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MAP INTELLIGENCE

Preface

College students who keep abreast of modern trends and techniques
are aware of the increasing number of maps being used for a variety
of purposes. . Transportation agenciés offer attractive maps of the
areas they service., Periodicals depict many phases of current events
upon simple maps and diagrams. Military and civic plamners spend
hours in preparing and utilizing maps. Donald Duck waddles to South
America on a cartographic back-ground. In fact, no branch of modern
society 1s untouched by maps.

To ubilize this tremendous increase in visual representation of
routes, statistics and tactical material, proper training in map
;eading-and construction is imperative to modern soclety. .Thousands
of people are already employed by commercial and‘governmental agencles
to carry on the various phases of map preparation. These agencies
are increasing the scope of their operations daily but find that the
number of persons with adequate background and training to prepare
or use their product is limited. More systematid training of the
general and selected public will increase the quality and quantity
of map makers and map users.

MAP INTELLIGENCE is an outgrowth of experience acquired by the

Army Map Service in sponsoring an applied cartography program since 1951
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in selected colleges and universities. There has always been a
full realization that the text, APPLIED CARTOGRAPHY, contained
' more material than could be adequately covered in one course.
The aubhor, therefore, has attempted in the new text to separate
the ﬁaﬁy phases of map reading and interpretation from the
actﬁal processes of map construction which will be presented in
‘a Sepefate treatment and can be used as a separate course.

" The primary objectives of MAP INTELLIGENCE is to give the
student (1) a general understanding of the many phases involved
in analyzing and interpreting different kinds of maps and (2) to
provide'opportuhities for applying what 1s presented in the
text,

) The Commanding Officer of the Army Map Service will appreciate
'redeiving'comments and corrections directed toward improving sub-

: sequent editions. Instructors and students should regard the |
making of these 'suggestions as a cooperative -endeavor to lmprove

the quality of future training and map utilization.

ii
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NETWORK FOR A GLOBE ‘

Figure 70  WORLD INTERRUPTED HOMOLOSINE PrROJECTION

Figure 72  MERCATOR PROJECTION

#To facilitate compilation of the text and provide an easy
method for finding illustrations, gach Figure has been numbered
to correspond to the page on which it appears. Illustrations
have been kept as near explanatory textual material as possible.,
If more than one illustration was used on a given page, each
was assigned a letter in the order in which they were discussed.
Illustrations, therefore, are not numbered consecutively and are
less in total number than the final Figure numbers might suggest
without the above explanation.
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Figure 74 RELATIONSHIP OF BASIC CYLINDERS TO, GLOBE

Figure 75 TRANSVERSE MERCATOR
Figure 76  MILITARY TRANSVERSE MERCATOR

Figure 78  PLACEMENT OF LIGHT TO OBTAIN GNOMONIC, EQUIDISTANT
ORTHOGRAPHIC, AND STEREOGRAPHIC bPACING

Figure 82 . POLAR GNOMONIC PROJECTION

Figure 83  POLAR STEREOGRAPHIC PROJECTION

Figure 90 GRAPHIC DETERMINATION OF AZIMUTH

Figure 94 GRAPHIC REASONING OF NEED FOR oCALE FACTORS

" Figure 95 GRID ZONE DhoIGNATIOND OF THE MILITARY GRID REFERENCE
SYSTEM

Figure 101 U, S. POLYCONIC GRID-REFEEENCE SYSTEM
Figure 102 WORLD POLYCONIC GRID REFERENCE SYSTEM

Figure 103 ARRANGEMENT OF LETTERING IN 500,000 METER. BLOCKS OR
100,000 METER SQUARES

Figure 107 VISUAL PRESINTATION OF SCALE
Figure 117 MEASURING A CURVED LINE
Figure 131 TRIANGULATION NETWORK

Figure 135 GENERAL LAND-OFFICE MAP

' Figure 142 DETERMINATION OF ELEVATIONS
Figure 149 MODELING TECHNIQUES

Figare 1554 ILLUSTRATION OF UNIFORM SLOPE
Figure 155B ILLUSTRATION OF CONVEX SLOPE

F§53{§¥}§§_WILLUSTRATION OF CONCAVE SLOPE
Figure 157 CONTOUR RESPONSE TO RIDGES AND VALLEYS
Figufe}iéh ILLUoTR%iION OF PROFILING

Figure 196 MAGNETIC DECLINATION GRAPH

Figure 310 STATUS OF TOPOGRA?HIG MAPPING

Figure 312 STATUS OF GEODETIC CONTROL SURVEYS
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Figure 324 INDEX MAP OF CANADA

Figure 325 STATUS OF GEODETIC TRIANGULATION IN THE AMERICAS
A, Central America
B. South America

= 4
Figure 327 STATUS OF TOPOGRAPHIC MAPPING IN CANADA
4. One Inch to One Mile
B, One Inch to Four Miles
Figure 371 FLIGHT LINES
Figure 377 RELATIONSHIP OF PHOTO DETAIL TO ALTITUDE
Figure 378 IDEAL RELATIONSHIP QF PLANE TO GROUND

Figure 379 DIAGRAM SHOWING PARALLACTIC DISPLACEMENT DUE TO
TOPOGRAPHIC RELIEF

Figure 381 DISPLACEMENT DUE TO TIP OR TILT

Figure 382 ALIGNMENT OF PHOTOS
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CHAPTER 1

Introduction to Cartographic Representations

Setting the Scene for Map Intelligendd - -

- Prologue

"All the world's a stage" - ~ This and many similar analogies

have been written about the earth as a stage upon which the kalei~

* doscopic roles of human 1life are enacted. FEach person épends his
life in close association with the earth scenes and, if he is wise
and able, in harmonious adjusthent to them, All known éiviliza—
tions are and have been inextricably tied to some earthly base,
It is true that members of these civilizations may temporarily
take to the air, Eventually, however, contact must be made with
the earth's surface. Scientific development, thus far, has not
reached the place where any form of civilization can be suspended
permanently in the atmosphere, Man and his machines must still

' rely upon earthly maps and instrumehts, food, fuel and repairs,

Even as on the theatrical stage, many different kinds of sets

and props are used and abused upon the earth stage. Pilots and
navigators are acutely aware of the importance ef the props they
use in staging scenes on the seas and in the airs They stake their
li§es upoh the adequaconf their instruments, maps and charts,
They clamor fof improvements‘in these props and quickly adopt them
when they are devised, The average man, by comparison, is'often
Just a "ham" in the use of cartographic aids, He neglects or is

1
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only vaguely aware of the place and function of maps in the unfold=

-ing play of life.  As a consequence, he spends. fruitless hours and
untold monetary sums searching for, waiting for, and missing cues.

The purpose of this text is to present the salient facts

about, and some suggestions for, thé fuiler use of cartographic |
representations in the '"play" of modern life, "Represenpifiggﬁ"
is used deliberately here because emphasis will be'placed”%ﬁfdugh-
out this text upon the fact thatithere is no single map, chart, or
plan which is completely adequate for all phases of recreational,
educational, commercialg and professional utilization. In terms
of our play analogy, an assumpbion of an "all-purpose map" is

like assﬁming there is a single pfOp to be used in any stage sit-
uation. Obviously, this assuﬁption is ridiculous even though many
cufrent’television programs sgeﬁ to endorse it by the omn%?r%§ent

gun!

Definition of Terms o

Many discussions become confused and bog down because some
simple or technical term or phrase is not clear to all concerned.
Conscientioug'effort will be.exerted,‘therefore, to explain new
terms as they are introduced, --Because of a wide difference in
» e g
background of students, however, some terms may creep in,’%ﬁék?
plained, that are new to you. Question these foreigners'immedi-
a@e;y and naturglize them inte your work%ng vocabulary of carto=-
graphic terms. Here are a few to begin on: | ‘

- Gartognaphy -7 ‘ |
Cértography is considered to be the science of preparing all

v 2
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types of maps, charts, and plans, and.to include every operation
from original ground surveys to final printing of map copies.
It includes production in the fellowing three classess

Class I deais with the techniques employed in making maps,
charts, and planéventifeiy, or principally, from original sur-
veys and observaﬁions. Such data may be obtained from engine=-
ering surveys on the ground, aerial or ground photographs,
electronic or othsr photograﬁmetric methods,

Class II uses a prodﬁct of Class I, for example, a topo-
graphic ﬁap, as the base upon which to make and record additional

~original observations. Sbil classification maps, geologic maps,
aeronautical charts,‘etc., are typical examples. This class
would also include map§ that are offic-compiled from maps ‘at
scales different from the one belng prepared and other intelli-
gence,

Class III consists of office-compiled maps on which are re-
corded statistical data of many kinds. These maps are made en-
tirely from existing and available data, Maps showing location,
extent and character of many physical, economic, ana social facts

and factors are in this catégory.l

Cartographic Representations

From the above explanation, it is apparent that cartography

dadapted from Base Maps for World Needs prepared by the Com~
mittee of Experts on Cartography for the United Nations, New
YorksLake Success, Sales No, 1949 I.19, 1949, p.51 This pam=
phlet provides a good general summary of the topic and should be
scanned by everyone interested in maps.
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'means the actual preparation of all forms of_maps, charts and ;
plans, The term cartographic representations, therefore, will ben
used in this text to Ainclude all the products of cartography ins-
stead of spelllng them out eaoh tlme. It has been adopted by thu.
author for the following addltlonal reason. There are no curren: clear-
eut deflnltlons of -~ or dlstlnctlons among maps, charts and plans.

Mggg.- At One time the dlstinctlon between maps and charts
was based upon the idea that maps portrayed land features prim- -
arily. If water podles intervened, as in the case of continen-
'tal or world depictione, they were included only to maintain the
desired relatlonshlps among land masses.

Qggggg.- Were used primarily to show details of large water
bodies, Only a limited extent of the coastal éreas needed as a
"settingﬂ for the water features were included. Bathymetrio de-
tails (depths), currents, and other aids or hazards to navigation
usually were shown on these charts,

When man took to tne air, he needed some special form of car-
tographic representation to aid him, Since this need was related
to a branch of navigation, it was probably logical to classify the
maps made for this use as charts. Actually, the aviator soars
over both land and sea. In his flighte, the oceanvdepths are of
no.great consequence to him since he flies well above them. His
only concern is in safely traver51ng the water in the shortest
distance and time commensurate with the capa01ty of his plane and
the number of stops necessary for refueling and conducting mlll—
tary or civilian operations. As he approaohes land or flies above
it, however, he is concerned with terrain features, especially
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relief, ground indentifications, and landing fields. Special
aeronautical information is superimposed upon topographic maps
for these purposes. Thus the aeronautical charp.ig;pften a
topographic map with navigaticnal aids and data added to it.
Plans.~ The third category, "plan", is usually apolied to

maps that show a large amount of detail of a small arca. For
example, a city plan generally shows the transportational pattern
of streets, railroads, and water bodies where they exist., It
alse may show prominent bulldings and other spots of civic pride
or interest;‘ Some plans are made especially to show property
lines for ownership and taxation purposes. Once again, however,
some foreign countries, notably Great Britain, use the term plan
to include maps of greater areal extent than one village, town

or city, | |

Each of the above types of cartographic representations will

be elaborated in greater detail later, These first generaliza-
tions are offered to illustrate the intermingling and overlapping
of terms and types. .In the final anglyqis, each type is mqant to
accomplish a common objective and that is to show a part or all
of the surfacé of the earth and any of its features selected for
a specific purpose., The sclection may entail: the rel;ef of a
given land area or, that below a water surface; the natural fea-
~tures such as drainage and vegetation; and the man-made cultural
features or, it may entail a combination of two or all such de- -
tails, If these selections are correlated with some organized
network which establishes a locational pattern for the earth, the
end product is a map. Since "map" is a simple word, it is and
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often will be used instead of the longer "cartographic representa=
tions" in this and other texts, .

Map Intelligence

Several names were considered for this introductory course in
map reading and interpretation."Map'Ihtelligence was finally se-
lected because of its connotation and denotétion. On the one hand,
it imp;ies tHat someone, namely you, ié to make intelligent use of
maps to gain a vast a@ount of knowledge concerning the-earth; its
patterns; and ﬁheir interrelationships. This can only be accomp—
lished by.using“intelligence in analyzing and interpreting the
material shown on and among maps.

On the other hand, you will be helped toward the acqulsi-
tion of a professional definition of Map Intelligence which anti~-

- cipates as well as interprets maps., By‘this definition Map In-
‘telligence is taken to mean the Product resulting from the'pro-
cessing of all geographic, cartographic and related information
that provide data necessary for the preparation or interpretation
of maps, charts, and plans. In this definition, related infor-
mation refers to‘all‘dOCuments, facts or observations that hay
throw light on the varied aspects of map interpretation and/or
preparation. The methods by which inforﬁation is' manufactured
into intelligenée are: collection, sélectioh, evaluation, an-
alysis, interprétation? and integration. In practice, some of
these aré combined into a single operation, but basically the
distinction among them still exists,

A sho?t discussion, at this point, of the many ways that maps
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are or can be useful in modern life should help you to understand
‘why Some map intelligence is needed by every conscientous citizen
of the world,

Uses for Cartographie Represehtations

Location of Plages .

General Concept

The most universal‘and appﬂrentlj’time—honored use of maps
is for locational purposes, It is trite, but none the less perti-
nent to remind you of the fact that wars and continuing emergen-
cles. have created unprecedented map consciousness among a tre-
mendous public. Nearly every family or person has had some friend
or relative visiting or invading an unfamiliar place, The stay-
at~homes, consequently, demand & map upon which to locate the
foreign spot. Too often, these folks are frustrated in their
efforts because map reading is as foreign to them as the spot
they seek. To lessen the consternation which ensues, newspapers
-and even comic books have.included simple diagrams as substi=-
tutes for maps. News commentators, broadcasting through the
medium of television, have set up blackboards in the studio,
Sketches made on these bpards-durihg the broadcast indicate the
approximate location and relationship of piaces in the news,

(Even this crude technique overcomes some of the layments fear of
maps and may lead ultimately to more accurate maps and capable
nmap users,) |

There are two redsons for locating a placet To find its
site or precise geographic location and to determine its situa=

. tion .or location in relation to surrounding features., The
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average map patron is usually more concerned with the latter rea-
son even though he may not think of his intention as "situation".
Every proficient map user, nontheless; should be familiar with
the two terms and their implications. - -

Site

Any material object from the smallest blade of grass to the
tallest skyscraper or highest mounﬁain occupies a definite site
on the face of the earth, Even supposedly moblle objects occupy -
a specific site at any given instant_of time. This instantaneous
fixation is the basis for motion pictures in which a series of
ngtills! are turned rapidly to create the illusion of motion. In
the case of either the film or the earth site, its exact position
can be determinéd and recorded, In mapping only the pbsitioning
of fixed objects is practical.

The degree of precision with which sites can be located de-
pends upon the adequacy of the map itself and the ability of the
user to read it. Methods by which an exacp location can be shown
cartographically will be discussed later. At this point, let it
suffice to say that some maps are so hastily or so designedly
drawn that it is extremely difficult or impoésible to pin-point
exact locations. One commonplace example will illustrate this
statement:

Literally millions of "road maps' are distributed each year
by American petroleum companies. These road diagrams'satisfy
or confuse automobile enthusiasts and cartographic laymen. The
term diagram is used here instead of map since in m§st cases

‘these examples are not true maps, So-long as route numbers, city,
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town and village names and distance approximations between them
are shown, the average user is satisfied, Road~map makers have
learned that precise methods for locating places will not be used,
and so have devised index gumbers and letters for zonal, not pre- ‘
cise, location of a place. Anyone who has tried to transfer in-
formation from such a suaree to a more precisgly drawn map base
can vouch‘for the grossnegs of gonal locations,
Situation B

In defense of road mapé; it should be saia.tha;.theif pri-
ﬁary function is not tv pin-point sites but rather to aid motor-
ists in selecting routes and estimating distances along them,
Road maps clearly identify major roads by route numbers assigned
to thems, They show distances bétween individual populated places
by means of small numbers and between sclected towns by means of
symbols suc¢h as red stars, and similar colored numbers represent-
ing the mileage between these simbols. Thus, the map-user
really places more stress on situation than site since he is lo-
cating one place in relation td another, | |

Deﬁermination of situation is probably the most common ob=
Jeetive of the general map public. They are not so much in-
terested in pin~pointing places as they are'in findinglout
roughly whore a place, say Hiroshima, is in relation ﬁo a con-
tinent, (Asia), the rest of Japan, or to Tokyo. They are seek-
ing a general orientatign of one place in respect to’something

they know or have vaguely heard about,

Th&‘ﬁétter4i&fﬁrmed'map reader has a similar objective

9
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in ascertaining the situation of an earth featﬁre. The major dif-

ference between him and the novice:is that he examines the.feature

in relation to appropriate details surrounding it, such as trans- ‘

portation, vegetation, drainage, or other natural and cultural -
features. Such utilization requires more'accuracy than any road

map pretends to achieve,

General Education

Classroom Illustration
You may assume that classroom wall maps are adequate media
for location analyses and other:forms of map reading. Unfortuna~-
- tely, this assumption has widespread.acceptance because mbst stu=
dents are accustomed to staring at wall maps throughout their edu-
cational career and have had little opportunity to evaluate'their
limitations by comparison with other types of maps. _ i
Any canny cartographer or intelligent map user understands
the purpose owaall maps‘and the reasons for their limitations.
In the first place, most such maps are designed for clarity and
good distance visibility., Since the map is to be used in fairly
large rooms, coloré, symbols and identifications are selected to
be seen from most pamts of the room by individuals with normal
eyesight, Furthermore, publishers must anticipate a large volume
of sales to justify the expense of producing such a map, Because
highly localized maps have a limited sale at present, these pub-
lishers offer maps that are generalized enough to be sold in
| widely separated areas such as throﬁghout the Continental Uni;ed ¢
States. Consequently, the average wall map is designed to bring

out broad generalizations and overall relationships among country,

: 10
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continental, and world features rather than to show detailed in-
formation about any one place,

Each student should learn to appreciate the fgct‘that most
wall map depictions are restricted by the size of the media on
which they are presented in comparison to the infinitely greater
size of the land mass they represent. On them a large porbign N
of the earth's sﬁrface is squeezed into a few inches. This com~
préssion precludes any detailed visualization. Only a few of
the most salient features can be shown and even these are gen-
eralized and stylized, Further elaboration of this limitation
will be presented later in the discussion of scales and symbols,

Another limitation of many continental wall map series is
related to the importance of continents in comparison with their
size, For example, Europe is a small sub-continent of Asia. So
many important countries and cities have grown on this contiﬁent,

- however, that théy crowd each other on a map.' Most wall map
series, consequently, show Europe on a comparatively much larger
scale than the other continents in order to maintain visibility
of details, As a result, students often acquire the impression
that Burope is much bigger than it actually is. Correction of
this erroneous impression-should be achieved by consistant re-
ferrel to a good globe which is the only true proportional
representation of the entire surface of the earth.

Presentation and acceptance of these»and several other
limitations should strengthen your realization that classroom - .
wall maps are valuable teaching devises for showing locations of

selected details., Only preliminary generalizations concerning
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patterns of earth distributions aiid their relationships should
be expected from the average commercially produced wall map.

Textual Clarification

Increasing map-consciousness and the resultant demand for
cartographic representations nave influenced many modern publica=
tions."The tendency during the last twenty or so years has been
to include more and more visual aids in text books., The expense
involved in meeting ‘'such demands is one strong factor in the in-
creased coét of textbooks, Do you get your money's worth by
using these aids in clarifying the textual material presented?

A wealth of simple but clear maps in texts enables the
reader to pick ﬁp details about general or specialized regional
discussidns.f The awakening concept of including inset maps to
orient small local areas to larger and more familiar masses is a
decided asset and should not be‘ignored or neglected,

Textual maps should be used not only to clarify the material
presented therein but also to pfovide understanding of features
that cannot be shown on or gleaned from wall maps. The ability
to achieve this correlation is one index of intelligent map
ability.

Quite obviously no specialized purposes can be assigned to a
discussion of textual maps since they can run the whole gamut of
map utilization. Their only limitations depend upbn the foree’.
sight of the author, the amount of money that can be expended on
the project and the ultimate ability of the reader to digest ”
their meaning.

If no maps are included to cover a special phase of textual
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development, grab an Atlas! Atlases cover a wide variety of gen-
eral and interpretative cartoéraphic representations._ Once you
have mastered the organization and learned the extent of mapped
information in the Atlas at your disposal, use it as easily as
you do a table fork, Make it the tool for conveying food for

- thought about earth features from book to mind.

Research in Diverse Fislds

Although maps are a valuable tool of the geologist and
geogrépher{ they are not the exclusive possession of these
groups. Good cartograplic representations save thousands‘of
words and help to crystalize facts and figures in diverse fields
of intefest. No branch of knowledge is exempted. In medicine,
the distribution or localization of diseases, physical weaknesses,
availability of medical cére3 sources of drugs and standards of
medical proficiency are only a few of the factors reducable to
maps. Maps showing the genedis and evoluticn of words, dlpha=-
bets and inflections would be helpful to anyone interested in
languages, Physicists and psychologists,;sociologists and
seismoloéisté, egconomists and'etyéologists, theoldgists and
thespians all have theories, principles and finaings that can

. and should be shown cartggraphically. It seems to the author'
that the burden of students might Be aightened if some advocates
of special disciplines were forced to reduce their circumspect“

~discussions to simple map terms, k

Anyone: doing research in specialized fields involving
detailed analysis and interpretétion of small areas must go be=

yond the preliminary generalizations made on small scale maps.
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"Such research demands accurate and detailed representations of
the area in question. The researcher, therefore, learns to
evaluate and use many different types of maps at varying scales.
Mhny of these maps will be the product of other research for en-
tirely different purposes.‘ o |

‘Versatile utilization can be made of maps that reveal dis-
tribu@ioh patterns. Such patterns graphically illustrate the
truism of world interrelationships. They emphasize the simi-
larity of cultural and natural complexes in far-flung parts of
the world, These conditions can be broken down into verious con=-
tributing components by careful study of the distribution patterns
of hetefegepeoue datas  For example, 1arge sections of land in

‘ Ueah, Argentie and Inﬂla reguire some ferm of irrigation if pro-
ductive agricultufe is to be carried on. Specific engineering
problems and agriceltrual teehniques in each area are dependent
upon local eonditioﬁs and economic stage of development. Even
among these there may be common denominators which facilitate in-
terEhahgg.of techniquess: |
| Although fuller understanding of an area is achieved by
euperimposition of maps of many t&pes of distributions, some in=-
sight accrues from examining just the transportation and communi-
eation'patterns. The unification end economic advancement of an
area'is reflected in the complexity of its transportation net-
work and the possibilities for rapid exchange of ideas through
eommunieation channels, Something can even be inferred about
the social stage from.patternsvof the sales.of comic books and
golf clubsl |
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Students correlating distribution patterns shown on maps
must be cautioned constantly toe check their map findings care-
fully with other sources. Human beings inject unsuspected in-
gredients into the most loglcal produtts of sensible correla-
tion, Political, religious and protrincial biases often curtail
or obstruct the optimwh ﬁtilization of a given area or idea,
Normally such adaptations are explained in reading materials,
not on maps.

Civil Planning and Research

Ownership Rssponsibility

Several phases of cartography are of special value to civil
activities, One of the précautions to We taken by a sensible
prospective property owner is to verify the boundaries of the
land he intends to buy, -He may run ingp trouble in clearing his
title in many areas even within the United Sta&gﬁf‘ Involved
inheritance, claims by adverse possession (squatterst rights) or
confused disposition of large estates has created conflicting
and overlapping claims, (The saying, "It takes a Philadelphia
lawjér to understand it." arose from the fact.that during the sarly
settlement of eastepn Pennsylvania, so many domestic and foreign
dispositions were made of the same land, that many Philadelphia
lawyers spent a large shar¢ of their time, and gained their repu-
ﬁations, in settling land disputes.)

In areas where such problems have been untangled or consti-
tute a minor proportion of the total property settlement, care-
ful records of property disposition are usually kept. Often

maps depicting all the property lines and survey markers in a

_ 15 ‘
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glven place are available at the Recorders‘ offices,

Property owners generally seek: the:protection of fire and
ether forms of insurance. SinCe such insurance rates are based
upen location, construction and‘evaluation of property, -accurate
records of these factors are compiled and kept up-to-date., One
of the best sources for this type of information for populated
,piaces‘in the United States are the Sandborn Insurance Atlases.
There are approximately 2000 volumes covering both incorborated
and unincerporated places where growth has been sufficienf to
warrant formal compilation of actﬁerial statistics. Each volume”
cover% a specific area and includes a wealth of detailed informa-
tion about each individual piece of property, including water |
supply, public'utilities and similar related data. Anyone deing
an urban study will find these atlases invaluable,

Community Endeavors

Modern development of new areas and redevelopment of old ones
take planning, Maladjustments are inevitable unless there is
constant checking. Often the repid growth of an area gives rise

‘ to inadequacies not envisioned by earlier groups., Most modern
cities that have evolved from older nucleii are Claesic illﬁstra—
tions., Origiral city fathers could not foresee the congestion,
lateral growth, and internal deterioration resulting from scienti-
fic innovations concocted by their grandchildren.

Modern soclebty has given birth to marvels. On the other
hand, it has nurtured urban monstrosities. Extensive and costly
transformetion'must‘bé planned to make cities soclally and eco-

nomically more acceptable, Transportation arteries which were
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adequate for the traffic flow of yester-year are now suffering
from arteriosclerosis, If the blood of modern transportation is
to flow, constrictions must be eased and new arteries created by
engineering surgery, Older editions of maps are used as X-rays
to identify the danger spots, New maps must be.prepared to in-
sure overall diagnostic improvement, Four lane arteries that do
not serve the heart are pobr solutions which can be avoided by
proper analysis of the total transportation system.

Industrial and residential locations are planned by»taking
into consideration transportation, sanitation, taxation, recrea~-
tion, and many other "ations". HEach of these factors is develop-
ablé upon maps which afford clearer visualization of their re-
lationships than many thousands of words of text,.

Regional Integration

Greatér than the problems of urban planning but intimately
assoclated with them are those arising from regional integration,
Urban conglomerations are often nucleii for regional activities,
The size of the urban nucleus is no index of its importance to
regional -integration. A very small town may be the focus for
political, legislative, financial, commercial and transporta-
tional facilities and thereby exert a tremendous influence on
the surrounding region, The approximate extent of such a service
area constitutes one form of regional analysis which can be de-
duced from special maps or reduced to them,

Regional integration may, and usually does, go far beyond
the confines of the service area of a particular communitye

Divergent interests may stymy rapid integration. Nevertheless,
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if enough time is permitted to elapse, many of these groups will

encounter probiems ﬁhey canrtot solve élone; and Wiil thereby be-
come reconciled to cooperation. Both privaté and public interests
undertake projects which will lead ultimately toward these ends.
A few examples will serve to iilustréte the immediate needs and
long-range planning toward regional goals that can be aided by
adequate mépping’and maps.

.Development of iron ore deposits in new areas requires sur-
.veying ofvthe extent of the promoters' holdings. Maps of geo-
logical structure and terrain must either be made or procured -
from existing sources, before actual operations can begin. Re-
gional planniné must also be done to insure workers comfort and
the steady flow of the ;ecessary'supplies and products, Sources
of water, construction materials, and food must be sought and in- | -
sured, If the project develops into é successful, large-scale
operation, it will influence the whole region around it. Research
and cartographic representations will be needed in guiding this
deﬁelopment. The steel companies, or company involved, will
reach out for the assistance of other groups and government.

There are many examples.of regional planning of developed
and poérly developed areas in the United States, One of these
is tﬁe MissourivValley Authority. The Missouri Valley Authority
regional integration is envisioned through master plaﬁs encom~ |
passing about 1/5 of the land area of the United States. Thou~
sands of maps have been coempiled and are being used in various
phases of this project. Some.degree of success is being
achieved through accepténce of a few of the findings and re-

18
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commendations of the Authority even though it has not cleared
all of ﬁhe_political hurdles éet before it. Mapsjare strong

selling aids in.showing small groups how local projects coh—

tribute to their pérsonal snd economic betterment.,

National Unification

Size; shapg, lgcation, abundance or-lack of natural resourees,
and the sécial, political -and economic stages of development are
factors that influence national unification. Maps of these per-
%inent factors are indispensable to .students of individual and
collecﬁive national scenes. In studying the problems of Brazil
in striving for national unification, for example, the great size
of the nation, which is larger than the United States, must be
evaluated in terms of the poor to nonexistent transportation fa-
cilities over most of the interior areas, Natural resources and
factors such as climate must be examined to anticipate-whether
they will aid or hinder ﬁational unification. Native and/or im-
ported population must be considered as potential workers.,
Whether they will work together, fight among themselves or not
work at all can be anticipated in part from their cultural and
natural backgrounds. All these and many more tangibles and in-
tangibles will help a student to understand what Brazil or any
other country must face iﬁ working toward real national unity.

Many variables constantly present themselves which either
complicate or simplify the situation. Sectional jealousieé and
economic fear become strongly entrenched in isolated, under-
developed or poorly endowed areas. Many of these sectional

biases grow purely on the basis of ignorance of the value of

1
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national ﬁnity. Development of'eduoatiop, transportation and com~
munication tend to break them dowﬁ. Examination of maps showing
these factors may give ’a clue to the local condition in relation

%o its degree of national éodperatioh%

It is.very helpful to have maps or a mapping system estab-
lished in advance of internal national growth. Unforiunately,
these aids wére not ready'in many of the'nations of the world.
Consequently; staggering sums of moﬁey and time have been wasted
in conductiﬁg individual and overlapping préjects. As the rails
roads pushed across North America, for example, they ran limited
surﬁeys and made choices of rights-of-way that were poor and
would havé been unnécessary if édequate topographic mapping had
been available, Just the cost of fuel required to pull steep
grades and to carry heavy tfains along needlessly winding routes
wbuld_have.paid for mény series of topographic maps covering the
entife continent. |

At a léter date,‘maps.were sought for diagnostic improve-
ment of areas struggling toward better development, Industries
ofteh consiéer and‘eliminate these areas since no adequate maps
are available'to show the suitability of sites for constructing
factories or warehouses and their.relation to markets and ma-
terials, All of these are tied up with national unification
“since theyrstrengthen the exchange of goods and the optimum uti-
lization of manpowér and other resources.

International Cooperation

Indications and actual evidence of the feasibility of in-
ternational cooperatibn have been accumulating rapidly in the
Approved For Release 2000/04/18 *R1A-RDP80-01333A000300050001-1
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last three or four decades in spite of, or becausa of, world un-
rest hndadonflict. Somé of these cooperative endeavors begin at .
the very root of international understanding which is the indivi-
dualts right to live'decently. The Food and Agriculture Organi-
zation, because of its obligation to work for the improvement of
sgriculture, forestry and fisheries, endeavors to promote the
rational usc of land and the renewable nabural resources, Nothing
is more basic to life than this, While FAO is working toward

such 2 goal, CARE is attempting to make life more bearable in

the interim,

" Gigantic strides, unheralded to the common msn, are being
taken by many other working groups within the United Nations
master organization, Educational programs are in progress which
include repfesentatives from many nations. A group of geograp-
hers has been studying the teaching techniques and toels basic

'ﬁo the dissemination of sound geographic information. One of
the important geographic tools is maps. They sorve the edu~
.cators, agriculturalists, and all branches of United Nations,
In recognition of their importance, a small cartographic sec-
tion of United Nations is working on the availability and dis-

tribution of maps all over the world.

" One type of map has been decidedly influenced by inter-
national agreement, The International Civil Aviation Organi-
zation (ICAD) was responsible for.establishing thé Standards
and Recommended Practices for Charté for special and general
purposes for ailr navigation. It has. standardiged the symbols

and allocated areas of responsibility for the productign of the
ApprovedTFor' Release 2000/04/12} @IA-RD,P80-01_333A000300650001 -1
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1:1,000,000 World Aeronautical Chart. Such an undertaking illus-

trates the general trend toward standardization of commercial,
professional and even military procedures through international
concerte

Military Strategy

Conversion from Peace to War

The'interdepehdence among peoples and nations becomes pain-
fully oﬁvious when national and international maladjustments lead
to war, TWhen times of crises arrive, many nations are caught
with their planning down, Valuable hours are loét in scurrying
around to find‘out who can contribute what and how much to cor-
rect peace~time short;sightédness. Prior plénning lessens the
danger of such confusion and may even prove indiﬁpensable to sur-
vi#al. Knowledge of the distribution and requirements of vital
industries is requisite to prompt conversion from peace to war.
If étrategists éan call for and get a great variety of maeps, their'
task is simplified. Maps of flyways and byways; barrens and
forests;‘steel mills and grist millsa and thousands of other cul-

' tural and natural distributions contribute to and indicate re-
,arrangemént of the master strategy.

Many Maps for One War

" Conflicts of global proportions are the price paid during
the eVOlution‘of a unified "One World." As more and more of the
‘parts are drawn into the whole, greater conflicts seem inevit-
able, Tactical operations in modern warfare take into account
not only far-flung theaters, but also great numbers of‘men and
. materials. These necessitate all types of maps in aétronomical

22
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guantities, Dufing Woxrld Wh?_II the neﬁly created'Army Map

Service, alone, produced A0,00Q different maps and distributed‘a

total of 500,000,000 sheets; Execution éf the North African

ecampaign within this war required 10,000,000 copies of 1,000

shegts, For the Normandy invasion B;OOO gheets were pfepared
~and 770,000,000 copics disseminated,

. A single movement may require se&eral different types of
~maps for its execution. If it is to be a combinéd land, sea and
air opqratiqn, air and water navigation charts must be procured
and studied for approaches and landing maneuvers, Beach heads
and landing strip§ are studied on existing maps or plotted on
" new ones, Large scale maps for the foot soldier must be coordi-

nated with tactical maps aﬁd charts for jet pilots, This in it-
self is no small feat when you consider the difference in dis-
tance traversed in a given time by the marchiﬂg columis and the
phenomenal jet plane. The pilot of the latter would hardly be
able to locate the area covered by the former's map before he
would biz many miles away.

Raised relief models help field and headquarters officers
visualize the types of topography with which they must cope.
Routes for long-range movements, places for concealment can be
tentatively selected and later checked with larger scale maps.

Planimetric and topographic maps, charts and plans each

play a part in the detailed planning of overall and localized

luprms and the Map - Millitary Mapping by AJM.S." Print Vol-IV
No. 2, 1946
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strategy. These may be confiscated from thevenemy, borrowed from
allies or supplied by topquaphic units in the field and'military
and/or civilian mapping agencies back home. The net results of
acquisitions from all sources equal huge volumes‘of maps. These
volumes mean little; howgver,‘unless the individual mapé are re;
lisble and the personnel who accumulate them know how to use them
competenply, | |

Lengthy definitions and discussions will never make you a
map exbert. Acquisition of this skill can come with the analysis
and use of individual maps. Analysis should come logically be-
fore any intensive use, 50 tﬁat you understand the prop you are
using., The best way to leérn about a thing is to actually or
mentally take it apart or put it together.b_Since we are’dealing
with the products of cartography, we mnst take them apart to>de—

termine what ingredients were combined to make them.

24
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CHAPTHR 2
‘Map Ingredients

First Impressions

:As the curtgin,risegion the_first act of a play, the audi-
ence is pleased or dissatisfied“bj its ihi£ial gliﬁpse of the
scenery, If the individual parts of this scenery have been well
selected and arranged,}the spectators will not immediately‘bé
aware of the parts unless their attention is directéd £§ ﬁhem by
a spécific action, Others may conécioﬁsly or subconsciously be-
gin to analyze what makes the scene appropriate to the mood and
circumstances.,

Maps have the same general receptlon. Many w1ll Yook at
them, note that they are "pretty" or "ugly" and overlook the .
contrlbutlng details, Otuer more’ sen51t1ve 1nd1v1duals will
analyze what makqs the map both attractive and useful,

From the lapgest wall map to the smallest desk edition, an
earnest effort is usually exerted to make each one as attractive

.as possible since too often ”Jye appeal" is the only factor con-
oo ”sléered‘ln‘the,gdppt;on or rejection of a map. Lven better—
informed prospective map-users will bewinfluenced by thls con~-
sideration in selecting from ambng several accurate Maps. 'Any'
”map thét is pleasing to the eye encourages further inspéction of
it, -Suéh appeal is achieved by application of color wherever and
whenever it is feasible; by clea? symbolizatioh of.the featufes

shown; by careful placement of identificatibns, and by pleasing_
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combinations of lettering.
A11 of the above should be combined with other aspects be-
 fore a map becomes a really valuable tool. - Utility is achieved
by careful selection of information; by adequate aids to utili-
zation of the information, and by some accurately determined
method for locating area and details within this area both in re—b
lation to the map itseif and to the portion of the earth repre-
. sented. |
Test your first impressions of several maps available to you.
Gonsider why you react as you do to them., Then let us begin éna—
lyzing the many ingredients needed to meke a map appealing and,

above all, useful.

Geographic Coordinates

Global Bases for Geographic Coordinates

Frame of Reference

Any map is a representatiqn of a part or all of the earth,
It is tied inéxtricably to the earth and to‘be useful it should
~ ghow how the tie is accomplished from earth to map details. This
nscessitates a frame of reference, which ié a very popular term
in academic literature. Connoﬁations of this term frequently be-
come exceedingly in%olved. When apblied to global and map repre-
sentations, obtuseness is unnecessary. The Cartographic "frame
of reference means a systematic ﬁetwork of liﬁes upon which_
1and and water positions of the world can be lécated. This net=-
work is referred to as a system of geographic coordinates,
To determine the origin and practicality of geographic co-

-

ordlnates we must first review a few simple facts about the earth,
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The earth can be represented as a sphere.for most practical pur-
poses., (From the standpoint of physics, it is inevipable that a
rapidly rotating mass, such as the earth; should assume an essen-
tially spherical shape over a long period of time. Furthermore,
gince the earth is rotating ﬁpon-an axis, centrifugal force
causes it to bulge away from the center and flaﬁten near the

" poles, thus creating an oblate spheroid. This bulging makes the
equatorial.about 27 miles longer than the polar diameter, Con-
verted to circumference difference, it is 24,902 miles compared
t6 24,860 or 42 miles. Slight variations, which have been-comr
puted for these differences will be discussed later. The dif-
ferentiél is so slight that the earth will be called a sphere
for purposes of this review,)

The next plain fact is that the earth is too big to deal
with as a unit, It must be divided in some manner, Geographic
coordinates provide convenient reference points for the deter-
mination of location, distance and direction felationships on
the surface of the earth or its representations, Many compli-
cated trigonometric formulae are available for establishing a
network of these lines on a sphere. Frequently, mathematicians
and educators,take delight in flaunting their knowledge before
non-mathematical-minded students, The result is a fear of and
confusion about the way the earth has been divided by means of
geographic coordinates for convenience of its inhabitants,

Those coordinates are actually no more complicated to use than
a simple graph having a X and a Y axis., Instcad of being called
X and ¥, however, they are called latitﬁde and longitude or,

27
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parallels and meridians,

Latitude - The X coérdinaﬁes are iatitudes or paréllels.
When the earth is assuméd td be a sphere with a north-south
axis, a line can be drawn midway between the two poles and at
right angles or perpendicular>to this axis; This midline is the
Equator, and latitude meaﬁs the angulaf distance north or séuth.
of this midline., Since the Equator is the line of origin from
which latitude is measured, it is labelled O latitude. Then
from the Equator to each pole is ohe forth of a circle (360°) of
90°, Consequently, whenever the degree method of angular mea-
suremént is ﬁsed, latitudes caﬁ never be numbered moré than 90,
(Another method for dividing a circle will be discussed later.)

