the flow layer of the swamp. For example, in case of a swamp

‘i_"t.;i‘if.’fm X

located on & slppe with uniform drop of surface and with runoff in one
direction, the runoff lines will ke parallel, straight lines leading in
the samé direction; in the case of a convex swamp with a right domal out-
line the runoff lines will have a radial pattern.

In suamps with atmpapheric feegi the wnobstructed surface of ground
waters-usually follows the surface of the swamp. fHence, on.a:topographic
plan of the swamp the runoff ].ins_as are interected by contours at right

angles,

SRR M (e T o e N i T TR R
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An orthogonal grid of runoff lines and contours of the EWaMD Sur-
t
face may be likened to the theoretial filtration of = hydromechanical

network of the flow of ground waterse
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Experience in the use of the materials of aerial photographs of
swamps indicates that, with an aerial photograph, the runoff lines for
oligotrophic convex may be accurately plotted without a typographic
plan of the swamp. In this case the principal source for plotting the
runoff lines is the zerial photograph of the swamp, on which there are
vigible with exceptional detall all the basins and streams, the various
types of paths and, what is especially important, the sharply expressed
;'idge—hog micro-relief is clearly distinguished. The regular distribu-
.tion of ridges ax‘id boggy soils follows the outline of the contours,
which has been verified Imany tines by direct comparison of the serial
photographs with terrestrial typographic plans oi“ SWampSs.

given an aerial photograph of a swamp, We may first of all establish
the spatial distribution of the various elements of the hydrographic net-
work throughout the swamp and their general character, and, subsequently,
we may detect the stagnation or flow of waters, the extent of flooding
of various sections, and the natural drainage of the swanpe .

Furthermore, considering the location of the swamp's water receivers
and the direction of rm?off (clearly seen on an aerial photograph from
the orientation of bogsj , it is possible in many cases to trace the lines
of the water divides within the swamp. Solution of this problem is con-
siderably facilitated in the presence of a clearly expressed micro-relief,
since, on the basis of )}_xydrodynamic considerations, the paths of runoff
of surface waters in a bog-ridge complex are directed perpendicular to
the ridges and the forested sections.

On the basis of an aerial photograph of a swarmp and its interpre-

tation materials (the typological map of the swamp and the grid of
runoff lines with the location of the hydrographic network) and using a
large-scale map of the region (with a scale of 1125, 000, 1:5£0,000), we
may give a general description or' the awa_mp,' In it the following infor-
mation will be given: general inform'atic-n'cconcarning the swamp, the geo-~

morphological location of t;_h,e swamp, the ,complgxity and condition of the

surface, the characteri;t:ics’ olf ‘the types of i}fxdividual gections, the

presence and singularities ‘of the-existing hydrographic network in the
swamp, the runoff paths of the surface waters, the presence of unusuxl

water divides, the circulation of the water: A prognosis may be given
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concerning the peat deposit of the swamp by using the genetic scheme
“of develcpment of the swamp landscapes and ‘the typological character-
istic of the swampe.

Tn conclusion it must again be emphasized that the typological
interpretation of aerial photographs of swamps is a complex logical

process requiring qualified specialists, definite skill, and appro-
]

priate experience, which it is true, are rather quickly obtained.
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APPENDIX

PHOTOGRAPHS AND EXPLAWATIORS

EXPLANATIOHRS

This appendix contains aerial photographs illustrating the identifying
features of elements or characteristics required for interpretation of
rivers and swamps.

For the purpose of greater effectiveness and purpose in mastering
wethods of interpretation each photograph, as a rule, illustrates the
identifying features of a single element or characteristic. In a few
cases (in order to conserve space) a single photograph illustrates several
identifying features. In order to conserve space the photograph shows
only that portion which contains the identifying features of one or another
element under discussion.

The photographs are accompanied by short explanations containing &
description of the identifylng features chown thereon. Each photograph
has its corresponding citation in the main body of the text. ‘

If a photograph illustrates several features, then the explanation
for each of them is given in the order in which they are treated in the
text.

The appendix contains both single photographs {intended for examina~-
tion with the unaided eye) and stereo pairs. In the latter case, the
photograph in the appendix has its number followed by the designation
"right' or "left", which indicates the presence of a stereo pair and
whether this is the right or the left photograph of the pair. The second
photographs are found in a special pocket inside the back cover and has
the same number. For the stereoscopic examination of photographs it is
necessary to remove the corresponding photo in the pocket and to place it
to the right or the left of the photograph given in the appendix. After
this the photographs are examined under a stereoscope in order to obtain
the stereo effect according to the instructions in Chapter IV.

In order to permit stereophotogrammetric measurements on photographs
with trimmed coordinate markings, the number of the photograph is accom-

panied by the parallactic coefficient of the pair (K).
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Photograph 1. Scale 1:10,000. River valleys under conditions of
mountain relief. Judging from the presence of sharply defined bright por-
tions with dark shadowed portions and considering the smail scals
photograph, it is apparent that the photograph is an image of a mountaln
terrain. The details of relief are clearly scen. -

For unaided visual examination of the photograph it is first neces-
sary to locate it properly relative to the light source. The sun at the
moment of photography was located in the upper left-hand corner of the
photograph. This is esteblished from the lower edges of shadows located
close to the rivers, the network of which is seen on the photograph. By
orienting the photograph relative to the light source (that is, so that
the shadous V:tt'all toward tlj:gkqbs,erver) the following features may be ob-
sewecm unaided eye.

The photograph shows bare mountains with pyramidal peaks, having some
slopes very abrupt and others less abrupt. Between them are located wide

mountain valleys with rivers. The depression between mountains and on

VIR AU S RIS TR Ry e

their slopes have the appearance of semi-circles in which the rivers and
stpeame have their origin. The slopes of the valleys abound in erosion
trenches. At individual points, on the slopes and along ravines, the snow

cover has been preserved (bright spots).

N R R S K )

The peek with the gharpest expressed relief (in the form of a tri-
hedral pyremid)is located in the upper left portion of the photograph (1).
The peak of the mountain is identified as the junction of intersecting
bright lines corrasponding to the individual ridges.

According to the density of the shadow in ihe valleys and depressions,

we may meke an approximate judgment of their relative depth. The more dense

the shadow, the deeper the valley or depression. It must be kept in mind

that snow at the bottom of the depression lightens the tone of a shadow.
The rivers s}{ovm on the photograph appear at first glance to be
mountain ridges (2). FHowever, they are easily distinguished by tracing
the edges of the shadow along the river — they usually do not strictly
Poliow the lines of cleavage of the riverbed., If this were a ridge, then
the edge of the shadow would strictly correspond to the line of the ridge.
In addition, when examining the erosion trenches it is easily seen

that &1l of the upstream trenches present a pattern resembling a fan and
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those in the lower portion are connected into a general trough expanding
toward the river.

Photograph 2. Scale 1:30,000. River valleys with smoothed mountain
relief. The photograph shows converging river valleyz bounded by mountains
with smoothed outlines of ridges and individual peaks. This is caused by
the gradual transition in density of shadow tones and hence the relief is
more easily distinguished with the unaided eye than in the preceding photo-
graph, permitting a more detailed examination of the various sculptural

forms. The peak of the mountain (1) is evamined without difficulty due to

A

7.

Fary

the convergence of ridges in its direction with clearly distinguished

shadow contours. The lower edges of shadows (in the dirsction of the bot-

tom of the valley) on the photograph have a darker tone than the upper

S FETTN
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edges. The peaks are almost exposed and are only lightly covered with a
sparse scrub growth, which increases in density at the foot of the slopes.

The bottom of river valleys is adequately visible; the ravines inter-
gecting mountain slopes in sections of which the shadow falls from the
larger slopes are less visible. The heavily intersected channels and
streams of the bottomland and the shelfs of terraces are clearly visible.
They are overgrown with grassy vegetz$ion (possessing a uniform, tone).
Clearly vieible on the surface of the terraces are the small ravines
formed by waters flowing from the mountain slopes. The river bhed is
meandering and branched; the shoals and sandbars are distinguished by
their bright tone, while the water surface is detected by a dark, almost
black, tone.

Photograph 3, left. Scale 1:25,000. River valleys under hilly~
relief conditions. Attention is called to the mosaic pattern. It is
caused by the presence of plowed sections (patches of bright tone and
regular outline) and small sections of forest and scrub which are easily
identified from the dark tone and graininess of the structure of the
pattern (1).

A river with a tributary, lakes, and a network of roads are clearly
seen. The meandering nature of the roads facilitates interpretation of
the relief.

The river valleys (2) are somewhat less apparent under these con-
ditlons than with mountain relief. This is explained by the fact that

their dimensions are smaller and the contrast between the illuminated
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and darkened slopes of the valley is less sharp (compare Photographs 1
and 2).

Judging from the scale of the photograph the relief of the terrain
must be considered a small-hill relief. The hills follow the river over
ite entire extent. The river valleys are narrow, with a weakly developed
bottomland, frequently alternating on both banks of the river, While the
peaks of individuval hills and the depressions are rather clearly shown on
the photograph, distinction of the ridges of the valley and details of the
relief of its slope is for the most part difficult even with careful study
of the photograph and requires atereoscopic examination (see Pnotograph 3,.
right).

Photograph 4. Scale 1:30,000. Concealment of relief by plowed fields.
The photograph clearly shows the complex mosaic of plowed fields and other
farm lands. In the general location of the distinet portions of plough
lands the pattern is easily distinguished by the depressions and elevations.
The plowed lands and fields appear as the elevated portion clearly seen in
the center of the photograph (1). The plowed sections follow the contour
lines, The presence of only small sections of plewed land is characteris-
tic for the regions with extensive individual gardening or for foreign

territories in which the land is worked by individual small landowners.
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For large territories occupied by plowlands (kolkhozes and sovkozes) the
relief may be judged from the direction of the furrows, which are usually
distinguishable on aerial photographs (see Photograph 15).

In the upper part of the photograph there is evidence of a cloud
which came within the camera's field of view at the moment the picture
was taken. In the lower left edge of the photograph there is seen the
shadow cast by the cloud on the ground and masking this surface.

Fhotograph 5. Scale 1:10,000. A river valley in flatland terrain.
The principal distinguishing feature of flatland terrain is its monotony
and the smoothness in transition of gray tones and the straightness of
contours of the terrain: plow lands, fields, roads, and populated points.
The white patches are exposed soil. The shoulders, slopes, and bottom of
the valley are indistinet and precise determination of their location
(the boundaries) is possible only by stereoscopic exemination of photo-
graphs. In monocular examination of a photograph the shoulders of the
valley must be aprroximately determined chiefly from the depth of clearly
distinguishable trenches intersecting the slopes of the valley. Shadows

220
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are of principal importance in identifying such relief formations. An
additional sign of the presence of a shoulder is the location of populated

points and plowlands, usually located beyond the zone of flooding. The

i A

bottomland ie open with braided channels overgrown with brush (1). Its

outline is rather clearly defined by the edge of the cultivated land and

o A T e X Tl

of the braided channels. Judging from the bright patches the soils are
sandy loams. The meandering riverbed with islands, shallow water, and sand-
& banks is typical for flatland conditions. ~

Photograph 6. Scale 1:10,000. Concelament of the slopes of a valley

e

and the bottomland by blooming grassy vegetation. On the photograph along
the slopes of the valley, in the bottomland, and along the banks of the
river there are distinguishable white patches or bright portions caused by
various objects: plowlands, portions with rectilinear outlines in the upper
left portion of the photograph -- (1), increases in the elevation of the !
terrain with sandy soils (outcroppings and deposits of sand along the banks
of the river and on the slopes) -- (2), swamps and swampy sections (in the
lower righthand portion of the photograph) —- (3), as well as blooming
grassy vegetation (lj). The portions covered with blooming lungwort

(Figure 72) extends along the bottomland between the river and the forest
in the central portion of the photograph. These sections are clearly dis-
tinguished from other bright portions (exposed soils, swamp, ete.) by the
fine spotted struecture of its pattern.

The image of the microrelief on portions covered with blooming vege~
tation is considerable smooth.

Photograph 7. Scale 1:10,000. (1) Concealment of the slopes of a
river valley by a forest under flatland conditions. Clearly visible is the
uniformity of structure and tone within the limits of the forest portions
in which the trees are all of the same age, indicating identical conditions
of feeding of plants; hence we conclude that the surface is a flatland
(for comparison with a wooded, hilly relief see Photographs 3, 8, and Ls).
In concealing the shoulder of the valley, the mature forest also in this
case conceals the bottomland, the lower and often flooded portion, as is
indicated by the low banks (the absence of shadows) and the signs of
swamping in the form of almost structureless patches of bright tone visible

on its surface.-

) — -
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(2) Pine forests. The photograph shows a planted, cultivated pine
forest with isolated sections of birch (1). The planting of the trees is
ascertained from the isolated sections with clearly expressed regularity
in the structure of the pattern and the geometric uniformity of the shape.
The tone of the image of the canopy of the mature trees is gray, the young
sections of forest are distinguished by their derker tone (2). The tops of
mature trees are raised a little, the canopy is level, and the surface of
the ground is clearly seen. The shadows from the trees are not dense. The
graininess of the pattern is uniform with circular outlines for the grains.
The transition from the illuminated to the shaded portions of the treetops |
is gradual.

Photograph 8, left. Seale 1:10,000. (1) Concealment of a valley
and a hottomland by forest. The slopes of the valley in the hottomland
are covered by forest. The sparse stands of trees and the braided channel
faeilitates distinguishing the bottom of the valley. The slopes may be
examined only by stereoscopic means.

(2) Aspen scattered among spruce and fir. The forest composition:
spruce, fir, aspen, birch, cedar. Spruce and fir trees predominate, but
the aspen is distinguished by its contrast from the bright tone of the
illuminated portion of the treetops and their size (1). The tops of aspen
trees are slightly higher and appear as small caps above the canopy of the
forest. Occasionally groups of aspen are encountered. The canopy of the
forest is distingulshed by little difference in tree height. The tree
density is 0.7. The average tree height is 23 meters. The soil is loamy.

Photographs 9 and 10. £feale 1:18,000. Comparison of the images of
terrain in summer and winter. We see the characteristic monotonous appear-
ance of the terrain on the winter photograph (Photograph 10). Due to tﬁe
long shadows and the thin snow cover on the winter photograph the irregu~
larities of relief are emphasized; the individual objects are clearly seen.
For example, the individual trees along roads, difficult to distinguish on
a supmer photograph, are clearly scen and the buildings and the populated
point are also distinguishable. Cbmparison of the appearance of the ter-
rain at different times of the year may be made from Photographs 46 and 47.

On the winter photograph we may evaluate the height of the snow cover.
Judging from the fact that it does not completely conceal the small irregu-
larities of relief (for example, the ridges in the fields) the height of

the snow may be estimated at 5-15 centimeters.

TR R L T

.
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Photograph 11. Scale 1:12,li00. Legibility of microrelief with snow
cover. The transparency of shadows in the presence of a snow cover permits

examining the relief of shaded slopes. On the photograph even the details

of the slopes of valleys may be examined and the character of the banks and
the lines of cracks in the ice along the banks are clearly visible. Due to
the transparency of the shadows and their great length (because of the low
elevation of the sun) the tributary trough is clearly distinguished. The
details of its slopes and the relief of the bottom (the thin snow cover)
are clearly soen.