Since you are working with a round earth even though lati-
tude measuremént in terms of angles is logical determinétion of
the‘origin of'these angles 1is difficultlto.visualize unless
youican use your imagination., To helﬁ you see how these angles
can be derived graphically, you muét imagine thatthe earth has
been cut in half'from pole to polé.' in Figure 29 you now see ﬁhe
earths! polar circumference aé a éircle and the equatorial
and polar axes or planes révealed in their true perpendicular
alignment; iptersectgﬁg at the center of the earth, Another
,liﬂeﬁhés béen drawn to fepreseﬁt a plane of latitude, By
drawing a fadiusnfrom the axial intersection to the point where
this piaﬁe cuts the circumference and extending it slightly, we
can measure the angle of any latitude in question.. Perhapé you
femember that when two lines are dfawn parallel to each other

- 28
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PLANE OF LATITUpE

EQUATORIAL qXig

FIGUALS 29

aﬁdﬁa diagenal line is drawn beitwean them, opposite angles are
equai. Thus, thalangle formed between bﬁe radius diagonal and
the equatorial axis, A would be the seme a3 that formed by the
plane of the latitude with the radius AL, o

The angle in Figure 29 is approximately 309, Therefore,
the parallel of latitude ie 30° N of the equator, Any number
of other latitude lines could be determined in a similar fa=-
shion, They‘m;ght not be even degree units, but might bo
mirutes, secondé, or. fracticuz of seconds of one degree apart.
MUltiplafdegraé"ﬁnita are often used on maps and globes gimply
to lessen the theorstically possible maze of lines but any line
that is parallel to the equator is theoretically a latitude
line. | | |

»Anothe; apuroach may be made to the same problem by using
factors which can be seen on vhe surfade of the earth without

visvalizing two axes that are buried in the exact center of the
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earth. This method can be applied at two dates in the calendar
year and at the instant when the sun reaches its highest point
(or noon) in the sky on these dates. The dates are conincident
with the vernal and autumnal equinoxes, or March 21 and roughly
September 22, if the sun cooperates, an observer at any given'
spot on the surface of the earth can calculate the angle the sun
makes with a point directly‘overhead. Overhead 15 the Zenith and
the angle of the sun from it, is Declination. See Figure 30.
(This declination can be

proved to equal the latitude

of the observer.) All obser- ’

]
i
i
- ZENITH L /
vers standing the same dis- ! \‘flbecuNa“r\dN
/
tance from the equator re- : /
. i /
cord the same angle. If a line : /
/
|
were drawn around the earth I /’
: /
connacting their locations, it : /
would be a complete circle of : /o
OBSERVE R
 latitude. ' FIGURE 30

After you comprehend the derivation of htitudes s 1t is
ﬁeceasary only ,to' remamber that latitudes are lines rumning |
parallel to the equator and are used like city blocks to tell
how far north or south of the equator a particular spot or
long street (parallel) .is located,

Long;tud - The next consideration is where along a particular
htituﬁe, in the example, 30°N, a given spot, X, is located.
Iocating ‘X could turn out to be an earth-encircling journey if no

Approved For Release 2000/04/18 3@€CIA-RDP80-01333A000300050001-1



.Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
limitfﬁé”coérdiﬁates were supplied.  Derivation of these coor—
dinates is more difficult than derfvation of lalituds is.
There is no true E-W axis to correspond t.o the N-S polar axis.
Si?i&ing'the globe into two.hemispheres and running meridians
parallel to the dividing line would mean a complete disregard of
a fundamental sun-earth relationship and pole to pole orientation,

" You know that the Sun is one of the stars in the planetary
éystem'éf which Earth is a part. The earth moves about the sun
at the rate of one revolution every 365k days. As a result of
this revolution, earth inhabitants seem to see the sun move
fhrough one complete path in the sky each year. Furthermore,
as the earth rotates on its axis, daily sun patterns are drawn.
If observers could be lined up aléng a straight line funning from
N pole to S pole, they would all see the sun reach its highest
-point in the sky for the same day simultanepusly. Other obser-
"vers oriented along a N-S line to the east of the first group -
would have already completed a like experiment, and those to the
west would be awaiting their turn, An infinite number of lines
.axtending from pole to pole could be drawn in this fashion and
each would be a meridian.

anhrmefidian would be one~half of the equatorial circum;

feréﬁce‘of'Greaﬁ Cire¢le in length., All would converge at the
two poles. It is common sense to realize they could not be
parallel to each other as the latitude lines are. lInstead, they
are equally spaced along any parallel, but the distance between
méridians‘along succeeding parallels decreases poleward from the

squatore.
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When the zero mgr;dign is established, common sense again

dictates that numbering around the circle must stop somewherse or
else O,woulci coincide with 360 upon completion of the numbering.
The meridian which together with O on the opposite side completes
a great cirCle? consequently, is numbered 180°. Moving eastward ’
from O, under this system, numbers increase to 1280° and then .(13-
crease back to 0. All numbers eastward between 0 and 180 are la-
belled E. Those progressively eastward from 180 to O are labelled
e ‘It is now possible to locate an axact spot in terms of its
latitude north or south of the eguator and its longitude east or
west of the Prime Meridian and 180°%.

Determining Directions - Notice the numerical values for
meridians increase in the dirsction, relative to the Prime Meri-
dian, for which they are to be named, The same is true for la=-
titudes. It is useful to remember this axiom, You may be called
upon to work with a map of a small area which does not include the

equator, prime meridian, or 180°. By noting the progression of
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Jatitude and longitnde nimbers, you will be sble to fit the par-

ticular sheet into its proper garth position. In terms of east-~
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west, north-south coordinates, where are A and B on figure 327

Do not confuse the locational east-west;values assigned by
the above technique wiﬁh active movement in either direction.
¥ou can travel around the world always going either east or west
relative to a fixed starting pyint by following a compass in
either direction. In contrast, however, directions always
change whep you move across the poles., For example, from Green=-
land to Antarctica is souﬂh. If you proceed over the south
pole ghd move toward Siberia, you will be going north,

Points of Origin k

. The Equator
Ihe Equator so logically is a point of origin for ﬁhe detér—

mination and numbering of latitudes, that no conflict has ever
arisen, so far as the author knows, over using it for this
purpose,

" > TIhe Prime Meridian

Dissension and divergence have been coméon to the choosing
of a point of origin for meridian numbering, Almost every country
at one time used a zero meridian passing through some nationaily
prominent place, such as a capital or, a place where an out-
standing observapory was located. Increasing contacts, occa-
sioned by travel and -economic and political associatioﬁs, created
navigational and cartographic confusion in trying éo coordinate
such.a variety of prige meridians., One of the éarliest attempts
to settle on one prime meridian was made by aﬁ international
group meeting in Paris in 1634, They decided to select a neu~

.

tral meridian rather than one then in use by any country.
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- They chose 19° 55! 03" W of Paris. Since this was an awkward’
string of numbers to handle, the géographer, Delisle, shortened it
to 20° W of Paris. By association it soon came to be thought of
as the Paris meridian in disguise which discredited its intended
neutrality and stréngthened the arguments,fof an adoption of an-
other point of origin such as Greenwich.

Most of tﬁé major nations of the world finally came to a
cmmﬁon"agreement at the International Conference which was held
at Washington, D.C. in 1884. By %fhis time, Creenwich had slowly
gained popularity and was being used as the Prime Meridian on
more than 3/4 of the maps and charts pﬁblished throughout the
world. Since this choice was based upon a first order observa-
tory tﬁat also had wide influence upon time synchronization, the
conference logically endorsed Greenwich as the Prime Meridian.

Even todéy, however, there are some 20 different prime meri-

) _{dians,in use. Although many of these are seldom seen, some of
them appear an iﬁportant foreign map seriés and should be recog-
nized. Mény oider European map series are based upon Ferro,
which is the western;most of the Canary Islands, A meridian pass-
ing ;through this'region'was long thought to Be'the western limit
of the wbrid. As khowledge of‘the world inb;eased, mapping kept
pace in many respects, but Ferro Meridian has been retained into
the present céntufy,

The Pénthebﬁ in Paris which is 20 20! 13,95" east of Greenwich
is another origin of longitude used on many map series compiled or
influenced by the French, ‘Spanish maps were based on still an- 1
other, through Madrids Norwegian, on Oslo; and Italian, on Monte
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Mario in Rome.l- Most new mapping compiled in these countries is
being converted to Greenwich, but some of the other or}gins per-
sist or.éppear on sheets that are still extant. These ?3@@?;95,
are sufficient to warn users of foreign maps to beware. Check
the origin of longitude} Any calculations based on Greenwich
would he false and would cause incorrect interpretatioﬁ or cor-
relations if some‘other meridian had been used as the prime

~meridian,

Methods g£ Representing Geographic Coordinates

Sexagesimal System

Jusd as there are variations in the origin of longitude sa
are there variations in the methods for representing geographic
coordinates., One variation arises from different methods used |
in the division of a circle, The degree system that was used
above in the determination of latitude and longitude distance; is
the one with which you are familiar, .It is a part of the sexa-
gesimal system:which is based upon divisions of sixty.

The whole sexagesimal numbering system evolved from ancient
obsegvation pf and reverence fowkheavenly'bodies. Sinpe many
ancieﬁts were shepherdg, they obviously had ample opportunity to
watch the sky.':Théy noted tha£ the moon waxgd and waned every
30 days., One moon round was called a moonth., Twelve moonths
(months) elapsed from spring to spring. Since this completed
a cycle or circle, 30 x 12 made 360, All circles were divided

accordingly, Sixty was an even multiple or divider of 12 and

lses Appendix for complete list.
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360, s0 was used to represent the number of units in 1 degree, 1 ‘
minute, etc, This sexagesimal system bécame the basis for the
English units of measurements for many things besides a circle--
of which, more later,

Centesimal System

Ciroles can be divided in.othér ways-in spité of ‘the-saction
of -long-usage given to 380 ‘degreesy 60 minutes and 60 seconds.

The centesimal system was originated in France in the 18th century.
It is based on a decimal subdivision of the circle. The complete
circle is divided into 400 parts called GRADES, or more commanly,
Grads. Each grade is divided into 100 minutes and each minute

into 100 seconds, Values may be written in grades, minutes and
seconds or merely in grades and_é decimal fraction, For example,
h’grades, 97 minutes, 30 and 25 hundredths seconds = AG 97*30.2;
or 4,8973025, Notet minute and second symbols slope in the re-
verse of Sexigesimai symbols;

It yéu wish to convert from the centesimal to the Sexigesimal
or vice-versa, you work on the basis of a quadrant which equals
ldOG or 90°.‘ One grade, therefore, equalé .9 degrees. Thus,

4G 97'30.25' x .9 = 40.4757225
JAT57225 x 60 minutes = 40,281,53335
+53335 x 60 seconds = 4028'32,601"
If a greater degree of accuracy is required, 01 or ,000001C =
.003",

Latitudd and Longitude Symbols

Latitude and longitude are shown on maps in several ways,
Usually, when only the geographic coordinate method is used, the

latitude and longitude lines are drawn from neat line to neat
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line on the map sheet. (The neat line is the finishing line
arouna the body of a map and should not be confused with the
margin beyond). Each line is appropriately numbered in the mar-
gin. Ordinarily, the lines representing full degrees are com-
pleiely numbered and intermediate lines are numbered by minutes
or seconds, omitting the larger units. (Refer to: U3GS Ten-
nessee: Chattanocoga).

In cases where full lines running across the body of a map
might interfere with detail or are unnecessary to the reading
thereof, a system of ticks and crosses is employed. Ticks are
plaéed inside the neat line and true vertical-horizontal crosses
are distributed throughout the sheet where latitude and logitude
lines interséct. such crosses are often called INTERCEPTS. (An-
derson Island, Sheet 1478 11 NW)

Some foreign maps contain only marginal notations of latitude
and logitude., A long straight-edge must be used between these no-
tations if internal intersections are desired. (Wolfstein West,
Sheét 58 W)

Cartographic Frameworks

Characteristics of Projections

Historical Background

The task of the cartographer would be far less complex if

the earth were flat, as the early Christian theologians insisted.
Convenient discs were mandated by them as the shape of the earth

in spite of many scientific hypotheses and proofs that the world
was roﬁnd. These clerics may have believed that they could keep

track of their flock‘bettef on an earth that had definite linear

extent, ("World Without End" was written many centuries latter
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when sphericity of the earth was a generally accepted fact,)

Furthermore, religious adherents and potential converts could be
kept in order by gruesome taies of horrible‘monsteys inhabiting f
the border regions. Religious followers also feared entry inpo
Hadésvby falling off the edges of the flat earth. Few wanted to
attempt to disprove this depiction of terrestrial limits by shov=-
ing off into monster~infested seas and supernaturally inhabited
lands., Such bravery was built up gradually through succeeding
generations, A few men of each generation pressed outward a .. -
little’farthén from the familiar'and well defined Mediterranean
landé. When they lived to tell such tales as Marco Polo and
many forgotten adventurers recited, others tock heart. Columbus
symbolizes many men who conqueréd fear to prove the earth is round,
While the adventurers were pushing the physical frontiers
further and further afield, mathematicians and scientists were
broadening the cartographic horizons. The historical dévelop—
ment of maps is a fascinating tale. M&ny.excellent books are de-
voted entirely to the subject. The reader is referred to these .
if he is interested in the background for present cartographic
achievements,t Historical cartograbhy.had to be omitted from this
present text because of time and scope factors. It is felt thai
you will have a full enough schedule in learning how to use and

interpret maps of the present century,

. l0ne of the most scholarly but at the same time enjoyable volumes
is Lloyd Brown, The Story of Maps New York: Little Brown, 1949.
Others are listed in the Bibliography at the end of this text.

.l
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Global Criteria for Evaluating Projections

So many varieties of projections have been devised and have
received limited or widespread acceptange that the average person
is either lost or, by inertia, fails to regpgnize any difference
a@ong‘projgctions. As'soon as he learns there ié no such thing
as an all-purpose map base and accepts the conclusion of a news-
péper writer who titled his article "ALL ﬁays are.Liars"l, then
he must learn some method for evaluating the strengths and weak-

Anesses of individual projections. The globe itself provides the
necessary todls. Let's take the timé to identify these tools so
we can use them. Tage your turn at the classroom globe to verify
and digest the following pointss |

' (1) The equator is a li£e drawn mid-way between

the tﬁo poles and perpendiculér to the polar

axis. | i - o
(2) Each line of latitude is parallel to the

equétor. ' v
(3) The interval or spacing between gach parallel

| is equal to the same number of deg;ees.
(4) The équator ismggé.onijméyééiiéiféi; liqe of

latitude,® All others are small circles, the

- 21411 Maps are Liars" - New York Times, Sunday Magazine, °
Oct, 11 1942

2\ great circle is any'circle‘whose plane passes through the
. center of the globe and cuts the circumference at two points
180 degrees apart,

o 39 | <
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#otal length or circumference of which de-
creases in relation to their distance away
from the eQuator.
(5) Each aeridian is 1 a great circle in length.
(Two opposite meridians make one great cir-

cle.)

(6) All meridians converge at the two polar points.

1 ' (7) Spacing between meridians is equal along any
parallel, but fhe total space between meri=
dians decreases‘poleward.‘

(8) Latitude and Longitude lines cross at right
anéles.

(9) All areas are in correct scale ratio to earth

measurements.

If you will digest the meaning of these criteria, you will
have a "saw" for the dissection of aﬁy projection to decide ius
general value for a particular job., You must, of course, know
whether shape, size, or direction accuracy is most esseetial.

»Attributeg of an Ideal Projection

An ideal’projection would conform exactly to the -global cri-
teria and any map developed on it would truly represent earth fea-
tures, Sugh a mae wguld contain four impoftant attributes required

. of a perfect projection, These are:
» ‘ (l) Mapped areas conform to their true earth shape,
(2) Areas‘retain their correct size in ratio of
eefth.to map scale.

{3) Directions anywhere on the map are identical
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to true earth directions,
| (4) Stat‘,ec'iv distances anywhere on the map are in
correét proportion to trﬁe earth distances,
In essence then, these four properties control conformality
of shape, equality of area and correctneés of directions and
distances, If all were present, the much-sought perfect pro-
Jeetion would have been achieved.

Compromises of Existing Projections

The &ery nature of the relationshiﬁ of round earth to flat

paper makes a perfect'projection impossible. Any large part of
a spherical surface cannot be laid out on a flat surface with-
out shrinking, breaking or stretching it somewhere, It follows,
therefore, that it is impossible to lay out a‘flat unbroken net-
work of lines that will conform to all the global criteria listed
ébove. Consequently, it is equally impossible to achieve the

- four properties required to make a perfect flat map., The problem
has stumped the experts, but has led to many compromise projec-—
tions which contéin one or more of the properties or close approxi-

mations to them. These are 6btéined in the following ways.

Conformality - in cartography means that the shape of a map

surface at any given spot is identical to ‘the shape of the corres-

pondiné spot on the earth. This definition sometimes causes con-
fusion when it is falsely enlarged to imply the shape of a large
area such és a continent, At any given spot" is underscored to
emphasize the réstriction of conformality to small areas or. spots
and not extension to overall shape.

On any given projection, the angle at which each parallel
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crosses each meridian governs-the shape of the area adjacent to
intersection, Accordihg'to our global criteria, each meridian
crosses'each parallel at right angles, Preservation of right
angles -together with the same scale along the parallel and meri-
dian at any point makes a projection CONFORMAL. |

An ordinary pack of index cards can be used to illustrate.
confofmality or the loss of it by altefation from right to acute
or obtuse angles., Take’the whole pack of cards and stack it ver-
tically, taking care to maintain right angles at the corners,
Draw a vertical line down the center of one side. Assume that
this line and the vertiéal edge lines are meridians and the planes
of given cards are parallelé. Any earth feature correctly drawn
on this assumed network, or projection, will be conformal.

Now push the individual cards in such a way as to change the
edge aﬁgles but not the unity of the pack. One edge of the pack
will nowraﬁproximatevthe shape of a meridian as it varys in re-
sponse to changing the angle of each card (parallel) to the edge
line (meridian).: The overall length of the once vertical edge
will be expanded while that of the central vertical remains
constant (Note: A new central vertical must be drawn for each
change in card arrangement,) Call the vertical the central
meridian and the outervedée the limiting or bounding meridian.

On the gldbe each meridian is equal in length; whereas, on the
card illustration, the edge line is longer than the central
vertical. Any map §§ape drawn under these conditions will not
conform to its briginal earih shape even though its area is pre—i
gserved, Figure 43 shows this on an actual’projéction net on

42
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' SKETCH OF EQUAL AREA, NON-CONFORMAL PROJECTION
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FIGURE 43
which the meridian length between A-B is shorter than petween C-D.

Trus Directions -~ Guiz masters delipght in stumping contes—

tents by asking, Mihich is farther north, the northern boundary
of Maine or the norihern boundary of Minnasota?¥. This quesiion
has probably been asked snough bimes so that many know the correct
answer, Minnesota, without appreciating why 1t doesn't look it-on
MATTY MADS . | ’
This "false" look is due to the fact that parallels have
been stretched into circles which bend equatorward near the
center of the projection and curve upward toward the edges. To
avoid this misinterpretation of directions, the student learus
that directions are trus along projection lines. Relative
‘direction must be méd in relation to these lines. In other
words, to see the reason for the correct answer to the quiz,

the Maine and Mimnesota boundaries are determined in relation

43
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to a nearby parallel, let's say 50° N, Maine's northern boundary
is definitely south of ﬁhis parallel (47°) while one section of
Minnesota's lies north of it (51°), |

When confbrmality is present, directions will be correct
along‘parallBIS'and meridians.  Correctness in any direction
and conformality can be achieved‘by uniform distortion of net-
work intervals when the lines of this net are kept at right
angles; The famous Mercator Projection was developed for the
express purpose of retaining true direétion, not only along
projeétion lines, but also diagonally between them,

On the Mercator, all parallels and meridians are straight
lines constructed at right angles to each other, Because meri-
dians should converge at the two poles, there is distortion of
- the poleward intérvals between them when they are keﬁt parallel
as on thejMercator projection. To compensate for this stretch-~
ing, Mercator determined the amount of exaggeration of inter-
vals between longitudes along each parallel north (or south) of
the Eqﬁator. Then he increased the size of intervals betwsen
each.sucgessive line of latitude, which should be equal, in
the same ratio as the longitude interval distortion at that
latitude, Study the diagrams opposite which present graphi-

cally what Mercator did mathematically,

"
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All projectipns which evolve from a centrgl point on & plane
are called AZIMUTHAL, Azimuth means direction., Many of the nine
global cpitgeda and one or more of the desired map properties are
sacrificed ¢ achisve correct azimuths or directions, but equal
area can W Petaimed, |

Equal kres - !h&.map-maker must choose between conformslity
and equal ares or eguivalence. These two are mutually exclusive
on a map, «lthough they are criteria derived from the globe net~-
work, An EQUAL AREA map preserves the correct ratio of mapped
areas to those on the Barth, To do this on a flat surface means
that shape must be sacrificed or compromised, Our card experiment
substantiated this statement, During its progress, no card was
added or subtracted, so the total area remained constant ae shapes
were changed. |

Figure 43 illustrates equal area as well as non-conformality.
It can be proved that if the total length of each parallel gnd that
of the central meridian are drawn in true proportion to garth scale
and if the parallei and meridien spacing is also true, then the zre~
sultingAmap is equeal area,

Mos£ equal area projections are the result of advanced mathew
matical formulae in which area has been the major congideration,
The Figure Just referred to shows a projection on which the meris
dians are sine curves and the lengﬁh of each parallel is found by‘
taking the cosine of the angle of the latitude times the length of
the equator, After the length of each latitude is thus detexmined,
each is then truly spaced along a central meridian of propoxtionally

46
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correct length in relation to true earth distance,

True Distances - There is no specific formula for attaihing

true distances. Proportional correctness of distances is deter-
mined in several ways and may vary within as well as among map
sheets., Normally, distances will be fairly accuréﬁe near the
central meridian if a projection is hung on one, When'paréllels
are drawﬁ to scale and correctly spaced, distances will be true
along them. Cakculation of diagonal distances may be very
erroneous on small-scale maps unless they are of the equal ares
variety. More will be said about the determination df distances
in the discussion of scales, but é preliminary word of caution
is in order here. Be sure of the prOperties of the projection
you are using, and assume generally}that distances you derive
from maps covering large areaé are only approximations, Check
these estimates against more accurate sources if distance values
are crifical.

Methods for Evolving Projections

The term projection is actually a misnomer when applied to
all types of geographic networks, Most of them cannot be pro-
Jected, Projectién means literally reproducing an object by
its shadow. Many so-called projections are actually deriveq
mathematically and could never be developed from shadows. Long
usage, however, has so firmly entrenched the term, pfojection,
in reference to any geographic framework, that no attempt will
be made in this teﬁt to refute it,

Generally, projections can be divided into two groups

derived from the difference between t rue projections and other

47
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moans of development. These groups. are based upon developable
alridz'zior;.wdsv&lcpable gurfaces,

Develqpable burfacaa

x ﬁ.t!y surface that can be flsitened and 15 capable of mmiv—- )
iﬁg lines projected or drawn directly from an assumed globe, 1s |
de;r&lﬁpabl&f vIn thi&.céﬁ'eg,mry é..,re cones, cylinders and planes,
A éoné may be wrapped arcund a g,lmba and a source of light fixed
50 th%t it will causs shadows o:i‘ toe gf»ogmphic network to be cast
on tlw; ’ix}siua. of the cone. The shadow pet can be drawn and ‘the
cone cut open and laid flat Lo reveal the projection in & work-
ing pasitinn_.‘ (}y}.indrical projestions can be developed in simi-

lar ﬁasbic;i;. A third developable surface §s a plane. ‘It can be

oriented to'a globe at any ona gelected spot as this diagram showsa.
DEVELOPARLE SURFACES

oY OF
TR NGENCY

CYLINDER CONE : PLANE
‘ B C
FIGURE 43

Non-developabla Surfaces

Many projections have evelved as slight nodifications of the

basic cone, cylinder or plane to globe pelationship, Any 1line may
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be curved or straightened to achieve better proportions., Such
modifications that'are’éimple énoﬁgh to visualize the resulting
projections, are classed with the developable group. Actually,
though, they should be placed in the non-developable group, As
the ngmé-implies, these projections can never be transferred by
ﬂéﬁﬁﬁ Qf & source of light casting shadows on surfaces capable
6f being flattened, Ail non-developable projections are derived
‘by mathematical computations and formulae, Fortunately, the re-
‘sulte of much of this advanced thinking have been reduced to
tabular form which requires a minimum of mathematical skill to -
translate into map projections,

Iypes of Projections

We will not be greatly concerned with‘all the refinements
for computing and constructing projections.l-we will be concerned
though in developing your ability to recognize and evaluate se~
veral of the most popular types. Any part of the following dis-
cussion can be amplified by studying more technical treatises,
Such aetailed treatment can be found in seversl books listed in
the Bibliography. |

One of the factors to be kept in mind in choésing or anag-
1yzing a projection is the amount of earth area covered by the
map. Any type 6f projection is suitable for maps of small areal
extent, Fidelity is good near the point or line of tangendy and
usually for short distances on either side of it in the case of
developable projections., (TANGENCY is defined as the place where
the basic globe touches the map surface, Figure 48) On non-
developable projections, fidelity is good near the point of origin
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or along lines that have been constructed true to earth specifica-
tions, It is only when we deal with large parts or all of the
earth that we must be critical of and careful in our choicg of
projections.

' Theré is no way by which projections can be divided into mu-
tually exclusive classes, Many texts attempt to group projections
as conic, equal area, and azimuthal, Closer examination will re-
veal that most projectioﬁs may fall into two of these classes and
thé attempt to. make them fit one class leads to confﬁsion. 'This
author has attempted, therefore, to present projections in a tran-
sitional order without drawing any classification boundaries be-
vtween conical, ¢cylindrical and plane derivations leading £o con-
formality, equivalence, or azimuthality.

‘Simple Conic

Although the basic conic projection is rarely used for other
than small areas, it is worthy of comment since it is the basis
for many conical variations.

Projéction is easy to visualize and easy to construct. An
assumed cone is wrapped around a globe (Fig. 48B) so that it is
tangent along a given parallel located between a pole and the
equator, but not at elther one (A Cone wode tangent to the eguator
becomes a cylinder, Fig., 48A; and tangent to a pole, a plane, Fig.
48C)s The remaining paralléls are arcs ¢of concentric ciréles
emanating from the apex of the éone whose height is established
by the selected standard parallel. The radius of each circle is
determined by the extension of truly spaced latitude intervals

on the globe to the cone. This extension alters the spacing as
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can .be seen.on Pig. 5L, True longitude intervals are calculsted

and stepped off along the standard parallel, Straight line meri-
diens are drawn'through these points to the false pole estab-
1ished by the apsx of the cone. '

HASIS OF CONIC PROJECTION
, LINE OF TAMNG ENOY .
OR STANDARP FPARALLEL | I
. s o ac 3015 O _ ‘Bach latitude is
90 75 . ‘ . an arc of a con=~
‘eentric circle

NWN‘True longitude
3 “spacing along
3%

EQuUATOR

Meridians are
straight lines

. drawn from apex
through points
established on
30°

_ FIGURE 51

. All angles are right:gngles,-so a map;défglopéd on tﬁis.fan:
like network would be neayly confogmal an@ phat‘i§ aboﬁt Qll_that
canfbe:éaid for it., One slight change, howsver, wili‘imérAQG it;
‘Latitudes can be spaced truly rathef than aqcording to whéfe‘tﬁeir :
shadowsvféll on the cone, The pole is no lénger a pbint; but beQ
comes & small circular parallel when this change is made. The
resultant projection is a SINPLE CONIC or Just. CONIC.

fhis projéption_can be recognized by its cqualiy sé@ced
- parallels which areg arcs of concentric circles and by the straight

Approved For Release 2000/04/1 85:)'.CIA-RDP80-01333‘A000300050001-1



Approved For Release 2000/04/18 : CIAfRDP80-01333AOQO300050001-1 |
1line meridians egually spaced alohg any parallel‘and converging,

but not meeting at the pole. Fig. 52.

SIMPLE CONIC PROJEZCTIUN

STANDARD ERRAL\LEL

FIGURSY 52

The Simple Conic Projection is most appropriate as a frame-
work for hiddle latitude areas near a deliberately selected point
of vtangency whiéh;becomes bhevsbandard parallel, This projection
1s not used for world maps because of the extreme accrual of dis-
bértion in the hemisphere opposite the one in whi;h the siandard '
parallel is selected. The opposing pole would not be a point,

but a great "hoop skirt”, Even in the same hemisphere, featu;aa
are¢distorted poleward or equatorward as can be seen oh Fig.Sé;
and by comparing the shape of North America on this figure with
- that shown on any good globa,. _ | |
"Distances are true along the standard parallel‘and are fairly

accurate along meridians. Shapss and area are also generally good
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in this limited area., Great circles can ba represented by nmly

- straight lines anywhers on the map and are at.raight. lines along
meridians., Thus, the Simple Conic Projection is easy to conatmct
and 1s acceptable for mapping middle latitude areas of limited la-
titudinal but unlimited longitudinal extenﬁ,

. | Lambert Conformal Conic

We have seen that mapping along a gtandard parallel of a
conlc projection comss closa' to fulfilling the desirable propers
ties of a flat map., This area of acceptabllity can be’ mcmued_
by aelaetiﬁg tm; atendard parellels instead of one, Care mist be
exerciasd, however, in the melection. If parallels are too far
apart ’ compression will make bhe ,’mt.ernal distances too ahort a.nd
the oxternal distances tco great in relstion to true distances
along the standard pa,rallels. You can see, in Fig. 53 that t.ho
surface area betwsen the two standard parallols is et oft by tho
edge of the cone. This roughly ‘1llu,at,mtes why scale adjustments
must be made to compenszte for the loss, Notice, too, the greater

divergence of the cone away from the globe when the }‘.wo parallels

FIGUAE 55

Ca

53 '
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are widely,spaced. | | '

Generally, the two standard parallels are selected to be one-
six£h and five—sixths respectively of the total central lengitude
distance to be reﬁresented. For example, there will be a maximum
‘ scale error of 2% per cent for a map of the Unlted States,based |
on 33° and h5° N. By this choice, the maximum error for the eco~
nomlcally most 1mportant area between 305° and h7 is only of
one per cent and the greater 2% per cent occurs in southern
Florida. If the standards are placed at 29° and 45°, a maximum
of 1 1/5 per cent is obtained, but at the expense of the central
portlons.l |

These percentages mean an error in mlleage equal to the per-
centage value in 100 miles, 1.e., one half of one per cent equals
3 mile in each 100 miles. The length is too short between the two
stendard perallels and too long beyond them, In other words, on 
a map of the United States based on 339 and 45°, the total distance
ffom,coast to coast on longitude 39° is ebout 13 miles too short
and in the same distance along 25°, would be about 75 miles too
long. This ie not bad when you consider there are approximately
3000 miles over whlch to distribute the 13 miles, and only portion

f the Unlted States near 25° is the narrow tip of Florlda which

would be less than 2 miles too wide on the prOJectlon. ‘The re-
maining parallels are’ arcs of concentric circleg spaced abt in= -

ereasingly labger intervals north and south of the standard =

lstatistics concerning: various projections have been adopted
fromsDeetz,C,H.and Adams, O. S, Elements of Map Projections. U.S.
Dept.of Commerce, Coast ‘and Geodetic Survey, Special Publication
No, 68.
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parallels in a manner similar to those shown for the basic coniec

in Figs 51. Arcs of longitude are represented in their true
lengths along the two standard parallels, Straight lines are
drawn through these points to intersect at the point of origin
for parallel arcs. The scale adjustment and right angled inter-
section of parallels and meridians makes this a conformal pro-
Jection. The projection can be recognized by the combination of
characteristics,listed above,

Gonformal Conic Projections are well-adapted to mapping
problems involving wide loggitudinal and limited latitudinél
éxtent. The change in scale which makes directions true and the

- retention of correct shapes makes the projection suitable for
Aeronautical and Radio Direction Finding Charts for cross-
country flying. |

Albers Cdnical Fgual-Area,

Further mathematical refinement of the relation of latitude~
‘longitude spacing was made by Albers to create and equal area pro-
Jection, He calculated the radii for two standard parallels se-
lected at one sixth of the meridianal disténce from both the
nerth and south limits}of the map, so as to make the projection
equal area, Next he stepped off arcs of true longitude along
each standard parallel and drew straight line meridians through
them to the center of origin for the parallels, This center is
not the pole, A pole is represented by a circle as it is in the
Simple Conic. Because equal area is maintained, the remaining
parallels are spaced at decreasing intervals north and south of_

the two standards., - -
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When a map of the Unlted States is based on 29% and 45%0, the
distance error is kept ‘to"1& . per cent. Tt is about 1% too large
in the central areas, This errof{ig hardly greater, as Raisz points
out, than the expénéienvand“conﬁrabtion of paper with changes of |
humidityl. Areas are made:équal, énd.eirectiohs are very close

to true, Although the projection is not strictly conformal, shapes

are good within the reasonable limits of the two standard par4

allels, Consequently, in the author's cpinion, it is the best

proJjection évailable for mabs of any east-west and north-south
extent roughly equivalent to that ofefﬁe United States and should
enjoy wider popularity than it does.

The recognizable traits of this projection are the straight
liﬁe meriﬁians that converge toward, but do‘not meet, at a poie
which is represented by a circle instead of by a point and, by
circular parallels that are spaced at decrea51ng intérvals north
and south of the two standard parallels.

Bonne
Another mathematicallyhderived variation of conic projeetions

is the Bonne, This projection is developed upon a standard par-

-allel selected preferabl& somewhere in the middle latitudes. A

~ cone is made tangent at this point and the distance between the

poinﬁ of tangency and the’apex is the radius for describing the
arc of the selected parallel. Fig. 57

A central merldlan is constructed as a vertlcal in the

lRalsz, Erwin General Cartography New York: McGraw—Hill,
l9h8 Pe 75
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A POINT FOR DESCRIBING ARCS  OF
PARALLELS.

B . NORTH PoLg ‘

B-C CENTRAL MERIDIAN

FIGURE 57 ’

middle of the ﬁap sheet and truly proportioned 1&§itude intervals
stepped off along it. The arc éf the standard parallel is de-
soribed, with radius as above, to establish point (4) on exten~
sion of the central meridian, Each parallel is dfawn as an arc
from this point to its correct intersection with the central
meridian. Longituds intersections are trul& and thus equally
spaced along each parallel. Meridignﬂ arg dravwn as curves
through identically numbered longitude points on succesding
parallels, The result is & winged-shaped network base for an
equal-area map. As you study Fig;'57, you will realize that
the network would get entirely fsatastic if it were extended
to cover the world. |

Cbviously, on the Bonne projection, shapss are not conw
formal, but "are reasonably correct near ches central meridian,
Distances are true'aloﬁg the central mﬂfi&ian and séch parallel,

Directions are true along projection lines but uot betwsen them,
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V Thus, the projection is well suiﬁed to areas of cqnsiderable la-
‘titudinal extent and can be used to include continents as wide
loggdtutimally as Hurasia., No projection will provide complete
accuraey for this large land mass, so the Bonne is often used be-
cause the curved parallels and meridians come closer to right-
angled intersections fhan is the case on many projections. This
frelatiénship createé less distoftibé of shape and retains the
equivalence of area sought in depicting many distributions where
direction and absolute conformality are not'essentiai.

The Bonne Projection can be identified byithe following
characteristics, All parallels are arcs of concentric circles
emanating from a common point beydnd the pole and cutting the
.central meridian at truly spaced intersections, All meridians
are flattened curves except the central meridian which is a
straight line. Intervals between loﬁgitudes decrease toward the
polar point but are equélly spaced along each pafallel.

Polyconic

There is always good correlation of earth and map details
along the line of tangency; as we have observed in previous ex~
amples, Siﬁée accuracy is the objective of mapping, why not in-
crease the number of tangent points by utilizing many cones in-
stead of one? fhe best results, in answer to this questioh,
would be obtained by drawing an infinite number of coneS'tahgent
‘to a basic globe at fractions of one degree apart. Drawing suéh
an 1llustration would uﬁfdld only a plethora of lines. Fig. 59
will demonstrate the principle, however, with a few cones placéd

15 degfees apart.

Approved For Release 2000/04/18 3%1A-RDP80-01333A000300050001-1
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PULYCONIC P:lOJﬂ.CTIUN

CONE.‘:‘: TﬂNGENT aT
15* INTERVALS
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o A5
3 Lo
257
‘SO
B
1&6 * 150° to 4+5° o*
FIGURE 59

The polyconic projection is constructed from a central verti-
cal along whlch latitude intersections are truly spaced. Non=
concentric circles are described from these points with a radius

~ squal to the length of the basic cone from its point of tangency
Approved For Release 2000/04/189 C|A-RDP80-01333A000300050001-1.
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to its apex.  This fixss the center for each circle at successive
(not commoﬁ) points on thé eXLenéiQn of the central meridian. The
equator is kept as a spraiéht line, Meridian intersections are
truly spaced along each parallel and connected by flattened curves
from the pole through these points.

The resulﬁing projedtion is a compromise which approximates
but does not have any of the desired characteristics of a perfect
map, Increasing the number qf tangent poinﬁs is offset by the
scale error and distorted ?elationship of parallels to meridians
away from the central meridian; All details are badly distortéd
on the outer edges if the projection is developed to include a
hemisphere as can be seen oﬂ‘Fig. 59,

The polyconic projection:was devised by Ferdinand Hassler,
first director of the Coast and Geodetic Survey, in‘1820, to fit
the mapping needs of the essentially coastal-bound Uni£edvstates..
It‘was well suited to this purpoéé because of the largely north-
south orientation of the s}ates. Quadrangies based'on'this pfé-
Jection can be fitted together for any diétqnée.north-soﬁth, pole
to pole if necessafy.. East-west quadfangleSzaway‘from the central
meridian will not fit, Possibly the énly reaéon-tﬁis projecfion
gained sucﬁ popularity was due.to the fact that complete tables
were worked out for the world based on pélyconic computations.
These tables made construction of éheéfs comparatively easy. Most
of the guadrangles of the Geological Sufvey'consequeﬁﬁly'ha§e been
based on the Polyconic which is as good aé any conic projection |
fo;“émall areas, but‘is questionable for large area coﬁérage.’

'Special characteristics are difficult to recognize on U.S,

60
Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
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Topograéhic quadrangles that are normally less than one degree
in exteﬁt; In this interval, both paréllels and meridians curve
so slightly th@f they are treated a; étraight.lines. Furthermore,
1afefél distoftion is'slight when individual sheets are develeped
from rather ciosely spaced central meridians., On maps of larger
areas, the projection can be recognized by the straight—liﬁe;
central meridian and equator, andfby the non-concentric parallels
and flattened curved meridians which intersect each other at
increasing angles and distances away from the central meridian,
but are equally spaced along anyrgiven latitude or longitude
line, | | |

L

Modified Polyconic

The modified polyconic is included in this appraisal of
projections because it was adoptéd for the International Mab of
the World series discussed in the next chapter. Thezmodification
consists of making the central meridian Scale a fraction smaller
than it should be, causing the scale to be true on two separate
meridians, 2° on either side of the central one. Scale is kept
true on the bounding parallels which are constructed like those
for the Polyconic, Thesevbounding parallels are di?ided truly
and meridians are straight lines joining thevcorresponding pﬁints
of the top and bottom parallels. |
| When the conference members were debéting the merits of -
projections for the IMW, they disapproved the Polyconic because
the curved parallels and meridians would not permit a nﬁmber of
sheets to be fitted together, ‘(Individual sheets are 4° x_6°

to latitude 60° and may be 4 x 12° poleward from 60°. Inclusion
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way U. S. Topographic quadrangles do.) Consequently, the modifi-" .
catipn was made to the Polyconic so that every sheet odge fits ex- .
actly with the corresponding edges of its four adjacent sheéts.

More than five sheets will mot fii perfectly. Fig. 62. Obviously,

the projection was mot intended for and is mot adaptable to & '

single map of the world.

- Pit of Modified Polyccnic Sheets of
;[_nternatiqng.l,ﬁap of the World

 FIGURE 62

. Sinwoldal

1f the Borne projection were made tangent at the equator; it
muld‘have the same characteristics as the Sinusoidal pfojec‘tion.
This projection is easier to understand, though, if its development
is explained in another way. To do this, we can elaborate on the
brief explanation and diagram given on page 43 illustrating equal-
ares and non-conformality. The equator is lald down as a Vstraigh'o

1iné dravm in correct ratic to the length of the earth equator. A
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central meridian of true length is erected at right angles to the
equatorial line, Straight lines are draﬁn parallel to the equa~-
tor and spaced at true latitude intervals along the -central meri-
dian. The total length of each parallel is in true proportion
to its earth distaﬁce which can be obtained by taking the length
of the equator line times the cosine of the angle of the lati-
tude. For example, the cosing of 60° is 0,500 or in other words,
the length of the 60th parallel north or south is 3 the length
of the equator. True longitude spaces are stepped off along
each parallel. Meridians are drawn as flattened (sine) curves
through the points established on each parallel to meet in a
point at the poles.

By construction, the projection is equal area. Distances
are true along each parallel and the central meridian. Directions
are true along projection lines. Shapes are compressed in polar
areas because of the rapid convergence of meridians toward the
polar points and are greatly distorted toward the edges of a
hemisphere or world map network in response to the elongatioﬁ of
meridians along the periphera. On the other hand, shapes are
reasonably good in equatorial areas to 40° poleward duelto the
slight decrease in the lengths of parallels around the bulge of
the earth in this zone., The Sinusoidal projection, therefore,
is best suited for mapping near a central meridian or in lower
latitudes, although it is used for world distribution maps Be—
cause of its equivalence.

Distinguishing characteristics are the equally spaced

straight line parallels intersected by curved meridians which
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are equally spaced along each parallel but converge to a point at ‘
£he poiés. " The overall appeafance of this projeqtion somewhat re-
sembleéya tops |

Ali of the preceding projections can be explained or illug= ?VX -
trated by the relation of cone to globe even though historically
it is known thaﬁ many of them were developed purely by mathematics
without récourse to the cone concept., Later attempts at simpli-
fication brought out the conic rélationships. The next few pro-
jecﬁions.have never been resolved beyond»the mathemat%calvstage,

but can be simplifiéd in explanation.

' Homologfaphic

"

Molleweide is giveh‘cfedit for the homolographic projectioﬁ
althoughbothers produced similar results, Homolographic means a
proportionality of areas én the globe with corresponding areas on
the map. The hain idea is to open out a sphere so as to have not
oniy the whole earth on one map, but.algo to have given areas the
same as their corresponding areas on the globe., To achieve this,
Mollewelde computed the area of a hemisphere and then of a circle
encompéssing the same area, Ne?t, he added the area of 4 a hemi- .
sphere on each side of the circlevto form an elipse. Fig. 65, 3

Whén we construct the Homolographic graphically, the equator |
is twice the leﬁgth éflthe diameter of the cgnstructed circle, or
central meridian., The area enclosed between consecutive parallels
Is computed by thé law of equal surfaces, and straight lines are
constructed perpendicular to the central meridian to enclose a

comparable area on the elipse. Parallels, therefore, are not

»

equally spaced but occur, rather, at decreasing intervals poleward ;
Approved For Release 2000/04/18 : CiA-RDP80-01333A000300050001-1
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polar points in much more flattepmed curves than the rounded Homo-
lographic meridians, Conséquently; tharé is always‘ a change in
the curvature at 40°, Study Fig, 70 to confirm this point., All
the other recognizable traits are the‘samé' as those for the two
econtributing projections.
Yan Der Grinten

~ Another oval-shaped projection can be obtained by lopping
off the polar arcas of the circle based Van der Grinten projec-
tion that is usad for some maps of the worid. The basic pro=-
jection is evolved fron} a circle whose area is equal to that of a
‘globe of one half the diamster of this circle. The central meri=-
:iian and equator are straight lines. The central meridisn is

VAN DER GAINTN PiJiCcTICN

FIGUAL 67
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unequally divided into parts of ;§QP from pele to pole, While the
éame diameter representing the equator is equally divided into
parts of 360° (Fig. 67)

This projection is neither conformal nor equal-area and has
no properties of scientific value, It does present a fair uni=
formity of shapes and less distortion than some equal-area pro-
jections and so is adequate for imparting pictorial impreséibns.

Interrupted Projections

¥No ohe.uninmterrupted map of the world can be both :cohformal
and equal area, Shapes, however, are found to be most nearly
correct near the central meridian of equal-area world maps and to
become more distorted the farther they are removed from it, A d
large number of interruptions can be used to correct this féult
at the expense of unity and readability. Since no spherical print-
ing presses have as yet been prefected that are commerclally
feasible, maps for.world globes are usually printed as gdres on
flat paper and then fitted to a sphere, Polar areas are printed
© as small circular maps that cap the goreefitfed globe, Fig, 69
illustrates how the globe map looks., Extreme ségmentation of the
earth's surface features makes it impractical for use as a flat
map. The principle can be followed however, by uéing a number of
central-meridians selected to minimize interruptions of the de-
tails to be shown., In other words, interruptions can be made to
occur in ocean areas if continuity of land masseé is desired or,
vice versa, If both land and water distributions are to be shown

at the same time, the cholce of an interrupted projection is an

unsatisfactory one even if it is justified on the plea of economy
Approved For Release 2000/04/18 : C}A-RDP80-01333A000300050001-1
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FIGURE 69
of space o interrelationship of patterns, i
| l\Jﬂs‘ual;y: v;ha:n i.qxprngment_ of land shapas ;.\; :dej;;i;'a!ble‘, longi=~

. tude lines _tha@ cqm;_ngaresb:to the middle of each continent ex-

cept ‘J&zrasia_ are selected as central meridiens, No one central,

mez'idian can leosen shape distortion on a land mass as wida, g

1ongitudina11y, as Eurasia, Ag & rosult, a compromise must ;13_9

reached that, usually favors Europe in actuslity since Burope, s

.....

the amaller but more important part of the Paropa~Asia com;.ex.

&
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NOTE DEFLECTION OF MERIDIANS AT LOth PARALLELS

- FICURE 70
Interruptions have been introduced on msny of t.he world pro-
~ Jecticns which show the equator as a straight line but those most
commonly seen are Interrupted Sinusoidal, Homolographie or Homow
losine. | o
Hercator ‘

One projection for wqud mapping that has enjoyed long and
‘continuned po;mlaifit.y is neither interrupted nor equal area.
Gerhard Kremer, whose latinized surname becomes Mercator, de-

- veloped his famoixs projacti_ozi for the benefit of sallors of the
: sixteénth century who had limited ne;vigatioz'ial ‘equipment with
- which to plot and 'keep';‘o'n their intended course. These navi~

gators needed a map or sa.iling chart on which they could'-la.-y
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their courses with nothing more complicated than a straight edge.
Mercator made possible the straight rhumb line by the method
shown on page ‘45 . A rhumb line is a line £hat crosses each.
‘parallél-and each meridian at a constant-angle. . It may become
complicated to plOﬁ if it develops as a spiral or curved line

in résponée'to the pecu1iarities of many projections,-

Althouéh the Mercator projection can never be projected,
gince it is mathematically computed, it was inspired by the idea
of a cylinder tangent at the equator. Spacing of paralléls‘is
worked out mathematically from the basic cylinder to globe re-
lationship. A horizontal line is drawn in correct ratio to the

| globe equétor. Meridian intervals are stepped off truly along
this Equator‘line and parallel meridians erected perpendicular
to it. Instead of allowing the parallel spacing to fall as it
W&ﬁld’on a gnomonicl cylindrical projection, each is spaced in
proportion to the increasing meridian spacing distortion pole-
ward, Such proportioning makes intervals between parallels less
exaggerated than the gnomonic cylindrical, but, nevertheless,
makes the pfojection impracticai for mapping poleward of approxi~
mately 75 or 80 degreeé and impossible for polar areas. In the
.daysvof Meréétor, this weakness Was not critical sinbe little_‘
was known of polar areas, and they were not involved in the navi-
gational business of the times. How times havejchanged!
vAlmost every educated person has heard of the shortcomings

of the Mercator projection for a world map. Overall areas,

lFor a definition of Gnomonic, see page 79
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- shapes and distances are incréasingly enlarged away from the equa-
tor. Critics of the projection are always quick to point out that
many false concepts of the comparative sizes of land masses are

due to the widespread use 6f the Mercator in classrooms, Then in

MERCATOR PROJECTION

Latitudas 60° south to 78° north
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FIGURE 72

,t.hé next breath, they often suggest substituting a polar projection
which you will soon see is just as false in a different way. The
truth of the matter ,is that inadequate teaching and explanation are
at fault and not the projections. True 'sha.pe éﬁd, #patia’il vand, .
sige relationships among con'tinanpé"gan' only be acquired fr&m.a

globe, Even the globe medium has a limitation, Because of apheri-
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city, the whole world cannot be viewed 51multaneously. In this
respect, a Mercator based map is superlor.' It shows the whole
world on a simple network -that retains directions and relative
p051t10n1ng of contlnents except in respect to the poles. 'Learn
1ts llmltatlons end appre01ate its advantages before you are

‘ tempted to JOln the antagonists or protagonists of any projec-
tion, »

Study Fig. 72 ahd do your own iisting of the recegnizable

characteristics of a Mercator projection. |

Transverse Mercator

- Thus far, we have been examining projections that are tan-
geﬁt te:ef'dedeloﬁed from‘a bérellel of latitude. .There is no
reason, however, Why a longitude or even a diagonal line might
not be used. Although this is not a new idea, it has gained
its greatest popularity in the present cehtury. The English
ahd oﬁhef Eurbpeeﬁ map makers had used the Transverse Mercator
for several mllltary map series before its value was finally"
appre01ated by U S map makers. By international agreement a
slight modlflcatlon of the standard Transverse Mercator pro~ - .-
Jeetlon was adopted in 1948 by many of the allied nations for
miliﬁeff‘mappiﬁg of the world,

- We ﬁdli coﬂsider the standefd transversing first, and then
the edepted medification. A Transverse Mercator can be con-
ceived upoﬁ but not déﬁéloped from a cylindér tangent at any
given greaﬁ cdrcle:except'the eduator. Except in special ..
.cases;.tengehcyfié fixad”éleﬁg‘é'gfeatybiréle formed by two: - -

obpbsiﬁg mefidiahe.aé'éhéWﬂ“iﬁ'Fié{”7hu“ Tt is not:'the Equator,:
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RELATICNSHIP OF BASIC CYLINDES TO GLCBS

MERCATOR o V
— TRANSVERSE MERCATOR

CYLINDER @AXiS £ EQUATOR
1DENTICAL
B.

FIGURE 74
on a Transverse Mercator, therefore, which is true to scale and
corréctly divided, but a central meridian., dJust as the Equator
is the only line true to scale on the ordinary Mercator, the cen~
tral meridian is the only line true to scale on the Transverse
Mercator. All parallels except the equator are curved and their
lengths, while not -exactly true to scale, do decrease poleward.
The poles, which cannot be represented on the Mercator becsuse
the polar axis is parallel to the plane of the cylinder (Fig.
T4A), can be shown on & Transverse Mercator since they are in
the plane of the tangent line, Fig. 75, Distances between
meridians increase outward from the:cenbral meridian in either
direction towsrd higher numbered meridians., The intervals in-

.crease in the same ratic as latitude intervals increase pole-
Approved For Release 2000/04/18 : CI@ -RDP80-01333A000300050001-1
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wa.rd on the Mercator. Meridians converge at the poles ahd are czmred

lines except for the st.raigh‘b meridian. Pa.rallels and meridians inter-
sect at right angles to aid confonnality. Distortion of dti.stances is

- relatively sligh‘o near the tngent meridian. - The pro,jac‘bion serves
therefore, for mapping belts that are narrow 1ongitudina3.1y 4nd wide

‘latd tudmally ' .
' TRANSVERSE MERCATCR -

20 40 f0_ & 70 80 PO @0 To 80 54 4 f

\'
%

. Equater = . i

imperative that maps used for these purposes “ba confomal and

also provide accm'a‘be distances. It was found that waps approach-~

ing this ideal could be created by modifying the standard Trang-

- agsuming a secant rather than a tangent cylinder.

verse Merce.tor Pro:]ectmn. Such modification is achieved by

When the oyl~

inder is tangent to a globe, the radius of the cylinder is equal

to that of the globe resulting- in no distortion of mapping along

the central meridian (tangent. line) Thus R distances and shape

.are true along this line and ares distorted eastmrd and westrrard

'75
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from it. In projecting military maps, the axis of the .c&lindar is
" idantical with the équatdrial" plane., (Fig. 7&3). Thé Cylinder is
made eliifxﬁical in cross sgction- so that it c.ut.s through the globe,
as in Figure 76, along two lines parallel to the central maridian,
Sca.l%a is true along thes'é two meridians and the rest of the prdjecé ‘
tion: is manipulatetzl inaf;hematically' to equats the'st..retch in iongi.;
tude with that in lqﬁitude._ No"attempt is made Lo 'project the

| " MILITARY TRANSVZASE MSRCATOR |

S isaan 5_:

i s

_ f’_IGURE 76
world as a whols t;n one shaeet, ~Irxst'nax;\r.‘i, the prbjact is broken into
zonas, each with its own central meridian., A special military frame-
work has been devised to fa;cilita;bg the use of this zonal mapping.
Refinements of the fra.meﬁork are discussed in the next group of map
ingredients called grida, |
The Transverse Mercator Projection is used for military mappihg

R | . o
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between 80" north and 80° south latitude at any longitude. Be-

cause of the special characteristics and requirements for polar
maps, another projection was adopted to complete world mapping
‘inﬂthe_areas from 80° to the poles, This Polar Stereographic
leads us to ﬁhe third type qf graphic presentation of projec-
tions, those based on planes, which we will discuss briefly
béfore concluding with the projection in question.

Azimuthal Projections

Aty nétwork that can be presented graphically by projéction
frbm globe to plane has only one point that touches the assumed
globe, (Fig., 48). Directions are true from this point at any
'éa.ngle.f They are not necessarily true from other points, All
directions méasured in terms of angles from a given point are
:called azimuths, Hence the name AZIMUTHAL is assigned to plane

| projections emanating from akgiven point, The given point of
origin may'bé'the poles or any other selected place. Many in-
teresting maps have been developed'to show an important city
' as the "projection" pole or center of terrestrial activity. .
-All directions can be measured truly from this city to any
other rival or complementing city in a manher similar to using
spokes from a hub;

In ﬁhe simplest azimuthal projections, all meridians are
straight lines radiating from the point of tangency and are
equally spaced along given parallels. These parallels are
spaced in relatlon to where rays from a source of light cast
shadows of latitude lines on the plane. The light could be
placed anywhere, but four basic placements will 1llustrate the

| - L
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principle. Figure 78 shows these placements and the relationship

of light rays t.d plans. _I«fo? purposes of _demnstrg@i_qnm,” only one

-

Source of light at infinity
makes all rays parallel.

CRTHOGRAPHIC ' STEREOGRAPHIC

=

FIGURE 78
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point of tangency is a pole. Ticks on each’glébe represent true
lat.‘;txifdé spacing along the ‘circumferance, |

gggggg;gx- The sourCe‘of'light‘igﬁat,the;center §f the globe
gx'gﬁdmen‘ This Gréek name may have been derived from nythology,
Bomething was requnsiblédfor internal disturbances that the
ancients observed, Since there had to be an explanation for every-
thirg and the scientific geologic ones of volcanism and. digstro-
phvrism hHad not beenvexpounded; the  Greeks invented a grodﬁ of -
peoyle 2alled gnomés who inhabited the center of the earth and
pushed tﬁe earth's crust aroﬁnd!

‘These same gnomes push latitude projection lines far away
from vheir true spacing as can be seen on Fig. 784, Stretching
gggggg§§§ <50 fapidly away from the point of tangency thét it
becomes impossible to project 90°.away from.the point, If ex-
tensions offligh6 rays are constructed accurately, the 90° ray
would be parallel to the plane of projection and so would never
touch it,

' Steredgraphic - Some distortion of latitude intervals can -

be eliminated by placing the light at the-antipode or point on

the ‘eircumference 180 degrees removed from.the-ﬁlané of projec-

iion.' Spacing still increages away from the point of tangency

but the:distortion 'is not so great. Projection of 90° falls

well within the limits of a plane of reasonable length and points

nearly 180 degrees away can be drawn if the plané‘is extended an

unreasonable disténce. These relationships are shown on Fig. 78D.
Orthographic - Placement of light conforms to the sun-earth

Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
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relationship in orthographic projections. The sun is so far re-
moved and so much larger than the earth that its rays strike the:
earth perpendicular to the plane of projection. Notice in Fig.
78C that the spacing decreases away from the point of tangency
which is the reverse of the previéus two. It is apparent that
only 90 deérees on either side of the tangent point can be pro-
jeéted from such a source of light. |

Equidistant - Instead of having latitude spacing increase
or decrease away from a point, it can be equally but not truly
spaced by rigging.the'suur6e~éf?light. Figure 78B shows ihe light
in a predetermined position by which the distance between it and
the axial point on the circumference is equal to the radius of
latitude 45. Graphic derivation of the distaﬁce'at which to placé
the light for Equidistant projection is included in Fig. 78C.

It should be noted that sources of light can be applied to
other than planes. This was indicated in the explanation of the
equatorial aspect of the Mercator evolved from a gnomonic cylin-

. drical concept, Furthermore, azimuthals, like other types of
projections, éan be devised mathematically. These are impossible
to reproduce or illustrate by reference to a source: of light cast-
ing shadows of a network of global lines on a developable surface.

Only two ézimuthal projections are to be givén as examples.
Explanations for other more complibated types will be found in
texts dealing brimarily'with'projections and not heading deli-
berately in the direction of using projections as one ingredient

" in map reading. - R

Polar Gnomonic

The Polar Gnomonic projection is widely used for navigation

Approved For Release 2000/04/18 : CIA’RDP80-01333A000300050001-1
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The choicelof projection is not especially crifical for map

sheets co#ering a small area if the projection is carefully and
accurately constructed in relation to this area. Even the ex-
‘perts ﬁill admit that it is impossible to recognize the projec-
tion used on very large scaLe map sheets.

Waen the area to be mapped extends over considerable latiws
tude and longitude the choice of projection is critical and must
be made on the basis of the properties that are most essential
to good depiction of the entity to be shown and the purpose for
which it i5 to be used, Let's take distance (scale) as one
cése in point, Disﬁances can be made correct along 1) all meri-
dians and one or two barallels, 2) along all parallels and one
or two meridians;‘they cannol, be corrgqt along all parallels and
all meridians. If a conformal projection is chosen, then if scale
along a given parallel is too great, scale along its intersecting
meridians will also be too great. If an equal=-area projection
is chosen, then if geale along given parallels is too great it
will be too small along meridians. The choice among equiva-
lénce, conformality and azimuthality throws out some other
property, especiéll&‘on small scale maps covering a large ‘area
such as the U.S., the U.8.5.R., Africa, or the world, and so
it goes, since4most human activity is a compromise with per-
fection.

Military Grids

From Graticule to Grid
In all of the above discussion, any organized network of

latitude and longitude lines, regardless of whether they can
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be prpjected or not, has been called a projection, Some cartogra=
| phers, however, would object to this since they préfer to differ-
entiate the projectable from the non-projectable varieties by
calling the latter grids. Addition of the term "military grids®
leads inevitably to confusion with this method of grouping pro-
jections, Personnel at the Army Map Service‘and many other map
makers and users, consequently, have decided to call any orga-
nized framework of latitude and longitude used for maps, a
GRATICULE. The necessity for determining the mechanics of the
map network derivation is thus eliminated. Furthermore, a re=-
ference intendéd to mean geographic projeétidn will not bechn-
strued to mean MILITARY GRID or simply GRID.

Reasons for Two Frameworks
AR

Representation of large‘sections of the world on a rec-
tangular graticule would violate most of the criteria for an
accurate map, and would distort earth features beyond usefulness.
In order to repfesemt an area with a minimum of distortion, the
graticule is therefore adopted first (earth features to be mapped

.will be dréwn to conform to this framework). After the projection
is selected, some spot on it is chosen as point of origin and some
direction indicated for orienting the military grid§ A GRID is
a rectangular system of coordinates composed of two seﬁs of paral~-
lél lines drawn at right angles upon a plane map surface., This
grid is superimposed ﬁpon the map graticule and extended over the
entire area controlled by the graticule, A definite relation-
ship then exists between any grid intersection and any‘adjacent

intersection of latitude and longitude. The grid system is used
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in scaling distances, determining directiong and locating points,
Although any conveniegﬁ unit of linear measurément'can be adopted,
yards and mepers are most commonly employed on militéfy grids.

pgating Points

iaﬁcurﬁte locations can be giveh in terms of geographit cowm
‘brdinates;. Any high degree of refinement in pin-pointing.an
objective, however, requires a lengthy enumeration of letters
and numbers, For example, the exact geographic location of the
Lincoln.Memorial in Washington, D.C. is 38053'20,221"N- & 77°
OB'O2.199§W.

Translatién of this long list of numbers to or from a grati-
cule would be complicated. It would necessitate the inclusion of
more latitude and longitude lines than are normally fbuhd on a
finished map; -Attempting to interpolate the site of the memorial
between more widely spaced lines would be inadequate on those
graticules on which interyals between parallels and-meridiaﬁs
are not uniférmly correct, . A map reader can locate the Memorial
more quickly and accurately by using the military grid. Each
grid interval is the same as any other interval on the same sheet.,
Interpblation between the grid lines can be done with a ruler or
even the straighﬁ edge of a piece of paper. |

‘Locazing objects on a grid is accomplished by a set tech=
nique which does not vary from map to map, or hemisphere to
hemisphere. This technique is always to begin in the southwest
(ldwer left-hand) corner of a sheet and read the coordinates

- to the }ight to the desired distance and then up along this

line to the point being located. In shorts READ - RIGHT - UP.
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The map sheet show1ng the Llncoln Memorlal is not avallable

to you, but one of the Hagerstown serles Wlll do Just as well to

E ,{, - )
illustrate how to apply the above teohnlque. On Hagerstown Sheet

NI
‘:“,3 RV PN

5463 ‘II NW our obJectlve will be Roohdale School. (To make you
more appre01at1ve of the efflClency of locatlng places by grld
references, try to flnd thls school by the "search” method Then
see how much 51mpler locatlng places can be when you follow the
grid technlque ) There are three dlfferent sets of grld numbers
prlnted in black blue and brown on this sheet the fourth set of
values in the margln represents‘éeographlc coordlnates. Black
numbers are UTM grid numbers, the blue, the overlapplng UTM grid
and the brown, U.S., Polyoonlc All of these will be explalned
later, Now we w1ll be concerned w1th only the black grid numbers.
In the lower left (SN) corner flnd zébooom E. Read RIGHT
along the lower margin until you find 267 from whlch_theAthree
small zeros,ooo, hare been cmitted;forrconvenience. Read on .9
of the wey toward 268 Keep your finger on this estimated spot
and refer back to SW corner to read the flrst full.grld line UP
from the corner which is 4390 ooom N contlnue to read up until.
ynu arrive at 4400 Estlmate .9 of the dlstance beyond this
number toward 4401. The Easting (readlng rlght) is 267 9 and the
Northlng (readlng up) is AAOO 9. In wrltlng these grld coordi-
nates, ‘the elevated numbers and de01mal 901nts are omltted and
all flgures are written as one unlt w1th the Eastlng part of the
coordinate flrst thus. 679009. There is Rookdale School! Note
that the terms Eastlng and Northlng arlse from the fact that read-

R

ing is relatlve to the flxed southwest orlgln for map sheets of

‘\ﬁ", '_ ,'-,. RSP v

88 :
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any area in the world.

Giving Directions

So long as two places lie on exactly the same graticule
line, giving direction between them is easy since oniy one of the
faur cardinal points of the compésé is involved. When map di-
rections involve "boxing the compass", they become less defini~'
tive and tend to be confuéing to the average map user, Further-
more, you recall that there are types of projections upon which
diagonal directions between coordinates are not true to earth
directions,

.When a military grid is used as the basis for giving di-
rections, many of these complications and inaccuracies are
averted, In describing‘the position of one point on a gridded
map with refereﬁce fo some other poinf (origin to objé¢£ive)
the azimuthr systémiié:ﬁsed. An AZIMUTH is the angle formed
between two N-S lines passing through-the center of the given
origin and objective., (These lines may be magnetic, true or
gfid north lines, of which more later,) The azimuth determines
the direction and is used instead of tﬁe compass points in give
ing direction,

The procedure for detefmining agimuth is shown graphicall&
on Fig. 90A on which it is assumed that the parallel lines re-
present grid lines "lifted" from a map. To determine the di;_
rection from origin (A) to objective (B), draw a straight line
(X) between the two peints and extend it to the nsarest grid
line (26). Orient a protractor with its O on the grid line and

it indicator on the intersection of the grid and extended lines,
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| FIGURE 90
Read the protractor clockwise to the point where the extended line
meets the px"otr,gctor {Y). The number éf degreeskread at this point
is the azimuth (202) or direction from A to B. Figure 905 illus-
trates how the azimuth , in this case 202, is the key to giving
directions without having to spell out that B is south by south-

west by south of A. 7
No other manipulations are necessary in using azimuths on a

map. Whenever grid azimuths are used with a compass in the field,
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they must be adjusted to magnetic“ﬁorﬁhJﬁo ingﬁré—bfbéer_inter-
pretation of compass feadings. Such adjustments are aécomplished
by use of declination data explained later intthis_chépter.

Giving soldiers instructions in compaés direcﬁipns copld be
disastrous. By the time a ééleaguered soldier had interpreted
the lsngthy nétation and appligd it to a gratiéule to get his
bearing, the enemy might have s@otted him and made any further
use of the map unneces;ary. With aid of a compaés and the
military;grid he would ﬁeed less time to determine his position
and head in the difection of safety as you caﬁ now readily see.

A wérd of caution is probably not amiss at this point.‘
Zero azimuth is not always north. Azimuth is often taken from
the south point on.land and from the ndrth point on sea. Thus,
the diagram on the preceeding page might 5e a éea azimuth, and
the land azimuth fér the same problem would bé 22 which is equi~
valent to the hack azimuth in the firs§ case, (2ozfiéo= 22)

A comparison df #?r@s reveéis.thaﬁtthéy éll'mean the same
thing, direction.  Ybﬁ woﬁ1d“§f6bab1y ask for direétion; a
soldier or astronomer would ask for azimuth, and land surveyor
ﬁould ask for bearing. Bearing and azimuth mean the same ﬁhing
to 90°, since azimuths are measured in terms of a whole circle
and bearings in terms of a quadrant of a circle, The'answer

shown on Fig. 90B might look something like this.

Bys The Average Man Southwest
Mariners (cnpass ~ South Southwest by soubh~-SSW3
Suviveyvers Bearing S 2200 '
Lanc azimuth 22
Sea azlmuth 202
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Translabing.nistances

Unequal spacing of graticule intervals, inadequacy of one
bar scale for an entire sheet and many other weakneses arising
from geographic determination of distances also make the grid
a useful complement of the graﬁicﬁle.

" Grid spacing, of one thousand aﬁd ten thousand yards or

-

meters depending upon the scale of the map, creates perfect
squares of equal size over the entire map. These squares can be
subdivided into smaller units by inspection or through the use’
.of a straight edge. . All distance values remain constant and so
dlagonals can also be drawn and distances measured along them.
Short distances can be given in terms of parts of units., Such
measurements are important for local operations. ‘An added advan-
tage of grld units over geographic units is that the latter must
be converted to distances by means of tables while grid units re-
present distance and so require no conversion.

Military Grid and Grid Reference Systems

Universal Transverse Mercator Grid-

To achieve a comprehensive and uniform coverage of the world,
several agencies and countries have adopted a common military grid
system. For example, United States military large -and medium scale
map series covering the world are being constructed on or converted
to the Universal Transverse Mercator Grid system (UTM). This
system is based upon the Transverse Mercator Projection. Deriva-
tion of coordinates for the projection is based upon computations
for a given spheroild.

The military Transverse Mercator Projection as you remember

92
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from the previous discussion of it (see page 73) is used in zones
6° wide. The lbngitude of origin for each zone is the central
meridian which is arbitrarily humbered 500,000 and is called a
FALSE EASTING (labelled E), False easting numbérs are assigned
to each vertical grid line with their valﬁes decreasing toward
the westefﬁ and increasing £oward the eastern limit of each
zone. Zones are numbered from east to west around the world be-
ginning with 1 at 180 to 174° W and increasing eastward to 60
~on zone 174 to 180° E, Zach zone is bounded by meridians which

are mulﬁiples of six degrees W or E of Greenwich. At the Jjunc-
ture of one zone with anothgr an overlap of approximately 25
miles of one grid over the next is made on maps to insure
accuracy of correlation. |

Because of tﬁe.Secant character of the graticule, scale
facﬁors must be employed when longitude distances are being
computed for projections or when grid distances are converted.
to actual East-West distances for precise control of artilléry
firing. The reason for these scale factors is shown in Figure
94. The ordinary map user, however, need not be concerned
with scale factors in giving or using grid references.

The latitude‘of origin in all zones is the Equator. FALSE
NOATHING (N) numbers are assigned to latitudes beginning with
0 meters at the Equator for the’nor£hern hemisphere and with
10,000,000 at the Equator for the southern hemisphere, These
numbers iﬁbréase in value from the origin to the latitude

limits of the UTM which are 80° N and '80° 3,
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FIGURE 94
Sgheroids'- You have just been introduced to the UTM Grid,
Now you must meet its partners, the Spheroids.l Each spheroid
controls the business of dispensing coordinatss for a particular.
area as shown on Fig. 95. The ideal, of course, would bs to have
the whole world based on one spheroid. Stridés are being made in
this direction with the International Spheroid. At present, how= '

ever, five apheroida are used because regional surveying, for

1, spheroid is an geometric figure describing the size and
shape of the earth developed from measurements of the earthts
gurface, Accepted spheroid figures ars used for computation of
all exact projections bul were not introduced in the section on
projection because they would have added little then, but are now
essential to the UTH grid explanation,
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has been adapted to one of the spher01ds. Selectlon of these

computatlons of them produced more pre01se results 1n one area

~than in others of the World, bubsequently volumes of tables were

oompleted to glve fj*u es adgusted to each spher01d Slnce the

‘

computat101 of srherlod tables is a lengthy process, ex1stlng

tables’sre belng used for the best portlons of each of the flve

apher*of* unt;l new,tables are completed’for the Internat}onal

gpaerolon ”hese tables are used for flndlng and plottlng grld

K
coordl atesa .
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might be interpreted to mean 120 plages in the world as a result
of similar numbers in 60 zones and 2 hemispheres in the UTM grid
system. Thus, the Military Grid Reference System is designed
for the UTM ond UPS .rids.

- For convenience in using the Reference System, the world is
divided into large, regularly—shaped, geographic areas each of
which is given a unique Grid .Zone Designation., Between 80° 3
and 80° N the world is divided into areas 6° east-west and 8°
north-south. The columns, 6° wide, aligned from west to east
are identified by the UTM zone numbers from 1 to 60, The rows,
8° high, aligned from south to north are identified by letters.
Starting at 80° South and proceeding northward to 80° North the
rows are lettered élphabetically beginning with C. through X and
omitting I and O, Reading RIGHT Ur the combination of the
column (zone) number, i.e., 3, and the row letter, i.e., P,
glves the Grid Zone Designation, 3P. Fig. 98,

Theso areas are further subdivided into 100,000 meter
squaras based on the grid covering the érea. Eech scuare is
ldentified by two letters called the 100,000 Meter Square
Identification. This identification is unique only within the
area covered by the Grid Zone Designation. Anyone using this
Identification must, thercfore, be careful to include the
proper Grid Zone Designation. Numerical references within the
100,000 meter squarec are given to the desired accuracy in terms
of easting (E) and northing (N) grid coordinates. For the
sample poiht given on Hagerstown, Sheet 5463 II N.W., thc Grid
Zone Designation is 18 S, The 100,000 Meter Square Iuentification

Approved For Release 2000/04/18 :93CIA-RDP80-01333A000300050001-1
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is TU end numerical reference is 688959,

Féf rgfereﬁqg purposes the polar areas are divided into two
zones by the 0° - 180° meridians which form a diameter of the
Universal Pplar dteFeo¢raphio Projection extending from 80° to
the poles, References are made to Y in tiae weétern half and to
Z in the eastern half of the north polar grid; and to A and B
iﬁ gimilar relationship in souﬁh polar areas, Each ;s‘further
subdivided by 100,000 meter square identifications.,

| It is nst necessary for you to digest further refinements
of this system at present. A com.lete analvsis is given in
books aevoted to the development and utilization of grids and

grid references.t

Poiyconic Grid System

U.S. Polyconic - The Grid System for Proscessive Maus of
o £y £y

the United States is based upon the Polyconic Grid. Older
military topographic maps of the Uaited States show this system
s0 that even though all new mapping in this category use the
UM prid, you will find examples of the Polyconic System still
in use, Furthermore, during the period of transition, both
grids are shown on map sheets as you noticed on the Hagerstown
map sheet used to demonstrate how to read grid numbers,

The United States is divided into 7 zones each 96 of longi-

-tude in width with a % degree overlap on each side. The -

T
N

1For precise breakdown of the Reference System, see Army Map
8ervice Technieal Mahupl No, 36 Grids_and Grid References ory .
Department of the Army TM5-241 to 16~1-233 The Universal Grid
Systems'” ' . - LT L R

¥ ! b ' oo ! Wt - R
T ] i M h " " .
N .o, - T NS - b Loaot
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overlapping area can be shown on two sets of maps, one on each
grid system thus making it bossible to have progressive maps

for each zone, Although the Syétém is called progreésive, it
is sctually an interruptad system with the bverlap acting as a
stepping éténé to the next syéteﬁ of coordinateé. Each zone

has its point of origin at a central meridian which is 4} de-
grees from either edge of the zone, but is actually armultiple
of 8° from 73° W due to ﬁhe 1/50 overlap of zones. (The longi-
tude 73° W obviously is the practical eastern limit for the U.S.).
Each central meridian is numbered 1,000,000 on the grid. Values
increase to the east and decrease to the west from the central ’
meridian. The latitude line of origin for all zones is 40°30' N.
This line is numbered 2,000,000 on the grid. Values increase

to the north and decrcase to the south of tﬁe standard parallel.
Grid references arc identical in each 20N€,

For complete reference purposes the zones are 1ettered.from
east to west beginning with A for the New England area and send=-
ing with G on the west coast., |

The whole system was inspirsd by the French Quadillage
‘System based.on the Lambert Conformal Projection and is very
gimilar to it., Certain modificétions were necessar&‘because
the French system‘is expressed iﬁ grades and metecs and the
.United States system in degrees and yards, The diagram on the

following page shows the grid reference system.

100
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FIGUAE 101 - |

World Polyconic = The World Polyconic Grid system is merely
an elaboraticn of the progressive militery grid of the Luited
States. It could have been made to cover the entire wi.:rld but
actually was only used in areas not covered by Bfitish grids,
Adoption of this grid was an energency solution of the world
mapping problem during World War IT and like its U.S. predecessor
has been abandoned in favor of the UTK grid,

The world is divided into five northes.uth bands each 73°
Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
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wide, overlapping 1° and extending from 80° s to 80° N Bands are
nusbered from I, over the United States, westward, Each band 1s
divided into nine zones each 9° wide, overlapping 1° like those

for the United States, Zones are lettered from A to J omitting I
from east to weat within each band, Fig. 102.

S

< oanoBle o phs 3
E—lD;'Z‘ BAIn ryfri's D
LLL é

FIGURE 102

Two latitude points and one }ongitude point of origin can be
used in each zone. For the part gorth of 28° the originﬁ are at
ihe central meridian and 400307 N‘i to agree with the United States
system, Origins for the re.maindéjr of each zone are at the central
meridian and ths equater which arie numbered 1,000,000 and O re-
spectively.

A 1,000 yard grid is the basis f'or the system, Thus, all
measureménts -are in yards, | |

British Grid Systems
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a belt. These terms are applied in relation to the types of pro=
Jections used, %ch grid, gone ov bélt has & name, see Fig., 104.
. Interval division is made on an alphsabetical and num;rical block
system, Large blocks covering 500,000 meter squares are identi-
fied by a 25 letter block systen beginning with A in the northwest
block, omitting I, and ending with Z in the southeast block as
shown in Fig. 103. BEach block may be further subdivided into

AlB{C|DIE
F His K
LIMIN|O]|P
Q|R|S|T|U
ViWIX|Y|Z

Arrangement of Lettering in 500,000 meter blocks
or 100,000 meter squaras.

FIGURE 103

100,000 meter squares which are lettered in the same way as the
blocks. Each 100,000 meter square can be broken into 10 amaller
squares of 10,000 meters on each side. In this case, not the
squares but the lines Idrming the squares are numbemr‘l'from 0

to 10, beginning in the scuthwest corner, The false origin of
the grid colincides with V at the southwest corner, If the ares
mapped exceeds 2,500,000 meters ‘:in either direction, the basic
lattering and nmber plan is repeated for the additicnal squarss

Approved FOrRelesaE P d6ioars & K- RDPB R0 SRT0sbtieaeh01-1
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INDEX OF BRITISH GRIDS
FIGURE 104

(opposite)

: 104 ‘ '
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to a large division.

Bécause~of the variety of grids which causes difficﬁlty in-
making correlations and other international pressures the British
are beginning to convert to the Universal Transyerse Mercator -
Grid System.

Qther Systems

Thé same genéfal procedures as that are followed for the British
gfia and grid references systems are applied by most countries of
~thé world, Different countries use different basic graticules,
or, ﬁniﬁs'of measurement; which may alter the system slightly.

As ydu encounter‘miscellaneous'foreign military grids, you-should
examine them_carefully to see if they fit into any of the above
¢lassifications, If they don't, then begin a search for an ex~-
planation of the system, Chances are, however, you will not need
"o cope with too many of these special cases since you can proba-
bl& substitute another sheet or series prepared by the Army Map
Service, British, French or some ageney influenced by these
leadars.

Measuring Devices: Scale

Meaning g; Scale

Projections are the cartographers solutions of how to pin
the round earth down on flat paper. Scales are the logical
resolution of the problem of Shrinking the earth down to usable
map éize. A general definition of Scale is: ‘the ratio of dis-:
taﬁcé on a map to its corresponding distance on the earth, In
a final analysis, what is distance but a linear measurement of
size?