Judging from the fact that the snow cover does not prevent examining
the microrelief, the height of the snow cover in comparison with the dimen-
sions of the elements of microrelief may be estimated at 10-15 cantmeters;

Photograph 12. Scale 1:5,000. Concealment of relief by thick snow

cover. The appearance of the surface of the terrain covered by a thick
snow cover is a monotone. It is extremely difficult to distinguish with-
out a stereoscope the areas where the shoulders of the valley and the
borders of its bottom are located. The microrelief is not apparent. It
is entirely covered with snow, the height of which, judging from the pres—
ence of large snow drifts at the houses is considerable. At the same time
the details of the terrain, the situation as regards the appearance of
buildings and fences are seen with exceptional contrast. The paths and
roads traversing the snow cover are seen; they are indicated by dark lines.

The river is free of snow; the dark surface of ice with the remnants
of snow cover in the form of isolated elongated patches resembling ripples
of the surface of the ice are clearly visible.

Photograph 13. Scale 1:5,000. Appearance of a terrain losing its
snow cover. In the forest (the sections with a blurred streaky pattern)
the snow cover is approximately 60 percent, and in the field (the dark
patches) it is 10 percent. The dark patches correspond to the convex
forms of relief (small-hill relief) in the process of losing its snow
cover. It is easy to see the channels and trenches from which the snow
bas been removed. Their location on the slopes of elevated portions em-
phasizes the convex forms of relief. FHowever, the density of the tone of
the dark patches free of snow cover is caused by the considersble moisture
content of the soil and the absence of grass cover, which does not permit

examination of the microrelief. The terrain shown on the photograph has &
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considerable deciduous forest cover. This is easily established from the
characteristic streaked pattern caused by the shadows of the trees without
their leaves; they conceal the shadows from the convext forms of relief.
However, on the forested portion one may still examine the surface of the
snow cover and determine the extent of the terrain covered therebye.

Photograph 14. Scale 1:30,000. Snow patches at the end of the thaw-
ing period. The snow lies in ravines and trenches and clearly emphacizes
their outlines. On the river the ice i1s flowing., Its dispersion over the
surface of the water conceals the line of the stream.

Photograph 15. Scale 1:10,000. The image of a high bottomland not
subject to annual flooding. The bottomland is distinguished by the gen-
erally uniform gray tone of the surface. The borders of the bottomland
are easily determined from the shelf proceeding along the boundaries of
the forest and :Ln 'the lmle_z" }la}f/of the photograph from the boundary of
:.i;;t;pulated point and the farmlands. The split channel is clearly
visible.

The elevation of the bottomland may be judged from the following
features:

(1) +the banks of the riverbed are clearly expressed and stend out
on the photograph; by comparison of the height of local objects the banks
may be seen to be high (compare, for example, the bank in the right hand
portion of the photograph with the height of the stacks of hay and build-
ings)s

(2) the uniform tone of the surface of the image of the bottomland
indicates its slight diesection and, consequently, is an indication of the
fact that the bottomland is not subject to annual flooding and the river-
bed itself is subject to a very little displacement;

(3) fields with stacks of hay are located on the bottomland. This
also indicates that the bottomland is at a high elevation and is not sub-
ject to flooding over its entire width each year.

Photograph 16e. Scale 1:10,000. The displacement fan of a riverbed.
The photograph shows a section of a flat land river with numerous displace~
ment fans. Attention is called to the differing orientation of the fans
relative to the recent riverbed. The fans immediately adjacent to the
river repeat the outlines of the recent riverbed and only occasionally do

not correspond with it on the sections of the interrupted loop., The fans

s
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beyond the riverbed do not correspond either with the recent riverbed or _

with the possible direction of the water flow during the flood. This in-

ae

dicates that theysare the result of a displacement of the riverbed within
the bottomland in the perdod represented by the recent riverbed. It is
also possible to detect on the photograph the displacements formed by the
\  rivers snd tribitaries intersecting the bottomland., Such fane are char-
acterizéd by smaller dimensions and greater density in the alternation of -
ridges and depressions between them.

_____ Jmtograph 16b. Scale 1:5,000. Riverbed displacement fans in a river
bend. The alternation of ridges and depressions forming the fans is clearly
traced on the photograph. The conformity between the cutlines of the fan
and the riverbed is clearly seen.

Photograph 17, right. Scale 1:3,500. X = 21.0. A low bottomland
with overgrown braided channels. The low bottomland is subject to annual
flooding and is occupied by meadows. The microrelief is barely distinguish-
sble. The mown rows of hay and the hay stacks (1—) are clearly visible as -
are the tracks of trucks (2 thin parallel bright lines, )(2) the channels
and braided channel lakes are seen on the photograph to be grovm over with
aqueous vegetation.

From the clearly expressed patchiness of the pattern and the bright
tone of the surface of the braided channels and the creeks we may conclude
that they are considerably covered with above-water vegetatlon.

Photograph 18. Scale 1:1L,700. A narrow bottomland clearly visible

against the background of a wide, plowed valley of box-shape form. The

).

bottomland is located within the limits of a very flat bottom of a ter- -
raced box-shaped velley which is clesrly visible under the stereoscope.
The bottomland is detected from the unusuval gray tone characteristic of a
uniformly and well moistened surface. ‘

The fields seen on the photograph also permit clear distinction be- r
tween the steep slope of the flatland surface of the terrain adjacent to k
it. They are located perpendicular to the riverbed and proceed up to the =

foot of the slope but do not continue up the slope. This indicates the

|

steepness of the slope. (1).

|
%
I
!
t

[

The bottom of the valley is high, not subject to flooding, which is

il

indicated by the plowed portions, the road network, the individual struc-

tures and the populated point within the limits of the valley. The river

i
5
.
7
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ey and forms 2 narrov, double-ended bottom-

cuts into the bottom of the vall
the uniform gray tone (meadow)

land which is jdentified on the photograph by

along both banks of the riverbed.

The photograph clearly shows the traces of "military erosion" in the

rous craters from mine and shell explosions.

form of trenches and nume:
determined from the presence of

The type of valley (box-shaped) 1is

n to the naked eye) extremely abrupt locations of

clearly noticeable (eve
The shoulders of the valley are clearly

slopes and 2 wide flat rottom.
os are forested and the for
they are. still easily trace

steep

expresseds the slop

|

est covers the structure of 1
d in the form \

|

the pattern of the slopes, however,

dark tands passing along the open flatland bottom of the val-

of meandering
surface of the adjacent terrain.

ley and the open, also flatland,

Tn the stereoscopic examination 5%
roughly to be 18-20 meters,
and proceeds in a1l directions with

the photographs the height of the

slopes is determined the grade 4045 degrees.

The network of roads is dense

perpendicular jntersections and clearly emphasizes the lowlands nzture of

the terraine.
Photograph 19. Scale 1:15,000. Part of a tottomland isolated from
with traces of flooding. The space petuesn the princi—

g river by levees,
by a dried and partially plowed

pal riverbed and the chennel is occupied
er and the channel the bottomland is separated by

tottomland. From the riv
The part of the pottomland between

levees. The drainage cenals are seen.

the levees 18 covered with water, which is easily indicated by the amorphous,
by the dark tone and white flashes on its

adffuse structure of the pattern,
GLAEEeE e e S
surface (1) Flooding has occurred as a result of a preak in part of the

levy, the traces of which are seen along the levy in the form of white spots
|

along the hank of the main river.
Seale 1:15,000. K = 2640, (1

otograph due to the presence of

Photograph 20, right. ) a V-shaped valley.
sharply

Tpe valley is clearly visible on the ph

The height of the slopes of the
and the grade is 30-40 degrees.

expressed shadowse valley shown on the photo-

graph reaches 300-400 meters at some points,
On the right-hand slope {right-band porbi
s and furrows which sometimes are

on of the photograph) there

are clearly seen the ravine traced right

up to the riverbcd.
On the left-hand slope (1eft-hand portion of the photograph) we see
the characteristic pattern of the surface of a valley slope &5 caused by
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the horizontal stratification of exposed rocks (it is particularly clearly
seen in the alternation of seams of hard crystal rock with more porous
rock). The terrain is large~hilly, cultivated (small rectangles), and

its pattern is sharply distinguished from the characteristic pattern of
slopes caused by the exposures and the presence of sculptural forms. It
must be pointed out that the shadows on the slopes of the valley are not

very dense and sometimes permit examining the surface of the slope.

(2) A waterfall concealed by the shadow from a shelf from which the
vater falls. The waterfall located in the middle of the photograph is
identified by means of the wide dark band passing across the river (1.

In the given case the sbadow covers the falling water and usually there is
clearly seen a white band at right angles to the river concealing the water~

£all. The lower water of the falls is covered by the shadow from the high,

2y
e 'r’ﬁ-ﬁ

rocky bank. Hence we do not see the white bands of foam which are usually

2R

AL

clearly distinguished in the lower water.

Photograph 2Ll. Scale 1:30,000. A trough-shaped valley (glacial

r

trough). Due to the absence of contrast of tones on its slopes, the shape
of the valley and its boundaries may be determined chiefly from the char-
acter of the location of vegetation (scrub). The scrub growth is located

in bands perpendicular to the axis of the water-collecting depression and

i
!é
B
i
3
!
B
&
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b
=
=
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alternating with bright bands representing small erosion channels.

7%

PR

The shoulder of the valley and the arms of the glacial trough are
discernible in virtue of the thinning of vegetation along them.

The terrain adjacent to the river valley has a large hilly smoothed

S T et T R TRy

relief.

Yhotograph 22, right. Scale 1:15,000. X = 23.0. A valley of box-
shape. The valley is located in the middle of a large-hilly terrain. It
is clearly visible on the photograph dve to tbhe clearly ezpressed difference
between the structure of the pattern of the adjacent terrain and the bottom

of the valley and slopes with erosion channels and cutcroppings.

RSy W

The right-hand slope of the valley is well forested and turfed and
relatively weakly intersected by small erosion channels. They begin in

the upper part of the slope and terminate in the expanding area at its

PRSP PR TESR L DS

foot. The slope is irregularly shadowed (the steeper slopes have darker

™

shading then the shallow slopes); the surface of the shallow slopes is

clearly visible. The choulder of the slope has smoothed outlines and is

—
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lightly turfed and hence is distinguished by a bright tone. The upper
boundary of light and shadow (at the shoulder of the slope) is not sharp
due to the smoothness of its outlines. Its lower boundary has a jsgged
outline, which is caused by the shadow of trees growing on the slope.
The shadow often conceals sections of railroad lines., The network of
ravines on the slopes clearly shows the direction of the slope.

The left~hand slope of the valley is lighted. Ite shoulder is clearly
expressed dve to the abruptness and the exposure of the upper portion of
the slope and the cvltivation of the surface of the adjacent terrain. The
abrupt, exposed portions alternate with flatter slopes with turf (a uniform
grey tone of surface).

-—-I-n—stefe?s’c?pic examinations the steepness of the slopes proves to be
20-10 degrees, the height 170-100 meters. Along the foot of the slope there
passes a railroad line with a tumel approximately 300 meters long. The
bottom of the valley is plowed. The presence of fields, a populated point,
and isolated buildings indicates the high location of the valley bottom
(not subject to flooding). The riverbed is deeply cut into the bottom of
the valley.

Photograph 23. Scale 1:10,000, Trapezoidal valley. The type of
valley is clearly determined from the clearly visible bottomland and the
well expressed terrace just above the bottomland (1). The surface of the
terrace is flat, plowed, and sharply distinguished from the pattern of the
surface of the bottomland, on which displacement fans of the riverbed and
the overgrown braided channel are seen.

. Photograph 2li. “Feale 1:15,000. (1) The image of gullies on a valley
slope. The photograph clearly shows the gullies intersecting the slope of
the valley. They are easily recognized from the contour 6f the illuminated
and darkened slopes and the variegated moseic pattern of the latter. With
incorrect placement of the photograph relative to the light source the
gullies appear to be ridges.

" {(2) The image of clayey soils. The photograph shows a river valley
mth 8 broad, one~-sided bottomland and a sharp slope almost completely
exposed.

Despite the bright tone of the exposed portions of the bank slopes,
from the characteristic striped pattern as well as from the location of

structures close to the shoulders of the steep slopes and the steepness
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of the latter (25 degrees), their soils are identified as dense, clayey,
or loamy soils. The predominance of brighi': tones indicate that we may most
surely expect varlations in the loamy soils. In the riverbed the sandy
shoals are not exposed and the piles of detritus are small. All this is
additional proof of the predominance of clayey soils. In addition, the
smooth convex outlines of slopes of gullies also indicate the presence of
clays.

The exposed plowlands located near buildings on the high bank have a
dark tone, on the basis of which wo may assume the predominance of chernozems.

(3) Image of a water surface with great depth and with the sun at a

high elevation. The surface of the water is almost black, without semitones,

which indicates great depth of water.

Photograph 25. Scale 1:10,000. Riverbed. The riverbed is traced in
great detail as an element of relief, notwithstanding the fact that the
terrain is almost unintemptedly forested and the trees conceal the reliefl
of the bottomland and the slopes of the valley.

The shadow indicates the shelf of the bank as well as the vegetation
growing on it. The illuminated bankzstands out in contrast to the sandy
zaplesky, reflected by the white tone.

In addition to-the main riverbec}. and tributaries on the photograph we
see a considerable number of braided channels. Many of them are dry and
have a sandy bottoms, The light is coming from above. With incorrect place-
ment of the photograph relative to ﬁle light source many braided channels
and portions of the riverbed appear as convex relief formations in the form
of embankments.

Attention is called.to the lack of repetition in the meandering at the
various sections.

Photograph 26. Scale 1:8,400. Image of a calm water surface with
flashes. The flashes are clearly seen &t the surface of the lake (left
photo). Proof that the white tones are caused by flashes and are not a
reflection of clouds or shoal waters is found in the faet that in the
adiacent, overlapping territory the photograph (right-hand photograph)
these are not seenj in addition, the structure of the pattern does not
resemble the curling vepors which characterize the image of a cloud re=-

flected in the water.
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Photograph 27. Scale 1:10,000. Image of a water surface under agita-
tion. Due to the flashes the image of even small waves is clearly empha~
sized (see the surface of the water at the issune of the tributary over which
the railroad bridge passes). The white lines corresponding to the flashes
are broken at the front and somewhat curved.

On the surface of the main river and its tributery below the bridge we
clearly see the image of the agitation (ripples) which are especially apparent
due to the flashes on the surface of the water. The absence of agitation
above the railroad bridge and the bridge over the dirt road and at the lee-
ward bank of the main river, as well as the character of the agitation on
the main river and the tributary, permits determining the direction of wind
(at a slight angle to the line of the left border of the photograph) .

Photograph 28. Scale 1:9,000. Image of muddy and clear water. The
photograph shows quite clearly the muddy mountain stream, having an almost
white tone for the surface of the water entering the lake, and the lake
having a high transparency and considerable depth; the latter is indicated
by the dark, almost black tones of the image. The dispersion of the river
waters entering the lake is clearly seen.

Photograph 29. Scale 1:9,000, Confluence of streame of different
turbidity. The streams with high turbidity are shown by the bright tones.
The river with clear water has a dark tone. The 2bsence of considerable
i1lumination of the tone of the surface of the water below the confluence

indicates that the turbid water predominates.

Photograph 30. Scale 1:10,000. (1) Concealment of a riverbed by

woody growth. In the central part of the photograph in the midst of the
open terrain occupied by the plow lands and fields there flows a small -
meandering stream, the bed of which is fully concealed by the tops of
trees growing on its banks. They form a wavy line, emphasizing the gen-
eral outline of the riverbed. The considerable waviness of this lins,
not repeated in adjacent sections, indicates that these trees are not
growing along a channel or ravine but along the banks of a riverbed.

(2). Open and forested sections. The forested sections are clearly
distinguished due to the graininess of their pattern, which is caused by
the image of the treetops. It is not difficult to distinguish the bound-

aries of the open and forested sections..
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Photograph 31. Scale 1:10,000. (1) The image of a riverbed in a -

heavily forested terrain. The beds of small rivers in this case are almost

invisible, but they are detected chlefly from the grzininess of the pattern,

£

% which is coarser along the river and finer away from the river. The large )
‘f grains form a wavy band along the river. The presence of large treetops is:c —
; explainad both by the sparseness of the trees close to the river and by the

’;E - better drainage conditions. The trees along the riverbed become so sparse -

/ that in ?Ah_e space between them the surface of the water, shadowed by the
trees, can be seen.

(2) Spruce-fir stands mixed with birch. The predominance of spruce
and fir in the forest canopy is indicated by the sharply expressed, uniform,
fine~-grained structure of the pattern. On the photograph we clearly see
the difference in intensity of the bright tone of the protruding trsetops
and the shaded spaces between them. Illuminated portions of the treetops
are smaller than the shaded spaces. The predominance of shaded spaces gives
the photograph a dark grey tone. Spruce and fir trees range in height from
18 to 20 meters. Birch trees ahound among the spruce and fir. Illuminated
portions of the birch tops are greater than in the spruce and fir. The
shepe of the tirch top is distinguished by the elongated (oval) form with
softer contours., 1In addition they often grow in groups, and in stereo-
scopic examination they appear above the canopy of the spruce-fir stand.
Thus, the forest cover shown on the photograph is marked by a considerable
variation in the height of trees dve to the presence of different types of
trees at different stages of growth. The average age of itrees is 50-60
years, which is established from the height of the stand and the diameter -
of the treetops (see Table 11), The young trees consgist of spruce and -
fir. The ground heneath the forest canopy is not visible.

The relief of the terrain is slightly rolling, the soil is loany,
which may be determined from the correlative series (Section 29).

Photograph 32, right. Scale 1:10,000. K = 19.2. Image of the relief

4
i

of a large river bed (width approximately 500 meters) on large-scale photo-

. graphs. Due to the bright (3andy) soils of the bottom and the transparent

water, the relief and, in some places, the microrellef of the bottom are

s i

seen. A change in the tonality in this case corresponds to a change in

depth. fThe almost white tone of the image corresponds to the surfaces of

B

A

et b
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the following features on the photograph not covered by water: pobochnya,

|
ghoals, and flats changing into islands overgrown with willow. The dark

&

tone correjz;sponds to points with the greatest depth. By careful examination

TN
Ty

of the im%ge of the hottom we may distinguish its microrelief in the form

T

s

of small,iregularly alternating sandy ridges.

Photx)graph 33. Scale 1:5,000. (1) TImage of the relief of the hottom.
The photograph clearly shows a sandbar and the microrelief of the bottom.
We may gp'en distinguish individval sandy ridges.

(2)1 The photograph also illustrates the image of alder shrubs (1)

/ located J)n the surface of a high bottomland and along the river banks.

(?)f Sparse oak grove. It is located on 2 high sandy bottomland.

Thé toftys‘ of the oak t;z-ees are usually distinguished on the photograph

from thet[ir form. They resemble gray balls of cotton, they are often
asymmetrical, which is caused by the prevalling directlon of wind (2).

The diameters of the oak tops are two or three times greater than that

of pine trees and the image is distinguished by its darker color. Retween
the treetops and the shadows there are almost no treaks. The shadow from
the oak trees clearly gives the shape of the top in profile. In the ocak
stand we find dead trees, which are distingvished by the shadows of branches
without leaves.

Photograph 3l, left. Scale 1:5,000. Waterfalls and ravids. The
photograph shows a V-shaped symmetrical valley with steep slopes in the
upper portion and a river flowing along them, the riverbed being char-
acterized by the presence of small waterfalls and the profusion of the
forest canopy.

The direction of the sun's rays at the time of the photograph coin-
cide with the direction of the axis of the valley, hence both of its slopes
are almost identically illuminated.

Despite the widening of the valley its V-shapelis not destroyed. The
upper portions of the slopes of the valléy are steep. Along the right bank
the steep portion of the slope is wholly illuminated and is shoun on the
photograph as a bright band with a complex speckled pattern formed by
trenches and watershouts. The lower portion of the slope is forested and
only slightly broken up by ravines and gullies.

The band of the steep bank sppears also on the left slope. It is
partially shadowed, indicating that the slope is somewhat concave. In
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voth cases the vright bands are distinguished by contrast and emphasize
the difference in the structural pattern of the slopes on the surface of
the terrain adjacent to the valley.

Within the limits of the photograph we find on the river (from left
to right)s rapids (1), identified from the white patchss. formed not only
by the foaming water but also by the smage of the large rocks protruding
sbove the surface of the water; a waterfall (2) is clearly seen in the
form of a white band, sharply contoured along the edge of the upper portion

and less clearly seen $n the lower portion. Downstrean we find 2 section

0

Bz

£ull of rapids, at the beginning of which there is a c}am (3). It appears

in the form of a white band with sharply contoured torderse. Further down-

R

i

stream there is another such dan (k).

Photograph 35. Scale 1:10,000. Determining the location of sandbars
from indirect features. The bottom of the river is hardly visible. The
sandbar on this is easily jdentified from the ford paseing along it.

Fhotograph 36. Scale 1:10,000. (1) Railroad bridges. Two rail-
road bridges are jocated in sequence wat at a different height. The
difference in height of location of the bridges is d:fficult to estab-
1ish with the vnaided eye. In stercoscopic exarination of the photographs
it is clearly seeh. The upper bridge has four spans. The netal girders
are parabolic, as is clesrly seen from the shadows. The abutments and
i three plers are set in rubble masonry. The sloping of the plers on the
upstream side serves as an iceguard. On the right~hand hank, upsiream
from the causeway, there js a jetty of earth preventing the railroad £i1l

from being washed away during the ice flow and floocdinge

Sy £, R R e

The lower bridge some 35 meters away from the first bridge, ig a com-
bined overwater and overland bridge with eight spans. The two center spans
congist of parabolic girders, the remaining spans are metal arch girders.

“The plers are of rubble masonry. ~he third pler from the left bank is
Jocated on a small islande

(2) A two-track railrosd. 7The road is clearly identified by the
presence of fills, cuts, and installations. It has separate parallel fills
over which the tracks pass at a different elevation. The £ills and cuts
ave identified on the photograph by means of shadows. The tone of the

railroad is darker than that of dirt roadsc.
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Photograph 37. Scale 1:10,000. The image of highway bridges. In
the center of the photograph we clearly see two bridgee side by-side (1).
One of them was destroyed, and & new wooden bridge waes constructed next to
it. The guard reil is distinguishable and the crossbeams o the supports
can be seeni The central span permits passage of ships, which can be con-
cluded from the presence of protective devices (pawls) for the passage of
ships. The dixensions of the bridge: 25 meters long, 10 meters wide and

nEe‘ 'ixeight of the lowest span structure above the water is approximately
S meters. The girders of the demolished bridge are ciearly visible, and
we may Judge the construction of the bridge from the image thereof.

The photograph also shows several other bridges, both in use and de-
stroyed. For example, there is clearly vicible a combined railroad and
highyay bridge (in the upper left~hand corner of the photograph). Its
dimensions: height above water 8 meters, length 55 meters, width 30 meters.

Photograph 38a. Scale 1:10,000. A barrage dem with e single span
watergate. The dam (in the right-hand portion of the vhotograph and in
the bend of the river, (1) is easily identified on the photograph, first,
from the reservoir created by it (compare the wlidth of the river above
and below the dam) and from the presence of white patches or bands in
the lower water formed by the foaming water passing over the watergate.
The linear dimensions and height of the dom are easily determined by
direct measurement under the stereoscope. The bright tones of the image
indicate that the dam is of* reinforced concrete. It must be peinted out
that the image of the dam is distinguished from the images of the bridges
in this photograph by its preat variety of tone.

Photograph 3fb. Scale 1:10,000. 4 barrage dam with sectional water-
gate and sluice. Owing to the white bands of water the upper (dark) and
lower (with bands) waters are clearly distinguished. We also see the rec—
tangular abutments and their bright tones, whirch is charaecteristic of con-
crete. The service bridge passing along the top of the dam can be Seen.
Hext to the dam is a single-chamber sluice with clearly distinguicshed
double-wing gates turned at an angle to the stream and the controlling regulating
installations in front of the entrance gates and below the lower gates,
serving to insure safe passage of ships. They are distinguished by white,
regular lines and appear as stockades on a pile foundation (pawls).

~
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Photograph 39. Scale 1:10,000. 4 river port. River ports are easily
recognized on aerial photographs from the location and the complex instal-
lations comprising them (canals, queys, storage buildings, approaches, ete.),
which are usually quite visible.

The photograph shows a general view of the river port with landings,
artificial backwaters for the docking of shipe, storage buildings, and
approaches.,

Photograph }j0. Scale 1:10,000. (1) A backwater for docking of ships.
The backwaters are usually located within the confines of river ports which
are near by. Rackwater installations are often made from the arms of rivers,
canals, and creeks; artificial backwaters are sometimes constructed. The
backwaters are usually clearly interpreted from the presence of ships, stor-
age structures, dwellings, landings, piers, dikes, etc. The photograph
shows a backwater in a natural creek. There are many ships in the backwater
and on the banks we see barges under construction, storage structures, and
approaches.

A dredging pump (1) is in operation at the entrance to the backwater.

On the river we clearly see the individual ships and rafts towed by them.

SR

Below the backwater is located a pontoon bridge with a destroyed vascule.

The mooring installations are clearly identified from the photographs

S

by the distinct contours in the presence of approaches. The photograph
shows the mooring installations in the form of stockades on piers and float-
ing landings (platforms).

(2) Highway. The photograph clearly shows a highway with distinct
outlines and dirt with extremely indistinct outlines. dJudging from the
bright tones, the highway is made of crushed stone or cobblestones. The
latter is indicated by the absence of pieces of crushed stone, which
usually accompany a crushed stone highway.

(3) The image of an exposed (nonturfed) soil and of arable lands on
a plain. Along the banks of a meandering, typical flatland river we see
the bright white bands of sandy shoals; the exposed soil on the deteriorated
portions of roads is clearly traced by the same bright tone as on the shoale.

Farmlands, clearly visible in the central part of the photograph, have
\gAFlistinct tone. The dark tones correspond to fields with vegetation, and
the bright tones correspond to ploughed lands (fallow). The bright patches:

<
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of irregular outline among the cloud fields correspond to points with sparse
vegetation and exposed soils. Their banded pattern (furrows formed by plow-
ing) and the absence of regular outlines are clearly seen., The most illumi-
nated portion appears as a bend between the dirt rosd (highway) and the
river along the slope of the terrace (the furrows run along the slope)e In
the bottomland we see emall white patches of irregular outline. They are
also caused by exposed soils on convex irregularities of the surface of

the bottomland. This is clearly confirmed by their small dimensions and
the irregular and heavily dissected contours.

Photograph Ll. Scale 1:10,000. The image of a riverbed network of
temporary streams under humid conditions. The photograph clearly shows
the network of temporary streams which come into existence during the snow
melting. It is visible despite the photograph was made during the summer,
In this case the network is detected chiefly due to the vegetation, which
is exceptionally well-developed in the riverbeds of this system. The con-
fines of the basin area can be traced quite clearly. The terrain shoun on
this photograph is characteristic of well moistened regions.

Photograph L2. Scale 1:25,000. The image of a riverbed network -of
temporary streams under arid conditions. The traces of the stream network
occurring during rainfalls is shown in the form of a network of thin lines
of dark color. They are visible due to the contrast between the illumi-
nated and darkened portions of the riverbed of this network. We may clearly
trace the individusl eatchments on the photograph.

Photograph 43. Scale 1:15,000. Heaped drift sands. Glearly visible
on the heaps, which inmediately permit us to ascertain thet the soils of
the terrain are loose. The lower parts of the slopes of the heaps are
partly overgrown with saliniferous shrubs. The orientation of the mounds
is not strict, which indicates the absence of a definite prevailing wind
direction.

The exposed drift sand shown on the photograph is of a light grey
tone with fine waviness caused by -the presence of sand ridges formed by

‘the wind.

The white patches on the photograph are the beds of dry lakes covered

by salt deposits,
Under the stereoscope we clearly see all the irregularities of the sur-

face, caused by movement of the exposed sand under the action of the wind«
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Photograph Lli. Scale 1:15,000, Barkhens. The photograph shows the
curved exposed sand ridges elongated in the direction of the prevailing
winds. The depressions between them are partially overgrown with sali-
niferous shrubs. The exposed sands, as always, have a 1ight grey tone.

Photograph LS. Scale 1:10,000. Difference in height of forest can-
opy caused by intersection of relief. Stereoscopic examination clearly
reveals the hilly relief causing the difference in height of the forest
canopy. The variety and graininess of the pattern is associated with the
gifference in trees specles. The fine grained structure corresponds to
spruce-fir growth. The individual large grains which can be distinguished
on the photographs are the tops of high trees of the birch and aspen.

Photogreph L6. Scale 1:7,500-1:8,000. Mixed forest in winter.
Streskiness is characteristic of the sections occupied by deciduous trees.
The sections with & clear predominance of coniferous trees have a dark
tone and a distinct graininess of pattern. The snow cover is clearly
seen beneath the deciduous growthe

Photograph 47. Scale 1:7,500-1:8,000. A mixed forest in autumn.
The bright tones are characteristic of deciduous trees. The yellow leaves
appear to be almost white on the photograph and stand out in contrast .
against the background of the dark coniferous trees.

Photograph 48. Scale 1:15,000. A forest swamp with a mixture of
birch and pine. The pattern has 2 fine-grained structure which clearly
distinguishes it from the pattern of the large-grained structure of the
surrounding forested dry valley. The borders of the swamp in the lower
part of the photograph are more distinet then in the upperpart where the
swamp is bordered by 2 small forest, the pattern of which also has a
fine-grained structure. The trees in the swamp are Li-6 meters high, the
reforestation site classification 35 V. The density of treetops is
0.5-0.6.

Shotograph L9, Scale 1:15,000. The grass swamp with varying degree
of flooding. The smooth dark-grey background of the swemp stands out
clearly on the photograph in the midst of the pattern of grainy structure
of the surrounding forest over the dry valley. Attention is called to
the differing tonality of the swamp photograph. A1l other conditions

being equal, the darker the shading the greater the volume of water

&5 L
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present in the swamp section, &nd vice versa (the bright patches on the
photograph are moss sections, the darker patches are reed grass sections).
— Photograph 50. Scale 1:25,000. Network of drainage ditches in a
moss swamp. The canals are clearly visible on the photograph in the form
of dark straight lines. The grainy structure of the pattern around them
indicates that the shoulders of the canals are forested. On the left
{from top to bottom) there runs the main canal. Entering it at a sharp
angle are the parallel collecting ditches located at intervals of 250
meters.

Photograph 51. Scale 1:25,000. Peat mining in a moss swamp with a
ridge-bog complex. In the upper part of the photograph we see dense,
straight, parallel, dark lines -- the open cuts of peat mining filled with
water (1). To the sides we see rectangular areas formed by the drainage
ditches -~ drying plots. On the brightest plots we notice dark spots —-
piles of peat. In the lower portion of the photograph there is a con-
centric streaked pattern -- the ridge-bog complex (2). The dark bands
are ridges with pine growth, the bright bands are bogs (cottongrass and
sphagnum). The groups of black spots of circular and elongated shape are
miero-pounds.