Approved For Release 2000/04/1 §%CIA-RDP80-01333A000300050001-1
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Two major factors must. be considered in selecting scale and

‘should be borne in mind in analyzing and interpreting maps. The
first consideration is how large or small & p&rt of the earth's
gsurface is to be shown and the second is how muéh map‘épace is
available for this purpose, If a whole wall is to be covered by
& map of the world, the scale of this map will be different from
jthat of one showing the world on a desk-sized sheet. In other
}words, how much earth to how big a map sheet, These two together
?dictate the scale. As soﬁn as this coverage decision is made,
jthen scale becomes the dicﬁator of the practical size and amount.
j of detail that can be depicted within the limits of the map.
| You will never be confused by map scales if you learn to |
: visualizeiwhat'they mean., Remember you are viewing a portion or
- 8ll of the earth's—éufface squeezed down to a smaller size, on
i any map, You can anticipate how much distance will be represented
as the result of this compression by fixing certain basic scale
- relationships firmly in your mind.
One way of identifying a map or map series is by a repre-
. gentative fraction, What does it represent? Why a fraction?
Let!s take the first question and visualize what it means in
 terms of & basic scale 1163360, There are 63,36O inches in one
mile. Therefore, one inch on a map.at this scale represents
63,360 inches laid out in 2 straight line across the surface of
the earth Fig. 107. Ups and downs on the actual sﬁrface are
disgounted because this is a linear or horizontal line scale,
If you started froh the building in which your class meets and

traveled in one direction along a level line, where would you

Approved For Release 2000/04/18 : dl%’-RDP80-01333A000300050001-1
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\ One inch on the map represents
63,360 inches on the ground.

SCALE OF MAP IS: 1:63,360

FIGURE 107
arrive at the end of one mile, 63,360 inches?

"Mile" was used to start you off in visualizing scale, but
any kind of unit can be substituted and the representation will
be the same~-one map unit to x earth units, The actual earth
representation is conti‘olled by the answer to the second ques-
tion. ™"Why a fraction?" Ratios and fractions are the same
thing said in a different way, Consequently, scale ratio of

map to earth 1s representative fraction.

RrF = Distance on the mag' ;
Distance on the earth
Representative fractions are read and interpfet.ed Just like
any common fraction and produce the same proportions, When the
denominator is a small number each part represents a large plece

of the whole. For example, it takes oniy two parts to make one

, 107
Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1



‘ 8 : CIA-RDP80-01333A000300050001-1
- wPRreyed ForRelsase 2000104/

1on. 3+ As the deneminator is enlarged, it takes - o
mfre_partsygr, in other words, one part represents a smaller piece
'bi ﬁhe whoié;' Since map séales_are generally expressed in com-

, p%ratively small intervals of linear measurement, they ShOW;S?Ver'
ai thcusénd parts to be expressed in one part or unit, .At é scale
0# 1339,9éG;2§§Bnty thousand earth units would be compressed into ,

pneﬁég_ﬁnit, T?e_t&tal,compressipn, however, would only be

| 'agout l/? as great as that necessary at 1163,360, At the first
scale it woﬁid také mﬁre than threé inches on a map to represent
oné‘milé of earth surface., This means you would travel only one
th@rd as far ffom school to cover the.territory shown ih §ne' |

'ingh at 1:20,000 as you would in one inch at 1:63,360. Visuali-
zation in_this‘fashion is a good technique for you to pfactice

until it becomes automatic, Try ﬁhese three steps to help you

form the habit:

1. Fix in your mind that at a scale of 1:63,360 it takes one
inch on the map to show one mile of the earthfs surface, A map
that is 20 inches across then represents 20 miles  linear earth
distance, . AL

2+ Visuallze the distance of a basic unit, one mile, on the
map as a similar distance in your own locality. Learn in this
waj to "feel® the scale as well as to be able to compute it
abstractly, . :

3. Compare different map scales in relation to & basic unit
such as inch to one mile, Don't be hesitant about rounding off
numbers for this purpose., Even the map makers use 62,500 which
1s easier to multiple and divide than 63,360 and yet is still
very close to one mile. A few other scales and- their rough
equivalents will start you in your comparisons.,

1325,000 ° = about .4 miles to the inch or 2} - inches to bhe mile
131‘25,000 = L T} ] L 1 oo 1"
1:250,000 = L o on "1/ " mooon g
1:1,000,000 = nm 16 n. on ow " 1/16 T N B

Every good map must have ‘a scale to tell its reader what to
expéct in the way of details as well as to aid him in estimating

| 108
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distances. Lapge scale means that specific features of the land-
scape such as individual buildings and intricate local patterns
will be shown on a map covering a small area. “As more afea is
covered by the map, exactness of delineation decreases and less
detall can be shown within the scope of each map unit., When a -
suggestive outline, circle or dot replaces actual urban detail,
then more earth area has been covered in each map unit and the
scale is elther medium or small, Thus incneasing the size of
the.denominator means either making each detail smaller or less
exact,‘. |

The size of objects can decrecase only so far, and then they
muist be eliminated because it becomes impossible for the human
eye to see them. By the same line pf reasoniqg, important de~
tails to be_retgined mugtnbevexaggerated. These are no longer
drawn to scale but rather to achieve legibility. The‘followingr‘
Whimsical little quotation may help you to recall the signifi-
cance of scalet "Big frog in a little pond" LARGE SCALE;
"Little fellow in a wide, wide world" SMALL SCALEL, In other
words, if the physical features of the frog can be seen, little
space is left for showing much of the world in which he lives.
If large sections or all of the world can be seen, then the‘,
li£pl¢ frog‘retires to;the insignificance of a X which marks
his jumping spot..

Classification of Maps According Lo Scale

.. How aré 1arge and small scale differentiated? Universal

lGreenhood; p 4

109
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iacceptance of any one cla551flcatlon of maps aooordlng o scale

;would be ideal but, like all human 1deals, it does not exist.

% Insteed, each'specialized group of map'users sets up its own

; categories and sometimes becoimes very dogmatio about its own pet
classification. College instructors and classroom teachérs are

| accustomed to u31ng maps Which show large sections of the world

' To this group all scales of 1:1, OOO 000 or larger are large and

only scales of several millions or more are small., At thé other |
| extreme are the personnel who constantly work with deteiled;an-
| alyses of small areas. To them, any scale smaller than 1:50,000
is classified as small scale. The truth of the matter is that a
. classification which fulfills the needs of one éroup may be!in-
| adequate for another. If any rule exists itishould be, "to each
his own". Please accept the follow1ng olaSSLfioatlon with this
' rule in nind. D
Mapping agencies oommiSSioned_to make special'sheets of small,
 medium and large scale generally agree that large soale‘epplies |
to mapping projeots'demanding up to 1:75,000 scales. On all com-
: piletions made by the Army Map Service, this is true,
. Large soale mapping is done for ﬁactical purposes and de=
| tailed study of small areas., If the scele is large enough, the
resulting map closely approximates a photographic 1mage of the
area, {(Compare the Photo Map on the back of Anderson Island 1478
II NW with the face of the map)r Such mapping has limited patron-
age because of the size and quantity of maps needed for coveriné

even a small area. Greater numbers of sheets are demanded at
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scales of "about" 1:50,000. :Tho 1isé . of "about".lmplips the faect.

that ‘mapping’ is donc -on - scales of l:hS,OOO 1562 500 and 1363,360
as 'well™as '1:50, OOO‘

Medium Scale

The Army Map Serviée‘coﬁsidefs all scales'larger than
1:600,000 and smaller than 1:75,000 to be medium scale for map-
piﬁé projects. 'Obviously, l;So detail can be shown. Much of the
large scale minutlae is droppud because each square 1nch on the
map now reprcsents a greater earth area, btyllzatlon of cultural
and natural ieatures is more abstract, Relative, rather than
more nearly exact, relationships arc maintained between map
symbois. In other words, the map compiler guarantees, insofar
as his‘information‘permits,Vthat a road runs next to a stream,
He does not puarantee the precise distance bétWeen theﬁ since he
must use the space normally allotted between them for'draWing ?
symbols for road and river, ‘

Any mapping done at a scale of 11600,000 or smaller is
Small Scale, All the restrictions given for medium scale are
intensified at this scale. Only the most pertinent details
can be shown.

Small scale hapé can never be used éffectively for intensive
microgeographic studies, They are useful, rather, in layiné
master plans covering large arcas. Overall distribution patterns
ban‘bé'visualized and mapped. Local features that are necessary
in 1nteﬂrat1ng plans of populated areas in relation to their

’ surrbundings must be shown on other maps or‘Back—Up Plans

111
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mentioned earlier. : : ¢

Systems of Measurement

: Crude Aporoximations .

There are severai different ways for measuring distances.,
Any measurement is just é convenient way of telling someone else
ﬁOW'far a given'thing is from'something else. Some of the most =
elementary Ways‘of designating distances arise from common know~
iedge. ‘There is a saying; for example, "It is just a stone's
throw away." This draws upon the common knowledge that stones
%re’éomparatively heavy or else so light that the average person
&annotﬂ throw one very far, Geofge Washington to the contrary
ot w1thstand1ng. ‘
| . Another rough way of estlmatlng dlstances is by ”stepplng
off", 1In this case, it is assumed that the length of an average
man's foot ié about 12 inches orf I foot. (The origin for calling
£2 inches a foot), Consequently, if a man puts one foot in front
of the other, he can make an approximate measurement in terms of
bow many feet one object is from another.
| In early frontier days in the southﬁést, land was measured
in this unique way: The extent of a property line was determined
by the distance a man on horseback could cover while he smoke& a
hand-rolled cigarette: King=sized ones wé?eh't in use theﬁ, of

they would have added to a man's property!

Although any of these methods are too crude for map scales,
nevertheless, they represent quaint prededents of precise systems.'
Even today there are several types of measurement but the English

(sexigesimal) and Metric are most widely used, Either or both

112
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systems are used for scales on maps made by leading cartographic
agencies‘throughdut the world.

Metric System

The Metrlc system is used in many foreign countrles and is
increa51ng in popularity in the United atutes even though it
may perhaps be unfamiliar to you. You are probably more accus-

" tomed to the Eﬁglish system of inches, feet, yards and miles,
If‘yqu,#re to become a proficient map reader, however, you will
have to find your way around in the metric system. Furthermore,
gince both systems are common, you should know how to convert
from one to the other. To do this, you must understand how the
metric system is developed.

Metric Conversions

The basic unit is the METER which is one ten-millionth of
the meridianal distance from the Equator to a pole. Every other
unit in the system is a fraétion or a multiple of this unit,
Prefixes attached to meters determinc whether the new unit is a
fraction or multiple, The prefix "milli" means thousandth, so
one millimeter is Iﬁ%ﬁ of a meter. "Conti” means hundredth,
One centimgter equals I%ﬁ meter, MKilo" means thousand, thus
one kilometer equals 1000: moters.

English conversions of metric units are accomplished by
seﬁting up a base equivalent and then moving the decimal point
to the fight or left in accordance with the dictates of the
metric prefix under consideration, as follows:

1 METER = 39.37 inches.,

To find the inch equivalent of one millimeter, move the
Approved For Release 2000/04/18 iﬁlA-RDP80-01 333A000300050001-1
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“,,declmsl point 5 places to-the left of 1ts place in the basic equl-

valenﬁ ‘to obtain 1 mllllmeter = ,03937 inches. To find the 1noh
equivalent of one kllometer, move the decimal poino 3 places to
the right to obtain 1 kilometer = 39,370.00 inches.
| Multiple metric unis values are obtained by convsrting to
the single unit equivalent and multiplying by the number of-Uhitsx‘
d981red lO'centimeters = '3937'ihches x lO = 3,937 inches.‘- |
The same basic technlque of shlftlng the ‘decimal to the
right or left to obtaln a ba31c equlvalent can be applied to con—l
version of any Enbllsh unit or the reverse. For example, 1 yard
91 L), centimeters = thh meters. One centimeter = 09144 Yards.
Since you w1ll probably need to make some klnds of conversions
oniy ocoaslonally, there is no p01nt to commlttlng each type to
memory. Instead, a 1list of conversion values has been 1ncluded
in the appepdlx as Taol I, You may w1sh to dlgest 1ts com-

position now 50 you can use 1t readlly whenever the need arises.'

Adaptatlons of tho Engilsh Svstem o

i
i

s

Adnptatlon of the Enﬁlloh system to speolal occupations has
led to the addltlon of adJeotlves suoh as Nautlcal " to the general |
~ term, mlle. Some hydrographlc charts hsveysoale expressed 1n
NAUTICAL MILES whloh are sllghtly longer than standard mlles.
Orlglnally thls unlt was taken to be one mlnute of latltude. The
actual length of one mlnute of latltude varles S0 that the 1ength
of a nautlcal mlle was somewhat smaller st the equator than near ,
A the poles. Thls dlsoreoancy became s1gn1f1cant when sallors‘(u
pushed 1nto polar waters. To av01d oonfu51on, the Brltlsh A&alralty
’radopted the ADMIRALTY MILE whﬂoh is ‘the mean value of one degree A
| G e ; L ‘llA : v .‘ L
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of latitude, 6080 fest. The length of the official U.S. nautical
nile is slightly longer or 6080.2 feet (1853,25 mcters}. .

| GEOGRAPHICAL MILE is another term based on geographic co-
ordinates. It was originally defined as the lengih of one minute
of longitude on the H,uator corresponding to 1,1516 miles, It

is noW'u sed inturchangeably with nautical mile and sometimes

even w1th statute mile.

A STATUTE MILE is the legal term for the standard land mile.
It is 63,360 inches; 5280 feet or 1609.347 meters depending on |

" the unit you choose, A statute mile is roughly 7/8 (0;8683) of
& nautical mile,

Ydu méy also encounter a few foreign maps calibréted in
unique units, Nations of essentially Slavic or Oriental origin
and not greatly influenced by‘western‘civilization at an early
date or dominated by it later, have developed units that have no
resemblance td either the English or metric ones. Versts,
Schritte, alnir and sajen or saszhen are a few of these., Four
schritte equal three meters: 1000 alnir equal 625 meters
(Icclandic), - BEquivelents for the rest and several others can
be found in Table IT of the appendix.

Notation of Scales

As was indicated previously, any unit or system of measure-
ment can be used for expressing the relationship implied by map
scales. These ratios can be noted on maps in any or all of the
following three ways.

Representative Fraction (RF) 1:63360 or 1

63,360
The representative fraction expresses the relationship aof

Apprbved For Release 2000/04/1811€1A-RDP80-01333A000300050001-1
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map to earth distances. The numerator or first part of the ratio ’

detarmines tha unit of map dlstance. The denominat.or determinea
the amount of earth distance represanted by each map unit,

Verbal Scale - One inch to one mila

I
|
|

This method is self-axplanatory since it simply means that
the numerical values are writtsn out. Do not conruae this with

the popular English method of referring to maps. For'example,

‘‘‘‘‘‘ 3

of four 1nghes to the mile,

;Gfaghic Seals

& o = — =1,2 miles
P - 2 MILES
HECE ]

‘Extension Primary

A

Graphic ;caléé are'ﬁaiibrabed to express visusl eduivap
lents of the represantative fraction or, verbal scale, They can
bg used diractly without the preliminary conversion needed for
uaing the represertative fraction, Furthermore, they are aarer
t? nse if a map sheet is to be reduced.or enlarged photographie=
cally gince the graphic 3ca;e notation automatically gonforma tq
the change. Beginners 6ften wake the mistake of applying rapre-'
santative fractions or verbal scales to mAps they aasemble uith-
opt anticipating such photographic changes. Scales will ‘then bew‘
i#qorract on the final map if they are compgted:for:the origipal
iﬁstead of the final map shest.

How to Use Graphic Scales

For a graphic scale, a line or parallel lines are drawn of
the apprOpriate length and divided into unita. On the preceding

1hiss svia"r %ﬁﬁlloi’/‘l?i@mﬁﬁﬁd‘%‘%ﬁsﬁﬂ%ﬁﬁoosoom A
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shown, The primsry portion to the right of the 0.1is divided multi-

ples of theé whole unit such as 1-2-3 miles, The extension to the
_ left of the 0 is divided into fractional parts of a whole unit,
such as tenths of miles. CAUIFION : If you ars measuring mll t;n:itl
begin at O and use the right :;ide or primary scale, If the dis'-‘-
tance you are trying to measure does not equel even mile units , '
orient the line to be measured with itsl right end on the last full
unlt that is applicable and r%ad t.he remaining fraction on t.he
extensicn to the left of O. ‘ |
Bar scales, which is the name commonly given to graphic scaies ’
can be useful for measuring other than straight 1ines. | Rarely do
you have to compute parfect circles on maps, but often ‘phys."tucal:
and cultural features are irregular curves with expanses of nearly
- st.raigh"t‘ lines, Any medium with a straight edge can tiaéwused to |
measure distance along them. Lay the straight edge along the line
“to be measured and tick off short intervals to rt;pres_eﬂt straight

line segments of the curve thus:

i S TN SN W Y dnd
T LAY B T e | LR MY

B ‘ Totel Length

=

A Method of %ticking off distances along curved line.
B As ticks appear along stralght edge.

-FIGURE 117 |
Bs certain that the last tick made is not moved away from
the point from which it is dérivgd as you rotate the medium of
’ measurement, Measure the t.otai length of the art.raight. line re=-

solved from each segment to get total mileage betﬁeén_ two places
Approved For Release 2000/04/48 : CIA-RDP80-01333A000300050001-1
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connected by a curved llne road ‘river, etc.

When such spe01f1c uses of a bar scale are made, the student
must be sure that the scale is applicable to all parts of the map.
Varlous types of prOJectlons invalidate use of a 51ngle scale

beyond,limited graticule points. For example, a single bar scale

~on auMercetor_projection isvusually eonstructed on true distances

for a. given parallel of latitude., Poleward distortion of the pro-

jection will-produce highly erroneous measurements based upon

this glven,latltude “for example equatorlal scale. In euch

" cases, ,multlple soales adapted to correct proportlons along suc~-

-ceedlng parallels are necessary for correct measurement. If

only one- scalenls prov1ded the student must dlsregard it in

poleward areas. - He may approx1mate distances here By consultlng

tablne glvlng true ~arth distances for any latltude and longitude .

.lnterval, It As worth while in this comnection to remember that

l:degreeuof iatitude anywhere and 1 degree of longitude on the"

"‘eQuator gqual aboub 70 miles. One degree’of longituds represehte

decreasing distances in poleward directions., At 60 degrees north

or south; cne degree'ofvlongitude equals one half of what it would

at the equator; or about 35 miles. Remember these are earth

" approximstions to be used for gross estimations only, not accurate

measurements e

Determination of Scale Values

Although you are. not aotlvely complllng a map in thls course,
you will.need to know how to determine scale values. If you do
any extenslve work’ withhmaps, you w1ll encounter maps on which

elther the Repreeentatlve Fraction or the Graphic Scale has been

Appro\("edf'Fdr Release 2000/04/18™ CIA-RDP80-01333A000300050001-1
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omltted., You may even find one with no scale of any kind, You
can cope with any of these emergencies by following the same
technique used for deriving scales for original mapping.

The exact distance between two earth features'must be known
or Pound from source material if no scale is provided. Then,
measure the map distance betweeqlthgse two and divide earth by
map distance., FKach must, of course, be converted to a common
unit, For example, the earth distance is 2 miles and the map
distancé is 2 inches., Two miles = 136,720 inches. The ratio is
then 2:136,720. Dividing we obtain the unit ratio of (136720 + 2)
1163,360, or 1 inch to 1 mile.

Representative Fraction Given

Now, lets assume you are given a Representative Fraction
only and want fo use a graphic measurement. For example, Given
1:125,000 to find graphic equivalent,

Divide 125,000 by 63360 to find what earth distance each map
unit will represent. This equals 1:inch: 1.81 milss, ‘It 16 normal
procedure to have graphic units represent even earth units, To
do this, cast the:known units into a ratio, thus: X:1::100:181
(lOOiunity'taken to eliminate decimal)

18l x=10 x=:0=z 55
E3)
Thereforg, .552 inches represent 1 mile on a graphic scale

constructed for the RF, 1:1125,000.

Graphic Scale Given

If the Graphic Scale is given and you want to find the

Representative Fraction, begin by measuring the exact length

Approved For Release 2000/04/181CIA-RDP80-01333A000300050001-1
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3 \Qﬁ~onelun1t*pnwphe/greph1c*scale.’ Divide one earth unit by this

'flgure.

. Givens one earth unit of one mlle = 63360 inches, Scale unit
is found to equal 76/60 inches. 63 360 + 76/60 = 63,360 X 60/76
="3 801,600 + 76 = 50,000 appr. Therefore, the BF for th1§ Graphic
,Scale 15 1:50,000. | | |

Reductlon and Enlargement of Scales

Effect of Reductlon and Enlargement

- As you work with maps, you may want to reduce or enlarge‘
some of them or have ‘this done for you. You will want to have
som% idea of how they will look in terms of their comparatlve
size and the size of detail shown on them.after these changes are,
made. Upon careful thought, you may decide, furthermore, that a |
given map should not be reduced because details on it would be
tpo crowded in a smaller space. Remember that scale should contro]
the sen51ble choice of detall Large scale maps can COntaln much
spe01f1c detail that has to be generellzed and exaggerated at
smeller scales.

One 51mple way tovlllustrate what happens to the size of a
mep sheet and all detall shown on it for a given area when it is
neduced or enlsrgedvis to fold a sheet of paper. Take a sheet of
erdinary notebook paper and assume it is.a map of a given scale,
to shOW'the same area reduced to 1/2 the orlglnal scale, fold the
paper in half each way since any reductlon is prOportlonel in each
dlmen31on. You now have 1/4 the paper erea of the original while
ﬂhe scale is 1/2 that of the original. Fold the paper.once again

in each direction to illustrate a 4 times reduction which gives a

. 120 '
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paper area 1/16 the size of the original,

Formulae for Reduction and Enlargement

The mathematical formula of which this paper folding is
Pilustrative is: The ratio between the area of a map on one scalc
and its area at another scale is equal to the square of the ratio
between the scales of the original and convertcd map.

Examples Reduce 1:10,000 to 1:50,000 scale

| 110,000 : 50,000 = %‘8‘"%8‘8‘ or 1/5 the originel linear
scaie and (1/5)2 = 1/25,the area of the original

Enlarge 1:100,000 to 1:20,000

100,000 : 20,000 = 2222990 o1 5 tines the original

20,000

linear scale and (5)% = 25 times the area of the

original

If you know the original scale of a map sheet and want to
find the new scale of a reduced or enlarged version of it, use
the principle of ratios. Place the unknown first to enlarge and
second to reduce, thus:

Enlarge: Given scale 1:100,000 to be enlargod 10 times

21 =10100,00 = 15 165 000 = 10x 10,000 = X

X 100,000 X :

The new enlarged scale is 1:10,000

Reduce: Givon 10,000 to be roduced 5+times.

1 1= X o =
— 2 25 = X =5 10,000 = 50,000
‘10,000 X 10,000 ° 2 ’ = 20 _

' The new reduccd scale is 1:50,000
Any of the above problems can be solved in terms of other
English units or in Metric units,

Scale Exercise

Five maps of the Hagerstown area have bean provided to aid

-App'roved For Release 2000/04/18%2¢1A-RDP80-01333A000300050001-1
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yod in visualizing the effect of scale on map depictions.
(1) Hagerstown City Plan (4) 1t 125 000 Hagerstown
(2) 1:25,000 Hagerstown (5) 1: 250 OOO Baltimore
(3) 1:50,000 Hagerstown

Assemble these fiﬁe in the order- given above and compare the
differences that result from scale.

i. How mueh linear distance is covered by one unit of the
graphic scale on eachvsheet? You will have to compute a graphic
'scale for the City Plan to complete this exercise.

| 2. What is the linear extent of the earth area covered by
gach graphic scale? Of each map sheet?

3, What is the geographic extent ef'eech map in terms of
geographlc coordinates? Note: geographic coordinates for the
City Plan must be determined from the corporate boundaries of
Hageretown.

© L, When militery grids are provided; what interval is used
and how is the grid depicted? |

5. What happens to symbolization of hydrographic detail on
each progressively smaller scale sheet? Why?

'i 6, How does the depiction of Hagerstown change from map to
map? Why?

7. How is the transportation pattern adapted to the various
scales?

8. Why is the Through Way Plan printed on the reverse of the
Baltlmore Sheet? |
| 9, If the 1:25,000 Hagerstown ‘sheet is reduced to 1:200, OOO

scale, how large a map sheet weuld be needed to cover the same
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area? Why would such a direct reduction be impractical?

10. If the 1:250,000 Baltimore sheet is enlarged to 1:10,000,
how large a map sheet would be need;d to cover the same area?
#ow would details "look" on this direct enlargement?

&l, Which of these maps would you use to analyze the accessi-
bildty of Hagerstown to other cities within 10 miles of it? 25

. miles? 75 miles? |

,12; Which maps would you use if you wanted to buy a piece of
property in Hagerstown for a homesite? For commercial purposes?
For a factéry? Would you need other maps and source material t§
ald ynﬁ inleach of these selections?
Control

Cartographic Dependence on Other Fields

Correct positioning of earth features and scales for precise
measurement on maps-depend upon a great deal»qf preliminary grQund
work., No accurate map has ever been "dreamed up" by a carto-
grapher alone. He must utilize the products of the combined
efforts of astronomers, geodecists and surveyors. Exact»positionf
ing of geographic coordinates begins with astronomical observa-
tions. Specific distances are measured by the surveyor from |
points fixed by these observations. Geodecists utiliéé these
established distances in computing the exact figure of the earth
or spherold and are also responsible for detailed studies lead—
ing to the determination of the base for g&b&gr&ﬁhiéﬁbéﬁpidg;

When the cartographer compiles an accurate map, he use¢ the
coordinates estéblished on the earth and scales them to their

proper place on his map sheet., The thoroughness with which each
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and any alds he may provide the map user 1n reconstructlng eerth—

maF relationships. The most carefully calculated Representative»v

Fractlon and the most accuretely constructed bar scale are use-

1ess if earth features are mlsplaced in respect to thelr true

earth pos1t10n. One critical example of this dependence 1s the

use,of maps,for artlllery fire control  Scientists have been .

|
rab%e to perfect hlghly accurate guns and instruments for direct-
ing missiles. Men can be tralned to compute firing dlstances
from maps and to adJust their instruments accordlngly but if the

map " from which range was calculated is 1ncorrect ‘the missile will

still mdss its target. The mpst hlghly trained operator and most

precise artlllery piece cannot be comblned to hit a mark that

\

\
isn't where the map says it 1s, but may be several hundred yards
away.

A slightly different application of control often results in

c%yil%litigation. Single surveys.can be run to determine the‘size
of a piece cf.preperty. If there are no neighbors‘nearby, this
t&pe of survey is auequate. 'Asbedjoining property is taken up or
gold, howerer, legal disputes‘are almost inevitable if tne origi-
nsl’survey was not tied to true eerth cocrdinates. Surveyors
need something, therefore, to contrclrand fix pronerty measyre-
ments where tney,belong.

| The Meaning of Control

A control p01nt 1s merely a spot on the earth whose prec1se
locatlon has been establlshed It is a point of reference from

which measurements are made to find the location of earth features

Ap’proved For Release 2000/04/1 8ié4CIA-RDP80-01 333A000300050001-1
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and from which to establish other such- points, In this way, it:
controls the location of featurcs; Like the word "sheep", control

. may bé used to mean either singular or pluralzpoints."It is also
used as an abstract noun as in the sentence "There is little
control in this area.! -

The greater the number of control points that are estab-
lished'in‘a_given region, the better becomes the accuracy with

, wﬁich‘features can be: located, Adequate control also improves
 thé'poténtiality-for better translation of these features inbo
map-g&mbols.

The Genesis of Control

.Méking‘a map by compiiing information from other maps and
map sources is.a complicated task. "It is even more complicated
to_m@ke_a map of an area that has never been surveyed. Imagine,
for example, being sent to an uncharted island with instructions
to produce an accurate map of it,

. You would have to begin by looking to the heavens and making
astronomigal:observations of the stars, This is the only Way the
true latitude and longitude location of an isolated place can be
determined. . Additional control could be surveyed from these
primary points for laying.a projection and fixing island featurés{
As‘you remember any graticule is only a network of lines referred
to some origin. |

-Astronomical positidnS‘are‘defiﬁéd from the deléstial éphérémw
that‘amcompaéses the earth,. Because‘ﬁheiearth is such a-tiny
entity among the ﬁng?n;y galaxy, notation of the.position.of.a - -

given star is not affected by the location of an observer on the
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eayth' Farth latltude 1s the decllnatlon of a selected star from

thc zenith of an observer. (The point dlrectly over the head of
an?observer is his ZENITH). The angle formed between the Zenlth
and the location of a star down toward the horizon is the DECLINA=
TIQN. Such declination determination of earth latitude coordiw :
nates is not too compllcated and is very accurate when careful ’
observatlons are made. |

The longitude of an observer corresponds to the Greenw1ch\
'Hopr Angle of a selected star, In nontechnlcal terms, this is
the exact spot occupied by a star at a given'inetant of time.
A,To.obtain~such a star readiné,.a-good telescopel is lefeled in
a,true north-socuth line-and sighted at the declination where a Ce
"selected star is known to appear. Celestial positions of se-~
lécted stars can be‘obtained from any reliable star almanac. As
the star moves into the fileld of vision, it is located in refer-
ence to vertical lines on the telescope lens. The 1nstant that |
the star passes the merldlan (central line), the observer stops
a watch that has been synchronlzed to some accurate timing device.
Thls time is converted to sideral (star) time to identify the
morldlancof ‘the observery

+- Accurate longitude determinatidnlis subject to many vari-

ables. One crucial variable in any of these observations is
how the time is obtained. Rough time approximations are possible

with an accurate pocket watech. DMore accurate calculations are

lgn astrolabe may be used 1nstead of a telescope for such ob=-
servations. Since this instrument is built at a fixed angle,
appropriate stars must be picked up at this angle.

126
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based on chronometers., Even chronometers, however, are subject
to error, both human and mechanical. Many explorers have found
themselves without accurate timing devices because somebody
forgot to "w1nd the clock" or some accident inaured its mechanism,
Introduction of wireless receivers and radios have ellnunated |
’the former and lessened the latter chronometer hazard since the
radlc technician can usually repair a damaged set,

Sound impulses sent out by key observatories are picked
up by radio to obtaln the correct time. These observatories
‘relay tope beats synchronized to Greenwich Standard Time. An
obsefver ueigg these beats must know the rhythmic variation ie
inﬁensiby to iﬁterpret the'correct time from ﬁhese tones., Other—
wise, he will be thrown off by incorrect notation of seconds
that w1ll lead to fdlSu p051tioning of longltude.

The seriousness of time notation accuracy is revealed in
‘the few folleﬁing worde. ‘Remember ﬂhae ﬁhe earth rotates oh its
axis at the rate ofrl5 aegreos eacﬁ heur Using 69 miles as the
approx1mate dlstance of 1 degree of longltude on the Equator,
fifteen degrecs equal 1035 miles; divided by 60 is 17.2 miles
a minute or about 1584 fect a second. An.error of one seeond,
therefore, would mean that a longituds point would be falsely
located in the neighborhood of a third of a mile west of its
true position,

With the latitude-longitude coordinates of a given point
and truc north astablished as corrsctly as poeeible, this spot
becomes a\point of reference from which other control points

can be measured without astronomical observations.
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Datum Points and Datum Plane

Dotum Polnt
Before ény definitive surveying can be done covering an ex-
ﬁénsive area, two critical factors have to be decided, Ono
facﬁqr’ié fhe‘DATUM POINT which is the origin for further com-
prehénsive 1ineqr measurements and the other is the DATUM'PLANE.
ﬁhich establishes the base level for determining elevation.

" Finding a true datum point is difficult. Leveling of the
&nstruments for stellar observations is done by means of a plumb
bob, The plumb bob is supposed to point directly toward the
Fenter of the earth. In most places, it doesn't do this because
%he bob 45 influenced by earth masses such as mountains so that
it actually "leans" toward the pulling force. Although this pull
is known to exist, there is no known way to calculate its force
'and so correct the error. The only thing that can be done is to
Aﬁake a mean which is theyétation ( point) that seems to be least
éffected by disturbing influence. Meades Ranch, Osborne Coﬁnty,
Kansas was'selected as this mean for the whole North American
Continent.' A bronze disk oriented over this spot on the ranch’
of Mr. Meade is the origin of latitude—longitﬁde detgrﬁinétion.
@His point is called North American Datum of 1927 and its co~
brdinates are 3¢°13126,686"™N -'98032‘30.506"W,referréd to
Greenwich meridian, |

Mean Sep Level or Datum Pluane

Equally difficult to determine is a datum plane. All datum
plane research is complicated by the ever changing nature of the

accepted origin. Tides vary: coast lines emerge and submerge
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due ﬁbﬁihﬁernal'andxexternalrfbfcés; witer levels change, Re-
' searchers disagrée as to bhe placemeént of the statistical mean
‘among these variables,

- ¥ghe mean lovel of the sea is one of those things that art
must smooth over, since science gives.cpnflicting.answérs.fRegion-
81 04 national cartographers generally fix the mean level for
thedr owi areas and often mark it with a brass plate on a rock, |
but the findings are not absolute, This is bécause bhe oceans
séek but do ot find their own level.

A résﬁlﬁ of this is that there have been some controversies
over the helghts of ‘such peaks as Mount Everest. The figure
depends, on where the measurcr thinks sea level would be under
Mount Everest if a sea were there,

‘The usual solution is that geographers agree on a certain
figure that they believe to be accurate within fifty feet, If
‘somehody comes along with another figure, they generally ignore
it because it would meszn changing all the mountains in the
néighborhood without ‘achieving any greater accuracy.

" The case"of;the'Frénchm&n‘SAmap not jibing with the English-
man's caused a practical difficulty in World War II when English
and German Cahnohs dueled across the Straits of Dover. National
discrepancies ‘gave the gunners an uﬁwanted choice of target fixes
hecause they never reached an agreement on whose maps to use,

- Some-of this confusion is resolved by the Coast and Geodetic

lAbstracted from interview of David Bickmors, Chief Cartogra-
pher of the Clarendon Press at Oxford, appearing in The New York
Times, March 16, 1952
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Survey in the United States. Scientists in this agency decide

what mean sea lewvel is to be,end_mapping or surveying agencies -

conform to this standard The presently accepted base for North

Amerlca is the 1929 Revision of the 1927 Datum, Mean Sea Level.

: Hor;zontal Control

Two types of control are established from the datum point
and datum plane. The first is horizontal control, HORIZONTAL
CONTROL are points from which horizontal distances and azimuths
are measured in linear units discounting elevations on the sarth's
surface, . Sﬁeh points are derived by TRIANGULATICN which is a
method of establlshlng control stations by means of a set of
mutually connected triangles. At least one side of the flrst
triangle in .a triangulation system is measured to establish the
-”base;line" or '"base", An object is sighted from one end of this
beée;whigh will produce a triangle when lines are run from each
ehd_ofrthejbage to the.objeet. Each engle or azimuth is care-
fully nmeasured several times and chedked by adding the three
engles of a triangle to see if their sum is 180 degrees. Another:
object is sighted and angle measurements are repeated for enothér
roughly equilateral triangle whose base is the same as one leg of
the,prev1ously determined triangle. The process is repeated until
ell triangles of a system are completed by setting up stations '
et cach triangle point. |

- The lengths of remaining sides are obtained by computation

f the successive trlangles which are treated as plane trlangles

and corrected if necessary, 1n ‘terms of Sphprlcal consideratlons.

blt'is customary te_eepua;;y measure the length of a }eg of a

Approved For Release 2000/04/18:3€I1A-RDP80-01333A000300050001-1



Appr?%ed ]: ll,ii?lease 2000/04/18 : CIA-RDP80-01333A000300050001-1

TRIANGULATION NETWORK

Portion of triangulation net along 30°E
(") Identifies measured base line.

~Triangulation stations esteblished at
punbered polnts. '

to1” :
FIGURE 131

triangle svery hundred miles and/or at t.he end of the desirasd
_ net.work. Smll errors can be corrected in t,his way by adjust-
ing the angles and lines between measured ba.ses.

eaqur g Horizontal Dist.ances With Tapes

Horizontal dist.a.nces are measured on the earth's surfaca
by using a graduated chain or tape, In t.he United St.a.tea s civil
sngineers use a foot as the unit of measurement and fract-iona of
it are expressed deciml],y.' The 1ength of tapes is checked by
the Bureau of Standards to maintain uniform Accuracy. The
st.andard enginears' tape is 100, 200, or 300 feet or 30 met.ers.‘
It is called the "Ehgineers Chain® to distinguish it i‘rom the
66 foot, or 100 link, Gunter Chaln of special value i.n surv\uying
acreage. (Ten square cha:l.ns = 1 acre) '

The same basic technique is used for measuring one unit of

length that is used fcr measuring property and running additional
Approved For Release 2000/04/1 §3'1CIA-RDP80-01333A000300050001-1
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intermediate surveys for mapping and 80 is reviewed at this poxnt.
A base line to be chalned is frequently marked out first with range
péles set along it at convenient 1ntervals for- 51ght1ng. To. ddv
‘the chaining effectively, two persons are needed, a head gnd a
rear'éhainman; One pin is set at the starting point and the head
chainman walks toward the flrst range pole drawing out the tape
untll it is extended almost to 1ts full length from the starting
point where the rear chainman remalns.‘ The rear chalnman then
81gnals to him to indicate how mnch and in what dlrectlon the chain
is out of line., Finally with such cooperation, the tape is
stretched taut along the true line, éﬁd a "pin" is stuck.into the
‘gtound to indicate the point 100 feet (if that length chain is
béing used) from the starting point. This pin becomes the next
starting point and the process is repeated as many times as need
be in order to cover the distance which is to be measured, B
There are two methods. for finding the horizontal distanée
between two poiﬁts on a slope. Distance betwéen them can be |
chained along the slope. The amount of the slope can then be
measured by use of an instowument called a level, and the horlzontaL
distance between the two points corrected to compensate for the
élope. Or, the tape can be held in g_horizontal position'énd thev
pin placedeith the aid of a plumb "bob line" dropped from the
"hlgh" end of the tape. If the slope is steep and the second
method is used, units less than 100 feet must be measured whlch

is known as-¥oreaking" the chain,

Triangulation Field Work
In actual triangulation field wOrk;‘stations are selected at

132
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varlous places throughout’a given area, Selection is made after
careful reconnaissance of the numbér and distribution of statlons
depending upon the order.éf‘triadéulation and the character of
the country. In rugged terrain, stations are placed on the crests
of ridges and on peaks of hills and mountains from which unob-
structed views in all directions can be obtained, In flat country,

1t is necessary to erect tall towers to overcome the loss of visi-

‘bility,&ue'to curvature of the earth or obstacles such as vegeta-
tion and buildings; Thésc tovers are really a tower within a
tower, Tho inner one is for the instruments, and the outer one
fof the technicians, Doﬁble towers help to lessen vibration of
the pfééisalybsét instruments, As an added precaution most work
is done at nightlwheh the atmosphere is more stable because it,
too, has an effect on the instruments. Lights or flares are used

for nightwork to identify the points under consideration.