Paotograph 52. Scale 1:25,000. Peat mining in 2 forested grass-
moss swamp. In the center of the photograph the black straight lines (1)
indicate the open strips from which the peat has been removed and are
now f£illed with water; the bright lines between them are the intervals of
nnextracted peat. To the right and left of the open strips are the dry-
ing plots; the darkest portions (2) have the wet peat, the brightest
portions with the black spots {3) represent the dry peat gathered in
piles. At the bottom of the photograph the bright straight line (L) is
& road passing through the swamp. The borders of the swamp at the edge
of the dry valley are weakly expressed.

Photograph 53. Scale 1:25,000. A pine forest swamp with a grass-
moss center. The ewamp is forested with pine (1) 3L meters high, the
density of treetops is 0.L=0.5. At the center of the swanp, in the area
with the grass-mose cover (2), there are groups of dwarf pine with a
height of 1.5-2.0 meters (weakly expressed by dark patches against the
light grey background).
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The borders of the swamp are well-expressed except for a small rec-
tangular portion which has been cleared.

Photograph Sh. Scale 1:25,000. Reed grass swamp in & river bottom-
land (with evidences of hay mowing). Against the grey background of the
photograph of the swamp we clearly see the black meandering band of the
river (1). In places the river-flow has been straightened by means of a
canal, Along the banks of:.the river there is an overgrowth of willow
serub (2).

The difference in tnglity of the photograph indicates the varying
degree of water volume of‘f;ﬁhe swamp. Clearly visible are the drainage
ditches in the swamp (to r‘b?ﬁxe right of the river and below) and plowed
sections (to the right f’md gbove), which are clearly distinguished by
the generally bright bﬁ’ckground and straight boundaries. Throughout
the swamp there are hay ricks which appear on the photograph in the
form of white spots (3).

Photograph 55. /‘;cale 1:10,000. A grass swamp with moss-grass mar-
gins. ‘I‘hle dark, almcj]st black, broad band passing through the center of
the photograph is an,l abundantly watered horsetail-trefoil marsh (1).
Through the sparse gxlf-ass of the marsh we see the open water surface
which gives this poz#tion of the photograph an almost hlack color. The
white patches again{lt the dark background are moss and reed-grass saddles
(2). The more elevlnted portions on the periphery of the swamp, ‘which
have a light grey %{]pne on the photograph, are sphagnum and cotton grass
sections (3).

1
H
|
Photograph 56! Scale 1:25,000. A sharply convex moss bog with a

forested semicirc e on the slope. A characteristic feature of a sharply

convex moss bog it the forested sloped semicircle (2) (a sphagnum-scrub
f

pine forest) which stands out sharply against the general grey back-

ground of the photograph of the swamp as a semicircle of dark color with

a grainy stmcturf of pattern. Toward the center of the forested semi-
clrcle we notice weakly expressed concentric bands -- a ridge~bog complex
(1). In this caga"e on the ridges of the sphagnum swamp is a sphagnum swamp
forested with dwarf pine. In the boggy soils the soils with little moisture
have a cottongrass sphagnum swamp and those with comidgrable molsture have

a scheuchzeria sphagnum swamp. On the depressed slope of the swamp before
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the forested semicircle we clearly perceive the concentrations of ridge-
pond marshes (5). Close to the periphery of the photograph there is a
wide bright band -- a cottongrass sphagnum swamp (3). The grainy patiern
on the photograph along the borders of the swamp is an indication of for=-
estation.

Photograph 57. Scale 1:25,000. A moderately convex moss bog with a
ridge-bog complex. Attention is called to the fact that the ridge-bog
complex occupies the principal area of the swamp and is well-expressed on
the photograph (the concentric striped battern). The forested cirele is
lacking. Along the periphery of the swamp (the bright band) ve find a
cottongrass sphagnum swamp and areas with dwarf pine 1.5-2.0 meters high.

The thin black lines crossing the photograph are the edges of the
contact prints from which the photograph was assenbled.

Photograph 58. Scale 1:25,000. The central portion of a plano-
convex moss bog with a ridge-lake complex. The depressed central portion
of the swamp is occupied by the characteristic ridge~lake complex (1.
Ponds of secondary formation {on the photograph the black irregnlarly
shaped patches) alternate with unforested flat ridges (bright bands).

On the slope of the swamp a ridge-moss bog complex (2) is growing, where
the forested ridges appear as black bands with a grainy structure, while
the boggy soil areas appear as bright bands. The large black circular
patches distinguish the lakes of primary origin (3). From one of the lakes
there flows 2 stream with forested banks (k).

Photograph 59. Seale 1:25,000. A swamp of concave shape with a

ridge-bog complex (Karelien type of swamp). On the photograph it is clearly
seen that the swamp is located within elongated lacustrine basins among

the elevations ("sel'g"). The ridges and boggy areas of the ridge-bog
complex are oriented perpendicular to the longitudinal slope of the swampe.
Thé ridges are forested and against the generally bright background of the

syamp sppear as dark ~'l:;smcis with & grainy structure.

Photogiaph 60. Scale 1:15,000. Grass-moss swamp with varying degree

of water content in river valleys. Attention is called to the extremely
unusual ribbonlike. appearance of the swamp formed in the dissected valley
of the river system in the midst of a vast forest mass. The riverbed in
the lower porjt.ion of the valley is easily trazed, in the upper portion it

is swamped..
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Photograph 61. Scale 1:15,000. A fan-shaped grass and moss swamp
with concave surface and a ridge-bog marsh (the Pechorskiy type of swamp) «

The characteristic feature of the pattern in this case is that the dark

gray strokes (the filtration streams) are directed from the periphery to
the longit:udinal axis of the swemp and merge, which indicate the convex
shape of the surface in the presence of a generally longitudinal slope to

the swamp. _The dark bands with the striped pattern are the ridge~bog

bkt ARG RN E

marsh. The ridges and boggy soils are at right angles to the longitudinal
slope of the swamp.

The dotted lines on the overlay indicate the direction of the fil-

Dor e R

4ration stream in the suamp; the solid lines show the boundaries of the
swamp and the mineral islands.

Photograph 62. Scale 1:25,000. Part of a moss swamp with a ridge-
bog complex. The photograph shows a series of elements of the surface
hydrographic network. Iakes of primary (1) and secondary (2) formation
as well as the artificial drainage network (3, ks 8), are easily dis-
tinguished by their arrangement. The dirt road (7), in distinction from
the ditches, is identified on the photograph by the smooth turns and the
white color of the line.

Overlay A gives the typological map of the swamp shown on the photo-
graph and overlay B gives the network of flow lines of filtration waters.

Pnotograph 63. Scale 1:25,000. Micro~ponds of secondary formation
in a swamp system with a ridge-bog complex. The microponds are clearly
expressed on the photograph in the form of black circular patches of
elongated shape which are locaté:i iin various groupings. One of them is
irregularly scattered over the flat slope of the convex mass -- slope
microponds (1); the compact groups of the others are stretched out over
a semicircle along the same horizontal line of the swamp -- contact micro-
ponds (2). The latter were formed upon the contact of two convex swamp

massesS.

Photograph 6. Scale 1:25,000. A river with an overgrown bed flow=

ing through a grass-mose swamp. The river, with an almost fully overgrown
bed, is distinguished on the photograph by the dark, meandering band against
the smooth gray background of the reed grass and moss swamp. The dark gray
band is interrupted in some places by black spots -- the vater-retaining

portions of the open (without overgrowth) riverbed.
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Photograph 65. Scale 1:25,000. A river having its origin in marshes
at the base of convex moss bogs of a swamp system. The photograph shows
part of a complex swamp system consisting of a series of convex moss bogs
with a ridge-bog complex. The dark band distinguishes the through marsh,
which is located in the runoff basin which is located among the prominences
of the swamp's system and serves ss the origin of a river.

On the photograph, in addition to the through marsh (1) and the river

Lo b R AT s

(2), we see a ridge-pond marsh (3), contact microponds (L), a lake of pri-

mary origin (5); and a mineral island (6).

Photograph 66. Scale 1:15,000. A ridge-bog marsh and & lake over-
grown with floating vegetation in a moss-forest swamp. The ridge~bog
marsh (1) extends along the borders of the swamp on the right hand side
of the photograph. The wide dark bands are heavily watered bogs with
sparse grase-cover of sceuchzeria and “ocheretnika." They alternate with
narrow bright bands, representing the unforested ridges. The orientation
of the ridges in the upper and lower portion of the photograph differs,
which indicates the presence of a filtration flow in different directions.
The pattern of the ridge~bog marsh differs considerably from the fine-
grained pattern of the forested portions of the swamp and the large-grained
pattorn of the forést in the dry valley surrounding the swamp.

The lake appears on the photograph of the swamp in the form of a black
patch and in this case 1s bordered on all sides by a white hachured band
representing the floating vegetation (2). On the left and right hand sides
of the lake the floating mass is of considerable size and it is apparent

that the mass on the right is older, since here the ridges begin to take

shape. A small stream flows from the river, the bed of which is concealed
on the photograph by the treetops (3).

Photograph 67. Scale 1:25,000. 4 ridge-bog marsh in a moss swamp
with a ridge-bog complex. Against the general background of the moss
swamp with a ridge-bog complex we distinguish darker, thick bands; this

is the considerably more heavily watered portion of the swamp occupied by

ridge~bog marsh (1), Within the limits of the ridge-bog marsh the boggy

so0ils are extremely well developed and attain widths of S0-70 meters in

distinetion from the narrow boggy soils of the ridge-bog complex (2).
Photograph 68. Secale 1:15,000. Ridge-pond marsh (from which a river

55 et abics Sesresas e oo vl

i F

flows) in the midst of a moss suampe In distinction from the previous
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ridge-bog marshes (FPhotographs 66, 67) the ridge-pond marsh has ponds with
exposed water surface. Hence, the ponds have an almost black tone on the
photograph and the ridge-pond marsh is positively identified.

Photograph 69. Scale 1:25,000. Marshes leading from a group of min-
eral islands in a slope swamp with ridge-bog and ridge-pond complexes. A
distinctive feature of the swamp is the well expressed marshes beyond the
mineral islands, which marshes appear as small, elongated, dark patches (1).
These marshes run in the general direction of the slope of the surface and
thereby indicate the direction of flow of filtration waters from the swamp.
A% the center of the swamp are the ridge-bog (2) and ridge-pond (3) com- .
plexes.

Photograph 70. Scale 1:25,000. Tmergence marshes and slope microponds
in a convex moss swamp. The emergence of water occurs from beneath the con-
vexities of the moss swamp on the more condensed contours of the peat de-
posit and are clearly seen on the photograph (1). In the upper left hand
corner of the photograph are scattered small black spots (2); these are
slope microponds. The banks of the lake in the swamp are well forested
(having a grainy pattern).

Photograph 71. Scale 1:25,000. Through marshes in a mog3~grass

_swamp. These marshes are quite clearly seen on the photograph due to
their elongated shape running in the direction of the runoff and the
dark tone of the photograph. During the dry period portions of the
through swamp are more moist than the surrounding portions of the swamp,
and in the spring and autumn the water often flows here on the surface.
The direction of runoff is shown on the overlay paper; the dotted line
represents the fil'brat:‘;on waters and the solid ﬁne the surface waters.

Photograph 72. Scale 1:25,000. A swamp system consisting of two
noderately convex mess swamps with a ridge-bog conplex. In examining the
photograph we see that the swamp is in fact a system of swamps. The pres-
ence of two previously isolated swamp masses is seen from the unususl arrengs-
ment of mineral islands in the form of a sandbar, which clearly emphasizes the
two distinet basins o6f the swamps. The ridge-bog complex is well developed
and occupies almost the entire area of ecach swamp mass, which is character-~

istic for moderately convex moss swamps.
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.? PHOTO CAPTIONS

Photograph 1. Scale 1:10,000. River valleys under conditions of mountain
relief. 1, mountain top; 2, river valley.

Photograph 2. Scale 1:30,000. River valleys with smoothed mowntain relief.

B U RO I SRV ey

1, mountain top.
Photograph 3, left. Secale 1:25,000, River valleys under hilly relief con-
gitions. 1, forested section; 2, river valleys.

Photograph L. Scale 1:30,000. GConcealment of relief by plowed fields. 1,

hilltop. -
Photograph 5. Scale 1:10,000. The river valley in flatland terrain. 1,
braided channel almost dry and overgrown with vegatation.
Photograph 6. Scale 1:10,000. Concealment of the slopes of a valley and

the bottomland by blooming grassy vegetation. 1, plowed land;

0

2, exposed sands among pine forest; 3, swamped portions; L,

TR,

S

blooming meadow in bottomland.

Photograph T. Scale 1:10,000. Concealment of the slopes of a river valley

by pine forest under flatland conditions. 1, birch forest;

.- L 2, young pine forest.

"
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Photograph 8, left. Scale 1:10,000. Goncealment of a valley and the bottom-
1and by forests of spruce and fir mixed with aspan (3).

Photograph 9. Image of 2 terrain on an aerial photograph nade during summer
(compare with pixotograph 10).

Photograph 10. Image of terrain on an aerial photograph made during winter
(compare with photograph 9)e

Photograph 11, Scale 1:12,h00. Legibility of microreliel with snow cover.

Photograph 12. Scale 1:5,000. Concealment of relief by thick snow cover.

Photograph 13. Scale 1:5,000. Appearance of a terraln losing its snow cCOVer.

Photoyraph 1k, Scale 1:30,000. Snow patches =t the end of the thawing period.

Photograph 15. Scale 1:10,000, Inage of a high bottouland not subject to
annual flooding.

Photograph 16a. Scale 1:100,000 /sic/. The displacement fan of a river bed.

Photograph 16b, Scule 1:5,000. Riverb;d displacenent fans on a large-scale

photograph.

T
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Photograph 17.

Fnotograph 18.

Photograph 19.
Photograph 20,
Photozraph 21,
Photograph 22,
Photogreph 23.

Photograph 2k.

Photograph 25.
Photograph 26.

Photogreph 27.

Photograph 29,

Photograph 27.

Photograph 30.

Photograph 31.

Photograph 32,

Photograph 33,

Photograph 3h,

Photograph 3%.

Photograph 36.
Photograph 37.
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. Seale 1:3,500. A low bottomland with ovorgrowm braided

channela, 1, hoy ricks; 2, automobile tracks.

Scale 1:14,700. A bottomland clenrly seen against the back-
ground of a plowed valley bottom of box-ghaped form. 1, ridge
of valley.

Seale 1:15,000. Part of a bottomland isolated from a river
by levees, with traces of flooding (1.
right. Scale 1:15,000. Veshaped valley. 1, watorfall.

Scale 1:30,000. % trongh shaped vallay (graciel trough).
left. Scale 1:15,000. & boxeshaped vzlley.

Scale 1:10,000, Trapezoidal valley. 1, terrace located zbove
bvottorland.

Scale 1:15,000, Image of gulleys on a vailey slope, clayey
go0ils,and water gurface.

Scale 1:10,000. Riverbed.
Scale 1:5,100. Image of a calm water murface with f2ashes

(a) and without flashes (b).

Seale 1:10,000. Image of a waber surface under agitation.
Scale 1:9,000. Image of muddy and clesr water.

Scale 1:9,000. Confluence of streams of different turbidity.
Scale 1:15,000. Concezlment of a riverbed by woody growbh.
Scale 1:10,000, Image of a ﬁverbed in a heavily forested
terrain (spruce-fir stand with mixture of birch).

rights Scale 1:10,000., Image of the rolief of a large river-
bed on large-gscale photographbs.

Scele 155,000, Image of the rclief of Lhe botton of a smell
river. 1, alder scrubj 2, osk grove. '

loft. Scale 1:5,000. Waterfalls and rapids. 1, rapids; 2,
waterfalls 3, L, dans.

Scale 1:10,000. Determining the location of sandbars frem
indirect features.

Secale 1:10,000, Railrosd bridges.

Seale 1:10,000, Highway bridges. 1, an old; dastroyod bridge

and a new bridge.
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Paotograph 38.

Photograph 39.
Photograph 4O.

Photograph L1,

Photograph L2,

Photograph L3,

Photograph L.

Photograph LS.

Photograph Lb.
Photograph 4L7.

Photograph LS.

Photograph L9.

Photograph 50.

Photograph 51,

Photograph 52,

Photograph 53,

Photograph 5k,

Photograph 55,
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Scale 1:10,000. (2) Barrage dem (1) with single span water-

gabe; (b) barrage dem with sectional watergate and sluice.

Seale 1:10,000, River port.

Scale 1:10,000, Backwater for docking of ships. 1, dredging

pump; 2, highway; 3, dirt road.

Scale 1:10,000. Image of a riverbed network of temporary
streams under humid conditions.
Scale 1:25,000. Image of a riverbed netuwork of iemporary
streans under arid conditions.
Scale 1:15,000. Heaped drift sands.
Seale 1:15,000, Barkhans.

Scale 1:10,000. Difference in height of forest canopy caused

" by intersection of relief.

Scale 1:7,500-1:8,000, Hixed forest in winter.
Scale 1:7,500-1:8,000. The same forest section as shown on
Photograph U6 but photographed during the autumn.

Scale 1:15,000. Forest swamp with a mixture of birch and
pine,

Scale 1:15,000, Orass swamp with varying degrees of water
vyolume.

Scale 1:25,000. Network of drainage ditches in a moss swamp.
Scale 1:25,000, Peat mining (1) in 2 moss swamp with ridge-
bog complex (2).
Scale 1:25,000. Peat mining in a forested grass-moss swamp.
1, open strips; 2, drying plots; 3, peat in piles; L, road.
Scale 1:25,000, A pine forest swamp (1) with grass-moss
center (2).
Scale 1:25,000. Reed grass swamp in a river bottomland (with
evidences of hay mowing), 1, river with straightened bed; 2,
_willaw scrub along riverbed; 3, hay ricks.

Scale 1:10,000, {rass swzmp with moss-grass margins. 1,
horsetail-trefoil marsh; 2, reedrgrass and moss saddles (white

patches); 3, sphagnum and cottongrass sections, -
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Photograph 56. Scale 1: 25,000, A sharply convex moss bog with forested
semicircle on ths slope. 1, ridge-bog chsplex; 2, forested

slope semicircle (pine forest with sphagnum and scrub)s

3, cottongrass and sphagnum swamp sections; L, forested moss-
grass border (sphagnum swawp with scrub and pine growth);
5, ridge~pond bogs.

Photograph 57. Scale 1:25,000. Xoderately convex moes bog with a ridge-bog
complex.

Photograph 58. Scale 1:25,000. Central portion of a planoconvex noss-bog
with a ridge-lake complex. 1, ridge-lake camplex; 2, ridge-
tog complex; 3, lake (of primary origin); kL, river with
overgrowth.

Photograph 59. Scale 1:25,000. Swamp of concave shape with a red-bog com-
plex (Karelian type of swamp).

Photograph 60. Scale 1:15,000. Grass-moss swamp with varying degree of
water content in river valleys.

Pnotograph 61, Scale 1:15,000. A fan-ghaped grass and moss swamp with concave
ssurface and a ridge-bog-marsh (Pechorskiy type of swamp).

/Overlay/ Dotted lines show the direction of the filtration

stream in the swamp.

Photograph 02, Scale 1:25‘,000. Part of a moss swamp with a ridge-bog com-
plex. 1, lake of primary origin; 2, lake of secondary origin;
3, network of plots of drainage ditches; L, collection ditches;
5, main canal; 6, mineral island; 7, road. Overlay 4, typo-
logical map of swamp showm on the phot;)graph {for symbols sce
Figure T1). Overlay B, network of flow lines of filtration
webers.

Photograph 63. Scale 1:25,000. HMicroponds of secondary formation in a swamp
system with a ridge-bog complec. 1, slope microponds; 2, con-
tact microponds.

Photograph 6li. Scale 1:25,000. River with bted overgrown with vegetation,
flowing through a grass-moss swamp.

Photograph 65. Scale 1:25,000s River originating in marshes atthe base of
convex moss bogs of & swamp Systenm., 1, through marsh; 2, river;
3, ridge~-pond marsh; L, contact microponds; 5, lake of primary

origin; 6, mineral island.
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Photograph £6. Scale 1:15,000, Ridge-bog marshz (1) and lake overgrown
with floating vegotation (2), in a forested mogs swanp;
river, bed of which is concealed by tree growth (3).

Protograph 67. Scale 1:25,000, Ridge-tog marsh (1) in a moss swamp with
a ridge~tog complex (2).

Fhotograph 68, Scale 1:15,000. Itidge~pond marsh (from which & river £lous)
in the nidst of a moss swaAMP.

Photograph 69. Scale 1:25,000. Marshes leading from a group of mineral

islands (1) in o slope swarp with ridge-tog (2) and ridge~

pond (3) complexes.

Photograph 70. Scale 1:25,000. Emergence marsh (1) snd slope microponds

(2) in a convex moSs SWamDe

Photograph 71. Secals 1:25,000. Through marshes in & moSS-gress swamp,
(overlay) system of flow lines of filtration {dotted lines)
and surface (solid lines) waters.

Photograph 72. Scale 1:25,000. Swamp system consisting of two moderately

convex mess Sworps with a ridge-toz complex.

. 248
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a, elements of interior orientation of aerial photographs; b,
olements of exterior orientation of aerial photographs
Diagram of an aerial camera. I, camera; II, control device.

1, lens; 2, stutter; 3, housing; li, control section; 5, maga-

zine; 6, pilot lamps 7, photo counter; 8, switch; 9, intervalo-
meter; 10, trip lever; 11, drive mechanism; 12, distributing
section; 13, light filter

1, aerial photograph (actual size 18.x 2k em); 2, 3, photographs
of the horizon; L, clocks (end of tape) 5, circular level; 6,
focal length of the camera, date and height of photographys; Ts
sequence rumber of photograph

Overall view of AFA 33/20

Tyrin-slot aerial camera AShch-AFA-2 (V. I. Semcnov)

Hand-held aerial camera AFA - 27 - T

Hond-held aerial camera MMX-7 x 9

Diagram of vertical (a) and oblique (b) aerial photographs.

1, optical axis; 2, plane of photograph

Diagram of a route aerial survey

Flight diasgrams for & yroute serial photographic survey, 8, general
diagran; b, with flat loop; ¢, with sharp turn

Diagram of mosaic agerial survey

Diagram of stereophotogrammetric (elevation-stereoscopic) aerial

photograph

Comparison of aerial photographs obtained with different types
of £ilm (after S. S. Gilev). a, isopanchrome; b, panchromatic;

¢, infranchromatic £ilm
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Figure 18, Overlap assembly

Figure 19, Hothods of cutting photographs in compiling a mosaic
F:lgure 20.

Figure 21,

Figure 22,

Figure 23;

Figure 2L.

Figure 25,

Figure 26.

Figure 27;

Large transforming printer
Small transforming printer
‘Diagram of transformation. a, on the photograph; b, on the trens-

forming printer

Diagran of route phototriﬁngmtion
Scheme of development of phototrisngulation

Orieni_tatim of aerial photographs from a map. a, map; b, photograph

Ogimthtion of serial photogaphs from shadows

i <3 i e
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Figure 35:; Ban'kovskiy device.

Figure 36. Light table
Figure 37, Panoramic lens

Figure 38, Set of magnifying glasses for interpretation
Pipure 39, Panoramic mirror

Figure 40. Transverse profile of riverbed

PR R

" e

Figure L1.

Figure 42, Stereoscoplc test pattern

Y FEGEA )

ad

Fizure 43. Diagram of simple stereoscope

Figure hli.

Figure 1S, 1Z lens-mirror stereoscope

Figure L6, Orientation of stereo pairs from the initial direction

Figure 7. (From the book by A. Dobrovol'skiy and S. Aleksandrov.) a, stereo-

scopy; b, pseudoscopy; ¢ and d, plane image

Figure L8.

TR =

Figure L9.
Figure 50.

B R o e

Figure 52. Stereocomparator., a, gensral view; b, diagram of instrmment
Figure 53. Stereocosparator. a, general view; b, diagram of binocular micro-

scope ofithe stereocomparator

T A A R B AT

e

. Figure Sh, Topograrhic stereoscope 'PSD-B

Figure 55.. Stereppan‘bmeter of F, V. Drobyshev, x a, sketch; b, general view
Figure 56. Parallax bar

Pigure 57. D=6 stereoscope

YT o T T R I
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Pigure 58, Setting of parallactic plates

Figure 59. Rending from the scale of parallactic pletes (g = Jl.LS cm)
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Figure 63. Leogbh of the shadow of an object expressed in retic to its heisht
for a letitude of 56 degrees.
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Figure 64. Craph of pptimum scales for aerial photographic surveys of water
objects. 1, maximum erFozs in measuring distance from maps and
plans; 2, probable errors in measuring distances from aerialyphoto-
grepkse; 3, mean arithmetical errors in measuring distances from
aerial photographs; L, mean square errors in measuring distances

from serial photographs.

P AR A X RN 1ot

B

Figure 65, Pond-bog complexes

Figure 66, Ridge-bog complex (ridges of sphagnumescrub growth forested with
pine; moss-bog with sphammn-c;ttongrass and sphagnumescheuchzeria
growth)

Figure 67. Reed grass and birch swamp (transitional type)

Figure 68. Scrub and pine swamp (upland type)

Figure 69. Reed grass swamp (lowland type)

Figure 70. Classification of elements of surface hydrographic networks in
swamps  (figure 70 on next bag.)

Figure 71. Typological map of & system of owamp masses compiled as the result

of interpretation of aerial photographs, 1, reed grass and sphagnum
swvamps; 2, cotton grass and sphagmam swamps; 3, scrub and cottoha
grass aphagnum swamp with sparse pine growth; k, scrub and pine
sphagnun swamp; 5, scrub and pine forest; -6, sphagnum swamp with
cotiongrass and birch with & mixture of pine; 7, ridge-bog complex
(ridges forested with pine) 3 8, horsetail-trefoil-cottongrass
(transitional) marshes; 9, scheuchzeria marshes (emergencies)

Figure 7la., Diagram of flow lines for surface filtration waters with a
location of the hydmgraphic’ network in swamps, 10, flow lines
of filtration waters; 11, flow lines in sections with periodic

surface flowsy 12, microponds; 13, rivers and streams; 1l, mineral
is.'!.ands
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TADLE 1

: For varti hotograph
- - onal Photo For vertical p ]
i ! g.gcn{;th, Size, .Mo., of  width of I area covercd

Gountry | Carera  Purpose_CH ¢ . photos path | by photo
Ly p g i

2
«36H
SR ATA-13 Vertical 30 1818 150 0.60 H 0.36
AFA=33 Photo- 20
A¥A-37 graphy ki

Cermany RHK-552 Vertical 21
an
Oblique
MK-811. Vertical 21

BV(20)30 Vertical 20
RMK-R10 Vertical 10

UsA K-17B Vertical 15.3

Hote. I is the flight altitude

*
B
£
12
H
k
13
¥
i

AT \PO e [

R
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TABIE 3
REFLECTIVITY OF CERTAIN OBJECTS OF AERIAL PEOTOGRAPHY
(after Yo, L. Erinov /53/)

Object Reflected Gbiect “Reflected
Light, & Light, %

Exposed chalky

surface o0 ldght soils 20-30
Yellow fields 20 Dark soils 10-15
Forsst Dry loam 15
Grass cover Moist loam 7

Designation Emulsion speed
GOMZ 1208 Filter coli Bange isopan panchroms  infrachrome

II ZhS=18 derk-yellow 500-518 2250 1.5 1.5
IIX 0s-12 1ight orange 54,2-560 3.0 2.0 2.0
w 08=1/ dark orange 570-585 4.0 2.0 2.0

TABIE 5
NUYBER OF GEODETIC CORTROL POINTS ACCORDING TO SURVEY SGAIE

¥ethods
Anelytic ; araphic
Aversge of one point per area
14 TR | 7 kR
| 35 kn2 20 lan2
1120 Wm® | 75
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TABLE 2
SIEIVEY SCALZS UNDER VARIOUS © MDITIONS
(after A, I. Shershen' /1187)
Geodetic base conditions

extrenoly minimumn
limited ‘ adequate complete

Character of areas of operation

R ired i o
Scale of Z:(c!:tracv of Horthern, Barely accessible, Cultivated,

3 ite concealed densely
Cortography relief, M uninhabited SO oue B ared

1:10,600 and larpger

i
f
|
§
%
1
¢
{
E
E
v

4 e
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TABIE 3
REFLECTIVITY OF CERTAIN OBJECTS OF AERIAL PEGTOGRAPHY
(after Ye, L. Erinov /527)

Object Refleacted Object “Reflected
Light, ¥ Light, ¢

Exposed chalky

surface o0 Light soils 20-30
Yellow fields 20 Dark soils 10-15
Forest Dry loanm 15
Grass cover Hoist loam 7

Designation Emulsion speed
GOMZ 1zo08 Filter color _Range isopan  panchrome infrachrome

1 7h8-16  light yellow  472=480 1.5 1.5 1.5

1T Zhs-18 derk yellow 500-518 Z250 1.5 1.5
11 0s~-12 light orange 542-560 3.0 2.0 2.0
w 08=-14 dark orange 570-585 4.0 2,0 2.0

-

TABIE 5
HUNBER OF GEODETIC CORTROL, POINTS ACCORDIXG TO SURVEY SCAIE

ZEnaiytic
Averege of one point per area
C 1

| 35 xn2
1120 1m?

e T YT At e et e e
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TLDLE 6

SPEGINFN OF JOURHAL, OF TRANSVRED PROTIIE WDASHRMNEITS

Stereopair 84~85 M = 2000m, 2= 1243m, 1 = 1: 10,600

Iistance
Point Ho, Readings _ between
bank 81 B, pP=£8v. Apmm /o points, m

10 loft 10,86 10.86 10.86 2.1 120
9 left

8 loft

7 left

6 left

5 left

I left
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TABLE 7
SPECTMEN OF JOURNAL FOR CALCULATIGNS

Stercopair 61-62 H = 2000 m, B = 1200m, 1 = 1:10,000
P m

Distance
Point Yo, 4 ¥eKd p betwesn
bank € 8, pe=gav. 4'p SAp {4p K=U=16.7 n/rm points, n
b

3 left 9.42 912 40,70 +0.12  0.82 13.69 30

2 left 9.36 9,37 +0.65 T0.06 0.71 11.86 30

1 left 8.70 8.72 0.00 0.00 0,00 0.60 100 river
1 right

2 ripht

3 right
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TARIE 8

"
DATA FOR SVALLEST AND OPTINMUM SCALES OF AERIAL PHOTOGRAPHS FOR HYDROLOGICAL INTERPRETATION

Hydrological elements éf interpretation and their composition

Seallest
scale

[27

Optimum
scale

[37

I.