Orders of Triangulaﬁion
Thera afe four orders.of tfiangulation. The basis for
classification is the degree of accuracy with which the length
end azimuths of lines are defined;'-First order triangulation
-requir@s that all tridngles must close within 1 sedond_of error
and lengths must agree to earth measurement within 1 foot in
25000 feet or.roughiy L% miles. Second order permits 3 seconds
~and 1 foot ip 10,000 féet; Third order permits 5 seconds and 1
foot_in 5000 feet or roughly 1 mile, Fourth order allows more
than 5 seconds and less than 1 foot in 5000 feet. First order
ex@ctness requires geodetic adjustments to ccnfo;m to the curva-

ture of the earth which is not necessary for 3rd and 4th .order,
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The bulk of control work of the first and second'order is

dpnenby the United States Coast and Géodetic Survey for this
country, A first order triangulation, Figure 131 has been ex-
ténded over the United States, adjusted to Meades Ranch and l929f
Mean Sea Level Datum..'Other>ordérs are utilized in breaking down
the longer lines of the main control system and in increasing
‘ﬁhe density of fixed points which need to be located for various
p#rposes; Tg'be effective, all mapping should be‘based upon tri-
ahgulations derived from firSt order nets but not necessarily of
that order themselves,

Basic technlques for determining points and surveying prop-
erty were used at an early date for the Public Land System of the
United States which preceded an adequate triahgulation net., The
d}screpancies that were revealed in attempting to connect thesse
earlier surveys have given rise in recent times to a State Co-
o?dinate System in many states, Since either_or both of theée
systems may be found on large scale maps of the United States,

you should be familiar with both of them,

Public Land Survey System

Evolution-of the Systems « Public Land Survey is a rec-

tangular surveying system by which public land is divided., This
system does not apply to states falling within the area of the
thirteen original stateé, nor does it apply to Tennessee,
Kéntucky and Texas. In these areas, either private apprOpriétion
of land or the method of its anneiation made any useful public
land survey hopeless. Fig. 135. |

‘ It should further be noted that surveys are not completed

134
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Principal Meridiano snd Bass Iines of ths great public-land sui'{:'veys.
- _ PICOAE 126

in all the "publiec lsad® sva.es and oo nob nacessarily 4c'on-
| tinuous throughout any given ared.
The fif.s?. law governing pubi?fic land surveys was enacted 1n
1785 and provided for the partitioning of public land north of
the Ohio River, The orizinal intsat was to establish tomshipa
exactly 6 miles square with each to be divided into 36 sactions,
Bach section was to be exactly 1 mile :équ:i;m. Since no allow-
ances were made for the curvature of the earth, numérous com-
plexities resulted, The p:;-asent, d'ay syétfe.:ﬁ consequently is
based upon a giid of staggersd control lines. It takes into
» account the narrowing of townships due to meridianal conver-
gence, while at the same time providing townshipsv as close to
6 mileé aquare as the shape of the earth will permit. Sudden
sharp turns in roads in the rectangular township pattern often
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1denti£y sections where an offsst is made.

Present Day System ~ As stated‘above, the unit of the syé%em
'; is a tract apprckihately 6 miles square designated as a TOWNSQIP.
| It is bounded on the east and west by true north=south RANGE LlNES
i and on the north and south by-east—west TOWNSHIP LINES, Each town*
‘ fship is divided into 36 SECTION3 each of which is about 1 mile
_Square. The llmlts of a section are known as SECTION LINES.
Slnce the east—west llmlto of a township are true meridians;

the width of a township decreases progressively from south to
north ﬁo gi§e it a trapézoidal father than perfectly square shape.
In order to maintain townshlps as close to square as possible,
| townahip layouts are based on pr1nc1pal merldlana and base lines
; arid guide meridians and standard parallels located at fixmd in-
j tervals throughout the survey area. |
All surveys in a given area are referred to two primafy
- liness a PRINCIPAL MERIDIAN and a BASE LINE passing through an
initiél point, Thelfirst is a true north;south line and the
other d'trué east-west line. These two lines constitute the
axes of the systaﬁ. There are 34 different systems in the U.S.
. and. Alaska, each with a differeht:principal meridian, Along
eéch prihcipal mefidian, auxiliary base lines, called Standard
| Parallels, aré drawn 24 miles apart. They are numbered with
reference to the bass line, such as Second Standard Paralle;
North Q¥ Fifth Standard Parallel South, Figure 135,

| Along'thé base liné at intervals of 24 miles east and west
of the principal meridian, guide meridians areydfaWn due north

' to the next standard parallel, Thus, each guide meridian rung

- : : ‘6
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due north from on standard parallel to the next standard pafallel,
and 6; each of the standard parallels ihe next meridian is off-
set to correct for convergence. They are numbered with reference
to the principal meridian, First Guide Meridian East or Fourth
Guide Meridian(West.

Map Depiction of Land Survey - Land Survey information is

not specified for all maps., Such data may be useful on maps
having a large enough scale to include specific detail of local
features.. hen land survey data is included it is printed in
various colors andlby a vériety of techﬁiﬁues. Marginal ticks,
no matber what their color may be, can be identified by the
Large T, denoting Township, followea by a number and either
N or S. Those appear in the right and left margins. The top =
- and bottom mafgins are used to show Ranges which are identified
by R, énd a number followed by either W, or E.

On the Anderson Island Sheet 1478 II NW, all Land Survey
data is printed in red, In the right and left margins, you
will find T 19 N and T 20 N, These denote that the areas
adjacent to the numbers are the nineteenth and twentieth
tiers of Townships north of the Base Line which is in the state
of Oregon, East-west Range divisions are based upon the
Willamette Principal Meridian., This is drawn as a solid red
(reliable) line on the map., Range 1 west (RIW) and Range 1
east (RIE) are identified in the top and bottom margins.
Section divisions‘of‘a £ownship are given by red numbers and
the points of origin for them by red lines (199224 is the grid

location of oﬁe of these), Sections are numbered from 1 to 36
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’beginning at the northeast corner of each_township and going across

’ it from side to side in continuous serpentine progression, thuss
| - 6 5 4 3 2 1

7 8 9 10 11 12

1817 16 15 U 13

19 20 21 22 23 ,24

3029 28 27' 26 é5

31 32‘ 33 34 35 36

i State Plane Coordinate System - The State Plane Coordinate

S&stem is the solution devised by Dr. Oscar Adams of U.3,G.S. to
tée problem of supplyi;g control;for locating and surveying prop-
e%ty lines and other civil projects within the various states.
T%ousends of‘separate eurveys and local maps have been prepared
o$ the basis of local landmarks. Even state boundaries have been
1eid out in this fashion and have led to interstate conflicts.

D?. Adams Qrganizea a rectangular coofdinate system to eliminate
,t#e_confusipn:L>Suffieient control points are provided in this
s&stem so that any lqcal‘project can be tied into these points
by.plane_survby.méthodsswithout geodetic adjusthent. Measurements
are given in feet to fit the usual U.S. surveying units,

: North Carolinawesked for the system and was the first to
&&opt it in the early.l§30's. Other states have followed suit so
that there is now nearly natlon—wide acceptance.

The choice of progectlon upon which the State Coordinate
System is based depends upon the geographic shape of the state.
States and localities whose greater dimension is from east to

est such as Nerth Carollna, Tennessee and Long Island, New York,

138
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are developed on the Lambert Conformal Conic Projection. Those
with a greater north-soubh’' extent, such as New Jersey and
California, are developed on the secant Transverge Mercator Pro-
Jection, Some states, such as Michigan, that are wide in either
dimension, are based on zones of the Transverse Mercator., Tables
ar¢ published for both projections for the conversion of coordi-
nates to latitude and longitude or the reverse, to facilitate

- adaptation of any state to the system.

ﬁuferencesbto state coordinates are found on the recent

© editions of many large scale maps. Dotted ticks along the neat
line indicate the positibn of these coordinates in terms of a =
state 10,000 foot grid, An example of these dotted ticks appear
on Porter, Indiana, U,S. Topographic Quadrangle.
| Vertical Contirol

Belaticnship of Vertical to Hordzontal Control -

Triangulation nets and plane surveying provide the control
for locating geographic coordinates and for measuring plane dis-
tances on any earth or map surface, Surveyors and topographic
engineers must contripute é second type of control, hoﬁeverg
before any real interpretation of the actual terrain is possible,
This type control completes the data needed for adding the third
dimension to éarth forms, Horizontal control supply the "where!
and "how:big" and vertical control add "hew high'", Obviously,
ihe where! must be established first so that an earth feature
can be pin pointed in its propér location, -Aft:r the spot is
located, then we want to know something about its physical form

which depends in part on how high it is. VERTICAL CONTROL which
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does this is a point ‘whose location' is determined and exact eléva;
t%on measured. |
’ Any measuring must begin -from somewhere and any relative
m%asuring musbwbb‘done from a commén somewhere., Even thdugh”ﬁhe »
o$ean'is far from-a-high mouﬁbain in Colorado, we cén_appreciate'
“the height of the‘ﬁountain only by comparing it with an ocean |
‘tideland flét; Abstract eievationé in themselves are impossible
to visualize because the human-mind‘comprehends only by comparisonb-
Tﬁe méasurement of all vertical control, therefore, should logically
begin at or be on an extension from a common bass, Mean Sea Level,
; Points are measured progressively inTand from the ocean Mean
S%a Level to complete a network‘pf vertical control that coin-
cides‘with points of the horizontal triangulation net, Topo~
g?aphic surveying may then be carried out to increase the density
vof contfol.‘ Such subsequent surveying is done for the purpose
p% determiniﬁg more or less precisely the elevation of selected
points within an area, given some point or points of known ele-
vétion. This is accomplished by a process called LIVELING.
| Leveling - There are several methods of leveling, and as
in_triangulaﬁion, there are, also, ofders of leveling differ-
entiated in terms of the degree of accuracy of the results ob-
tained. | SR ‘ ' -

(1) In Differential gg Spirit Leveling the difference be-

tWeen the elevation of given points is obtained from direct
réadings on a graduated rod,- An instrument called a Nlevel!
which consists essentially of a telescope with an attached Spirit

level parallel to the telescope tube or line of sight is used in
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the process.i The .telescope tube-can be adjusted in a vertical
plane,‘and also, when adjusted so that the bubble is in:the center
of the tube in the splrlt level in a horizontal plane. In the
better types of levels, a tripod supports the telescope. When

the level is properly set up, the telescope tube (and therefore
the line of 51ght) can be revolved in a horizontal plane.

The level is placed at a p01nt (to be referred to as A)
which is 50 or se yards, for example, from a vertical control
point visible from A.  The elevation‘of thet control point has
already been established. (The control‘point will be referred
to as C.) o

With the level properly set up at A, the next step is to
« determine the elevafion of its horizontal plane of sight. In

order to do so, a graduated rod is held by a rodman on the ver-
tical control p01nt G so that zero on the rod 1s at a known
elevation. Assume uhat the known elevatlon of p01nt C is 255
feet. The levelman mt A can tell, as he 81ghts the rod at C*
through the telescope, when. it is in llno with hls vertical
wire and so signals the rodman what adJustments are needed to
‘bring the rod to a vertical position. The levelman can then
see through the telebcope that his horizontal llne of sight cuts
| the vertical rod at 4 feet, for example, above the control point.
The elevation of his line of sight, therefore, is 255 plus 4, or
. 259 feet. (Figure 142) |

The rodman then moves to another point of unknown eleva-

tion (to be referred to as B) which is about as far from the

levelman at A as C is from A, but in the opposite direction.
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» FIGURE 142
The levelman at A now sight.é the rod held upright over B, liis
line of sight (which he now knows has an elevation of 259 feet)
éuﬁs the rod held at B at the 8 f§ot mark, The elevation of B,
therefore is 251 feet (259-8). Point B is now a point of known
slsvation which can be marked and used in determining the eleva-
i:iou of other points. Going to D, for example, the levelman
would read the rod held over B to £ind the elevation of his new
line of sight, and then would read the 'rod held above a point
of unknom elevation E, The elevation of his line of sight plus
or minus the rod reading at E would be the elevation of E, and
80 on,

(2) A variation of d:i_.i'feren\t‘ial leveling is called "Profile
Lovel:*mg". This procedure differs chiefly in that the points
whose elevations are to be determined, are so selected that all
elevations and 'deprasé.ions aiong a given line are measured, A |
profile can then be drawn showing all elevations and depreasions

Apm@!ﬁﬁbﬁm&baﬁﬁaﬂw4ﬁb831%f§lRG%Q&&B%M%3DMSOOO1 -1
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made along that line. S

(3) In "Trigonometric Leveling" a transit or theodolite is

used to measure vertical angles. An object or point is sighted
which is slong a horizontal line from the eye of the observer,
Another object or point which is in the same vertical plane but
above or below the first object is sighted. The vertical angle
betweeh the horizontal line and the line to;the_sepqnq,pggnt is
read, With the elevation and length of the horizontal line
known (lergth can be determined by chaining or by stadia) the

_ elevation of the second point can be computed by the use of

trigonometric formlae.

(4)'In "Barometric Leveling" differences in elevation are
estimated from differences in barometric pressure. Atmospheric
pressure changes with variations in elevation. Results achieved
through baromstric readings are difficult to check at a later
date since local pressure readings vary rapidly'in response to
atmospheric changes adcompanying cyclonic -activity,

Orders of ﬁeveling - The sllowable errors of closure in feet

for the orders of leveling may seem extremely small to anyone -
asccustomed to measuring with a yardstick and are really amazing
in view of the distance covered. First order level%pghggguirea
0.017 times the square root of the length in miles. Second
order changes the multiplier to 0.,035; third order to 0.050,
and fourth order to greater thaﬁ 0.050 " times the square root
of the length in miles. Spirit leveling can be used for the
first three; trigonometric is adequate for second and third

order, and barometric is accurate enough for fourth order only,
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Markers for antrol Points

Horizonﬁél Control

Permanent station marks of either first, second, or third -
order triangﬁlation are usually marked by tablets of non-corrodible
i metal get firmlyﬂin posts of concrete, in large boulders, or in
j outcrépping bedrock, Where a station is on a building, suitable
ﬁ‘markers such as a tablet set in place by means of cement, sulfur,
~or lead may be used. On the metal tablet is inscribed triangﬁjww |
| lation station data established by the Coast and Geodetic Survey,
for example, "U.S, Coast and Geodetic Survey Triangulation Station,
For information, write to the Director, Washington,bD.C. $250 fine
or imprisonment‘for disturbing this mark"., The name giﬁen the
i;sta‘c,ion should be stamped on the tablet, At the center of each
tablet is a triangle. Such markers are called Monuments.
In cultivated land the marker is normally set below the
~depth to which the land is plowed, In such cases, measurement;“‘4
~of distances to readily-identifiable, nearby surface objects are
recorded, Persons secking to recover the marker at a later date
are alded by these records, if no one has cut down the old piho

, tfee,Aor moved the barn,

JYertical Control

Monuments marking points of vertical control aré callad
"Bench Marks", Since & terracé -is sometimes called a bengh, .. the
term "bench" was adopted to indicate‘a definite level, step or
platform. A bench mark, then, is a mark showing the altitude or
elevation of a given place above sea level, The chief difference

between a bench mark and a monument sct up to show the location
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of horizontal control points is the inscription on the tablet.
The inscription may read, for example, "U.S, Geological Survey
B.M. Elevation above sea level 1640 feet. $250 fine for dis-
turbing this Mark", There is a triangle at the center of the
tablet. Flevations determined by leveling of lower than third-
order commohly are not marked by standard bench mark monuments
in the field but their location is'recordggg;nwapprapri@te notes.
Some monuments, as earlier stated, may be bbéhwbench mgrks and
markers of horizontal control points,

The map gymbol for a bench mark is a small X followed by
letters BM or P B M (permanent or precise) and the elevation
of the mark., The letters B M following the dot and triangle
symbol for horizontal control indicates that monument secrves
for both horizontal and vertical control. Other bench marks
marked in the field are shown on the map as an X followed by
the eleVation. Spot elevations, usually such prominent features
as cross roads or peaks, are indicated by elevation number only.
‘The preceeding synopsis of methods for establishing control
should reveal the contributions of other professions to cartogra-
phy. When you see a Bench Marl or triangulation marker on the
land or its symbol on a map, you may now bqupgmapprgqigte all
the work it implies. The sign should,‘also,'prompt you{to seck
information concerning the accuracy and adequacy of such work.
Anyone can draw a bench mark symbol but, '"where did you get your

information" may be and embarrassing question.

Symbolizatioh of Farth Patterns

Topographic Patterns

The foundation and framework of a map have been inspected,
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The next step in analyzing components of a map is to find out how
sarth features are devcloped on the framework byrsymbolizatidn.

"Such cultural detail as buildings, city symbols, roads, tele-
graph poles, etc,., are applied to a mp§ by symbols placed in ref-
‘v erence‘to héri;gntal'cont}bl points only. Mapping done in this
manner is called PLANIMETRIC, A pléne.is a flat surface and metric
means measuring. Thus applied to mappiﬁg, planimetric means |
showing the horiiontal’relationship of symbols and does not in-
volve clevations. If a line represcents a stream without reference
to how high above séa level it is or its relationship to the sur-
rounding terrain, the river "line! is planimetric: Although sucﬁ
symbolization is valuable its-ﬁsefulness is enhanced b& the
addition of topography;

The rough CHaracter of the surface of the earth is visible
nearly everywhere. There are few places whore this surface is
perfectly level or flat, RELIEF, the differcnce in height bg-
tween the iowcst and highest spots in a given ares, creates con-
trasts in most areas. Even where the general. landform classifi-
cation is level Coastal Plain, genﬁly rolling topography provides
- conslderable relief., A variety of landforms and differcnces in
relief can usually be seen by taking a short ficld trip in any
area, It.is strongly recommendsd that you take such a trip, ife
possiblc,bfor the specific purpose of studying the changes in
terrain and of trying to visualize how you would show such changeé
6n a flat map shest,

Topographic relief also affects the way the land iz used.

Types of such utilization range from farmers tilling their fields,

Approved Fof Release 2000/04/18 :‘6fA-RDP80-01333A000300050001-1
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through construction of passable grades on roads to the placement
of structures in conformance to or definance of slopes. In hilly
country the transportation and communication problems are critical
in either peace and war-time planning, You have only to recall
‘the traffic tangles created by small hills, when snowland ice or
rain collects on them, to appreciate one problem of transportation
adjustment to hills. Steeper hills present additional construc-
tion problems, Where slopes-are steep, the number of turns and
curves must be incréésad iﬁ féads to be used for other than
donkey travel.

Defensable and assaultable positions afe important in war-
fare, Heaftbreak Hill, qu Jima and Vimy Ridge are names remi-

. niscent of the relationship ofvrugged topography to thethrtunes
of war, v.

Visiting aﬁ area and chiecking specific features against their
symbolization on a map would seem to substantiate the‘old adage
"Seeing is believing". Like all genéralizations,Ahowever, it has
its weaknesses. One wéékness lies in the fact.that ground views
may not reveal relationships among sﬁrface formations, Further-
more, & large amount of study‘and planning is done by people who
cannot visit the area on which they are working. These folks
mist rely upon maps, photographs and other source material to
reveal a mental picture of”the region.

How can a flat map aid ﬁhem in undefstanding a variety of
topography? Cartographérs have offered several solutions to
this difficult question. Oneuof these is the application of .

contour lines, A CONTOUR is an imaginary or arbitrary line drawn
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through points gg‘equal elevation. Imaginary is a very,unsatie—
factory adjective since a»contour is no more imaginary than a
property line or boundery Actually, there is more justifica-
tlon for its reallty than for elther of these. Good examples of
contour llnes can aotually be seen in nature, . A coastline is a
rough contour although it may not be the 0 contour, which is
\MEAN SEA LEVEL of the land Ofteu the edge of a flat plateau
is of unlform elevatlon. Lake terracengormed during the re-
cession of once greater glaclal lakes are other clear-cut evi-
dences of contours.. Because water will sesk its own level, it
w1ll leave successive water marks (contours) of nearly equal
elevatlon as 1t reoedes. These water levels are clearly visible
in the Salt Lake Area, for example, and are a tourist attraction
to the area. |

Certalnly a contour is not an imaginary line to the model

maker who uses 1t to construct a rellef model, He piles up sheets
of cardboard, plyboard or plastic LAMINA. The thlckness of each
sheet:is equal to the interval between contours that he has se-
lected for the scale of his model The total thickness of the
pile is equlvalent to the dlfference in rellef of the area upon .

which he is worklng. Then, bx outtlng along the outline of each
contour, he achieves_a stepped model. Because shapes are nor_‘
mally not angular in nature, he suooths off the steps to emulate
the rounded character of terrain'slopes.

Three major stagee in the preparation of a model will help :

‘you to visualize and understand the character of contours, A

special training aid showing these steps, therefore, has been

Approved For Release-2000/04/18 : CIA;RDP80-01333A000300050001-1
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prepared for this purpose. Normally the "step-cut! stage, the
middle sect;ion of 'hhisk aid, is not formed in plastic. It 1s the

© product of’cﬁtting' along contour lines and must bs smoothed off.
Fig. 149, The smoothed model is then tast in plaster to creste

.. MODELING TECENIQUES . . .
Modeling - . ,
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" ILLUSTRATION OF THs DIFFERENCE BETWEEN BUILDING UP (}ﬁQDELmG)
ANI) CUTTING: DOWN (CARVING) STEP-—GUT MODELS

’ FIGURE 149
a mo’.!.d i‘rom wh:t.ch the final produm; ia derdived t.hraugh a haated,
vacwm—press process. At this point we are not concerned with
the pfoéess but rather with the product as shown on the Training
Model (10054.9) cast. for the first time in this form by AMS to
illustrata the abova steps .

. fThe left third of this Training Model contains a portion of
an hypothetical topographic map sheet. Representation of an
ac‘bual eM area was not attempted because of the difficulty in
finding a single sheet covering all tha diffarant contour varia-
tions desirad. Hence it will be po:x.ntless for you o try to

orient tha sheat to its earth counterpart in torms of geograpluc
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:,coordlnareSAaa you would normally~do in analyzlng a map. The
assumed geographic- coordinates of the models would place the area

in the Atlantlc Ocean off the coast of Connectlcut where it would

take a deep—sea diver to,find it! You can use the mllltary grid |

coordinates, however, for locating items to be discussed, Use
the Read-Right-Up technique on the grid coordinates referring

you to specific examples,

{antour Analyses from Trainigg,Mbdel
Control | R |

The origins for contour delineatlion are éontrbl‘points.
These points of known slevation determine contour values drawn
" throgh them or in measured relation to them. Find several tri-
angulation points and spot elevations on the flat map section of
-the Training Model, By reading these values decide where the
highest elevations lie.

Tt is hard for the beginner to visualize the intérvehing
terrain from these points, so turn to the.middle model/to build
up a contour concept that will enable you to "see! the purpose
of the brown contour lines on the flat model.

‘Topographic surveys aré fun from high order triangulation
‘points to establish the elevation of édditional control needed
- in the piécement of contour lines. If these contours were laid
out on the ground a person walkiﬂg along one of them would go
neither uphill nor downhill but would remain on a level parallel
to the DATUM PLANE, The graphic presentation of contours on the
ttstep—cut" model reveals thié fact. Each contour looks like a

1ittle terrace which you can follow easily.

Approved For Release 2000/04/18 CI&5BDP80 -01333A000300050001-1
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. Contour Interval ‘

By viewing the middle model from the side, you can see that
each "terrace" is the same interval apart above or bélow»its
neighbor. Thus each contour interval represents the same vertical |
amount on any given map unless a specidic statement to the con-
trary‘is made, (This sometimes happens on maps whers a decided
‘change from r&latively flat to steeper terrain gradient occurs),

Any contour interval is sclected on the basis of:

1. the amount and character of relief between the
highest and lowest elevation in the area to be
mapped and,

2. the scale of the map to be developed.

If an area is flat and the map scale is largc a small interval
such as 5 feut is selected to make possible the showing of slight
diffgrencee in elevation. If the area is very hilly or mountain-
ous, é large interval is chosen. Scale always affccts the de-
cision., Smaller interval values are more feasible on lérge scale
thanlon small scale ﬁap§. The contour interval of the Training |
Modelé is 100 féet. On the raised models, however, a vertical
axagéeration was delib@rateiy introduced to emphasize contour
relationships. VE“TICAL EXAGGEIATION simply means that the
vertical dlstanco used for each step is made wider than its true
distance. The relief expression should be a 11l ratio of the map
écale. On the model, oxaggeration is 2:1.

Contour lines arc strengthened for every fifth contour on
the "litho", (Let's use the shop term "litho! £ohréferuto any
- flat map sheet which has.been lithographed). These‘are called

151
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-INDEX CONTOURS and are drawn with a heavier gauge line to serve
as handy reference in determining contour values. In some cases
tﬁey—are too widelyﬁspaced to define theh"shape” of a landform.
vTéacé one or two of these indexyéontours with your fingerAOn the
"gtep-cut! to fix their distfibution and definitivensss or lack
of it, ,
INTERMEﬁIATE CONTOQURS equalvin value to multiples of the
contour interval are drawn by finer gauge lines. These fiil in
détail of the landform shape except in sections of the map where
relief cannot adequateiy be shown by the selected contour interval.
The river valleys on the training model are examples of how the
character of the terrain would be lost in using only 100 foot
intervals. In such situdtions AUXILIARY or SUPPLEMENTAL CONTOURS
are interpolated to supply the reflnement necessary to give
character to what might overWise be misin;erpreted as a feature-
less plain.

Flnd the 50 and 150 foot auxiliary contours on the litho,
The 150 foot contour was drawn only along the ared where it was
necessary to indicéte sloping land and not a bench or terrace.
The incompleteness of this auxiliary contour should not be in-
terprétad to mean that a contour begins or ends in the middle of
an area,  Such application of contours may be termed cartographié
license that is permissible inldnly a very few cases where clarifi-

‘cation landform configuration is necessary.

Continuity of Contours
Since each contour denotes a given elevation plane above

MEAN SEA LEVEL, each is a continuous, closed curve. Do not be

152
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fooled by”the-facththatnangindixidualnsheet;m@eﬂamﬁdkgglérgem
enough to include the eﬁtire closed curve, If enough sheets-are
pieced together, the curve will close. Even on an individuai
sheet you can often note the tendency of the curve in that direc-
"tion as you can see along the north and upper east neat lines of |
the models. Whenever only a part of the contour curve falls on
one sheet, the line representing it must begin at a neat line and
continue to a neat line, It can no more stop short in midair than
an aviator can skip several feet in ascending from aﬁ airfield,
For the same reason, contours never cross or compress into
ong line., Some may have to bé drawn>as a single line in the
rare c¢ase of an overhanging or vertical cliff (not~shown~enh
model). This inaccuracy merely reflects the inadequacy in o
depicting three~dimensional situations ontwo~dimensional
paper,

Summits and Depressions

Wherever contours close the inclosure represents either
a summlt or a depression. Summits can often be spotted on a
map by a number which is not an exact multiple of the contour
interval such as éhe one at 819741. Normal declivities such
‘as the sides of valleys and ravines are revealed through the
progressi§n of contour numbers, Unusual depressions are marked
by contour lines containing éhort ticks pointing'toward the
center:of the depression. If more than one contqur interval is
involved in a depression, its total depth is obtained by sub-
tracting the stated unit for each interval shown. Find C on

the models. How deep is this depression? Sometimes even a
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small depression of less than one contour interval in depth is
sighificant in the local topography, This condition is éhown by
a finer line ticked toward the center as at 848726. )

Geologic forces often create saddles in ridges. The "horns"
‘of the saddle are formed by small tops or summits like those at
D. Find similar saddles eléewhere{

The summits of landforms are sometimes neither ridges nor
tdpé. They are, insteéd, elongatéd and flattened into ﬁ@ble-
like plains. If this plain is small it is called a butte or
mesa and is similar to the area at E, Larger versions of thié
condition are called plateaus.

:Flat aréas may alsc be found aiong slopes as well as at
ﬁheir summits. These "benches" or "terraces" are showﬁ on topo-
graphic maps by a wide space between two contours on adélope'and
may‘be further defined by a‘ciiff symbol along the contour to in-
dicate an abrupt, not gradusl, rise to the ﬁexﬁ contour. (Not
shown on model. See symbol sheet for topographic maps to ideﬁtify
cliff symbol.) |

Slope Interpretation of Contours

Each contour interval represents the same amount of difference
in élevation but it does not necessarily follow that all contours
are evenly spaced, Place ihe model vertically before you and
study the unevenness df.spacing thus revealed. Spacingibetween'
contours is indicative of the amountyénd character of thé slope
occuring between and among them. Wherever contours are closely
spaced; the slope is steep. Such a steep_slgpe occurs just to the

south of F as you can sce on the raised models, Conversely when

Approved For Release 2000/04/18 : CI%—ZRDP80-01333A000300050001-1
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- contours: are widely spaced,

the slope is gentle as on

. Tilustration of Uniform Slope the south-central portion
of the model.

Not only are sl:o_pes
classified as gentle or
steep they are also dis-

tingulshed by their surface

shape. :S'éme #lopes rlse or
decrease at a wiform grads

Contour depiction of a

uniform slope and a general-

« ized profile line are shown

"FIGURE 1554
o . jgra.phica;lily. on Flg. 155A and

&t O on the model.

Illustration of Convex Slope

Y - Another type of slope _
is convex in appearance when
viewed in profile. Convex
slopss have contours widely

spaced near the top and

cloga t.agsther near the botiom
of the slopa; Fig. 1558.
S‘tudy M a:ad i’c,s counterpart

‘on the raisend modela.

FIGURE 1558
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 Illustration of Concave Slope | '

Some slopes have a
#pushed-in® or concave
appearance. Such slopes

hava contours closely

spaced near the top and
far apart near the botton
as shown on Fig. ‘15;6 and
at N on ﬂha models.

FIGURE 156

Notice on all the illustrations and on the 1itﬁa the genaral
trend of each contour t-ands to resemble that of its neighbors. '
Each follows a roughly pa:rallel course along similar landfom ‘
slopes and bends with a fair degree of tmii‘ormty except :Ln some
highly dissected or geologically distm'bad areas. Study the lz.ﬂ}o

- %0 appreciate this resemblance and see it dramatized on thé._step-%

ocut.,.

g ngour Bgaggnse to gges and Valleys
Since contour lines are merely symbolized impressions of

tdpogré.phic variation it is logical that they should respond to "
the influences of_resistaz_xt rocks forming ridges and running water
forming valleys. Iﬁ crossing vaileys » contours form a V by running
up one sidei, turning at the 'st‘ream'_, and running back along the

- other side of thé valley. Contours s therefore, reveal the direction

156
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of stream flow since the point of ths V always points upstream,

Fig. 157. The contour near the source of a stream shows the

- S—
| B

., ;

FIGURE 157

tendency of forming a V but is less clearly defined than the
onas below it in elevation, as you can see at L, on the model.

The loglc of such trends 1ls apparent when you realize
that sireams mmst cut éeds in which bé flow, There must be
some gradient, no matber how sliight, along which gravity is
pulling tﬁe water boward a baseﬂlevel. Cutting. of the water
into a slops causes the bad of tha stream to be loyer ﬂhan its
banks, Contours must, therefore, be bent upstream to find that
lower alevation in the atfeambada |

The larger the stream, the flatﬂar tands to be their slope
as shown on the model, Larger streamé afa usually older streams
approaching base level and s0 have wids}{ flatter valleys., As
the valleys are broadened and covered wi&h water~borne (fluvial)

K]

deposits less resistence ls offered to the:water in fiood time
i

and consequently the stream will find many channels and become
Approved For Release 2000/04/18 %-RDP80-01333A000300050001-1
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crescents or oxbows (just nerth of F). A tired, old stream

'wanders through the COuntry51de instead of heading stralght for
the ocean. As it meanders, 1t will follow a course like that
Ehown qﬁ—and downstream from J. DBecause gradient is slight,
conﬁou}s crossing such valleys ere widely spaced and more U
shaped (877683) than those in their younger tributaries racing
down steeper slopes in V shaped valleys (near L). Flood waters
may stagnate in swampy lowlands where the soil is water retentive
end gradient is insufficient to force them tolrun downslope (F).

Ridge or interstream patterns are shown by'U ehaped contours
with the oval of the U pointing downhill, Fig. 157. The intensity
of the oval is dependent upon the forces molding its ehape.

Study several different ridge patterns on the model.

'.Man-made'Alterations Expressed in Contours
Natﬁre doesn't alweys errange ridges, valleys and slopes to
isuit man ane his‘mechanical servants, Ridges may be too high,
jvalleys too low and gradients too steep to be traversed or built

upon, Men applies dynamite or dumps dirt and presto, the contours

are changed! Man nade alterations to contours are ordiﬁarily easy

to spet on a topographic map. The contour lines look as though

‘they have been ruled off along a straight edge and turns are

sharper angles than those generally following natural situations.

Three examples of these unnatural contour formatlons were in-

"cluded on the Training Models. The slope at K was too steep for

the railroad right—of-way, s0 the slope was graded to create a
more practical roadbed, Contours here had to be bent uphill in

158
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the angular pattern shown. The hard-surfaced, two-lane highway
(refer to'marginal note) running froﬁ wést to east on the;litho
follows the contours in general to take advantage‘ofrghg un;-
formity of elevation along contours.v In‘someﬁcasés_Where‘the
slopé'is not to§ great.it climbs over a conteur-but in two |
places épecial‘alterations were necessary to avoid steep grades
or lengthy detours, A cut was made through the'"ﬁop">at B._
¢ Find it én the Step—cut'and‘carved modéls. Iﬁstead of having
the road dip‘dbwn one side and up the other sids of thé river
valley at Ay filling was done in the valley to keep the road
at the 500 foot elevation. Some provision was méde for carry-
ing the stream through this £i11 since you'caﬁ see that it
continues on downslope towafd the larger stream, It is not
dammed off as the river was at 881723 to form a lake. DNote the
chopped~off appearance of the contour and thg fact tha£ ticks
along it poiﬁt toward the downgrade as thsy do for a depression
contour. Appfbximately how far above the river is the road on
top of this £ill? |
Logical Contouring
Providing continuous control for‘the delineation of contours
would be prohibitive in cost and of no great'practical value,
Even the 1argest scale map cannot show sach quirk of a contour
as it would be plotted on the earth. In actuality there is ﬁore
often a dearth of control or just enough to make.further mapping
possible. Logical contourihg is used to fill in the gaps be~
tween points by iﬁterpol&ﬁion. Improper shaping of contours is

often the result of illogical interpolation. The trick of'éood
Approved For Release 2000/04I1§5;9CIA-RDP80-01333A000300050001 -1
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contouring is to make lines connect control points as logically
as possible, | .

The theory of logical contouring is basically dependent upon
the assumption that the slope between two points is constantj that -
is, the ground surface from one point to the other is aésumed to
‘be an inclined plane along which logically drawn.contoﬁrs would
iappear to be equally spaced. Obviously, then the first step in
logical éontouring is to plot or spot all fixed control points
“and note thelr position in relation to the master lines formed
by ridges and drainage. Next, examine the drainage pattern care-
fully and measure off the total number of equally spaced contours
between points of known control. Insert small V's along a stream .

places where contours cross it. Do the same thing for ridges but

*®

use a U instead of a V, (Fig., 157).

After you have tlcked off all drainage V's and ridge U's
‘join all points of equal elevation along index contours, INDEX
CONTOURS are those even-numbered lines which are made heavier,

As was stated previously they are usually every 5th line, After
you have established the general shape of the landform by index
contours, then 1nterpolatc the intermediate contours.

Check the ridge and drainage patterns after you complete
their logical delineation by interpolation. Are the curves smooth?
Do you have the correct number of contours? Does each contour
?eithér éomplete a closed cﬁrve or run from edge to edge of the map
sheet? Have you includéd all points of equal elevation within
the appropriate contour? If two slopes are adjacent have ydu

'shown identical contours for each in so far as their elevations
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are identicsl?

Visualization of Topographic Features by Profiling

Ralsed relief models are not always available for threc
dimensionsl visualization of topographic maps even though proper
interpretation of contours is vital to many diverse undortakings.l
The highway or railroad construction engincer must know the
character of the topography he 1s to traverse with a band of
transportation. Steepness of slopes (gradicnt) determines the
number of curves and switch-backs he must construct or the amount
of blasting he must do to reduce gradients. He must also bear
in mind that the cost of fuel nceded for_pulliﬁg vghiclgs up
slope is directly préportional to the gradient., To the military
tacticlan and soldier aliks the bottom of hills or depressions
provide concealment and the tops, observation posts., Interven-
ing hills mey obstruct the ally's or the enemy's view, Nabure
plays no favorites but she does give succor to people who know
hoﬁ to use her gifts and interpret her features.

One means of visualizing and interpreting topographic
changes when no model is at hand is through constructing a
profile, This technique produces an imaginary but extremely
valuable cross section of an area along a linc drawn across a
map. An approximation of how a profile looks can be scen where
a cut is made through a hill in order to construct a road-bed.
This vertical cut raeveals the amount and degree of slope along
the surface, as well as, the sub-surface structure. Large pro-
files can serve the same dual purposc but for the pefsqh in-

terested in surface features only a profile outline is all that
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i% necessary.

. Each side of the step-cut training model is a profile of the
cbrresponding topography show along the neat line of the flat
l#tho. Its smoothed-off version appears on the third model. You
will have to realize that the profiles on the raised model are
nét vertical because of the way they are molded in a vacume press.
G?ading toward the margin provides more exact registration of
d%tail than is possible on a sharp-angled profile-like margin and
a#so makes_it possible to fit adjacent models together smoothly.
‘Tﬁese over'lapping marginal slopes on models are called Flow Lines.,

Construction of a Profile

oL

k Select an area on a map. Although it is possible to profile
aiong any sﬁrface feature such as a ridge, stream or road, drawing
‘awstraight line across a diversified area usually provides the
m%st satisfactory base for s beginner,

i
. Note the highest and lowest elevation, expressed in contours

oé control points along the line you have drawn.

Next choose a vertical scale for the.profile to be constructed.
Keeping in mind that the numbericél value assigned a vertical scale
is directly dependent upon the linear horizontal scale. In most
cases when maps of lérge scale are used for profiling there is no
néed»for exaggerating the vertical scale; Smaller and smaller
séale implies more and more area to be covered in a single unit
of linear scale which will require greater vertical exaggeration.
When you remember thét the highest knéwn elevation is just under

30,000 feet;-that most mountain peaks are under 20,000 and that

m@st'of the highly populated areas of the world are under 1,000

Approved For Release 2000/04/1 8°7CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1 .

feet you can appreciate the reason for "blowing them up" enough

vertically to be seen, If true scale were maintained, the

highest mountain shown on the conbinental map of Asia at a scale

of 116l miles wonld be less than 1/10 of an inch high. This is

reslly making mole hills out of mountains.

It is good practice, however, to keep the amount of exaggera- . .

tion as small as possible to avoid unnecessary distortion of earth

features. Small hills can be made to take on the éppearance of

enormous Jjagged icicles., Profiling can be like caricaturing

where a prominent feature is changed so much that nothing 1like

it really sxists. It is expedient, therefore, to figure out

roughly the exaggerabion accruing from the vertical scale yoﬁ

choose, To do this convert both scalcs to the same unit of

measurement and divids the horizontal by the vertical cquivalents.

Thus on a linear scale of 1:125,000 with 1/10 inch allotted to

every 500 fect the exaggeration will bes

METHOD s

Foot Conversion

Horizontal

1:125,000" ¢ 12 = 1:10,416!
Vertical

1/10" ¢ 500!

it ¢ 10X500' = 5,000!

Inch Conversion

Horizontal

1:125,000"

Vertical

1/10" ¢ 500!
1t s 10X500' = 5,000!