Type of valley, its outline in plen view
Hedght, steepness, shepe, dissection of slopes, vegetation and soils in form of characteristics
#3/ generalized by sections:
2 %a) for flatland gogditions with velley width greater than 2 km

River valleys (lmcustrine basins)

all sce

1:25,000-1330,000

nles

:15,0

£3/ with wi less 2 km

0.
1:15,000
0

+10,00

#24 (b) for mount ition

1340,00(

125,000

same for isolated stretches or small sectors, with the addition of preciss quantitative character-
OF.

1:10,000~1:15,000 |

Num'ber of terraces, their heights, steepness of sections, surface slopes (longitudinal, transverse),
width, extent of surface dissection, vegetation in the form of generalized data for characteristic
=6

25,000-1330,000

0]
Same for individual directions or short sections with the introduction of precise qualitative
characteristics and profiles

1:10,000-1315,000

11:15,000

000

100 S

1:15
1:15,000

Width of bottomlend, its position relstive to the riverbed in the plan view, character of the
suri‘ace, extent of dissection, vegetation:
flgtls nd +

1325,000=1:30,000 |

1:40,000

»,000~2:40,000

.008-1;;5,

Prasenceof landslides, talus (scree}, heaps of detritus

Prege ound~water discharges in valley !

:15,000

888 lopes and valley bottom in gquelitative deprees

40,0

4000-1240,000 1:10.
15,0

__55212___JL_§
Same with derivation of precise contours of swampitand of the different microrelief

1510,0
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TaBLE 8 (continued)

II. Riverbeds (lacustrine basins}

Extent of meanderi ng and branching of riverbed in the form of generalized data for sections

all scales

Information concerning the presence of riverbed formations (reaches, =tanubam.=s, chutes, waterfalls,
__rapids, flats, shoals, sandbars, shallows, beaches)

1:25,000 1:10,000

Determinstion of vertical outlines of detai ls of riverbed formations. Hequires photographs with
river bottom visible ihrough water:
{a) for rivers with widths from 20 to 80 m.

1:5,07% 1:2,007

{b)-for rivers with widths greater than G0 - 100 m.

:10,000 1:5,000

{c) for rivers with widths of 200 ~ 300 m.

Heasurement of river widihs with accuracy within 10 percent with width of:
20 m. and greater

1:25,000 110,000

:12,000

50 m. and greater

1712,000

30 m. and prester

:12,000

Tetermination of river depths by StereophoLogrammeiriC mMeans (required an imare »F botLom roliel
with an aceuracy of':
up to 10 cm

up to 1 @

Qualitative determination of neight and steenness of banks and their character (hirh, low, etc)

Measurement of height and stespness of banks from irdividval lines with the plotting of srofiles
for stesp banks Wwith heights of:
toSm

=10 m
11l m_and greater

Determination of bottom ground in Lhe form of rcnerar_izei characteristics for sectious

1:25,990

Same for leading lines

1:1%8, 070

Cualitative determination of turbidity of water -~ .
Upbstruction of riverbed and extent of wegetation i1 ihe form of characieristiss for sections

1:27,000

Ice structures in rivers in the form of qualitative characteristics:
rivers up to 20 m wide
wider than 20 m

lar-er tha- 1:10,000

1T 1:05,650 1:10,000

Determination of GImensions OFf elements of 1ndividual ice 8'rustures With river -adths o7 s
20 m and greater

1:10,000

50 m and preater

1:310,090

40 m and greater

1:10,000
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TarLi 8 (continued)

(a7

I1II, Hydrotechnical installations

Location of installations

Type and construction of installations

+,000

Condition of installation

IV, Obtaining data for the characteristics of a watershed

Type of relief, predominant forms, their individual a pearance, the relative location of variovs
forms of relief: :
flatland relief
mountainous relief I
Terrain elevations, precise gquantitative nlarimetric characteristics of macrorslied an~

asorelief |

I X

oo __

1:17,000

1:2%,000

1:*,000

Same for microrelief

larrer *h

an 1:10,000

Character of distribution within watershed of principral groupings of vepetation or farslanis
(forest, burned areas, scrub growth; meadows, fields, wlowlands. s-amps)

all

senles

Species composition, predorinant types

1:10.000

Age, density

1:%,000

Predominant soils of watershed:
under flatland conditions

1:15,000

under mountainous conditions

1:25.000
2:10,000

1:10,800

Boundaries of soll types

larger %nan 1:10,000

all scales

Planimetric determination of extent of snow cover during peried of irregular cover

' . ¥
i
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TABIE 9
COREELATION SERIES OF CERTAIN L{NDSCAPE ELEMENTS OF THE FIATLAND - TAIGA ZONE
(After Gpveman (14))

Vegetation, Lythology,
predoninant PBredominant

svecies i soils

Spruce - fir forast tforginie losms Smoothed forms with moederste slopes, developed cn water divides, Due to the moraine cover

with bireh end dense vegetation, ercsion geouring is almost undetectable,

Aspen Fluvio~glacial sandy Isolated srems, terrace romnente on valley slopes, lying bypsometrically botween morai.nrj‘:c

doams with rubble and alluvial devosits.

Pine Aluviun A stretoh of pilod ridges snd isolnted crosts approximately 6~10 m sabove the level of
- sphagnun swamps, extending aleng the course of rivers; isolsted scandy crests and entire
stretches of them diepersed 1] rface of sohesmum r

Spruce = fir forest Bluviel ~ deluvial Hounded lowland with height variations of 30-40 m; sculptured forme of relief predoninate,
deposits of the Kasan= Valley system well developed, especially in conglomerates,

skiy formatior, Losms,
conglorerates,

262
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TARLE 10

DETERMINING SPECIES Gf (NMMIXED, MATURE STANDS OF WOREST ON PHOTOGRAPHS WITH SCALES 07 1:1%,000 iND 1:2%,000

(After G. G. Saworlovich / 39_7)

Designation Scale of Identifying Features
of features photograph

Spruce and Fir Pine Birch Aspen

@ ) (3) (W) ©) (5)

" 1. General tore| 1:15,000 | Dark grey and darkest of all Grey in the lower reforestation | Grey; biighter than spruce-fir Light grey, lightest of all
of image of tree species listed in table site classifications and, with stands and somewhat darxer specises listed in table.

. stands an interrupted forest canopy, ‘than aspen.

' light grey. Always of brighter

tone than the spruce-fir stands.

1:25,000 | same same same

2. Shape of tree{ 1:15,000| Conical, sometimes with trun- Simple spheroidal Oval and spheroidal, simsle. Simple spheroidal: 90 yrs. and’
. top cated tip. In over-mature growth (90 yrs| over -- simple scheroidal with |
old and over) spheroidal and »iled surface. '
comolex wi‘h piled surface,

1:25,000 | Tapering, needle-shaped, often Simple soh-roidal. Simple spheroidal.
with truncated tip. )

3. Difference in| 1:15,000| In most cases sharp: illuminat-| Not sharp, gradual transition of | Not sharp, illuminated portior gradually blending into
tone of illumin- ed portions of top light grey; | illuminated portion into shaded shaded portion or guite irdistinruishable.

ated and shaded shaded portions dark grey, often portions; top clearly distinguishefl
portions of top. blendirg with dark grey inter-
spaces.

1:25,000| Illuniated and shaded portions | Difference in tone of illumirat- | Difference in *ome of illuminated and shaded -ortions of top
of top distinguished with ed portions of top less distirct.] less distinet and 4ifficul* to distingrish.
difficulty.

N A e A LT

: 263 | \ ' [
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TABLE 10 {continued)

(2) 3) (L) (=)

 Difference in 1:15,00p Very large, with closed canopy] Insignificant. Canopy quite even. Incorsiderable. Canopy quife Alwost lacking. Canopy most
height of treeteps difference in height is smooth even. “iih broken canopy aven of all species.
of principal forest ed out. Canopy uneven. differerce in reicht observed
canopy. between sroups of treetops.

1:25,000 Bame features, but less clearlly Same features, but less clearly Same features. but less cloarly exvwressed and distinguished
expressed and distinguished expressed and distinruished with considevrable difficulty.
with difficulty. with difficulty.

1:15,000 Uniform or irregular. No ctar} Uniform. Ho characteristic cur-! Hostly srouped (servb). With Nostly serub with dense svowth
mcteristic curtaine or groups tains or groups observed, nor dense caropv the rroups are and canopy quite even.
sstops within a sec- of treetops. Windfall glades windfall glades and openings. not alwavs discernible.
on (uniform, ecur- and openings encountered.
‘grouped., )

1:25,000 same same 7 same

riations in thy 1:15,000 Varies over wide range -~ up Yo Varies over small rarge. Varies o-er small ranre in Yaries ovir extremely small
ativ_c;'diameter of] L times and above, with in- mature s‘ands «ith dense ce rarse.
treetops of the prin crease in density the variatid + on-, In over-mature stands
cipal ‘stand canopy. decreases. I with rdven canopr variatio
‘is consi-erable,

Varies over wide range up to same
3-h times,

#ixtent of tree- Treetops long, extent noted Treetops short, with medium and : Treetops short, but som«ewha{ Treetons short, visibility to
top in depth. . to half the stereoscopic ! low density of eanopy, treetops ! longer than those of pine. | small depth only in openings
depth 2nd below. can be seen through to a small Visibility in openinrs to a or with bnoken canopy.
depth., Treetops appear to be sxall depth.
suspended in air.

i

1
Same, but extentlless.clearly | Sawe, but extent less clearly i Same, but extent less ¢learly ~Samejsbut-exten* less clearly
distingutshed. distinguished. Treetops anpear tol 4istingai shed. distinsuished.
E

1325,0600

be suspended in the lower refores-
tation site classifications.
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TABLE 10 (continued)

@ ) T W - G

" 8. Visibility through {1:15,000 [Spruce stand appears as a dense |Canopy of principal stand in .absence |Visibility through ecancoy Visibility through canopy in<j
canopy ‘and visibility shadow beneath canopy, creating [of secondary layer and high density linsicnifican’ duc +o ooor iso- significant due to noor iso-
of tree stand in the impression of & dark (shaly) |permits passage of wuch direct = - |lation and rom* snarerey of  |1stior ard pantransparency ¥
‘. depth. Transparency forezt. Ground seen in rare light, creating the impression o® 2 ltreetops. Visibility thronrh Jof¥ treetops. Visibili’w
treetops. cases., Trcetops dense, non- oright forest. $ell illuminated tree stani to depth o1y in throurh tres stand to denth
B transparent., treetops are semi*ransparent. onenings ani with broken rar~~v jonly ir apenings and with
hroker eapo:

Same features but less clearly [Same Teatures, but lase clearly Same features but lese ciesrly cx-ressed and distinsuished
expressed and distinguished express~d and distinguished with vith divficulty.
with difficulty. difficnity, .

Charactor of sha- Dense shadow in the shape of a |Shadow less dense, than that of Shadow denrer than that of |5hadow as dense as that of
narrow, elongated triangle. spruce, resembling an elongated pine, resembling an elon- rine, resembling a sliphtly

senicirele (protracted oval). ga’'ed semicircle or ellips- elongeted semicircle. .
oid.

same ] same
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AR R T

FEATURES FOR DETERHINING A0E OF STARDS ON PHOTCGRAPHS #ITH -CALRS OF

TABLE 11

(After G, G. Samoylovich /397 )

1:15,000 AND 1:25,000

fge of stands

Features of Interpretation

Eelative stereoscopic

Seed propogations

(1)

Shoot propagations

(2)

Treetop sizes

Shape of treetop

absolute relative

(3) (L)

()

height of mixture

(=)

; II.III (30-50 years)

II-III (15-25 years)

spruce-fir stands, scale 1:15,000
small (approx. ©.25 mm) insignifieant variations

indistinruishable, excent
ge class III 4n which the
shane of the treetop is
ronical.

Mixture of aspen ani birc
in age class ITI consider-
ably tsller than spruce.
aze classes I and 11 (10-3
vearg) the mixture is ;
ally indistinruishable,

1Y-¥ (70-90 years)

IV-V (35-L5 years)

medium (approx. 0.6 mm) variations up to 2-3 times

ponical

rix'ure of asmen and birc
considerably taller than
soruce

VI and above (110
years and above)

VI and avbove (55
years and above)

large (approx. 1.0 mm) variations up to L times

corical

mixiure of aspen and birel
of same or less heichi tham
spruce

I-I1I (10-50 years)

I-IIT (5-25 years)

indistinguishable indistinguishable

lscale 1:25.000
indistinruishable

indistingishable

years amd above)

years and above)

| | . !
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I7-¥ (70-90 years) IV.¥ (35-L5 years) small (0.25 mm) small variations fanerad mixture of birch and aspe
congidersbly taller than
soruce _

VI and above (110 VI and above (55 Hedivm (aporox. 0.7 nm) variations up to 2-3 times |rapered mixture o” birch and aspex

of same or less heirht *
enruce
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BLE 11

(continued)

(1)

V (2)

(L)

{5)

I-11I (10-50 years)

I-III (5-25 years)

Cine stands, scal

indistinguishable, excepnt
age clasgs III which reaches
0.25 mn

e 1:15,000

form in age class 11T
(sic).

indistirguishatle in ege
classes I end 1:1, uni-

indistinguichable

IV.V (70-90 years)

I7-V (35-L5 years)

medium

variations relativelxr
small, less in dense
canopy

VI and above (110
- years and above)

VI and above (5%
years and above)

large

rariations relative?l
small _

1T (10-50 years)

I-111 (5-25 years)

indistinguishable

indistinguishable

soharoi fal

indistinmuisha-le

¥ (70-90 years)

SIY-V (35-L5 years)

small treetops ?redom-
inate (approx. jmm) o

VI and above (110

VY 'and above (55
yedrs and sbove)

nediym {reetops predom-
inste (anprox. 4 me)™

vears and above)

T1T(10-50 years)

I-IIT (5-25 years)

deciduous stamd

treetop sizes indistinmiiah-
able up to age class 111

s, scale 1:15,000

in age Class IIL

variations insl ~ificar+

rariations insi-niffcant

hndistinguishable up-to
bge class 111, uniform

Asmall rrains

spheroi dal ir the shane of

enterot ial, in the share o7
craing o) medium diemeter

intistin-uishable

. 111:_;}7"(‘59‘-‘90 years)

it

13-V (25-k5 years)

small

pmall variations

iconical, with sharp fra-si-
ition from illuminated por-
tior of ireetops to shaded
portion

V1 and abover (110
years'and above)

VI and above (55 years

and above)

4 s

medium

mall variations

oy

parabolic, with gratual tran-

sition from illumina*ed pro-
*for to shaded wor*ion

ERUT )

classifi
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PARLE 11 (continued)

(2)

)]

)

I-XI (5-15 years)

birch and aspen stards, scale 1:15,000

indi stinguishable

indistincuishable

IXI-V (25-15"years)

small treetops

CIARDPB1-01043R002000020001-2

. |infistingmtsharle

mixture indistineiskrable . -

i
variations insign*fizant  in ~hae o small srains

i.“’i'i _avals

1919117 (55475 years)

pedium treetops

variations consideradble
only with canopy of low
density (up to 0.6)

simnle sohreroid

IX and above (8% years
and above)

large trectops

considerable variation

seruce mixture not as +tall
ag hireh ard aspen

spruce mixture no! as tall
as birch and aspen -

conplex spheroid with
niled surface

spruce mixture as tall as or
taller than birch and aspen A

IT.TII (15-25 years)

linden

indistinzui shable

stands, scale 1:15,000

indistinsuishable

indistinruishable

(30—?&)” Yedrs)

0—110year s)

IV-9I (35-55 years)

Foell and medium

considerable variation

in shape of s=mall heri~
soherical erains

VII and above (65 years
and above)

large

large variations, on the
order of 1:3 and greater

Spheroidal

opagations are forest growths arising on cleared sites.

s from séed disparsed by trees of the principal forest growth.