1m ¢ 12%54000 = 60,000"

-— e

Vertical Txaggeration
Fect 10416 + 5,000 = 2,08
Inches 125,000 + 60,000 = 2,08
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After proper selection of vertical scale » assign a vertical

scale number to each 1/10 inch line on squared paper. beginning a .
couple of intervals below the lowest contour value and ascending
to the highest. It may not be necessary to number eaéh line but

only enough to keep you stra:‘r_ght'as to their valus. _

TLLUSTEATION OF PROFILING

| "
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LINE OF VISIBILITY FROM VALLEY T6 CREST OBSTRUCTED
FIGURE 164

lay this graph paper just below the profile line 1ea§ing
%enoughAroom 50 you can read the contouwr values printed on the map.
; Drop 1ines.from the profile to the appropriate elevation on
‘the graph. Be sure tovkéap'their lirsar relationship correct.
| After all lines are dropped to the graph, comnect the'points
‘thus established by a solid line and you will have an outline of
1the gurfacefprofile.

Filling in the body of the profile will facilitate visualiza~
‘tion but is not mandatory. Figure 164 illustrabes this simple

method for constructing a profile. The character of the slopes

Approved For Release 2000/04/i|§4: CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
can be interpreted from the‘resulting profile, The straight

dlagonal line drawn along this profile shows that there are several
places along the left slope which would be hidden from view at
othef spots. In military terminology these spots are DEFILADED.
Form Lines
Insufficient control in some parts of a map may require

. slightly different methods for indicating relief. The character
of these spots may be shown by form lines. {Technically many éoh—
tours evolved by logical interpolation are form lines but the
term'ié normally applied to lines that have no precise elevation),
The generalized ahapé of seme prominent feature is sketched in |
with form lines to give an impression of what to expect in the
field. Such an impression is useful because often a person,
military or civilian, can identify the objectiﬁe shown without
having to know its exact height, It thus becomes a natural sign;
post rather than being an exact height for which firing pange'
must be determined or an obstacle to be surmounted. 3uch form
lines are shown by dashed lines on a map.

Color Interpretation of Topography

Bands of Elevation

You are familiar with hypsometric types of maps although
you may never have been.introduced to them by this name. How
§f£en in a c¢lassroom have you stared at a physical map of some
place or othef. Physical—pblitical maps of.the comnon classroom
variety show elevation by means of color. The nofmal sequence of
color} as you may recall if you were awake during the "gtaring!

period, is gradation from dark blue for deep water through
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~Ancreasingly lighter shades of blue for shallower water, Land

eievations,are‘represented by tranéition through shades of green,
yellow, tan and brown, to red whiéh indicates all elevations above
lQ,OOO‘feet. The séme tinting wiﬁh a slight variation in color
values has been used on the North,Borneo.NB 50 sheet. :Heré meter
equivalents are given for the altitude tints because the sheet
will be used by many who are trained to measure in meters and
kilometers rather than in feet and miles.

The use of different colors is inﬁended to distingpish eleva-
tion and relief relationships among areas. Unfortunately, misin-
formed or poorly trainéd map readers are prone to erroneous inter-
pretation of the significance of colors. To them green means
végetaﬁion or else perfectly flat ldnd. Actually extremely rugged
desert lands exist in the world which are colored green.on a map
because their highest elevation qus not rise above the'measured
limits set for the green tints. By contrast, there are level
plains that lie at altitudes high enough to bring them into the.
bfown or even red tints, Land surfaces of these high plains are
aé‘nearly level as the less vigorous forces of erosion will allow,
They are not covered with jagged peaks and steép canyoﬁs as some
m?p abusers erroneously infer from.the red coloring,

Shade QEVColor

Widespread misuse aﬂd aesthetic objection to the International
Color scheme of blue through red color—Eanding have prompted the
utilizatiﬁn.of a variety of other color schemes. Shadings of
violet through purple were long the British choice and have only

recently been abandoned. Variations in green and grey tinting

: 166
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are used by some famous Germen cartographers.

‘The range of shading possibilitieé is ﬁnlimited using the
air brush method. The Baltimore NJ 18-1 sheéﬁ illustrates this
technique although the relief shading.is.pértially concéaled |
by a green vegetation.overprint. A 5etter example is thc Gold-
fieid NJ 11-8 sheet on which gray shading accentuateé the western
ridgé pattern, Notice‘that all topographic shading is arbitréfiiy
applied on thé easﬁern and southern slopes to create the imbression
of ridges rising above the flat sheet., .Placement of shadiﬁg in
this manner is dictated by opiical,illpsion and not by shadows
cast by sun position.

_Alr brush shading improves visuglization of the shapc of
_tppggraphig-feaﬁurgs but, in itself, gi&os no key to the-éctual
elevation and degree of relief. Sometimes just a feeling for
the "look" of an area is the primary objoctive. At othor times
‘more precise delineation is cesired. Recourse must then be made
to.cpntogr iine§. The two sheets cited as examples of color
shadingIEArry contours as well,

~ Hachure Mcthod of Topographic Presentation

An ovérall impression of tdpography cén be conveyed by a
serié; of syétématicallyharranged, short lines. These short
strokés;'éalled HACHURES, create the effect of terrain slopes.'
‘Unless frequent spot heights are provided, héwever, it is im-
‘péssiblg to determine elevations'and feiief even approximaﬁely
ffom}hachuring; For this reason, ironically, hachuring proved
to bé'an unsatisfactory medium of topographic presentation for

the very group it was designed to help, It was created for
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@ilitary maps. to help untrained personnel visualize terrain. It
is poor économy, however, to meke military maps for general im-
. pfessions and no further use, Artillery fire control, tréop'
@ovemgnt and strategic planning are impossible on maps that do
ﬁot‘provide accurate means for determining the height and amount
éf slope in an area involved inwar,

. Hachuring enjoyed considerable popularity several decades
ago. During the latter part 6f the nineteenth century the French
produced a series -of 1:80,000 hachured maps that were later uséd
és bhe basis for other map. series on dlfferent scales, The French
worked out an elaboratb correlation of lengths, widths and spacing
of hachures to depict variations in slope gradient, Various shad-
ing and grading techniques were also used to heighten the illusion
of perspective, Application of finer lines on the north and west
and heaVier lines on the south and east slopes crocated a light'
%ndvshade contrasf in black and white; Thelintroduction of the
ébntour method late in the nineteenth century and the improvement
éf color printing in the twentleth have now caused the abandonment
of hachuring for tefrain rgpresentation except on a few foreign
maps . Some of the best examples of modern hachured maps have been
compiled by German and Swiss cartographers. Study the 1:50,000
Wolfstein West 58 W sheet as an example.

1. Compare your ability to visualize topography on this sheet
with that for a contoured sheest,

2, Find examples of: steep river embankments - a rounded hlll—
top - level areas (Do not misinterpret the blank area in
the extreme northeast corner of the sheet as level plain
or possibly sea, The International Boundary marks the end
of German mapping. This situation will be found on many
sheets where an international boundary appears.)

3. Are all hachures the same length? Are they spaced equally?
Why?
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Lo Sﬁudy the marginal notations., Apply the legend to the

sheet to find as many examples as possible of legend
explanations.

Color is frequently applied to modern hachured shects to
increase differentiation of terrain slopes and other physical
features such as glaciers., Some series may even include contour
lines as guides to elevation deturmination which is lacking on
hachﬁr@d depictions, |

| Hachuring is now being used less and less for several
reasons, It ﬁakes a highly skilled cartographer to do a credit-
able job. Since it is an interprctative and impressionistic
téchniqpe there is considerable variation among cartographers
in applying haéhuring. Finally, the finlshed product has limited
ussfulness and reliabiiiﬁy which makes it inadsquate for defini-
tive purposes; Although there is no such thing as an all purpose
map; most ma§ users préfer contoured and shaded or tinted maps
which provide greater flexibility than hachured maps for terrain
intorpretation,

In the illustrations of contour characteristics you saw
that contours are affected by drainage features as well as by
measurcd control points., In preparation for mapping, control
is established for contour depiction of draiﬁage-featur@s. In
nature the process is the other way around, As water drains
downslope on its wm& to the ocean, it erodes the landforms over,
or under, which‘it moves, Water eats away at subsurfaces to
form caves which may oventually collapse to form holes in the

surface, Water scours the surface before it sinks in or finds
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1ts way to the oceans, Water wears off this surface in sheets and

dumps the eroded material somewhere else as an alluvial fan, mud

B

',flat, delta or some other depositional landform. Wherever it en-
céunﬂers cracks and weak spots in the surface, it digs into them
tp gouge out gullles and canyons. Streams are. formed in these
depr9551ons and their courses altered by the erosive and deposi-
tlonal effects of water. Lakes and swamps trap-somb of the water,
In any of these and many other cases, terrain is affected and con-
tpurS'are altered, Terrain formatlons depicted on maps, therefore,
sbould be evaluated in.relatlon to hydrographic sgmbols and with
tge knowledge in mind that changésrare occurring continously.

Webster says that HYDROGRAPHY is "the description and study

3

'of seas, lakes, rivers and other waters," Maps provide a visual
d@scription of water bodies and some of them chart the physical

characteristics of these water features, Hydrographic symboli-

[N

. 1
z@tion, therefore, is an important ingréedient of several kinds of

mapé. ~Such symbolization‘should not only portray the hydrographic
" detail, itself, but should also giide the map reader in analyzing
the influence of water agents upon the earth.

Tand Drainage

Streams

Intormittent - Youthful streaﬁs that are jusﬁ getting started
in their important work of oarrying off water are not steady in
their flow. If drainage is slight they will receive no water in
dry periods and so will have to be shown on large scale maps as s
INTERMITTENT, : They will not.be shown at all
on mediﬁm and small scale maps.,

170 :
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Porosity of the surface strata may cause disappearing and/or

intérmiﬁtént streams, Wﬁen &rainagc is great, water will flow on
7‘£he‘surface because its velocity is great enough to rcbard sinkage.

As soon as &elocity is decreased the water will sinkmiﬁtéjsanQY
or porous surfaces leaving a dry channel, In some sections-of
the world people flock to thess dry stream beds because they can
scoop out shalléw wells to get the water that has sunk beneath
the surface. Examine any good Atlas or larger scale map of the
Sehara for WADIS symbols marking this condition.

IﬁtéfmittenCy of stroams is the product of climate as well
asiﬁorosity of astrata, besert and semi;arid climaticvregions
aré chdracterizéd by sudden downpou:s. During such storms the
volume of water is great and thore arc insufficiént vegotational
obstacles to keep it from'racing downslope., Run-off rapidly
fills and orodes stream beds, TheApeople who moved into the dry
stream bed to get water are sometimes tr;pped andldestrqyed by it
when a sudden‘Storm occurs, Aftor the storm, however, the stroams
goon subside from‘ragiﬁg ﬁgrrents tpvmere trickiés or dry beds,
Visualize an intérmi££gnt strcam symbol in a deéerﬁ area as this
precarious condition and you<dre using ”map.intelligenceﬂﬂ

In cortain othor types of climate, all or a large percentage
of tﬁe preéipitation‘cﬁmes in one seéson and in the following
seasoh or scasons tﬁefé is insufficient drainage to keep the
streamszsﬁpplied. Meltiﬁg snow in the spring in Continental
tlimates, wet monsoons in Tropical climates and winter precipi-
tation in Muditcrfanean climates make th; rivers run full and

sometimes overflow., When the precipitation is over, evaporation
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‘ma& accentuate theldearth of water. This story is told on maps
by a wide stream bed w1th an intermittent line running through it,
| Permanent - In more hunid cllmates, streams seldom cease to
flow although there may be a variation in the amount of flow .
w1th1n and among streams. There are so many different names given
.to streems that it is cartographically imposs1ble to class1fy
them by name. It would take a mester mind to tell which is
larger: rill, creek, run, or brook., These are only a few American
versions which you could probably multiply by several thousand
in other languages. It is for safer to call any permanent'ribbon
of water a river and cla551fy 1t according to width, Even this
cla851flcatlon must be tempered by the knowledge that scale
affects the Width of line or lines used, Syubcl sheets for the
partioulsr series and scale should be referred to for correct
imterpretation of the size of riVersl

| Generally river symbols are graoed from fine lines for small
rivers to double—lines symbols for wider ones. If a river is

ry wide 1t may be shown by cither a filled-in or solid syigbol
or by color or shading., Some very Wide symbols are filled in
with roughly parallel lines running lengthw1se that are either
indicative of depths or just impressionistic representation of
'wster. Normally riVer‘symbols present fine—gauged lines near
the source which are brosdened downstream. The symbols ﬁor
braided and meandering streams were inclnded on the Training
Model for contour analysis,

Lakes

Lakes reflect many of the same water conditions as rivers
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| in their formation and character. Symbols for them should reveal

these geologic»and'climatic influences, On large scale maps,
actual shorelines should be defined or retained By contours., On
small scale maps, only a generalized cutline is necessary to in-
dicate the presence of a lake, No definite shoreline  should be
given for a lake whose expanse varies. groatly, Instead an appro-
priate symbol or color should indicate the limits of variatioh.
Man-made lakes show by their regular shaped outlines or by an
appropfia@e symbol, such as dam, how thcy were formed.

The symbols for large navigable lakes and rivers that have
outlets to the occan should note the head of navigation. This
symbol is usually an anchor, 5 « lLocks, canals, channels.
and other navigational aids arc shown by appropriate symbols
llke those given on any standard symbol sheet,

Aﬁ places where the underéround water table is close to the
surface of a_flat area or where the soil is inpervicus in humid
flat are¢as, drainage may nét be sufficient to carry water away.
It will collect in shallow pools or mushy, muddy patches con-
ducive tQ dank vegetatioﬁ. The symbol for such arcas is more
definitive on large scalc than on small scale maps, At larger
scales a short horizontal 1iﬁc surmounted by five prongs . ii¢
suggests reedy MiiSHES. Grass symbols intorspersed with trec
symbols suggest SWAMPS in which trees are dominant such as in
the swamﬁs along the southeastern arcas of the United States.

On medium and small scale maps the marsh symbol is used for

either swamps or marshes and so can only be interpreted to mean
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a het,area.f

| 'Swamp symbols are usually danéer slgns on a mep, Their
presence indicates a barrier to lahd utilizatien and travel.
Tgey are, also, areas to be avoided in wartime unless troops and
their equipment have been adapted to swamp conditions.

This does not imply thah suamps are of no value. Some of
them‘are sources of lumber,‘fursbenu fish, They may also be;
critical twater catchers! stabiliiing fresh water supply. lf‘
they are dralned surroundlng areas such as those adgacent to
the Everglades in Florlda, find thelr fresh water supply is en-
dangered and subjected to 1ntru31on of salt water becausc the
underground water balance 1is disturbed. Knowledge of these re-
sources is 1mportant to the reSearcher. |

Qases, Sprlngs and Other bpec1al Hydrographlc Features

If swamp aresas are to be avoided, ocasls and Sprlng areas
are to be ceurted in most Situatiens. anes‘end sprihge are
of@eh responsible for the growth of populatlon or a concentra-
tien of people arouhd‘them.‘ The size of an‘oasis symbol, for ”
example, often glves no clue to its economlc 1mportance. The
map reader must supply this by reallzlng that thousands of
nomads may make an oasis or spring a regular stop in their
wanderings. Here'they find fresh Water)‘food and other supplies
for themselves and their animels. The oasis dweller, in turn,
ie%usually glad to sell his producfs or exchange them for'goods
and skins that the nomads bringl 411 this behind an oasis
symbol'

In cold or mountalnous areas ice and snow symbols replace
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‘stream and flowiﬁg—water-made Symbols.' Glacier, ice field, ice~-
berg, stream ice and frozen lake and stream symbols tell the
storj of the possible and impossible uses to be made of the area
#ms shown on é map.

| These'and many other hydrogréphic symbols appear on special
WP #heets, They are often explained on the legend printed in
the margin if tﬁey are not common symbols to be found on standard
‘symbol sheets.

Coastal Foreshore Features

Thg'part of the shore betwéen.high—water and low-water marks
is the foreshore. This area is used in'many different ways de~
pending upon its configuratioﬂ. Along the coasts of New England
and the Maritime Provinces tidal flats are widely used directly
or by reclamation, for pasturing livestock. During low tide
pigs, for example; are brought to the tidal flats to eat the
grass and any marine life that was stranded by the last high-
tide. Then the animals are driven inland as the tide comes in
again,

Farther south along the east coast the sandy, tidal flats
add to the area of beaches and resorts catering to the tourist
trade. Interspersed between both the grazing and recreatitn:
spdts are harbors and ports which must be adapted to the changes
in shoreiine created by the tides. At other spots rocks intrudé
upon the shore and extend into it. These rocks are hazards to
lpé&igation that must be carefully marked on maps. Some rocks
énd reefs are clearly visible at low tide but become submerged

by the rising tides and may tear at the hulls of boats that
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venturg too .near them. Rocks become exceedingly dangerous at any
tide wheﬁ storms drive boats ashore to be pounded to pieces on them,
In other areas coral replaces rock and is equally dangerous.

| Sandbars may devélop élong coastlines or across outlets to
i&porbant harbors, bThey must be clearly marked so that ships are’
ngt_grounded on them. If sandbars or passages are navigable at |
stated times,only; large scale maps contain a warning to that
effect. For example, there are many passes between the islands
aiong_the north-west coast of\North America where boats must walt
for the opportune moment and then race through the passes at top
sp_eedf If the biming is wrong, the goat is gone.

| In)time’of war, establishment of beachheads is a criticali
‘cémbination of accuraté map symbolization of foreshore features
and intelligent intérpretatiénvthereof;nﬁAnyone who folldwed the
fortunes of war in Europe or the Pacific during Wbrld-War IT is
Wéll aware of the importanbe of choosing the right spots to land
tfoopsaand the disasters that occur.when the choice is poor.

‘Thus the symbols for foreshore features are vital to belligerent
aé well as pacific e#aluation of coastlines. Study the symbols"
iﬁ a legend with this in,mind.

Qffshore Features

Where is the continental shelf (lédge of submerged land : |
adjacent to many coastlines)? How deép is the ocean? What is
- the bottom of the ocean like? Whét aids  and dangefs to naviga-
tion occur in open water? Look to map symbols for the answer
or clue to these and many more questions concerned with man's

relationship to open water and offshore features.
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Measurement of Depth - One clue lies in comparative water

depths. Depth is measured in fathoms. One fathom equals six
feet and‘its origin is the span of a man's extended arms. As the
word applies to water depths a seaman could get a rough measure
by counting the number of arm-lengths needed to cover length of
the sounding line used to touch the bottom. Weighted lines can
be used in co&paratively shallow water to take soundings but are
ineffective in deep water. The force or specific gravity of deep
water will keep the weight from touching bottom. Special sonic
devises have now been developed for this purpose. They send down
sound waves which hit the bottom and bounce back. Depth is then
determined by the time lapse between transmission and reception
of the s;und.. Bathymetric curves are piotted on charts or maps
to show the felationship amdng points of equal depth, These
curves are like land contours in reverse since they are measured
from the top down, based normally upon mean low tide. Sometimes
where "ﬁéter" contours are drawn in shallow water, their value is
&xpreésed in feet instead of fathoms. You must determine which
measurement was used from the map legend or by exercising your
good‘senée. For example, if you know that a particular body or
section of open water is not likely to be 18 fathoms deep, you
will interpret the figure given to mean feet.

Troughs - Deeps or troughs are noted on maps for several
practical purposes. Fishermen want to know about them because
of the general lack of usable marine life in such areas; Fish
avoid trouéhs because th@?e is a general lack of surface fish

-food (planktoﬁ) and also because they would be crushed by the
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weight of water if they tried to- submerge too deeply in search of

food. This same weight of wabter w1ll trap submarlnes that cannot:
generate enough "lift! to rise to the surface. Cables for trans-
oceanic communication will sag into eubmerged depressions and
enap"so cable—layers must know, too, where_depressiens are and
gvoid them.

Submerged meunﬁain peaks} wrecks; seaweed, such as the
Sargasso Sea, that traps unwary boatmen; currents, and eddys must.
all be symbolized on maps and charts to warn the nav1gator of
What“to expect -or shun. These symbols also reveal the character
ef open waters to iend—bound map readers.

Cultural Symbels

“Map symbols for cultural features are not photographic re-
producticns of these'features but they do bear a.suggestiee sty-
lized resemblance to fhe@. You must remember that this is a -
iroof top" resemblence, however, and is not the same as the one
_ you are normally accustomed to see as you travel alohg the sur-
face., If yeu could stand directly above a toy village you would
have the proper perspectlve. It would require little imagination
on your part to see how symbols could be derived from this minia-
ture village and stylized into conventlonal patterns for the

various cultural components of the actual terrain,

POpulation Symbols
Buildings ~ As you looked straight down on-the roof outline of one
of the tiny¥ - houses it would probably look very much iike a block
o} square. EmbellishMente such as porches, carports or garages

would not affec£ the central unit., A small, easily drawn square

‘ L1778
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Is 2 logical symbol, therefore, for a single dwelling or home,
Wherever multiple units occur under one roof or in closec approxi-
mation, an elongated roof outline is Just as logical,

Puildings also serve other purposes than as dwellings.
&@a@iﬁic uses can sometimes be identified by the addition of
#peadal signs to the basic square., Two common examples will
illustrate such adaptations., The patriotic objectives of nearly
8very achool are symbolized by a flag flown during school hours,
Hence a square surmounted by a triangle to represent the flag
stands for school on a map. 3imiliarly a cross suggesting re-
ligious activity is-used to identify a church,

Structural types also vary with the culture of a people,
One of the baffling phases of map reading is- the corrcet intop—
pretation to be placed upon symbols for unfamiliar structures
such as temples and shrines, Thesc symbols cannot be overlookcd
because they are indices of the character and number of peopls
in a region and may also be vital to waertime strategy. The
Sﬁructures may be used to billet soldiers or 35 fi¢ld head-
quarters and supply depots by either friend or foe, depending
upon the turn of ecvents,

Built-up Areas - Wherever many structures have been -con~
solidated into a village, town or city pattern, symbolization
of thié fact depends upon the scale of the map. In a large city
area such as London, Tokyo or New York it is impossible to draft
symbols for each structural entity unless a very large scale is
used, On many large scale maps only pfominent buildings are
given definite outlines. Block patterns indicate the closely
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Bnilt-up portions of the city and give Way'to individual squares
‘only in the suburbb. On medium scale maps an outline suggeStiVé
rof the shape of the town is drawn. Refer to the Hagerstown series
of maps to Verlfy thls progression of symbols,

On snall scéle maps, a suggestiVe outline can be used for onlyf
the largest citiés. Smaller towns and viilages are reduced'to'é“'
c;rclé, square or dot. You have undoubtedly noticed that a cirele
is commonly used to idontify the location of a city,

Thereuis some disagreement about the origin of this usage
, btt two plausibie oxplanations may interest you. One is that the
| c;rcle evolved from the way medieral citles were constructed.
»ﬁwellings‘were built inside a circular or nearly circular wali;

It was loéical, therefore, to establish the tradition of using a
circle on a mép:to snow that city. The other explanation arises
from piaces where homos wore grouped'in a rough circle around the
cénter of toWn In deplctlng this arrangement on a map, the
houses were shown at first and then gradually a circle was drawn
to show the center of town'and the individual home- symbols were
omitted. tNo matter what the origin of the circular symbol, long
uéage of it has maoe its implication common knowledge, even
though viéualization of the detail it replaces is lacking.

Transportatlon Symbols

Railways - Let's assume a p051tlon high above the earth and
look down on the transportation pattern, Many brancn lineS'of
roilroads,fall into one pattern, Transfer of this pattérn to a
map requires a symbol which can be recognized as standing for

; . !
‘rallroad and drawn by anyone without special artistic ability,
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Nature produces nothing that resembles a straight or smoothly

curved line intersected by unlformly spaced grossbigki:. Since
railroad rlghts~of-way are lald out by engineers whose job it is
to keep sharp curves and steep grades to a minimum, lines symbo-
1izing'ﬁhém are Smbéﬁh. They are normally'draWn withrépécial '
pens and failroad-curve témplates. Knowledge of these facts will
hekp you differentiate both railroad and hlghway symbols. from
river symbols .

Raiiroad symbols are usually drafted in black. A solid line
intérsected at specified intervals by crossticks represents a

-

. S CLX : .
single track, ﬂ;+;r?T& Double track railroad symbols are
two parallel cross-ticked lines on some maps m%m i .4m.

and on others are single lines with two cross-ticks evenly

spaced, ”ﬂ"H“ﬁWH““ Wherever there are several tracks in

,juxtaposiﬁion, a number of lines approximating the number of

tracks are drawn and then cross ticks + +ot- +'f Ll
‘(/ ...1. .4_..! +._+‘-+++ e

alternated along them. Abandoned ;f': e f i

railrbads, trolley lines, cable cars, - 7 N e i i

g -

narrow gauge tracks and many other types of rallwny construe-
-tlon have their own special symbols, As you study any map be
sure you haye,the correct definition of the transportation
symbols so that you do not mistake abandoned and séecial types
for standard types. .

Egggii-‘lt is sometimes possible to conquemﬁgtatboé;'g
carefully~engineered road with river symbols. Part of'thié
difficulty is eliminated by using conventionalized symbols

for different classes of roads., Style sheets and legénds

g 181 o L
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ProvidelexﬁlanatiOHS-of the different:.classifications used. “De~
llneatlon of roads by red. furthen: facmtltates differertiation
among varlous types of roads and bheir distincétion from other
fsymbols.’ beveral governmental and private agencles have adogted ot
red andlso-it‘is.found on recent editions of both foreign and’
doﬁeetic ﬁeﬁs. _— o

T¥ails and Routes - The irregular courses of trails and-

caravan routes are shown by broken, dashed, or dotted 1inés in*
either red or black. ‘Sometimes these prlmltlve routes afe the

only avenues of transportation in economlcally backward aress of -

in regions of very rugged terrain. It is vital in emergencies,'?”““
therefore, to know whether a trail leads to a farmhouse or con-
nects withwe'ﬁhrough'road. Much of the strategy in Korea, for.
example, hed to be planned on the basis of trails since no other -
roads exist Meps were dev1sed to show this condition by usmng
large red dots to mark the through routes.

In areas 1nhab1ted by nomadic herders dashed or dotted lines
show the yearly paths taken by the herders in pursuit of food and
water for themselves and their llvestock These routes are not.
fixed trails in many'cases; They represent, rather, progress
from one place to another as the livestock exhaust the forage in
one‘area and are drlven to greener.paetures farther along.

Communications

Commﬁnication cables are occasionally buried beneath the
surfaoe; but more often they are‘struﬁg upon poles. Symbolization
. of these poles force us to abandon the vertical view and look at

them as we would from the ground; they are, fvf‘—I. . Their
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usual placement along road and railroad symbols are a clue to
their identity.

Ceble crossings of rivers and other bodies of navigable
watér are shown and explained on many large scale maps. Tele-
visiOn,'radio and signal beam symbols appear oh special maps such
as aeronautical charts. Study these symbols on the charts
asSigned'to you.

Boundaries

What is a Boundary? -~ Boundaries range from fences enclos-
ing individual property holdings to lines demarcating internl
national separations., There are also civil, administrative,
legal and provisional boundaries. Boundaries are sighted, sur-
veyed and conﬁested. One country or minor. civil division may
decide its boundaries arc in one place and its adjoining neigh-

.. bors will decide they are somewhere else. This conflict may be
the rvesult of: improper establishment of control; discovery of
critical métérials such as petroleun or uranium; political and
military aggrandizement, or the migratory character of the
people who feel that their boundaries are governed Ey their move-
ments and not by a surveyors tape or by treaty.

What can the poor map maker do in cases like'these? - Put the
boundary symbol as near as he can to the place that seems to
have thefmosﬁ'justification for it and wait for a storm Qf protest.
A1l too often, Howeﬁer, the storm never breaks for the average
map reader assumes that a boundary‘is a god-given line and never
questions it. Farther along in this course the author hopes to
quicken your boundary perception and instill an attitude of

183
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questioning its reéliability until it is proven to be accurate.

Boundary Symbols - The lowly fence often becomes a dash and

‘¢toss symbol for barbed wiré and a dash and circle for non-barbed
wire. :Township, country, state, national and international bound-
éries or their equivalents in'fdreign lands, eacﬁ have individual
symbols. Unfortunately, there is novuniversal agresment on what
they should look like. Many mapping agencies, however, are tend-
ing toward standardization, International boundafies, for ex-~
ample, are frequently drafted with a héavy.weight line broken
into one long and two short dashes alternatély. Refer to the
margin of:specific'map sheets or to the series explanatioﬂs for
precise definition of what the cartographer intended his bound-
ary Symbols to represent.

Vegetation'

Strategic Importance

‘Rare is the child living in climates admissible of trees,
‘who has never played hide and seek among a copse of trees, hidden
;behind a single tree or used it for a.safety post or "Home!, War
iand tactical ﬁaneuvers are far grimmer than thése childhood pas-
'times,,but they use vegetation cover in much the same manner. ‘A
large number of men and supplies can be concealed béneath the
3protéctive foliage of a forest. When a soldier is avoiding de~-
| tection by the enemy he will hide behind the nearest tree.
‘Snipers find that trecs make excellent "home bases!" or safety
| . posts., |
The natural camouflage of growing vegetation is far su-

perior to any artificial devices. Personnel trained in

_ 184
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camouflage detection can usually penctrate the cleverest subter-
fuge., Growing vagétative cover is much harder to penctrate,
This cover is not restricted to tress but includes all kinds of

- vegotetion from small clumps of grass just big enough to conceal

or confuse the outline of a man, through bushes and tall grass
‘that will close above the heads of men. .

The scope of vegetation utilization is not limited to con-
“cealment,  Sometimes it is just as important to know vegotation
warning signals. -Five pronged .swamp symbols figuratively shout,
“Don'i'aet bogged down hera! Take your boots or tanks around
by what scems to be the long way". Another type of vegetation

- | may bristle its barbs and claw at the unwary trespasser if no

advance map notice is given,

Vegetation may be the provider of food and fusl for men or
armies travelling under short supply. Woodfires also cook the
food and take away the chill unless the enemy is so close that
fires are forbidden., Shelters can be improvised from meager
vegetation with the aid of a little ingenuity,

heonomic Importance

Vegetal-GOVaring is just as vital to normal cveryday
utilization of terrain, Tt is pointless to dwsll upon the
significance of vegetation in any, life. In any case you may
want to know not only why a aymbol 1s necessary but how it rep-
“regents the man»hature.relationsﬁips that are possible in any
given area. From rice to guayule and from mesquite to sequoia
- cach vegetation symbol- indicates tho potential and actual

sconomic valde of the land to man.
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Any lengthy discussion of the many symbols devised to show
i different types of vegetation is also pointless. Thq best way
ito appreciate them is to examine a manuai of symbols and find
;exgmples on maps as you work with them, As your apprcciation of
jthé vé1ue'6fhdefinitive symbols grows you may_perhaps join the
‘ranks of map readers who would like to have more vegetation than
just a symbol for woods or brushwood included on maps., These two
broad generalizations are shown by green coloring on many sheets
‘such as the 11250,000 Baltimore NJ 18-1. Woods, however, are not
?just woods, There are all Sizes,-shapes and varicties of them -
which the map reader camnot possibiy visualize from a green vegeta-
tion tint, |

Marginal Data

"The first shall be last and the last shall be first! can
cortainly be twisted to our discussion of map ingredients, You
“had to analyze each of the other map ingredients before you
‘could‘appreciate and evaluatc the marginal data supplied on most

‘worthwhile map sheets., When this analysis is completed you should
“have a general concept of what to expect of any map. Hence fore-
ward as you tackle any now map the first thing to inspect is the

marginal data for identifications and reliability of the data
shown in the body of the map;

Soldiers and civilians alike use maps, Their backgrounds
for interpretation run the’gamut of cometence. If map distri-
bution were limited to highly specialized and trained groups,
many explanatory items would be}superfluous. Since this is not

the case, several man hours and a large number of operations are
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use of even Simple sheets. These marginel data should be studied"
carefully before any map work is begun.
Although the amount of data varies from sheet to sheet care- -
- ful 1nspection of a few sheets will facilitate the reading of

any one of them. It will become apparent that there is a marked
uniformitj of placement of certain ‘types of data. If the agencies
bother to supply the props, it behOOVes us.to note their position
and recognize their value; |

Map Identifications

Sheet Identifications

It is a human tendency to name things and to remember these
titles better than a long string of numbers. Full references to
maps that are a part of a series usually involves both a Jname
for quick 1dent1ficatlon and a number to locate it in relation
to a series. The principal identiflcations thus, which peSitively :
1dent1fy an 1ndiv1dual map are the series name, sheet name and-
sheet number. Whlle reading the follow1ng paragraphs refer to
the sheets show1ng the Hagerstown area on 1.25,000 to 1:250,000

scales.

beries Nemes -~ Most mapping agenc1es group meps of similar

scale covering a recognizable geographlc area into a map serles.‘
These series_names are generally found in the upper left margin

of the,mapf"The series names assigned to'the HagersteWﬁ{erea‘~-'
sheets and te other'similar maps illustrate hew these namés were
determined from the area covered and the scale. The 1:24,000 to
1:125, OOO (which 1nclude the 1:25, OOO and 1150, 000 Hagerstown

. 187
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sheets) in the United States are grouped series W

based cn individual states'and hence “take the state name.

(Maryland). The 1:250,000 scale map of the United States en- -
compass areas which may involve many states. A series name
based oﬁ'all the state names would be cumbersome. Here it is
more practlcal to make a more general division such as Eastern
United States and Western Unlted States., Small scale maps (not
included in the Hagerstown group) are 1dent1f1ed by continental
names or other accepted divisions which overlap continental
boundaries. Examples from the 1:1,000,000 series carry such
identlflcatlons as Africa, oouth Amerlca Eastern Asia,

In all of the above appropriate representatlve scale frac-
tions'sre appeuded directly to the series names., For example:
Maryland 1:25,000; Eastern United States 1:250,000; South America
1:1, ooo'ooo. | | ' |
| @gggt ﬂgggs - Individual sheet names are chosen normally from
the most promlnent geographlcal or cultural feature on the sheet.
Where more than one map ser;es!covers the same area, it may be
found that the uame‘of the larger scale'map is the same as that
used on.a smaller scale map with only a geographical designation.
added, For example the sheet name ab 1:50,000 scale might be

Washington and that at 1:25,000 scale, Washington N.W. -

Sheet Numbers - Sheet numbers for large scale maps are ordi-
narily assigned ih a'logical manner,following an arbitrary co-
ordinate system based on an orlgln which always permits .a posi-
tive number to be ass1gned for the area covered by the system.-
Also, shset numbers coverlng'an_area‘ere usually so designed v‘ -

188
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that the number of 1:100,000,1:50,000 and 1:25,000 scale maps
are inter-related, For example, the sheet number for the 1:50,000
scale Hagerstown quadrangle is 5463 II and that for the 1:25,000
Hagerstown quadrangle (actually the northwest portion of tgs
1:50,000 scale sheut) is‘5A63 II NW. Similarly the 1:100,000
scale sheet of which the 1:50,000 is a part would also carry
the number 5463,

- Shect numbers on medium scale map series are commonly based

on a breakdown of the numbering used on the International Map
of the World (IMW) 1:1,000,000.

Geographic Index - Another item known as a Geographic Index

number, although it is no longer shown on new Army publications,
may still be found on many maps. These numbers, printed directly
beneath the Geographlc Location Name in the lower rlght margin,
represent the geographic coordinates of the map. The first four
numerals and letter indicate the number of degrees and direction
from the equator to the limiting parallel closest to the equator.
These notations are separated by a dash from the coordinates of
the limiting meridian closest to the prime meridian (Greenwich),
Numbers shown after a diagonal line give the overall dimensions
of the graticule of the shest in dcgrcss or minutes; e.i.,

Baltimore, United States. This notation means the graticule
N 3900-iI7600/100X200

for the 1:250,000 Baltimorc shect covers 100 by 200 minutes,

Index and Locational Diagrams

Onc or more boxes are to be found in the bottom or side
margins of many maps. On large scale maps one box accommodates

| the Index to Adjoining Shects diagram which shows the locat“ion
Approved For Release 2000/04/1835CIA-RDP80-01333A000300050001-1
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- of the shéet under -considerﬁtion in relation to the immediately
iadJ01nlng shoets., Thus, ad301n1ng shect numbers (and often names)
- are svallable if reference to extended areas is desired. On medi-
o B¢ale meps the relationship of adjoining shuetbs is shown in a
logaticn Diagram.

A third box, not always included, gives the ddentification

of political boundaries adjacent to or actually shown on indi= !

yidual sheebs, This Index to Boundariég helps research personnel

or mapvcempilers in comparing miscellanéous maps that»do conform
 to one mﬁthbdvofilocational identification but can be oriented
;:ﬁith reference to recognizéble boﬁndaries. It also provides

- quick reference for persons concerned with relative political =

~ locations.

Still another box which is Grid Reference found in the lQﬁer
3 margin explains tpelmgthod by'which speéific objectives of place
;‘r¢£erences_qan be located in pérms of grid zone designation and
the militar& grid'method. Students can follow the step by stép
- instructions given in the box. They will‘arrive at a sample
objective and can then apply the same technique to other map
objectives; |

Separate Indexes_andeatalogues

Even though we arc concefned with analyzing margiﬁal data
- appearing on given map sheets 1t w11¢ bc worthyourwhllc to di-
 gress for a moment to show you how to flnd Whﬁthur a partlcular
| map that you may des 1rc exlcts.' . |

Index uthtS are dVllllblb for ﬂny given series of mmps.

All you naed to know is thu scale you want " Then consult the
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appropriate index shcet for that scalc to doterminelwhether thero
is a sheet covering the area you desire. Its availability is
shown by symbols such as the "filled-in corner! on'the Index to-
Meps of World 1:1,000,000, If the sheet is available, you neced
only to note the svries name, sheet name and series number,
Soveral index sheets have been provided for you to study the
series description, method of dotermiﬁing availability and the
refercncing system used for identifying particular sheets.

Catalogues covering singls serics and also all series for
given areas are available from some mapping agencies. These
are indexed so that you can find the arca for which you want
map coverage by scale and region.

Significance of Dates

Non-governmental map agencies often avoid putting dates on
>maps, especially the desk and wall yaricty. Their reasoning for
this émission usually runs along the line that putting a date on
maps would arouse.éales resistence to any but the most recently
dated one, MWhat the public don't know, won't hurt them" ats.
titudes are the product of limited map intelligence among the
public themselves., As soon as more people appreciate the sig-
nificance of map dates publishiers will be forced to include
them as most government agencies do on their map shects,

Maps issued by the latter group normally include not one,
but several dates in the marginal information. It is important
that you compare all of thesc dates in making an accurate cvalua-
tion of a single map or among several of them, There arc many

known instances where the most recent e¢dition date doss not mean
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jihelmost roéent or accurate map, A little time spent in compar-
ing the following types of dates will keep you from jumping to
%erroneous conclusions based on one date alone,

Edition - You will usually find the edition date in the
' ilower right margin of a map sheeﬁ. Each new map or mefies is
given an edition date at the time of its first reproduction.
;Ybu can figufe that at least one year,‘and possibly longer, has
: elapsed invpreparing the materials and compiling a sheet or
jseries before it isqprinted. Since nothing is permansnt but
ichange, it can be truly said that an& map is out of date before
' 1t is printed. How far out of date can better be determined by
% the following than by the edition date.

Date of Compilation - This date tells when the data was

| collected but still does not tell whetﬁer the information used
-; was up-to-date or not, In this caée, the dates of sources, such
i as photography, vegetation classification, road and other cul-
thye* data, are helpful. These special dates are generally in-
" cluded in the credit notes in the lower righb margin,

Date of Copy - The time when the copy was made from other

sources without revision or with véry slight revision is shown
:-by this daté. During war emergencies it has been the practice

of stch agencies as the &fmy Map Service to supply interim

coverage of critical’areas until other maps can be compiled.

- Direct copiés of existing and -captured maps are printed. The

agency'is responsible for the printing only and not the informa~
tion contained on the copied map..

,Daﬁe'gf Publication — This is the date when the map is made
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available for general use. . It is not a really good clue to the

recency -or; adeéquacy of map information as indicated previously.

Date of Reprint - This is the date.of a re-run of existing

reproduction copy and does -not signify that any changes have been

made to the original compilation.

Date of Revision e,This is the: most definite evidence of

up~to-dateness if the extent of revision is known or indicated.

Date of Survey - The date when  the basic surveys were run:
is extremely critical in accurate map evaluation.' Map makers
havé been known to produce newAmaps;p§§ed Qn_old surveys tﬁat
have since been sﬁperseded by newer.§nd'b¢ttgflsuryeys: ObVi;
ously these 'mew" maps will not be as accurate as "oldﬁ_maps
that are baéed-on.the newer survey data, Furthermore since
landformé change slowly as we indicated in the discussion of
land drainage, maps based on good-éurveys completed in the
nineteenth century may not present a true picture of the present
terrain.‘_(Roads and culture change even more rapidly). Car--
tographic. mistakes can be perpetuated for a long time if no one
checks the acecuracy and number of surveys that have beeﬁ com~
pleted in a given area and selects the best one for determining
control on the latest edition. Brand new cultural changes don't
mean much if they are "hung" on incorrect or obsolete control
expecially if the‘new”mapsfaré to be used in the field. Survey -
dates from which you can check the possible errors just men-
tioned are normally found in the credit notes in the lower left
margin,

Date of Revision by Special Methods - Many maps are revised

| 193 |
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by special methods. When these special methods are used by com-

petent personnel they contribute to the accuracy and definitive-

ness of map sheets. Photography of recent date can be used for

sterophoto and photogrammetric revision such as multiplei (ex-

piained later). L j B )
| Fach date, therefore, contributes or subtracts something

from the total value of a map and should be sought for among

the marginal data(usually in the credit notes ) in ééziuating

map sheets.

Sources and Types of Information Utilized

Coveragg and Reliability Dlagrams

Coverage diagrams are included on many sheets, This box
shows the types of material.and methods used in compiling the
map. Previously published meps, and various kinds of photogra- “
phy as well as preparation methods arekcited. This diagram
states the techniques and suggests the accuracy. More definite
proof of the accuracy may be given in another box labelled Rela~-

tive Reliability. This dlagram warns the user about the degree

i

{

of credence to be given parts or all of the information contained
on the map

Credit Notes

Greater insight into the probable reliability{}s achieved
by further inspection of the credit notes normallyvfound in thé '
lower left margin. Credit is given here for the use of several
ﬁypes of information. Agencies responsible for surveying; ex- : .
tending topographic controls; compiling vegetation dataj; supply-
ing photography and other important and pertinentﬂdaté”areﬂ

194
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acknowledged. If the map user is at all acquainted with these

sources, or the men representing them, he can estimate the re-
liability of their findings.

Data for Utilization of the Map

Reference Data

Whether it be called Legend, Key, Reference Data, or any
other title, there is nearly always some explanation of the
terms and symbols found'iﬁ the body of the map. Although there
is a suipris;ng“uniiormity among agencies and nations in depict— 5
ing common onects, there is still a vital need for explanations
of unusual symbols and translapion of foreign terms. Réféfgnce
data can make the difference between ignorant and enlightened
map interpretation. Train y@ur eyes to look for such data
whenever you are in doubt about the meaning of something you -
find on a map. Consulﬁ standard symbol sheets or books if the
legend doesn't satisfy your curiosity. |

The exact marginal placement of these explanations varies
widely but -can be spotted by the organized array of terms and
symbols |

Declination Data

Anyone who is trying to orlent a map in the field welcomes
the addition of declination data.‘ Declination diagrams and
explanations, as was sugéested earlier, are a must for the
soldier, student, or traveller who has to trénslate compéss
readings and map directions int& earth directions,,‘

The most common form of graphic symbolization of declination

is a three-pronged diagram like the one shown on page 196.
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These three prongs qivei'ge froma

0va’

common point to indicate the ap-
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R e proximate direction and angle of

T o
307 WIS

. each component, in relation to the

— = T -
et S0 N

grid. No attempt is made to plot

A”Pﬁ.ﬂ(l'\r‘-ﬂf MEAN DECLNAYION 1952

i o S . She angles gorrectly., The place-
e disgrom only fo obluin numerical valvar, .
To detrimine mognetic north fine, connect the ‘ ment of the three barba i’ neant

@ivol poink " P on the south edge of the mop
with the vatue of the ongle between GRID
HORTH and MAGNENIC NORTH, ox plotted on

#he degres sccle at the north edge of the map. " to show only the relative di-
e 4 rectional divergence.
-~ FIGURE 196 '
, : ‘ One prong is tipped with a
half arrowhead placed on the left or right a.'ide depending on
the direction‘of it.a divergénca ’with the barb placed on the
outer edge, This half arrowhead pointa toward magnetic north,
. A compass is pullied toward the north magmtic lode which is
‘not true north, The pull or thia force is not uniform ror all
pa.rts of the world at all t.imea 80 the magnetic prong will in~
dicate different angles for different placea and parioda of -
time,
. The second prong capped by a star idexit'i'fié:a""tmé &r_t_h_ '
The star was. adopt.ed because the North Star appeara in the aky |
directly above the north pole and is used in the field for
locating true north,
© The third prong may be labelled either G or y. This
' prong is orient.ed parallel £o the centfal grid meridian for f.h;
zone in which the map falls, This prong 1dent.if:l.es &rid north,
Thus, the overall function of a declmabion diagram ia to in-
diagersved Fot Rotise CO00BIE nEifRDRGHMA1E33A000300050001-1
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orientation for each map sheet. |

Declinatien diagrams printed on military maps often give
angle readings in terms of mils as well as, or instead of, de-
graes, A MIL is the angie subtended by an arc of 1 unit on a.,
radius of 1000 units. If instead of dividing the circle in 360
equal ‘degree parts you divide it into 6400 you get the unit of
angular ansasurement called a mil. The radial lines you use to
mark off one of these eqﬁal parts will form an angle of 1 mil
and will therefore mark off an arc’of 1 mil on the circumference.
The length of the chord subtending that arc will be equal to

" approximately 1/1000 of the radius, The word MIL comes from
milli (1/1000) of the metric system. In this system 17.8
mils = 1°, approximately and 1000 mils (or a radius) =
570 17" 448", ap@roximately. On figure 196, 17°15! equals
307 mils which is the value of the angle between grid and mag-
netic north,

If you ever have occasion to use the declination diagram,
be sure to read the accsmpanying directions carefully. Note any
mean’ annual changes that might have to be added to or subtracted

" from the figure‘that was correct when the map sheet was compiled
or revised, Here again, let the dates be your guide!l

Magnetic Graphs - Magnetic graphs for rapid determination of

magnetic declination are printed on many large scale maps, The
amount of declination of a compass reading can be determined
from these for any part of thelmap sheet. A line drawn from
origin to degree scale establiéhes all points of equal decli-

nation along that line, see explanation last paragraph page
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195 - pagec196;;5.m i
The l:25,000 Hagerstown Sheet 5463 I1 NW can be used to il-

%lustrate how a magnetic north line is obtained. Find the point

;P at 73089&, The vertical extending northward from this point
%has no magnetic deélination;v Lay a straight edge from this pointv
i‘c.o connect with the value between magnetic and grid north as
%plotted on the graphic scale in the north (upper) margin., Thus
 the declination diagram gives the correct value for a particular
;sheet and the graph provides a way for interpreting the value in
terms ofvany,chahges that may have occurred since printing. In
jthe case of the Hagerstown sheet there is no mean annual change
bto be considered. |

Isogonic Lings - Declination diagrams and magnetic graphs

cannot be used on medium and small scale maps because of the
‘variation in magnetic declination over lafge areas, There ara
several kinds of attractions whi@h disﬁurb the compass needle
‘and distract it from the magnetic north readings. The possibility
?of such misreading is greater in covering iarge areas than small
-ones, Consequently, isogonic lines are drawn directly on maps
‘for use where such information is critical, such as on naviga-
‘tion and aeronautical charts, ISQOGONIC LINES connect all points
of equal declination and are usuélly shown ns broken lines.
j(Wbrld Acronautical Chort, Chesapecke Bay) If o solid line is
?used it can easily be differentiated from either a graticule or
grid line by its falteriné curve across the map and marking at
‘either end for the east or west amount of declination in degrees

or mils. Cautionary notes are appeﬁdad in the margin stating
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the time limit for using the.isogonic information. This note may
also tell the user what source of information to use if the map
is obsolete and when new information will be printed. See the
marglin of sheet suggested above,

Compasses Roses - Another graphic aid to compass map orien-

tatlon 1s shown on the same chart, It is the COMPASS ROSE that
1s truly orientéd on the map with its O toward magnetic north.
These roses are scattered over the map sheet at strategié points
for sxtending lines to determine azimuths, ‘The technique of
drawing a straight line from origin to destination and extending
it to the nearest éonvenient referende line can be applied to the

most convenient compass rose for obtaining azimuths, taking

bearings and ﬁlotting rhumb lines, F
Enough introduction to and explanation of the ingredients |
that go into the making of a map have begen given in this chapteé
to enable you to analyze most map sheets or, at least, to make |
you aware of what to expect on them, The next question is what

is available for you to work with?
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CHAPTER IIT
MAPS, CHARTS AND PLANS

Recipes for maps are as varied as recipes for cakes. All
the basic map ingredients are combined with special ones as .
needed. Different combinations create diverse types. Some have
lots of Micing!"; others are plain. Each is conéocted for a
special purpose but may be consumzd by anyone who develops a cos~
mopolitan appetite. Cartographic taste is developed through ex~
posure to and Sampling of all kinds of maps rather than by the
continued use of one "old favorite"., This chapter is devoted to .
preparing you to. be a cosmopolitan map user by presenting the
types and adequacy of world coverage in maps available for your
consumption,

Planimetric Maps

There are several kinds of planimetric maps ranging from
small scale political wall maps to very large scale cadastrai
maps and c¢ity plans. You will recall that planimetric maps
‘show details in reference to horizontal linear scale only. No
information is provided concerning the ups and downs of the land
except possibly a few spot elevations. Cultural symbols such as
buildings; cities and roads dominate this type. Vegetation
symbols may be given without reference to topographic features
underlying them, Drainage patterns when, included, are not con-

cerned with water level or flow.

Cadastral Information

Cadastral maps afe;one.of the most highly specialized of
Approved For Release 2000/04/18,3 CIA-RDP80-01333A000300050001-1
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the planimetric maps. Cadestral comes from the word Cadastre whioh '
means an official register of the quantity, value and ownership
of real estate,“used in apportioning taXes. Because of its very
nature, maps complled from information contained in these regis-
ters must always be on a large scale As a matter of fact, they
 seem more like scaled dlagrams of a landscape englneer's plan than-
the common conceptlon of a map.
Cadastral maps are derlved.dlrectly from cadastral surveys.
‘sﬁch surveys are run‘by severalrmethods (presented in Chapter 2)
btt thelr'function is always to determinetthé site, size and dis-
tribution of the components of individual property holdings., The
informatlon obtained from such surveys is written up in elaborate
detall for the permanent records that are normally kept in the
oourt house in each connty inlthe United States. A similar
arrangement i{s used in many foreign countries, although the civil
div131on may not be called a county.
Maps show1ng this 1nformat10n are extremely detailed. They
shon. hedgerows and fences that may or may not coincide with
vproperty boundarles, the size and arrangement of all structures
W1thln the conflnes of each holdlng and any other pertinent in-
'formatlon related to the improvement of each plece,of property
-or group of propertles. .Cadastral maps are probably too detailed
| for general publlc use but are 1nvaluable for mlcro—geographlc
snalyses of a small communlty or as a source of information for
grospective pronerty owners.” | |
Because of the time and expense involwved in original prepa-
ration and oonstant revision, meny commnitics dO“notﬁattempt to
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provide cadastral maps to supplement their official registers,
Those who do make ﬁhe'origiﬁal effort may become lax in keeping
the maps up-to-daté for the same reasons. They are more apt to
provide City Plans. Even though‘City Plans are sometimes -called
c&deatral,maps; they are not‘ﬁecessarily the same.

City engineers, local planning groups usually compile City
Plans. &l hough some are prepared by other agencles such as AMS,
Occasionally elevation information is superlmposed on these maps

© but more often they are comparable to the sample Hagerstown City
Plan assigned to you.“Examine this sample to determine the types
of inforﬁation engineery geherally show upon their plans. Or-
dinaril§ color (for example, tan) 1s employed to set off the
area within the city limits and another color (red), the actual
boundary lines, Still another color (green) highlights.buildings
and other property either belonging to the'city or for non- .
comﬁcrcial’public use. All existing and, sometimes, planned
strects and the various means of public transportation are shown
on the Plan, Sitoes of promiﬁent ihdustfies are indicated by the
name of the company and may even include a clue to the'type of
industry located there. Large blocks of'property'are‘identified
by the owners' names',

Our‘example; Hagerstown,'is situated in the relatively level
northern section of the Shenandoah Valley., The abéence of relief
symbols on its City Pl;ﬁ, therefore, is no serious handicap, In
coritrast thers are cities such as Pittsburgh or San Francisco

‘where adjustment to rolling topography is unavoidable. Steep
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-hills and deep depresions seriously affect the mode of land utili-
gation in such sites, The inédequacy of planimetric maps here is
‘evideﬁt, Any interpretation or ﬁrban adaptation or planning de~
jmands the aid éf maps showing relief, ‘
" Each class studying maps should be supplied with local city

plans whenever they are available., Study this local plan, if

pogsible, and‘compare it with the Hagerstown sample. Find in

what respects they are alike and where they differ.

Highway Maps

Local communities, counties and states are primarily re-
gponsible for the maintenance of roads, Highway engineers pre-
épare highway maps, usually on an annual basis, showing the

current status and extent of roads under their jurisdiction,

These maps depict the planimetric pattern of the roads. They

are more accurate in detail than the gasoline company "hand-

outs" mentioned earlier, The engineer's highway map is also on
:a’much larger scale and contains more information about local
‘features. This type of map is an asset to anyone carrying on |
field research or conducting intensive local field trips involv-
“ing auto transportation.

A large quantity of gny one local highway map is not availa~
ble for material distribution for this-text. You can probabiy
procure Qne for your own use from the appropriate agency in your

~local county. Compare it with a "gas station" road map'showiﬁg
the same area and evaluate thelr comparative usefulness.,

Through-Way Plans

Adequate presentation of the transportation pattern in urban

Approved For Release 2000/04/18 : é%\-RDP80-0.1 333A000300050001-1
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conglomerations is impossible on medium and small scale maps.
Many people using maps on these scales, éspecially military per-
sonnel, want to kriow the possible way through urban areas. In
response to this need, ThroughAWay plans are rapidly galnlng
popularity. The name Back-Up Plan is sometlmss used in place of
Through-Waf Plan because the data backs up or strengthens correct
interpretation of a given area and apnears on the back of some
sheets., (Back-ups may also be photomaps or other types of in-
formation not immediatély pertinent to this discussion. Re-
member, therefore, to turn smaller scale map sheets over to see
if they contain snpplementary information on thé back.)

Find the 1:250,000 Baltimore NJ 18-1 sheet. Study the
three planimetric maps on the reverse side of this sheet, What
types of information can be'obtained from t hem? Locate the
York, Hagerstown and Baltimore areas on the face of the sheet,
How does their representatlon here dlffer from that on the back?
How'does one complement the other? What are the limitations of
each? | .

Hypsometric Maps

Topographic Maps

Advantages and Limitations

Large scale topngraphic quadranglas are probably tné nearest
thing to a general purpose map of a small area. Each sheet con-
talns a wealth of 1nformatlon that can be utlllzed in many differ-
ent ways., This information is revealed in its proper earth set-
ting to anyone who can interpret topography from contours. Even

this 1nterpretatlon is elucidated on many recent edltlons by the
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\“ﬁpplication«of,shading which acgentuatés slopes and makes it easier
to visualize elevations and relief on a flat map.
“Notice that the general purpose statement was modified by

large scale and small area, Topographic maps are definitely re-

strlcted by these two factors, Medium scale topographic maps have
to be much less definitive, Iven though generalization of detail
is kept to a mlnlmum, the total amount of such detail that can
be‘shown on scales smaller than roughly 1:100,000 is much. less
than that for larger scales, Genéralization‘of detail, conse=
duently means generalization of interpretation.

‘kDefinitive topographic depiction becomes very questionable:
dn scales smaller than 131,000,000, The term should be changed
ﬂo'"topographic impressions" on medium and small scdlé maps.,
Cpntour‘intervalsﬁbecome S0 grossvat these scales that local
ndceties in terrain are lost, If one interval covers five
hundred ‘to a thousand or more feet, for example only the vaguest
iﬁpr6551on of rough or level terraln is imparted and should be ,
corrected and adjusted by studying larger scale sources for pre-
cise regionél analyses,

The small area covered by’a single'large scale tOpographic
qdadrangle makes régional analysis impossible unless a whole
s?ries of such sheets are used, Trying to interpret topography
f?om a single sheet produces a very restricted understanding of
the local area covered Such a lack of perspect1Ve brings to-
mind the old cllche of not being able to see the forest for the

trees. In any map reading exercise, the first step is to get

@ general overview of the whole region, state, country or continent,
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depending upon the depth of understanding desired, The next steps

are to refine the problem to what kind of "forest! ié present and
the final step is to study the trees in relation to the "forest!
and its setting. This brings us back to large scale topographic
maps but with a better overall perspective for their use.

Further limitations to the use of large scale topographic
sheets are the size of individual sheets and the amount of space
»reQuired.for plecing them togetherlgmosaicking) to obtain a
cbmprehensive map of the "fores‘t'". ’The average size for a tépo-
graphic quadrangle is somewhere in the neighbbrhood of 22 X 30
inches with an effective map area of approximapely 17 X 22 inches,
It would take about 50,000 of these sheets to cover the United
States, Even the mosaic of one state the size of Méryland, would.
require the space of one wall in a 30 foot room, Whaﬁ of Texas
then! Furthermorg, if thg ragion to be studied covers such a
large area it would bghimpogsible to méke‘a'moééic, even if space
were available for it. Because of convergence of meridians shests
have to be stepped and will not maﬂch perfectly continuously along
the edge of adjoining sheets. This was pointed éut in discussing

the Modified Polyconic Projection (in the last chapter).

~ General Adaptability of Iopographic Maps
None of the above prerequisites.and limitations invalidates
the original statcment in this‘section. Topographic maps are
adaptable ﬁo many kinds of cartographic interpretation, They
contain both natural and cultural information vital to office

and field research and to peace-and wartime planning.

Natural Features

1) Terrain, Contour symbols are the most accurate way
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fcr show1ng topography on a flat map. They reveal the character
of the terrain, Elevations and depressions; ridges and valleys
and all types of landforms are captured by contours if the person
who drew them knew what he was doing. J3ince terrain is basic to
any ﬁse of the aréa, such maps are a must for any type of detailed
research, |

2) Drainage. Distribution of dfainage features is shown_
on each sheet, A clue to the geology or physiography is revealed

in the patterns that rivers follow in response to the resistance,

- or lack of it, presented by underlying and adjacent surfaces.

~ Glaciers, lakes, swamps, etc., further reveal the background and

water potential of the area, Cattlemen, farmers, wildlife en-
thusiasts, bridge and reservoir engineers and a host of other
speclalists interested in surface wateré, find topo sheets in=
valuable,

3) Surface Cover, Unusual outcrops of sand, gravel and

rocks may be indicated on quadrangles where such features are .

significant. Unfortunately not enough of this information is in-

- cluded tecause the average map reader doesn't know how tp use it,
Special maps are made for this purpose and will be treated later»
Generalized vegetation symbols are also éver-printed on
- many sheets, Some topographic series. are mbre definitive in this
- respect than others but most of them will at least differentiate

woodland from other vegetation,
1)'5393233323. Houses, shown by little squares on large

scale maps, shelter a statistical average of four to five people,
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By counting these symbols you can get an approximate idea of the
tatal population and by noting the arrangement of the symbols,
of the distribution of population in response to transportation
and similar factors and, of the possible use they are making of
the land,

Density of population in built-up areas can saﬁeﬁiﬁes be.
approximated from the size of the symbolized paﬁtern. In small
lcommunities you can figure roughly 2,000 people to a square mile,
In densely built-ﬁp‘ cities this ger;eralization breaks down be-
cause there may be as many as 100,000 people in a "SkbeCfaper"
infested square mile. Here source knowledge of the regional
pattern must be applied or.obtained from census figures.

As in the case of individual buildings some clue to the
possible functions of a built-up area can be abstracted from the
relationship of the site and situation of urban areas or .of its
component parts. This type of interpretation is sought by soci-
ologlsts, geographers, industrialists and cphers interested in
peopie in relatiogghip‘to their environment., A word of caution
should be injected here, Just because a §ity o; fééﬁér& is beside
a river is no positive indication that_eitherkis making any use
of the river, They may be there because it was tpe only suitable
site available. Or, they may have started there because of the
river but have long since come to ignore it,

2) Transportation. Methods for depicting transportation

patterns are constantly being improved. Classifications of roads
are definitive enough on many topographic_series to supply a fair

ldea of the width and type of road under scrutiny, Field
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classification is’performed on all recent large scale domestic
and some foreign,series; 'Road classifications on these maps are
correct as of thé credit note. The same holds true for railroad
rights-of-way and navigable water-ways.,

3) Industries. Sbecial types of symbols such as those
for mining gquarries, round—hbuseé and airplane landing fields,
identify many specific industries. Many more industrial types
één be inferred frém the shape of symbols indicating factories
and the distribution of these symbols as indicated above,
| ‘The character and frequency of slopes and plains gifé some
indication of the types éf iﬁdustries, from grazing to manu-
facturing, if terréiﬁ is é ma jor determihing feature. Climate,
relative location and, the economic stage of development also
obviously play.a part in the final definition of land utiliza-
bion by different types of industries. Clues to each of these
factérs can usuélly be fouﬁd on tqpographié quadrangles‘if the map

ﬁeader knows the signs.

Topographic Map Interpfetation Exercise

These perfuﬁctory remarks are-enough'td show youthat all
types of civilian and military use.can be made of large scale
topographic maps; These remarks do not indicate exactly how
to accompliéh_thesé ends, The folloﬁing maps have been selected
to reveal the,potentiélities of topographic maps and indicate
the variety of information that caﬁ be applied to and derived
from them, The gfoﬁp includes a variéty of landform types as
well as examples of the most commonly used scales and evidences
of land utilizatiﬁn. Some shects are the same as those suggested
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by the Map Information Office, of .the United States Geological

‘Survey as examples of different Land Forms, All are available
from the U.S. Geological Survey.:

The Hagerstown series provided the opportunity for seeing
only one area depicted on different scale maps, You will now
‘work with different: areas, contour intervals, methods of compila-
tion, projections’and grids, back-ups and symbols., The following
instructions and questions merély suggest a few of the ideas‘to
be gained from individual sheets. They ean be used or altered
to fit the time schedule and background of any particular class,

It will be to your advantage to form the habit of noting
and analyzing the significance of each of the following general
points before beginning a detailed inspection and inberpretation
: . of information contained in the body of any map.

1, Establish earth position from latitude and longitude
coordinates,

- 2. Establish the areal extent from linear scale and at-
tendant limitations on detail,

3. Judge the character of the terrain in relation to contour
imterval and configuration,

L. Compare the various dates to determine currency and proba-
ble reliability.

5, Note and evaluate agencies responsible for the map and
map sources,

6. Note the number and kinds of marginal aids.

' Apply the above suggestions tec sach of the £ollow1ng
sheots bofors ysu atfempt further analyls and inter-
pretation 6f them,

I Grassy Cove, Tennsessce, ll7-oW UsS5,GeSe, 1949 edasy
1124,000

Grassy Cove is an unusually large sink are The
grassy inlet was formed by underground drainage 1nto llmestone
beds capped by massive sandstone which lies along an enticlinal
‘structure formation extending across most of eastern Tennessee
and the northern third of Alabama.

- ' 1. Descrlbe your first general 1mpress¢on of the ..o

211
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topography shown on this sheet,

2, What and where is the highest elevation? The lowest?
3. What is the relief from Grassy Cove to the top of
Brady Mountain? |
| 4. Compare the opposite longitudinal slopes of Brady
Mountain, |
5, Describe the drainage pattern in Grassy Cove and
explain the reason for it. Contrgét it with the drainage pattern
shown on the southeastern part of the shest.
6.‘Why is é special contour symbol used in the Cove area?
7. Describe the character of the eastern and western
‘slopes of Hinch Mountain., Draw a hasty profile to illustrate
:your answer, |
8. Describe the types and distribution of transportatioﬁ.
9. Whgt géneralizations can you make ébout the quantity
and distribution of population? |
10. What is the meaning of the symbol just north of
jLooney Hollow?
| ’ll. What différent types of land use are shown by
- symbols,
12, What political boundaries are shown? Are they re-
Jated to topography?

IT Quebradillas, Puerto Rico. Sheét 1222 IV NW A.M.S,
1948 ed. 1:25,000

Quebradillas is another area of underground and surface
limestone erosion. Numerous sinkholes are shown in the Montanas
Aymamon. To the northeast, erosion has created a region of conical
limestone hills called haystacks or papinos. The Rio Guajataca
has incised a deep gorge in cutting through the limestone from
Lago de Guajataca to the Atlantic Ocean.
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1., Compare the general appearanée of this sheet with
the previous one,

2, Convert the contdur interval to feet and compare it
with the previous sheet,

3. What special caution must be taken in interpreting
contour intervals on this sheet? Why was this proceedure
followed?

| L. Describe the character of the slopes and the relief
of the valley of the Rio Guajataca.

5. Why are the lake, ri&er and ocean the only visible

. means of drainage with a few minor exceptions?

6. How deep, approximately, is the lake?

7. How far is it from thé lake to the ocean and what
is the difference in elevation between the two?

8. What is the gradient of the river and what is thé
charactér of the river near its mouth?

9. What is the probable purpose of the Canal across
the center of the eastern half of the sheet?

10, Study the different types of boundariesiand the
way they were lald out,

11, Study and describe the overall and localized
population patterns. Describe the pattern of the largest town,

12, Use the declination information and magnetic graph
to determine the present compass orientation or magnetic decli-
nation for the sheet.. |

13. Locate in terms of grid coordinates examples of the

following:
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. a, Railroad switch=-yard
b, Power line
¢, Triangulation point
d. School
e. Sinkhole
f. Haystack or papino
. g, An area of intermittent streams

ITI Greenfield Massachusetts, Sheet 6469 II SE, AlS, 1947 ed.,
1:25,000 ‘

The Greenfield sheet shows a Variety of physiogréphic
features such as a trap rock ridge: a river valley terrace along
an old glacial valley that was downfaulted to create an irregular
mountain area and several low hills along the valley edge. There
are several meandering streams, crescent lakes, ponds and marshes,
1, Notice the well>defined c&ntour of the river terrace
j upon which Deerfield is located. The terrace is just as pronounced
" at Greenfield but is more difficﬁlt to differentiate becauée of the
~urban symboliéatidn. |
2, Trace the courses of both the Deerfield and Connecticut
 Rivers, Find examplesiofvmeanders creating two channels; where
 oxbow or crescent lakes remain. |
3. Find examples of sinkholes in the alluvi;l river
l plains and the large dépression area near the east mérgin of ﬁhe
~ map,
L What‘is the character of Pocumtuck Range?
S What is the felief ffom Deerfield River to the'frail
aloﬁg theycréét of Pocumtuck Ridéeé' B

6, How was the area near the town of Montague formed?

7, What types of industry are found in the area neart
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a. 69987159
b. 70007195
Coe 69577168
d, 69667128
e, 70317185
8. Where is the industrial section of Greenfield proba=-
bly located? How did you arrive at this supposition?
| 9. Describe the site and situation of Greenfield in
rolation to nearby natural features.
10, Describe‘the road and railroad pattern shown on

this sheet., Note any special adaptations to terrain,

IV Walled Lake Michigan. U.S.G.S. 1945 ed. 1:24,000

The Walled Lake quadrangle iilustrates depressions and
accumilations of water on glacial, morainic solls consisting
largely of sand and gravel.

1., Describe the general relief and overall appearance
of this arca. What use is probably made of the area?

2 What was the general direction taken by the Conti=-.
nental glacier in this area as shown by the drainage pattern?
| 3. Comparerthe road pattern'in this area with that on
the preceding sheet.

L. How far is it along South Commerce Road from its
intersection with East Lake Drive to Carroll Lake Road?

5., How were populated places laid out in this area?

6. What different coordinates can be used for locating

places on this sheet?

V Minersville, Pennsylvania U,S.G.S. 1947 ed. 1:31,680

Sandstone ridges and limestone valleys are evident on
this sheet, The hard sandstone is steeply inclimed in the south
and gives rise to a trellis drainage pattern, Several clues to
strip mining are shown in the irregularity of contours, and the
road and spur-railroad pattern, especially in the Cove of Broad
Mountain,
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1. Differemtiate reservoirs and abandoned mines that
have filled with water. | ‘

2. Study the drainage pattern of the.large and small
istreams. How are contours affected by this drainage?,

3. How does the population_pattérn’contrast’With the
‘corporate limits of Minersville?

L. Locate some specific examples of strip‘mining.

5. What is the shortcoming of declination information
‘given onbthis shéet”

6. What do the 1rrcgular shaped boundaries that are so
apparent on this sheet- mark? ‘

7. Explain the irregular patﬁern of the.hard—suffaced,
%heavy-duty foads.

VI Bright Angel, Arizona U.S,G.3. reprint 1947 1:48,000

This quadrangle covers the central‘portion of ‘the Grand
Canyon, Between the fairly level Coconino Plateau to the south
and the sloping Kaibab Plateau to the narth, the horizonbal beds
of eroded hard and soft sedimentary rock form a succession of
ledges, cliffs and talus slopes descending to a granite gorge in
the igneous and metamorphic rocks underlylng them,

1, Study the reverse side of thls sheet which contains
a speclal explanation of the Grand Canyon. .

2. How do the horlzontal and vertlcal scales on'thls
uheet compare with those on the Grassy Cove sheet? What ad-
'justment should be made to elevations on this sheet?

3. whét caused the'unusual‘formations along the edge
'of the lebub Plateau?

4s Wnot 1s the rellef from Pima Point to Granite Rapids?

5. In which direction does the Colorado River flow across
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 this sheet? GCite your proof,
f/ 6. Study the drainage pattern, Why are there so many
f intermittent streams? What mugt be true of the volume Qhen water
- | { does flow?
7. Follow the means of transportation by which the area

i | can be entered frdm-the south and from the north,

-8, What must be kept in mind in”interpretiﬁg any cultéral
’ﬁ | patterns shown on this sheet? | | !
9, When revision of this sheet is made what adjustments

will be made to graticule lines?

VII Bath, Maine Sheet 7071 IV. AdM.S., 1950 ed. 1150,000

An excellent exanmple of the drowned-river-mouth, irregu-
lar coastline of New England, The north~south trend of the low
hills indicates the direction of movement of continental glacia-
tion.

1, What is the general elevation of the hiiltops above
the sounds and bays?

2. Where are thé_populéted places located? Of what
natural features have they taken advantage?

3. Which waterway shown on this sheet is navigable as
indicated by what symbols?

L, Why were the political boundaries drawn.through the

middle of water bodies?

VIII Holden, Washington., U.5.G.8. 1949 ed. 1:62,500

This is a mountainous area lying along the eastern
side of the Cascade Range. I{ contains the small remnants of
a once extensive coverage of glaciers, The previous extent of
these glaciers is indicated by fairly straight major stream
valleys, glacial cirques, and small lakes ponded by moraines.

"1, One example of a steep~walled ampitheatre, called
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8 cirque, that is formed in the side.of a mountain by a glacier,
can be found just squth—westvongd;den Lake at approximately
48°13'N - 1200511, Find, other examples,
2. Study the relationship of glacier contours shown in
~ blue to adjacent brown colored. contours, Whapveffect.do glaciers
lhave'on contours? - - S
3. Find examples oflateral and terminal moraines.
L Study and describe the general stream pattern.
_ 5;‘Evidences’of what types of industry are shown on
" this sheet? |
| 3 6, Whatuchangesfhavé.been‘made_teltne‘tepegraphyAat‘
;»Holden°. What product probably comes from this town? Check your
| supp051t10n w1th statlstlcal -sources, |
7. How adequate are transportatlon facllltles in thel

idarea of thls sheet?

IX Porter, Indiana U.S5.G.S. 1940 ed. l 622500

The Porter quadrangle presents another aspect of conti=-
nental glaciation. The Valparaiso terminal moraine appears in the
southeast corner of the sheet. Rounded irregular hills and many
'emall lakes are typical of this type of topography. To the north,
lake terraces formed by the recession of a much larger glacial

. lake, antedating Lake Michigan, can be seen. Active dunes are

shown along the lake shore by dune formations and blowouts. The
dunes. are the result of wind and water action at the southern end
of the Lake,

1. Study the dune formation along the lake. Findlex-
amples of dunes and blowouts. -

2.,What use is made of thls shorellne?

3 Descrlbe the general appearance of ‘the area between
the dunes to the north and the moralne area to the southeast.

L, Why are so many transportatlon llnes crowded into
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this area? . » |
£, What has been done to the Little Calumet River? How
do- you know this? |
6, tbscribe the drainage pattern of the whole area,
7+ What has been done to aid drainage in séme places? -
How did you decide this?
8. What is the probable function of the Chesterton=
Portef areaé |
| 9; Give the location of Chesterton in terms of the Public
Land Survey System,
__lO. Would you expect to see any major changes in the
cultural pattern of this area? .

X Cut-Off, Louisiana U,5,G.Se 1941 ed, 1:62,500

This sheet is typical of the swamp and bayou country of
Louisianas Notice the natural and man-made levees along the natural
waterwaysa Three areas were entirely reclaimed from the swamp by
levees and pumping, They sank below sea level when the water was
drained from them and the one marked by Dixie Delta Club House
became a new lake when pumping was abandoned,

1. Notice some spots in Delta Farms and Clovelly Farms
that are below sea level, This is the result of sinking when water
was pumped out of the spongy swamp land.

2. What is the average elevation of the areca, Where are
the highest spots?

3. The clongated property patterns show the dependence of
the population upon the natural waterways and levees for transporta-
tion rights-of-way and the distribution of land to get some higher
ground for each piece of property,

Lo In what types of occupations might the local people be

engaged? :
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XI Florénce‘West, South Carolina U.S,G.S. 19L5 ed. 1:62,500

| This coastal area is poorly drained but is mot so cam-.
- pletely swampland as the Cut-0ff, La. area. It is an area that
1s extensively ditched, The major natural drainage is by braided
streams running at base level through swamps. ..

1, Study the unusual contour pattern that has been cre=
ated by ditching., Follow several contours to determine their
elevation,

2. Except for ditches, notice how flat the area is.

3, Tn which direction do the braided streams within the
swamps flow?

i, Note the pattern of the corporate limits of Florence
and the layout of streets within'it.

5. Explain the unuswal road pattern in the area,

6. What major railroad serves the area?

XII Strasburg, Virginia U.S.G.S., 1950 ed. 1:62,500
Parallel ridges and wide valleys show clearly on this
sheet of a part of the Shenandosh Valley. The North and South a
‘Forks of the Shennandoah River flow in entrenched meanders at
' base level below the general level of the valley floor in sharp
- contrast to the steep slopes; adjacent to them, )
| i°‘Where could you stand and see both North and South
Forks of the Shenandoah River? .
2, In which direction do these rivers flow? Which fork
‘has more rapids?
| 3, Describe tributary drainage in the area,
L. Why is generally, east-west-trending transportation
50 pbor in this area?
| 5, What is the difference in relief between Passage

Creek and the mountain ridges on either side of its valley?
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. 6. Describe the topography of the area within the
Shenandoah National Park boundary in the southeast corner,
7+ Describe the population pattern,

. . XIII Waterville, Pennsylvania U.S,G.S. 1943 ed. -1:62,500

This sheet 1llustrates the appearance of the nearly hori-
zontal strats of the Allgghany Plateau, Streams have been cut
down into these strata im a typical dendritic pattern., The area
is in contrast to that shown on the preceding sheet where rock
strata was sharply tilted during the Appalachian Revolution leave
ing antielinal ridges and cynclinal valleys,

- 1, What is the average elevation of the top of the plae
teau? |

2, What is the average relief from the plateau to the
stream valley floors?

"~ 3. Find examples of concave, convex and uniform slopes,

L. Describe the character of Pine Creek, its valley and
the dircéction of its flow,

5« What was used as thc boundary between Lycoming and
Clinton Countics as shown on this sheet?

6. Why was the small town of Waterville, for which the

sheet was named, located where it is?

XIV Kilauea, Hawaii U,S,0.S., 198L ed. 1:62,500

This is an older sheet showing the effect of volcanic
activity on an area., At the time the area was mapped, Kilauea
Crater consisted of a large crater with an active fire pit over
900 feet deep. . (More rccent eruptions have altered the area),
Barthquake cracks, lava flows and volcanic ash arcas extend to
the southwest, Cliff areas near the ccean are due to land
slippage,

1, Notice the typical wave-like character of contours
found in volcanic areas, Study the change in the trend of con-

- tours when lava 6utflcwed from Kilauea Crater and moved to the
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southwest cutting over the older flows from the nqrthwest;
¢ 2, Find several minor craters or vents.
3, What is the highest elevation in the area?
L. Why are most of the streams,iﬁtermittent?
5. Notice thé water tunnel:in tﬁé southwest corner of
%he map; also thé pipg line extending<from it. Why these special

érovisionS?

1

X san Francisco North, 1559 IV SW, A.M.S., 1951 ed, 1:25,000

Oskland West 1559 IV SE, AJM.S., 1951 ed, 1:25,000

‘ These two sheets are presented together to provide better
coverage of the San Francisco Bay area than either alene affords.
Dense cultural detail dominates the land areas on these sheets and
is typical depiction of similar urban areas. Hydrographic end navi-
gation information is well shown and should be compared with that
on the sample Hydrographic Chart when you come to that section
later in this chapter.

1, Describe the terrain of San Francisco from its
contour depiction. What problems of urban development are the
result of terrain?

2, Compare the physical characteristics of the Pacific
and Bay coasts'of the San Francisco area, These and what other
factors contributed to the location and development of the port?

3, Study the port development on both the San Francisco
and Oskland side of the bay, How are they dlike? How do they
differ? How many docks are shown on the San Francisco bay front?
How are they serviced?

li, By what means may traffic move across the Bay? How
does railroad traffic enter San Francisco?

§, How are channels maintained on the Oakland side? If

an older edition of the 1362,500 San Francisco topographic:
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quadrangle is available, compare it with the present Oakland gheet
to see why this is necessary. Find examples of this same condi-
tion on the newer shect,

6. What types of mchorages are shown?

7. HBw deep is the water in the center of the Golden
Gate?

8, Why are markers of cablé crossings so important? How
are they shown on the sheets?

9, What other types of information concecrning the char-
acter and utilization of the bay are shown?