Declassified in

In this case the *rees develop as shoote from stumps.
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TABLE 12
CHARACTERISTIC UF ACCUR.CY OF VISUsl DSTERINATION OF SUCRELINE
48 A& FURCTION OF THE CHaRACTER COF ITS CONCEALKERT FOR SCALFS OF 1:2,000 - 1:15,000

+ N
Absolute error of measurement (- m) with subseouent guarentee of a~-eararce of error(%)

Types of concealment of shorelins 1o 2 50 75 <Q T - 99.9

large depths or muddy bottom D5 0.8 . 7.7
and stable, roderately slop-
ing banks

large depth or muddy bottom and
steep, exposed banks casting no
shadows on water

sol ones of image of water surface and banks (shoals, sandy
surf’ strips)

Ural image of water Dense aqueous vegetation and
féce and banks - open turfed banks

Densd aqueous vepetation and
‘banks coversad with scrudb growth

P (
Declassified in Part - Sanitized Copy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2




Declassified in Part - SanitizeEIICopy Approved for Release 2013/05/16 : CIA-RDP81-01043R002000020001-2

TABIE 13
GENERAL INTERPRETATION FEATURES OF SWANWPS

Interpret’a%i(;n features
1

Significan?e of features
2)

Grainy pattern

I. Dirsct Identifying Features

[Forestation: forest swamps and forested swamps, The denser
and largar the grainir\ess, the denser and taller the forest
in the swemp (Photo 48).

Size and shape of graininess of pattern of Lrax‘ious
species of trees are distinguishable (Table 14).

Striped pattern (dark bands
regularly a}'bsmating with

1ight bands

idge-bog and ridge=pond complexes (alternation of ridges
and bugs or ridges and pondmg (Photo 51).

Various combinations of the striped pattern are
distin{;czished. y

v

Tonality

[Varying degrees of flooding. Other conditions being equal,
fthe darker the section the greater the flooding (Photo 49).

Horsetail marshes are darker than reed~-grass marshes;

reed-grass marshes are darker than cotton-grass
marshes,

Isolated, sharply contoured
sections with a large-grained
pettern

h!ir):eral islands in the swemp, overgrom.with trees (Photo
62) .

Clearly distinguished in the midst of swarps as a
[distinct shape,

Distinct swamp.borders

Crass, grass-moss, and moss swamps bordered by forested and
forest. dry valleys (Photo 49).

The borders, as a rule, are irreguler and closely
outline the swamps,

Indistinct swampsborders

rass and grassemoss swamps bordered by gwamped meadow; moss
swemps are bordered by plowlands and clearings; forest
swarps _are bordered by swemped forest (Photo 52),

Ievel portions with distinctive
pattern arrsnged in a definite
system and bounded by dark

straight lines

A ground survey is required for precise delineation
of swamp borders.

{Swamps sections with peat-cutting activity, open pits, drying
Iplots, etc., (Photos 51 and 52).

II. Features Arising from Hen's Economic Activity

The various methods of e xtracting peat give the
swamps distinctive pstterns.

Declassified in Part - Sanitized Cop
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TABLE 13 (continued)

o D) 5

Dark or black straight lines Drainage ditches filled with weter (Photo 50). The well-drained portions along ditches are often
(systems of lines) overgrown with trees (having s grainy structure on
the photogreph),

Straight, bright narrow bands Forest cuts (Photo 53) Indistinguishable in sparsely forested swamps
agsipst a grainy beckeround

Stralght or gently twisting, Pauseways, roads, paths, trails in snow (Photos 52, 62). Quite clearly distinguished.on large-scale photo-
bright, narrow bands graphs. In stereoscopic examination the bands

anpeared to be depressed,
Bright areas with regular bor- Forast cuts ~- locations of forest clevarings in swamps. Eeen in forest swamps and in forested sections of

ders among dark sections with e moss swamps,
grainy pattern .

Bright spots on a dark back- Hay ricks in grass swamps (Photo 54). Seen in mections along ponds and streams, sometimes
ground on the edges of moss swamps.
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INTERPRETATION FEATURES

TABLE 1k
AND BRIEF GROUWD CHARACTERISTICS CF SWAMPS

Fype of swamp

@)

Tnterpretation features of aerial
sphotographs
(2)

Briéf ground characteristic of vegetation

3

Geomorsrological condition and seurces of
water-mineral supply

(h)

I. Forpst swamps

Photograph of dark-grey ard light-grey
tone with characteristic fine-grained
pattern., Principal feature of the
forest swamp is the fine grainimess of
of pattern compared with the pattern
of surrounding forests in dry valleys.
Swanmps covered with deciduous growth
appear somewhat brighter than coni-
ferous swamps.

Swamps covered with solid,dense growth of
coniferous or deciduous trees are in re-
forestation site class V and V-a, in well
drained portions of swamps -- si‘e classi-~
fieation IV.

Seen in the form of small, isolated swamps
in water divides, in bottomlands of rivers,
and in deoressions near terraces, and border
large masses of various types under various
conditions of water-mineral feed.

1. Deciduous
swamps

Tone of photograph light grey; paitern
fine-grained. Projection of treetops
bright, indistinct; intervals between
treetops are dark and irregular in
shape. In stereoscopic examination
groups of trees of different height
apy):ear to stand out in relief (Photo
48).

Tree species include birch; in river
bottomlands there are willows and black
alder. Tree height is extremely varied.

Seen in depressioms near ferraces, in river
lbottomlands, often borderirg grass swamps,

under ground-feed conditions with strongly
mineralized waters.

(a) Willow
swamp

Tone of photograph grey; pattern not
expressed (even under stereoscope).
Interpreted from indirect features
(Photo 5k (2)).

In tree-scrub cover willows 1.5-2 m tall
predominate: profuse growth of reed grass.
Ir northerr regions of USSR corsiderable
mixture of dwarf birch is emcountered, _

(b) Alder swamp

bt et e 8 R T

Graininess of pattern considerably
fiper than im deciduous forests in
dry valleys.

In alder swamps the black alder is 10-1k m
tall, sometimes mixed with birch, more
rarely spruce. Orasses vary: on high hill-
ocks near tree trunks there are various
forest grasses; between hillocks there are
reed grasses with a mixture of various
large swamp grasses. Moss cover is
suporessed or absent.

272

Seen almost exclusively in river bottomlands
or alonz the borders of swamps in the presence
of warmth from ground waters.

Been in depressions near terraces or along the

borders of large swarps in the preserce of
ot flows of eround water or alluvial water feed.
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TABLE 14 {continued)

(1)

(2)

(3)

)

(c) Birch
swamp

Difficult to distinguish birch swamps from
alder swamps on photographs, even on large-
scale photograph with stereoscopic examira-
tion.

Tn birch swamps the tree cover econsists of
irshes B-10 m tall, sometimes with a mix-
ture of pine and spruce. (rasses: reed
brass, grame grass with smell mixture of
lrarious other grasses. Moss cover is
lsuppressed (in poor water-mineral supply
phagnum mosses develop).

cen in the form of small swamps or bordering
owland marsh swamps. Rarely seen in river }
ottomlands and in these cases are flooded hy;
eriodic high waters. Water-mineral feed
ccurs in the transitional phase from groun
eed Lo atmospheric feed.

2. Coniferous
SW&M S

Tone of photograph dark grey: fine-grained
attern (Photo 53).

Conifercus species: spruce, pine, some-
times larch.

Toter-mineral su--~1ly by ~round or atmosoheri
eed.

(a) Spruce
swamps

N'one of photograph dark grey {darkest of all

zeneous, due to variation in heigint of i‘ree

Stand. Llight and shade composed of dark grey

{¢reetops) and dark, almost tlack (shadows
etween treetops); difference between them
harply expressed.

copic examination.

Lree species). Pattern fine-grained, hestero-

Consi derable variation in
kize of treetops clearly discerned in stereo-

free growth consists of spruce 8-10 m tall
hith small mixture (inssecordary growth)

£ blaclk zlder and birch., Grass growth is
sually hillocksd reed grass. Between hiil-
cks there is an abundance of various
rsoses: water arum, spiraea, marsh trefoil.
boss cover is poorly developed.

beon in narrow hends along the borders of 1o
1and, grassy swamns, on the slopes of terrac
¢ river valleys, and rarely in isolated
swamps, under conditions of inflow of abund
rround water and surface ru~off.

(b) Pine
swamp

hwamp and brighter than spruce swamp.
brn fine-grained, homogeneous.

Pati-
Trapsition

o darkened intervals gradual.

ks clearly seen in stereoscope.

Fone of photograph grey, darker than of birch

Prom brighter tone of projections of treetops
Shape of pro-

cctions of treetops oval, mo varisty in size |dsveloped consisting of sphagnum moss with

Tree stand consists of pine §-12 u talls
with rearby moving ground water there is
a mixture of birch., Swamp scrud predomin-
ates jn grass cover: cassandra, wild rose~
mary, whortleberry. loss cover is well

small mixture of hypnum moss {an prorin-
ences).

Seen in the form of small, isclated swamps.
in sandy soils. More often located in
bands among large moss swamps, on well dra
s1opes, and near water receivers. Hater fee
bonsists of scanty ground and atmospheric
raters.

II. Grass swamps

Tone of photograph dark grey, pattern smooth

no graininess). Heavily watered sections
1i stinguished as darker
orming a ~oseic pattern (Photos b9, Sk, &S,

Surface of swamp covered with grassv vege-
tation of reed grasses or grama, Crasses

(almost black) patches with smell mixture of various grasses.

Mogs cover lacking or poorly developed.

Iypical of bottomlends, es'uaries, and
lacustrine Jdepressions, given the warming
nfluence of pround waters and veriodic
Ploodine in soring.
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TABLE 1l (continued)

(1)

(2)

(3) (L)

1. Horgetail
swamp

Tone of photograph varies from dark grey to black
with dark grey predominating. In commection with
heavy watering of sections and irregular density
of grass cover, a mosalc patchiness is noticed.
The brighter patches (with dense grass or less
watering) alternate with darker, almost black
patches (with broken grass cover through which
the surface of the water is seen (Photo 55 (1)).

QGrass stand consists almost wholly of Seen in small areas as elongated narrow

overgrowth of muddy horsetail, sometimes |stripe along the perishery of swemps, some-
|what warmed by concentrated (often ferrug-
{inous) waters or around lakes overgrown with
ivege‘hation and having flat banks.

with sparse mixture of reed grass.

2+ Cane swamp

Appears on photograph as light grey, almost
white bands near ponds or streams. In Western
Siberia occupies vast areas and extends far from
streams. In these cases, against the general
background, there are usually distinguished
diffuse black patches with indistinct outlines -
sections with open water surface.

Grass stard is homogenenus consisting
of solid overgrowth of cane up to 2 m
tall, sometimes with a mixfure of cat-
tail and reed grass. In flats the care
reaches heights of L~S m.

Found'ir<fniést-gtence and steppe ~ones and
chiefly suited to river valleys. Occunies
large areas in the lower narts of large rivers
Dnieper, Yuban', Volga ("cane flats") ard

in Western Sibera, where they border uplard
svarne ("rvamy") and are known as "zaymisch.”
Cape- swamoe are fed by spring flood =aters

(in fla-s they are often flooded for prolonged
periods). :

grass

Tone of photograph dark grey, homogeneous

(somewhat lighter than horsetail swamp and darker
than cane swamp). “hen hay is mowed in the swamp
against the gereral background of the photographs
bright circular spots (hay ricks) are seen (Photo

sh).

Grass cover consistz of reed grass with
small mixture of variocus grasses.
Depending on conditions o7 moisture and
mineral supply, the reed grass species
differ. Hoss cover is poorly developed.

Seen ir river bottomlands, meadews, or narrow.
bands bordering upland or transitional swamps::
They occupy rather larjye areas in the Poles'ye!
and in the lacustrine dapressions of the
Il'mensk and Chudsko-Pskov depressioms. As
rule, these swawps have a steady ground feed
and are subject to periodic river flooding or
“looding bv deluvial waters. :

Note:

Sometimes against the general background of photographs of
of trees and scrub growth.

The tree species are birch and

depressions willow is most often encountered.

grass swamps there is noticed a fine sraininess, which indicates the presence
black alder; in river botitomlands and valleys as well as ir lacustrine

SOURTRISN IS [

274

i e e i
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TABLE 1h {continued)

(1)

(2)

(3)

(L)

III. Grass-moss
SWamb$s

Tone of photograph grey, more or less homo-
geneous, somewhat lighter than preceding
types (except cane swamp) (Photo £0).

Grass cover consists of reed grass or cottor
grass, sometimes with large mixfure of swamp
scrubs. Moss cover is well developed, con-
sisting of hypoum or_ sphagrum mosses.

1, Moss and
reed grass gwamp

Tone of photograph grey with white patches
| (lightly watered, moss covered, flat
«elevations). Among other types, this type
of swamp can be distinguished only by
indirect features (Photo 60).

tost often enconntered along the borders of
complex moss swamps: ground water and atmos-
-here feed.

Grass stand consists of reed srass (Carex
lasiocarpa, Carex limosa, Carex rostrata).
Moss cover solid, consisting of sphagnum
mosses (sphagnum obtusum, sphagnum sub-
secundum, sphagnum angustifolium, sphagnum
recurvum).

Ercountered ir well varmed borders of complex
w08s swamps and in river valleys.

2. Moss and
eottonsgrass
swamp

Tone of photograph light, almost white, in
a complex with other types i< <harply iis-
tinguished (Photos 56, 57).

Cotton grass (Eriophorum vag? natum) pre-
dominates in grass stand with small mixture
of swamp scrub. Hoss cover demse, consisi-
ing of sphagnum mosses (Sphagnum magellani-
cum, sphagnun angustifolium, in Kareliya --
Sphagnum_papi.llosum).

In bands, suited for well drained borders of
moss swamps, found under conditions of water
feed with lightly mineralized ground waters.
Isolated masses rarely formed.

3. 3. Moss and
‘scrub swamp

Against light-grey background the dark-
grey latticed pattern is clearly out-
lined in stereoscopic examination. As a
rule, these sections have a distinetly
sparse graininess -- due to treetops.

In the grass stand, along with co*ton grass,
swarpescrub predominates (Cassandra, "pod-
bel," wild rosemary). Moss cover is dense
consisting of sphagrum mosses. Almost

always encounter sparse stands of dwarf pine,

Note: Often

SHAMmP .

pine (in Siberia, larch) is encountered.

against the general background of a photograph of grass-moss swamp.
Among tree species encountered in reed grass swamps im birch with small mixture of pire, in cotton

There i3 cbserved a grainy pattern which indica‘es forestation of the

rrass swamps and scrub swamps only

IV, Moss swanps
with ridge«~bog
complex.

The principal feature of swamps of this
type is the meandering streaked patiern.
The stripes are concentric or parallsl.
Dark bands with grainy pattern (forested
ridges) alternate with bright bands (bogs).
In those cases where the bogs are heavily
watered, they appear on the photographs as
dari or black bands (depending on the
extent of flooding), while the ridges are

Declassified in Part - Sanitized Cop

1n association with the dissected micro-
relief the vegetation is complex in charac-

ter. On the elongated ridges (25-50 cm high)

swamp scrub with a mixture of cotton grass
predominates; the ridges are often forested
with pire. Noss cover is dense consisting
0" sphagnum macellanicum). In the depres-
|sions between ridges: cotton grass grows in
Iboggy soils and scheuchzeria in heavily
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5

moss swamms with ridge-bog complex have convex
or concave surface. Depending on shape of sur-
face, the water-mineral “eed of these swamps is
distineuished. They occunv wast areas in the

northerr and central varts of the Soviet Union
an® are the prircinal fla reserve of the USSR.
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(1)

(2)

(3)

IV. Moss swamps
with ridge~bog
complex

much brighter. Heavily watered bogs are
Lsually located near ihe periphery and are
never forested, hence tho dark bands of
their images do not have a grainy pattern.

!watered soils (with patches of Mocherstrik”).
g]{oss cover looge consisting of sphagnum
mosges (sphagnum balticum, spha,num “usenii,

sphagnum_cuspidatum, et al.),

1. Swamps
with convex sur-
facas

Dharacteristic feature of the photograph
s the doncentric striped pattern associ-
lited with the convex shape of the surface.

Elongated ridges coversd with a dense cover of
sphagnum moss (sphagnum fuscum, sphagmum magel-
Janicum) wilh broken cover of swamp serub (Vpod-
bel," Cassandra, wild rosemary) and cotton grass.
In boggy soils the mozs ~over is loose and con~
sists of sphagnum moss (sphagmum balticum, sprha=
num Dusenil) with interrupted grass stand of
scheuchzeria or cotion grass.

Swamps of this type are widesoread in forest

and complex <wamps. Encountered as isolated
maszes and as large sdamp systems with area
of several tens of thousands of hectares.
Water-rineral feed consists of meager atmos-
mhoric supply: alons borders of swamps the
effect of ground waters is sometimes seen.

(a) Sharply
convex mOSsS SWAmPS

Weakly expressed striped pettern (ridgo-
hog complex) in central part of pholograph
vith grainy pattern (forested slope semi-
bircle). Marginal portions of photograph
Hight grey (cotton grass sections) or dark
Lrey (reed grass sections) (Phato 56).

In central vortion of mass, a weakly devel~ped
ridge-hog complex. On the ridges -- scrud and
sphagnum swarp, with sparse growth of dwarf{
pines . In bogs -- cotion srass and sphagnun
tswamp. On the slope of the swarp mges "here is
a forested semicircle -- pine swamp wi'h spha -
rum awaspand. sePib growthos- ! treevhaifhistN-12
®. Sections adjiacent to dry valley are, as 2
rule, cccupied by cottor grass or reed crass
groupings (deperdine or the character o wa’er-
ing.) They are swetimes forested with nine or
birch,

tncountered as isolated masses or as part of
large swamn Sys'ens. Swa-ng of atmosphberic
feed, with 1 moisture in central portion
and wore hea~ily watered borders (due to
ieliviel or -round walers).

{b) “oder-
* ately donvex moss
sHanps

[learly espressed concentric striped pat-
bern occupies principal part of photograph
bf swamp and only along border is there a
blearly defined light (rarely dark) grey
band. Forested circle (or semicirele) with
rrainy pattern on photograph is, as a rule,
Lbsent, (Photo 57).

oo : . ! ! :
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Main areas of mass occunied by ridge-bor com-lex
which is characterized by heavily dissected mier=
relief, Elevatione have the shape of narrow
ridges between which lie boggy areas. Ridpos are
occupiod chiefly by sphagnum and scrub grounings
(sometimes with large mixture of cotton £rass)
and forested with pine, though they are sometimes
treeless. Bogs occupied by sphagnum mosses

(with loose sod) with sparse grass stand of
scheuchzeria or, in less watered bogs, of cotten

grass. (Ip Xareliya bogs are often encountered

216

Ercountered in isolated sram masses, but
morg ofter erterins into the comoositior of
complex, large swamp systems. Swamgs of
atmossheric fee!. Ridges moderately moist,
bogs heavily watered. In lower portions of
slopes *he water in bogs s*ands on the sur-
lrace of the moss nover or forms micro-ponds
with an open mirror of water.
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TABLE 1L {(continued)

1)

(3)

(b) Moder-
ately convex moss

with ex:osed oeat, ir which bogs there are scalb=-
tered *richoforum sods),

swamps

{¢) Plano-
convex moss swamps

In central portion of photograph light
patches or bands (sloping ridges) alter-
nate with dark grey or black patches and
bands of circular and elongated shape
(bogs and ponds with open water surface).
Between t he patchy center and the light
border there 1s a ring with a concentric
striped pattern (ridge-bog complex)
(Photo 58).

Central portion of the mass is occupied by a pond-
bog complex (micro-ponds with open water surface
alternate with flat ridges) which iz bordered by a
ridge-bog complex. Near the peripherr are spha~-
num and cotton grass or reed grass greupings,
often forested.

Isolated masses are rarely encountered: as
a rule, they enter in*o the composition of
ilarge seam~ systems. The central portion
of the mess, “ue to depression and noor
runof £, is heavilv watered by stagnant
atmossheric water.

2. Swamps
with concave sur-
face, (Karel'skiy
typeS

Photographs of swamps of the Karel'skiy
type appear in the form of grey, elon-
gated (ribbon) or fan-shaped bands with a
parallel striped pattern in the caenter.
The striped pattern on the photograph is
perpendicular to the logitudinal axes of
the swamp (general slope of terrain) and
distinguishes the concave surface of the
SWAMPD.
sometimes with a grainy pattern {Photos &%
60, 61).

The swamp borders are grey in tome,

The central portion of the swamp is concave, with
the r-sult that it is more moist, aznd occu=~ied bv

a ridgeebog complex which is peroendicular ‘o *he
general slope of the swamp but not concentric as

in the convex swamps. The ridges are flat and gras
is predominately reed (Carex lasiocarpe) and molinia
(¥olinia caerulea); on the highest ridges scrubs ard
sphagnum fuscunm grow, sometimes with patches of
lichen. The bogs are heavily watered with weakly
developed moss cover of hyprum moss and sparce grass
stand of reed grass, marsh trefoil, and norsetail.
Bogs completely devoid of wegetation are encountered
and are bog-ponds or bogs with exposed peat., Along
the periphery of the swamp there are s-hagrum and
zerub erousings, sometimpes forested with pine.

Bote:

The presence of 2 grainy pattern in moss swamps indicates the forestation of sections.
periphery of the swamp and on ridges.

Forested section

for Bastern Siberia and the Far East the Daurskaya larch.

271

Widesnread in the Karelo-Tinskaya S8R,
esoecially in *‘he southern regions of the
Hola Peninsula and in the region of the
Pechora Biver. These swamps are located
in more or less elongated depressions
with considerable longitudinal slopes

they are heavily watered and in the spring
flooied by mineralized waters.

s are most often located alonz the

Of the tree species, characteristic of rmost regions is the dwarf pine, for ¥estern Siberia the cedar,
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TABLE 15

INTERPRETATION FEATURES AND BSIEF GROUND CHARACTERISTIC OF THE SURFACE HYDROGRAPHIC NETWORK IN SWAMPS

Water object
(1)

Interpretation featufo? on aerial photograph
2 .

Brief ground ((:hr)xractoriatic
3

1. Resarvolrs
1. Lekes

Iskes eppear on photograph in the form of
black spots of cirenlor or oval shepe (rather
large dimensions) and are clearly distinguished
by tone in the bright backgrcund of swamps.

Most often encountored singly,

(5) With open
vater surface

(b) Gvergrown
with floating vegeta=~
tion

Black spots for the greater part circular or
oval in shape with distinguished borders. Clearly
distinguished sgainst the grey beckground of
swemps (Photos 62, 65).

A grey band on a black photograph of lake with
irdistinet inner outline -~ flosting vegetation.
In the case where floating vegetation extends
over alwost the entire lake, it appears on the
photograph in the form of a derk grey spot with
isolated black marks (Photo 66),

2. ¥iero=ponds

Lakes have wide distribution in upland swamps and ere somewhat less
frequently encountered in swamps of other types. Large lekes, as a
rule, are the yemnarits of primary recervoirs of glacial origin, They
differ greatly in depth and size.

lakes aro sometimes a gonetic focus and oceupy the highest pointecof
swamps where the thickest peat layers are conmcentrated. Conversely,
in a depressed poaition relative.to the relief of the swamps, lskes
often cerve as water receivers for surface and ground waters.

Micro-ponds, just as lakes, appear on the photo-
graph in the form of bleck, cireulsr or elongated
patches, but they are distinguished by their smaller
size and ere found most often in groups or in
extended chains.

In distinction from lzkes, they sre, os a rule, of secondary originm,
conelderably smaller size, and nest often occur in groups. They are
found only in moss swaaps with convex surface.

They are formed ty the emergence of ground waters on moderate slopes
or at the borders of convex moss swanps.

According to locetion and origin, micro-ponds may be divided into
slope snd contect micro-ponds.

(n) Slcpe micro-
pords

Groups of black epots of circuler and oval shape
with distinct borders, Located without noticeabls
regularis s (Phata 61)

(b) Contact
micro~-ponds

Cheracteristic for flat slopes of moderately convex and planc~convex
moss ewampe often entering into swamp systems. They are most often
found in grouns, rarelv cncountered sinely,

Groups of black spots of elongated shape located
in a semicircle {nalong one contour) et the feet of
slopes of convex moss swamps (Photo 63).

As a rule, they arc formed ns the result of emergence of ground
waters along ths line of contact of two convex moss swomps and in such
cases ere locnted in a semicirele in the lower portions of slopes.
They are rerely encountered in isclated masses.
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TABIE 15 {contimued)

(1)

(2)

(3

II. Streoms
3, Rivers and
creeks
(a) With
open channel
: (b) With
overgrown charpel

Rivers end oreeks are distinguished on o photo~

eph as dark grey or black meandering lines
drainst the brighter tackground of tho swanp.
Dark grey or black meandering lines (¥hotos

iy 65).

Dark broken line; black portione alternating
1th brighter portions (Photos 58, 64).

Rivers and creeks, in distinction from the rest of the surfece hydrosrc
bvaphic network in suampa, are characterized by the precence of & chonnel.
Fhey are encountered in swamps of all types and may be of primary or
Lecopndary origin, The #irst of these, a5 a rule, has-a turfy bottow
occasionzlly, in the lower reschen, mineral) with a layer of sapropel

hnd are joined with externsl water rsceivers. hey are fed by pershas

of tranaitional charscter). Their sources often lie Vayond tho 1limits

b the ewamp. Rivers and creeks of secondary origin wore formed in the
hatest otages of development of ewarps in the conbination of several
Lwesp masses into a system. They originate in the swemps and empty into
internal water receivers, tut they sometimes diseppesr OT change to elow-
Plowing marshes.

11X, ¥srshes

Marshes appear on tha photograph as dark stripes
. gtrokes, often with a variegated nosaic or
triped pattorn in vhich portions of dark grey and
Nack tones alternate with prigher patches. They
e olearly distinguished agajnpt the general back-
round )of swamps and are easily interpreted (Photos
5, 71}

Harshes in ewamps ere & distinetive olement of the internal hyérographic
Lotwork of cecondary crigin and are heavily over-saturated portions of
wamps (without open water surface) with light turf of sphagnum of hypnun
hoss ipterrupted by grass stands, -They are found only in complex swamp
systons with. convex end econcave surfece. In distinction from streans,
harshes do not have & distinct channel, BAccording to the cheracter of

4o Stending
mershes

direetion of runoff or sections of dark grey backe~

Dark grey hechured atrokes without clearly defined

dround with fine, 1light grey aress with o distinctive

Flow, mershes mey be subiivided into starding, £i1tretion, ard flowing.

Over-daomp portions cf swamp, typlenl of deprescod local water divides
by of bonk sections of swamps without clearly exprensed runoff. For the
most pert, they are 1iphtly turfed end have a broken vegetative cover.

{a) Water-
divide marghes

%mic rottern.
Derk grey, hachured atrokes (often over a large

gren.

Chiefly etmospheric feed, typical of depressed local water diviges of
woep systems without elearly expressed ruvmoff, foose turf with patchy
erags stand,

{b) Riparisn
marshes

a

distinction from woter-divide warshes, these
darshee do not appear as hechured gtrokes but as
ootions of dark grey tons aith small isoloted black
nd light grey srese as are formad in a mosaie,

s

Found on tho borders of swaumps apd at tho bottom of slopes of convex.
moss boge. Orass stard is discontinuous and there is sometimes on open
fetor surface.
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TABLE 15 (continued)

(1)

(2)

(3)

5, Filtration
narshes

Regulerly alternsting light and dark bands against
lthe background of the characteristic pattern of the
swamp with a ridge-bog complex, Dark bands several
itires wider than light.

Hershes of the filtration type, ridge-bog marshes, and ridge~pond
harshes are widely found in swamps with convex and concave surface
khapes. They are typical of slopes of moderately convex and pleno-
bonvex moss ewamps of isolated masses and of complex bog gystenms;
khey appear as a regular alternation of ridges and bogs or ridges and
onds with concentrie or parallel orientation,

nn (a) Ridge-bog
marshes

Light meandering bands alternating with parallel,
lvide, derk grey bands. The first correspond to the
lridges, the secornd to heavily watered bogs (Photos
b1, 66, 67),

In these marshes the bogs do not have an open water surface. They
have an extended loose cover of sphagnum mose with a sparse grass
btand of scheuchzeria end "ocheretnik." They are encountered in the
rorm of elongated bands among the ridge-bog complex and are divided

to wider and deeper bogs,

{b) Ridge~pond
marshes

Light, sometimes white bands of ridges alter-
Inating with black, wider pond tends with open water

|surface (Photos 65, 68),

In these marshes the ponds are of elongated shepee(10-100 m long
brd 5-10 m wide, with water depth of 1.5 - 3.0 m), encountered on flat

lslopes of terraced ledges of swemp systems, rarely, in isolated masses.

6. Flowing mershes

Strokes of dark grey and black tone, often stresked
jnith brighter spots in the direction of the over-all
irection or e particular direction of slope of the

Bwan,

Heavily over-saturated sections of swamps with constaut or periedic
Bischarge.

(a) Marshes
near mineral islande

Dark grey bands heyond islands gradually nerrowing
in the direction of the periphery of the swamp (Photo

169).

Marsh sections located near mineral islands dovmhill from the swamp.

(b) Emergence
marshes

Dar’ grey with black-streaked diverging bands formed,
for the most part, at the periphery of the swamp and
{eradually disepperaring, or a network of multi-branched
converging dark bands. One or another degree of sharp~
nesa of outline and complexity of shape of the marshes
indicates greater or lesser assurance of water supply

Formed due to emergence of water on slopes and at the foot of slopes
bf moderately convex moss swamps apd swamp systems.

for the marshes (Photo 70).
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TABLE 15 (continued)

(1)

(2)

(3)

(c) Transitional
msrshes

Sharply defined dark grey or black thick lines of
funoff of considerable extent. They often end in o
black, mesndering, narrow line -- a river or creek
Photo 71),

Over-saturated strips of considerable extent along the hollows
of a swanp system, Steady runoff is insured due to emergence of
vaters from adjacent convex masses and the sources of supply
often locsted beyond the swomp system,

Sometimes, as the result of peat formation, river and creek
utlets are formed and are usually joined with external water
ireceivers, .

.y, o

e,
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