10.'Study'the»devalopment of urban areas in relation to

the bay. Explain their urben patterns in this light,

'Zonal Depiction of Hypsometry

Zones of Elevation in Place of Contours

On small gcale hypsometric sheets and wall maps selected
zones of elevation, often diffefentiated by colors, replace con-
sistant contour intervals, This is done because precise terrain
depiction and interprctation.of a large area of the earthis
surface is difficult Orrimpossible when this surface .is squeezed
{nto small map units. -Ab scales of 1:500,000 or smaller it.is
impossible to do more than gencralize terraiﬁ features, This
applies equally ts depiétion of elevations, A sm&ll scale map
can ohly impart a generalized overview of the topograbhy of the
area it reprcsents., Alfitude‘tints are édded to highlight those
proportioné 6f the overéll area lying within sélected generalized
contour intervals or zones of elevation., Such "color-band" symboli-

zation is intended to aid intelligent generalization, It should
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never be'uséd in an.attémpt to gain or impart any detailed local
analysis, | | |
Where zones replace more precise conto?ring, it is customary
to vary the numerical value of the zonal intervals. Usually small
intervals are used for low elevatioﬂs and are made increasingly
larger for higher elevations. For this reason, selecteé colors
indiéating segments of a giveh area aécording to elevation may be
deceptive and sometimes confusing, For example, a 1érée plateau
ﬁith‘éteep escarpementsvmay be entirely lost on a small scale
wall map if this plateau lies within a zone encompassing an eleva-
ﬂional'&ifferénce of several thousand feet., The same.danger may
apply to a gently rolling‘afea which undulates Eiigig.the eleva«
tional limits of any specified color, This condition can be found
within any zone ranging from green to red in color if the Inter-
national Color Scale is used,

T1llustrations g£ Zonation

Study the following maps and compare the degree of defini-
tion or' generalization shown‘on them,

' 1, Compare the 1125,000 and 1:50,000 Hagerstown shects
with the same area shown on the 131,000,000 Chesapeake Bay NJ-18
sheet. Notice the difference between precise contour and zonsl
depiction of terrain. ' -

: .2, Examine the two 1:1,000,000 sheets of Piura SB-17 and
“North Borneo NB=50 as examples of color=banding, Note the dif-
ferences in presentation among these and Chesapeake Bay sheet,

3, Compare each of these with any small scale physical
wall map or maps showing the same areas. Are there any differences
in zone depiction or delimitation? If so, is it due to scale?

L, Draw several rough profiles to illustrate the dif-
ferences in topographic definition. between cohtouring and color-
banding., '

Perspective Maps' -

‘Many-semi«plctorial and at the same time useful types of maps
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are developed on the principle of pérspectivo. These follow the
same general principle as that used for perspective projections
and oblique photographs. They .result in maps that look like sim=
plified pictures of the earth since the major difference between
them and actual_aerial photographs is in the amount and type of
detail shown. An acrinl photograph includes all visible featurcs
‘in a limited area. The perspective map shows only sclected
detail of a large or small area,

Perspcetive maps have been widely used in American news-
papers and periodicals such nas Time, Life and Fortune., Many
gimilar examples have been produccd by European cartographers,
The addition of color meles features drawn on thesc maps
seem to rise off the flat shect, Mountains stand out, the
entire map surface seems to curve and recede from a given eve
point because of thc optical illusion created by clever applica=
tions of purspective.

The similarity betwecen porspective maps and photographr is
revealed in the fact that such meps can be created photograph=
ically by teking picturcs of glohkes or raiscd relief models,
Pextbooks often include maps giving general impressions of
features as thev are "seen" by looking 2t a globo, The globe
may be tilted or revolved in scveral wars to achicve diffcrent
perspective views of it,

Onc of the major difficultics in this type of map is scale,
On most of the popular maps the inadoduacy’of scale 1s subordinate

 to the realistic appearance and cas® visualization of terrain,

By different placement of the cemera or eye point, however,
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scale can be made smaller or larger or retained in equality of
size to near objects,

The chief‘value’of such maps, and the only reason this brief
mention is made of them, lies in their attractiveness and visual
ﬁresentation of topographic features. Théy do not require the
éduCationél sophistication needed to interpret contoured maps.
Make it a class project to prove the truth of this statement by
collecting several examples of thése picturg-like maps fram

hewépapers and periodicals,

Specialized Types of Maps

. Many types of maps can be adapted for several purposes if
@nly'generalized coverage of an area ié desired. Since eQery-map
is constructed with specific purposes in mind. Their adaptability
@s conditioned by the fact that some are more highly specialized
%hén others, On some, information is intended so specifically
'for a special purpose that they have little value for other
'purposes. ‘Intelligent use of these higﬁlv specialized types of
ﬁaps necessitates correlation of information shown on them with
gther maps or sources. "Qther sources" can well be knowledge
which the map-user has stored in his mind as well as that con-
tained in books,

| The modern trend in cartography has been toward making in-
diﬁidual maps for each different type of information rather than
“ftrying to crowdveverything on one sheet, This tendency facilitates
;visualizaﬁion of one or a few patterns without having to search
énd pick'out the information desired from among a profusion of

symbols. It presupposes the understanding on the part of the user
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that he cannot use one map as an end in itsclf but rather, as s
means to an end.

As wes indicated in the introductory chapter, no field of
human endeavor is, or need be, devoid of cartographic representa=-
tiong, The diversity of information reducable to maps, charts or
‘flans is endless. Such mapping can be allocated to three major

- classes ‘which overlap in many cascs, These classcs ares
1) Maps presenting statistical information in graphic form;
‘ 2) Méps'revealing the distribution of cultural and/or natural
patterns;
.3) Maps iﬁterprcting special types of information,

‘Statistical Depictions

Comprehen51on and visualizetion of tables of figures is dif=
ficult for most people., When numbers increase to astronomical
proportions Lt is probably impossible for anybody to fully comw
prehend them, Possibly the best approach in this case is to
present the values in some comparative wav by reducing them to
units that can be counted or compared at the level of the average
person's mathematical ability, These simplified units may cither
be presented as graphs, maps or map-graphs, Each of these is a
form of cartographic representation and will be briefly conéidered
at this point since sach is useful in thé developmentvof‘map
intelligence,

Essentials of Graphing

Many forms of graphs can be incorporated intoc a map to cor=-
relate a real location with statistical quentity, Graphs may also

be used in conjunction with maps without a physical unity between
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them, The chief purpose of a graph in’any case is to present
statistical material in an easily read form, Since this is true,

graphs shquldvnot be so complicated as to obscure the message they

are meant to convey. Not more than one or two major groups of
sﬁstistics per graph is a good rule to follow if you have bcas;
sion to select or construct a graph or gréup of theﬁ._ A simpie
graph will tend to stimulate thought concerning comparisons,
trends, changes or current values whereas a complicated one may
intimidate its user and stifle original thought.

The following major factors to be considered in the con-
struction of a graph épply equally weil in analyzing and evalu=-
ating the finished product.

1, Selection of a Unit of Mcasurement: This can best be done
by considering the largest and smallest amount involved, Too
widely differing amounts are not compatible to most types of graph=
ing and should be avoided or regrouped in another way, A suit-
able type graph end unit must be selected which will accommodate
the smallest amount and still stay within the size of the paper
when units are multiplied to eamal the largest entity.

2, Arrangement: Since readability is the primary objective,
statistical depictions should be arranged in ascending or descend~
ing numerical order whenever this is feasible, Individual units
should be separated if it is at all possible in order to aid the
reader in defining and evaluating the number of units.

3. Symbols: Symbols should be selected that can be differen-
tiated, Complicated symbols are difficult both to reproduce and
to read, Symbols should also be large enough to be seen and yet
not so large as to distract the reader from the main purpose of
the graph.

L., Key: Symbols should either be clearly labelled oy else
a statement should appear in the margin explaining what each
symbol represents in terms of its quality and/or quantity.

5. Numbering: Sufficient numerical guides should be included
5o that units or total amounts can be read. A graph has two and
material on each axis should be explicitly labelled. For example,
the horizontal axis might represent years and the vertical axis
_the number of autcmobiles. :
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. 6. Title: A title should contain as few words as possible
“~__ and yet clearly indicate the import of the graph., It is often
" wise to have a major title to tell the overall story and then a
subtitle to convev the idea of time, dates, amounts, etc, .

7. Source of Information: Credit should always be given
to the source of the information used. This enables the reader
to evaluate the reliability of the information or check the
accuracy of the graph maker in using that source. A credit
note also relieves the maker of some of the responsibility for
inaccuracies in the source, The compiler should, of course, use
reasonzble care in selecting his sources to lessen the possibility
of such errors,

Types of Graphs:

1) Eig}ggzgg&:‘This is the simplest type to read since conven-
tionalized pictures are used for units. An even quantity should
be used for each full unit, and should be represented by an
easily recognized symbol, One of the major shortcomings of a
.pictograph occurs in the presentation of less than unit quan-
tities, Small fractional parts of an ear of corn, railroad car
or other pictorial unit are almost impossible to evaluate, The
best that can‘be derived from such disjointed parts is that
something less than a full unit is intended.

2) Dots, Circle or Square Units: Just as in map symbolization,

actual objects can be reduced to abstract symbols such as dots,

ircles or squares., These are easy to count but have the same
weakness as pictographs in presenting fractional parts of a -
whoie ﬁnit.

Bar gragh :

Single Bar Units: In place of separate units a bar can be used

to present the quantity desired. This is the simplest type of
abstract symbol showing a direct comparison of quantities,

Amounts are represented by bars of equal width and of a idtall

20 '
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lengthfeqnal“to their proportionate value in terms of the selected
basic unit. | | |

When many bars.oomprlse a 51ngle graph, a vertical arrangement
f the bars tends to produce a more plca51ng result than an hori-
zontal placement There is no arbltrary rule about this, however,
and'attractive arrangements can be a achleved in either plane,

Double Bar Units: This type may also be called a mirror bar‘graph.

Two sets of related statistics are united by some characteristic
they have in common, The center ls the common factor'and:bars”ex- t
tending outward on either 51de represent amounts, value, character,
etc.‘ Such unlflcatlon brlngs together related statistics and
createe an opportunlty for stlmulatlng more relationship thlnklng
than is posslble w1th 51ngle bar graphlng.

Multlple Bars- Several bars can be tied together by a common unit

such as perlod of time, For example, a graph show1ng retall sales
-over a given number of months can be presented by bars representlng
the sales of each of several major retall groups such as grocery,
bakery, hardware, ete. repeated for each month involved, Tn this
case symbols or colors must be added to dlfferentlate what each
,bar represents unless labelling is repeated on each bar, Spaces
should be left between the sets of bars or their conglomeration
becomes confusing to the eye and temptation to skip over the

ﬁhole mass is encouraged.i

One Hundred—Percent Bars: All component figures are arranged

along a bar accordlng to peroentage parts and the total length of
the bar represcnts one—hundred percent, Thus, the bar is lelded '

into the percent each factor bears in relation to the whole,

‘ 230
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Values must be converted into percentages before this type of graph
gan be constructed. It is often advisable, therefore, to show two
scales along the bar, one giving.percentage values and the other
tha‘numerical equivalents. If the latter is omiﬁtod thé reader
must resort to mathematics to determine what the actual value of
a glven component is on the basis of its percentage value in re-
lation to total value,

Bar and Trend Graphs This is a combination of two forms. Each bar

shows totals for a given period and is further subdivided into
components of the whole. A line drawn across comparablc sub~
divisions of the bars will show the trend of that item over the
period. of time covered by the graph, -

Line Symbols: Lines indicate the change of one factor in relation

to another, The most common variety presents change of an entity
over a period of time. If the change is continuous it is custo=-
mary to draw the line connecting points as a smooth curve, If .
the change is noncontinuous the plotted points may be joined by
a series of straight lincs., Care must be taken to locate and to
read these points at the intersection of. the two coordinates,

A1l lineé should be relaﬁed to a zero point of origin which
is usually placed in the lower left corner of the graph, If it
is impractical to start at zero because of the uniformly large
size of the values to be graphed, some prominent signal shoyld
appear on the griaph té call attention to the reviged datum point,
In this respect graphing is similar to contouring on topographic
maps or to profiling of a given area,

Line graphé may .either preéent the total amount of change or,
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'the rate of change, If the former is desired scale intervals must

he uniform arithmetic intervals} If the rate of change»is desired,

logrlthmlc intervals can be uSed. o

‘ Llne g raphs may also be adapted to show percentage changes

by adding symbols or colors on either side of the line or between'

| iines if more than one has been plotted on a graph, fhese divisions
can then be labelled in terms ofvtheir.percentage,of the whoie.

picture shown by the conplete graphed surface.  This type’is analo=

‘gous to the bar-trend graph mentioned'above.

Clrcle Symbols- Thls type 1is often referred to more expressively

'as a "ple" graph, A whole quantlty is represented by a circle and
v component parts are shown as pleces of the pie, Here, again, sta-
tistical values must be translated to percentages of the whole.
These percentages are then computed in terms of the angle or part
of the 360° they represent and radll are drawn at the approprlate
intervals to thus divide the olrcle. |

Although the cirole graph enjoys widespreed popularity, it
ns thebauthor's belief that it should be avoided whenever possible,
Tt is difficult to read, Most reading enperience is developed
along streightﬂlines and consequentlplthe'eye hes difficulty differ-
entiating perts»of a circle, especiallylif there are several small
eegments ofAnearly the same total value, It takes a great deal of
*practicehto be able to see the difference*betﬁeen segments that
hef be as much as five percent smaller or larger'than other seg~
ments, No suchudifficulty is presented by bar graphs.

There are many‘other_types of graphs that can be constructed

for statistical visualization, but they are not commonly used in
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combination with map bases and so are not included in this sunmary.

Statistical Maps

The. general principles of graphing are readily converted to
statistical mapping, One category of special type maps depict
variations in amount, valuc or density of distribution of given
ftuny, These statistics are shown by dots, different types of
isolines, as well as by superimposed graphs,

There are several factors that the map reader must consider
as. goon as he turns to any typc of statistical map for information,
He must determine whether the information is reliable or is a
blased prescntation for propaganda purposes, Just as in other
types of mapping, the sources used or responsible for the map
will give him a clue to reliability, He must also determine
whether the data is recent or old enough to be of historical
rather than currcnt significance; The user must recognize
of course, that some entities remain valid and are not'affected
materially by time lapses. . On the other hand, there are times -
when such things as wars, emergencies, droughts, etc, create
extenuating circumstances that alter or disrupt normal dise
tributions, Thelmap reazder.must apprecifate the poss;bility
of suchhfactors and check for their existcnee ratherwthan
accepting any stﬁtistical map on the blind faith that it is the
answer to his needs,

Most -students are familiar with the dot method fof'showing
comparative density and distribution of given items, These

facts are presented by dots usually of uniform size with each
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dot representing a given quantity. careful consideration must be
given to the assignment of value for each dot so that, taken to=
ggthef; they will not create a false impression of density. If
each dot is assigned too large a quanﬁity, the resultant pattern
will seem very sparse. I1f each dot stands for too small a quan-
tity, they may coalesce into a solid unréadable mass. The trick,
obviously, of good dot mapping. lles in the selection of a value
for each dot that will create block areas where dlstrlbutlon is
heavies t and yet w111 reveal any proportlonately sparser distribu-
,tion over the rest of the area,

| Interpretation of a.very dense pattern needs to be ﬁempered
with understanding as this little anecdote illustrates: A class
had been studying a dot map of pig distribution in the corn areaé
of Iowa. Finally one little boy timidly ventured to ask, WIf there
drevso many pilgs in Towa, where do the people live?'

Effective dot maps dre usually compiled on large scale map
daées, preferrably ones that include'thé outlines of minor civil
divisionslor countries. Statistica are usually compiled on the
ba51s of such polltlcal units and, therefore, can be bettér dis-
trlbuted on a map outlining these units. The resultant compilatlon
can then be reduced, omitting the civil boundaries. Only the dots
and densities remain in thelr proper p051tlon1ng on the flnal Mmape

Normally dot maps show the pattern of only one item unless
the distribution of two related items is such that their patterns
do not overlap as,fbr example, ﬁheat and rice production in the
,Uniﬁed States. .Tt is also possible to show more than one distribu;

tion in a common area by the using of contrasting colors.
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Some wall maps show world dlstrlbutlon of commodltles in this

fashion. They have the dlsadvantaye that where areas of dense
distrlbutlon overlap, the colors become ineffectlve and the sepa-

,rete patterns are. not clear-cut Sca+tered rather than concen=-
trated distrlbutlons are more feasible for reprecentatlon by
different colored dots.,

Isollne Maps

The den51ty and distribution of several dlfferent kinds of
element can be shown by lines connecting points of equal quality
or'quantity, such as, contour lines (isohypses).

| Conslderable dlsagreement exists as to what generic ﬁame
"should be glven to thns group as a whole. Some authorities favor
the term 1sopleth derlved from "1sos“ which means the same and
"plethron" meanlng gggggrc. Othérs prefer isarithm combining
yisos and arlthmos meanlng EEEEEE‘ Still others-advocate isogram,
The term "gram" refers to the whole system rather than the:iines
comp031ng 1t. Because of thls disagreement, your author has 1
chosen the 51mp1e term ISOLINE since each line exprésses an
jequal or same amount of somethlng.
| All forms of isolines are figured from a commen datum plane
'of value sueh'ée Mean Sea'Level or Zero aﬁd are drawn at selected
flntervals and nunmbered approprlately. Isoline type of depictions
can only be used when statistical covorafe is fairly ample and for
items that are,traﬁSitional'and not variable in distribution,
Isotherms |
Llnes shOW1ng the ‘distribution of equal temperature values

are isotherms. It is quite common to apply graduated color tints

. 235
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between 1sotherma1 llnes to clarlfy the 1nterval Values and hlgh-
'llght the tran51t10n of average temperature readlngs w1th1n the

Aoy

Vtotal area being mapped.

o\ ‘-_'
» -

For general studv of the varlatlons cf the temperature com—n
;ponent of cllmate, average flgures are preferrable for developlsé
isotherms. Averages covering at least a twenty-flve year period,
-‘whenever records have been kept that leng, insure a typlcal rather
than annual varlable pattern. This holds true for figures recorded
‘concerning any natural changeable phenomenon such as temperature?
precipltatlon, pressure, ete,
The map reader should note the length of the averaged record
plf 1t 1s given, If the figures cover a long period, he must real-
ze that the process of averaging smooths out annual fluctuatlon
and presents only the statlstlcal norm for an area., BEven a map
for one year is based upon monthlv averages. For any given month,
the daily temperature of a place may vary a large number of de=
grees between the lowest and highest recorded temperature,

| Isohyets

Places recordlng equal amounts of precipitation are.connected

‘ by 1sohyets. These lines are constructed and the intervals between
them are often tlnted in the same way as for 1sothermal maps. Iso=
hyets may be reckoned in elther metrlc or Engllsh units., Normally

: they are expressec\ln 1nches in the Unlted States.

Isobars | |

Equlvalence of barometrlc.pressure 1s depicted by 1sobars.

Prev1ous to World War II pressure was usually expressed 1n inches,

Normal pressure on a column of mercury at sea 1eve1 was taken to
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equal 29,45 inches., More recently the tendency has been inereas-

ing to express pressure in millibars. The United States Weather
Bureau adopted this unit in 1945 to conform to international
practice in this respect, Normal sea level pressure equals
1013,2 millibars in this system.

Daily Weather Map

Definitive research into the weather that lles behind sta-
‘tistical climate of an arca demands inspection of daily weather
phenomena, Daily, and even hourly, infgrmation‘is>also needed
by businessmen and airmen, Sﬁch weathé? maps are available in
many countries for this purpose., The United States Weather
Bureau is responsible for the compilation and dissemination of

" these maps in the United States.

Weather maps are an excellent example of cartographic sﬁa—
tistical compilations. On them, pressure is shown by EEEEEEE
expressed in millibars. Station models provide‘humérical and
symbolic information about pressure ten@ency; temperature; dew
point; amount and kind of precipitation; velocity and di%ection
of wind and, the amount and kind of cloud coverage, Each of these
variables is well explained and iljustrated on each map sheet,

In additioh, the Weather Bureau publishes items of special in-
terest on the back of sheets from time to time, Such things as.
explanations of unusual types of storms; the effect of tempera-
ture on certain crops and other research in weather or climate are
included on thesc¢ Back-Ups.

It would be well worth class effort to spend a short time

analyzing a few weather maps, obtainable for this purpose from

2 .
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‘The Chief Forecaster, United States Weather Bureau or the Superinw

'?tendent of Dociments, Washington, D,C. The object of such an ex-

[

ercise would be to gain familiarity with the types and interpreta-
. tion of the statistical presentation of weather rather than to - 5

‘memorize these symbols,

Isogones

 Liﬁes connecting equal amounts of magnetic declination from
- true, north are isogones. They were mentioned previously in the
discussion of magnetic declination diagrams and graphs,

Many other types of isclines have been devised but those dew-
.fined above are the ones used most frequently in mapping natural

‘phenomena.

Isogleths

- Iines indicating an average number of uhits are defined in

:  this text as isopleths, Isopleths are generally better adapted
;to cultural elements such as popuiation density etc., Althoﬁgh
such lines are drawn‘through spots having a given ﬁumber of
people it does not necessarily follow that there is-a uniform
1gradation of pqpulationibetween any two consecutive lines, as for
example, between 80 and 100,

Isopleths may also be used to define changes in the percentage
distribufion of an element, For example in a steel prdducing area
isopleths could be used t6 indicate the percentage of-the total

fnumbér of planté in each band or zone devoted t6 some form of steel
production or fabricgtion. |

Chorogleths

In this form of statistical map, information is presented
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in terms of fixed divisions such as minor ¢ivil divisions, Each
civil divisiop 1s colored or lined as a unit without attempting
to différentiate distribution within the unit. In other words
the statisticg are presented by political blocks or shapes,

Modelled Isoline Maps

Any of the isoline variety of maps can be built up into
raised models just as contours were built wp by plastic laminae
on the raised relief Training Mbdel. Elevating the arcas of
densest distribution highlights this fact for the viewer and
eases his job of differentiation., The technigue is not widely

, used, however, probabiy because of costéand distribution factors,

Graphs Superimposed on Maps

Many atlases include maps that present various distributions
by circle or sphere graphs superimposed on maﬁs.' Circles are
oriented over the spot of densest concentration or center of
gravity for‘a group of concentrations. Circles may be made
uniform in size or varied to gxpress'changes in total quantity.
These circles may be subdivided to show two or more related
quantities composing é whole, For example, circles of varying
size may show @he total consuption or production of power for =
each political unit in Europe; these circles may then be divided
internally to show Qhertypes of power such as carbo-hydro-and
petro-electric, Subdivisions of circles can be shown by dif=
ferent colors, If the colors are kept light in tone some overw
lapping of circles is possible but not too attractive becausc of
the ™muddy" tones'that result, .

All the disadx}antages of circle graphs are magnified in

2
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superimp051ng ‘them on maps, The major advantage in using suc
pechnlque seems to accrue from the possibility of showing several
items on one map Where space is critical or when cost of produc-
pion of_several separate maps would be toq great, Specific ex-
émples of this type of statistical map are to be found in Goode's
%ohool Atlas which is available in mosﬁ colleges.

Bar_graphs may also be used on maps. In general, they lack
‘phe individual unity of circle graphs.and so can only be usedrin
g spaced distribﬁtion. Too many or too lengthy'bars would overlap
peighborlng graphs.

) Pictorial symbols can create an interesting map. To be sta-
;istical each symbol must stand for a given quantity of the item.
&he major difficulty here is that-it t akes more space to reproduce
é picﬁure of an egr:of.corn or a sheep tha is needed for a dot
to represent'the same'faot. Coalescing of pictorial symbols is
both unattractive and valueless.,

: ?hese pictorial symbol maps are not to be confused with the
pictorial map, The latter merely shows that tobacco, tomatoes or
:trucks_are prdduced in a given area., They give no clue as to
fquantity or even degree of importance. Often pictoridl maps only

serve to perpetuate false impressions about the functional impor-
tance of a product in the total economy of an area. The unwary
1may be led to believe that oranges'afe the only thing produced
jin_ceqtral Florida, or automobiles in ﬁetroit.

Special Patterns

Valuable statistical 1nformatlon is presented in qualltatlve

as well as quantitative cartographic representations. Often in

1

240
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developing an understanding of specific regions or some pare

ticular phase of human activity statistical quantities are less
important‘than areal distributions. Specialized branches of the
various earth sciences have developed and rely upon maps and dia-
grams showing such things as geologic formations, physiographic
details and provineces; soil classification; mineral distribution;
- Veéetation types, etc, Such qualitative analyses are needed to
- introduce newcomers to the particulér field and to keep experi-
f‘ enced researchers properly oriented to overall relationships
within and among fields,
Geology
Geologic formations are implicated in all surface and subm=
surface utilization of the earth.' Construction engineers must
&nalyze the materials into which foundations are to be sunk,
"Mining engineers examine the strata and types of formations to
estimate the probability of finding particular minerals they
seek, Agricultural experts study the relationships of geology to
soils*and farmland utilizétion. Military intelligencé specia=
lists-delve into the geology of strategic areas for sources of
such things as construction material and the potential and
actual trafficability of an area, GCeographers review the geologic
base as a foundation for the cultural and natural distributions
occupying the terrain, . |
in response to these and many other neceds and objectives,
both large and small scale geologic maps are prepared, Private
industries contract for the preparation of such maps or main-

tain their own staffs of cartographers., Large scale maps and

2L
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geologic follos to accompany'many of the topographic quadrangels

have been prepared and dlstrlbuted by the Geological Survey in
the Unltedrstates. Similar sources are available in several
?foreign countries. These sources give detailed explanations of
surface formations and columnar sections-of subsurface conditions.,

:They‘are often éécompanied by geologic profiles showing the

_ _arrangement of réck strata and descriptions of the geologic pro=-

: cesses invblved in their formation. Such large scale covefage

\ is used as the basis for providing generallzed information about

| larger areas shown on small scale maps such as the wall sized .
12,500,000 Geolgic Map of the United States prepared by U.S.G.5.

1, Examine the Geologic Map of the United States. |

2, How are different types of'formétions shown?

3, Compare a specific formation shown on the generalized
geologic map with a topographic quadrangle covering
this area,

Lo Obtain the apﬁropriate geologic folio to accompaﬁy
this quadrangle if such a folio isravailable,

5, How does the depiction of formations compare as to
symbolization and conteﬁt on these two sources?

6, What construction-materials and minerals are available
in this area?

7. What advantages or disadvantages exist.in the utilie
zaﬁion of these materials?

8, Are any cultural or natural distributions séecific»

8lly affected by the geology of the areé?
Physiography

Information concerning physiogrephy is most commonly shown
' Approved For Release 2000/04/18 : C%@-RDP80-01333A000300050001-1
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in either of two ways on phvs1ographic maps. One divides a country

or continent in temms of PhYsiogrsphic Provinces, A PHYSIOGRAPHIC

PROVINCE is a region where the landforms are similar because they
are all in the same 'stage or cy¢le of erosion, ' This similarity
of landforms often leads to a similarity of occupations and land
utilization, This does not imply geographic determinism but does
infer that logical relationship poteritials exist and may become -
actualities in given areas,

The other depicts landforms in physlographlc svmbols that
strongly suggest the actual terrain conditlon. This type 1s o
especially valuable in visu11121ng an area w1thout involving
precise elevations above sea 1evel, Natural redsons for such
things as the movement and concentration of population can be

' apprec1atcd by studying physiographlc diagrams and 1andform maps.
Natural avenues of transportction such as panscs and valleys show
‘up very weil 1f thesc mass'a;e.not tso'gén;rsl;zsd:.~

There are several exampleu of such phy51ograph1c representa=
tions with which college students shoslé be famlllar. Guy Harold
Smith, Erwin Raisz and Wallace Atwood are outstanding exponents-
snd'creators pf;these maps in the Unitsd States, +Examples of
each of their works should be examined and compared to obtsin'?:
an apprec1atlon for fhe value of phv51ographlc deplctlons. '

The fol]ow1ng thres plates and glossary of terms to acooméany
them provide a basis for explering and 1nterprpt;n§ physiographic
-symbols. The terms are arranged alphahesisallyvsnd sacﬁ that as-
illustrated is;ﬁglqugs by a letter A,B, or € feferring to the

- Plate, and a number iﬁdicating their‘iespectivs Jlocations,
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On all of the Plates will be found a name and number for each
iobject illustrated, Cross reference between text and plates is

‘thus made easy. Cgrtain_ physibgraphic termsg, referring to such
%processes as MARINE EROSION or such abstract concepts as ALTITUDE
éor CLIMATE do not lend themselves readily to illustration onvthe
‘scale used for the Plates and so appear only in the text.

" PHYSIOGRAPHIC TERIS

AA TAVA
A lava flow with a very rough surface,

ACIDIC

An igneous rock composed of minerals which have a high proportion
of silica (Si02), Granite and Syenite are acidic rocks, Such
rocks are usually light in.color, some shade of gray, pink or
red.

ADOBE
Mud which is very slippery and sticky when wet, and hard when dry.
"Commonly used for sun~dried brick,

:ALLUVIALCONE...;...;g...'.'.'.'........0-226
' 8tream-carried gravels and sands piled in a steep~sided cone-
shaped mound at the foot of a steep slope,

ALLUVI.ALFAN....OO.OOOQIaoun'ouoanC"Z’O?
' Stream=carried material piled in a gently sloping cone-shaped
mound at the base of a slope. Rather coarse material; pebbles
“and coarse sand.

ALLUVIALPLAII\I‘OQ..OOOOUOOlcll..lcct‘A-89
An essentially Yevel surface underlain by streamedeposited
materlal. Broad flood plains are alluvial plains,

ALLUVIUM
Stream-dep031ted materlal, usually gravel, sand, mud, or silt,

}ALP ' _
~a, A high upland meadow,
be A very high mountain,

 ALTITUDE :
Height above a reference point or surface; most commonly, the
height above mean sea level, Same as "elevation!,

ANGUMRPROFILEQ‘OOOQ>.00000000oilo‘lt.B“]-S}'
A profile in which abrupt changes in slope occur in contrast to
rounded slopese
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ANNULAR DRAINAGE PATTERN
Streams flowing in arcs around a central area,

ANTECEDENT STREAM. ¢ 4 s e s bn ® o8 4 & & o olo LN SR 0-2111
I. stream which antedates the ridge it cuts through and which
carved its valley as the terrain was being up-lifted,

ANT HILLS ' ‘
The piles of sand and organic material built by ant.

A-NTICLINALMOUNTAIN- * e e o voe L ) L . . ¢ « 8 & a - oB"lLO
& mountain in which the rock layers are bent in the form of an

arch, o
ANTICL.H\I.AL V.ALL\F)Y- . . L I T T e S S S T T B-lhe
A valley which has been carved in the apex of arched layvers of
rock,

ANTICLINE

Rock layers bent into an arch form,

AQUIFER

A Waterabearing bed or layer of rock.
ARCIf...nQouo-oqvao.uo.nngnvao-ccoA‘;'Sl
An arch hpllowed out of bedrock by erosion, Sce "natural bridge
‘and7sea arch," ' ‘ '

ARCI{ II)ELAGO LI T S ba L e e e e R S L S T T S S S .A.- Sla
A group of islanda of considerable extent, Example: the West
Indies, the Aegean Archipelago, h

ARETEQ“_10‘|ov.uo_ouuaoool-ou-no-'---.A."9
A sharp-crested'ridge‘betweon two mountain gorges,

ARID CLIMATE .
A climate generally deficient in moéisture, An area with such a
climate usually Has dry soils streams, mostly intermittent, and
a sparse plant cover, Semiaridity means a lesser defieiency in
moisture,

ARROYO a2 A '
A small valley or gully, often dry, Also used to mean a small
stream, Westgrn_U.S. usage principally,

ARTES IAN WELL _
A well in which the water is underpressure so that it rises to
the surface without pumping,

ASH

Fine-grained rock material blown from a volcano, - Commonly called
"volcanic agh", ' o '
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4, T,
"Above Tide" or above sea level.

. | e e e e e e A—LSA

ATOLL, . . . . C e
reefs around an area of

A more or less complete ring of coral
open water. T -

-

AVALANCHE )
A sliding, falling mass of snow, ice and rock, See "snowslide"
and "landslide."

AXIS OF 4 FOID .
The mid-line of a fold in rock layers.

BACKSLOPE. « « + - = + = + = C e .. uCe211
The less steep of the two slopes on opposite sides of a ridge
When there is considerable difference in the slopes.

. 3 . 3 . . . s

BADLAND TOPOGRAPHY & o o o ¢ ¢ o o o 0 a0 w0 o0 o 4 ¢ C-217
Highly gullied relief surfaces that develop under simi-arid
conditions in weak strata-largely sandy clays characterized by
many pinnacles, shelves, spurs, etc,, formed from these rocks.

BANK (SUbmerged)e o o o o o o o o s 0 0 e s e e sk w0 .A=36
An elevation under the sea which forms a shoal or shallow area.

. N oA-27

BAR' . ¢ . . . L ] . N , - * . »
material, as at the mouth

A bank of sand, mud, gravel, or other
of a river or bay.

BA.RCHA.N DUNEA » ‘e ® 8 o q . -. » o s » ' e o o e 8 & & v 8 ° B-122
A horseshoe-shaped pile of sand built by the wind,

'BARRAGE |
An artificial bar, wall, or dam in a watercoarse, constructed
4o raise the waterlevel up stream. Common English usage.

BARRTER BAR. o « « ¢ o v« o o« o N L 0]
A bar built along the shore but separated from it by a lagoon,
‘Also called a "barrier beach."

) (3 L] .

BARRIER REEF. & o v v 0o o oin o w o v v o0 o0 s o JA=l6
L coral reef lying offshore but parallel with it.

 BASALT ‘ :
A fine-grained basic rock, usually dark green or greenish-
;black in color. '

 BASELEVEL
' The lowest level to which running water can erode the land,

 BASIC ROCK.
An igneous rock which has a low proportion of silica(8i02) in its

| i o 2L6
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minerals. Basalt and gabbro are basic rocks, Such rocks are
usually dark in color, as dark gray, green, oI blacke -

BASING o o o o 6 o o o o o s o s o s v o wow e e w000 C-189
L depression in the earth's surface varying greatly in size but
wsually fairly large, Of varying origin; may be eraded by a
river or formed by earth movementsy leCey downfaulting,. '

BATHOLITHoe o o o o o o o o o o s o o s s o s o a o o o o ¢ B-154
A huge mass of igneous rocks intruded into thé surface rocks and
enlarging downward without a known base.. Must exceed LO square
miles in area; if less, it is known as stock, Sec "stock".

BPXY. . L » a . . L L J L ] * L . . L . - . » L] ' » . L] * L] - . ' * A-Bh
An inlet or arm of the sea partly gurrounded by land, usually
smaller than a gulf. o ) '

BAYHEAD BARI L[] < - » - . . . * L4 . * - * L) L] * ‘ . . L] . . . - A-33
A bar ncar the inner end or margin of a bay but separated from
the shore by a lagoon. S

BAYHEAD BEACH. s 8 s + ® 8 8 ¢ a2 & s o ¢ o ; ; “ & s e 2 ;A‘QS
A strip of,wave~deposited material along the shore at the inner
end of a bay. ' S

BAYSTDE BEACH. « « o o v v v o o o i . Ae39

A strip of wave-deposited material along the shore at the side
of a bay. RS : ‘

BE'ACH. L) * L] - L] a » * L] L] . L ] . * '! l. L ] O."‘.Q 0.‘0 L ] - L] . OA-66
A zone along a coast from the upper and landward limit of effec-
tive wave action out to the lowest tide level.. '

BEACH RIDGE
Ridge of sand or pebbles built along a beach usually parallel
with the shbre, ' L e .

BEDROCK R « & 8 & 8 e e s s 4 8 s w2 L e Y S T ) A"'hs
The solid or hard rock of the crust-of the earth. , The "mantle
rosk" is broken up bedrocke S B

 BETRUNKED RIVER SYSTEM. o ¢ o o o s o s & o o o v o ¢ & o . A=Slk
A river systemy the lower course of which has been depressed
below sea level and hence all the tributaries have had their
lower courses drowned. Examples Chesapeake Bay, the Susquehanna
River, and the Potomac, York and James Rivers.

BLIGHT- e s 8 8 % 6 3 & & e 3 4 s s B 0 'b; -.- ; P T Y S A“éh
A curve in the coast forming an open bay; or, the body of water
in such an open baye. E : '

BIOTITE
Black mica, a mineral.
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BIRDS=FOOT DELTA. o v « « o v o v o s o o v o o o s e . A=T0
Deposit at the mouth of a stream in the form of low radiating s
_ridges which rise above water levels

BISCUIT-BOARD TOPOGRAPHY o | |
A rolling upland scalloped .by numerous.cirques which appear like -
huge bétes.

BLOCK BASING & 4 s v v v o v e o e w o m o v b o e b C-215
A low area lying between adjacent segments of the earth's crust
which are at high levels, Such basins result from uplift of the
adjacent segments of the downward movement of the block basin
itself, See “bolson," "graben," and nrift valley."

: ... .0=209

BLOCK BASTN LAKE. « « « « « + . C
that was formed by

A lake in a trough, graben, rift, or basin
faulting of the earth's crust. _
BLOCK MOUNTAIN. o o o « v o v v o o 2 o e o o o o .. . .B-108
A mountain formed by the elevation of a part of the earth's crust
by faulting or earth movements,

BLOCK PLATEAU

An extensive upland formed by the elevation of part of the earthls

¢rust by faulting, See "horst.," . o
BLOWOUT |

A depression made across a ridge of sand, such as a dune ridge,

by the sand being blown away.
iBLUFF"...'.'...‘."....-.‘...“...'.u.A-Bl
A high, steep bank of loosely consolidated material such as clay,
sand, or loess.

BOG ,
Wet spongy ground where a heavy body is apt to sink.

BOLSON ‘
A broad, enclosed basin with gentle slopes found in a desert or
semi-arid regions. See "rock basin," o

BORE
An inrushing high tide, occurring as a definite, crested wave in
certain rivers., Example: Amazon, Ganges, Indus,

BOULDER
A more or less smoothed rock fragment over a foot in diameter,

BOULDER CLAY
A mixture of large and small rock fragments without assorting.
See "glacial till," - . "
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BR[JDED STREA:M. * e 8 = w & @ P S S S L A Y C"l??
A stream course in which the water flows 1n several more or less
parrallel channels,

BRECCIA : _ : ‘
Cemented gravel in which the pebbles are angular rather than rounded,

BROOK
A stream smaller than a river; a-rivulet,

BUTTE [T Y . e w0 L 2 L S T T S ) oC"lSé
A flat-topped and steep-51ded eros1onal remnant, smaller than a
mesa or mountain,

CAIDERA., +« v v v v v v . e N - e VA
Crater or pit-like basin of grcat size formed where a volcanic
cone has had its top blown off by eruption.  Example: Crater Lake,
Oregon, :

CANOE~SHAPED MOUNTAIN, . . . . ¢ . . .+« + o« B=1l9a
A ridge shaped like the bow of a canoe. It 1s formed from an
eroded syncllne whose upturned edges form the end of an ellipse,
whose ax1s dips below the earth's surface,

C.[l-' NYON L] L ] * . L] - L L » . . L] . . L] [ . L] . . . » L] . - L] . B- 113
A narrow valley with at least part of the walls vertical.

CA.PE ¢ & o & ¢ *+ & » + & » a2 & e P e s e e s s s e . A" 57
A p01nt or projection of land extendlng 1nbo the sea of a lake,

CATSTEPS
Small paths made by animals which mark steep slopes with a step-
like pattern,

CAVE
A solution cavity in the ground which is usually reached through

a narrow opening. Also a hollowed out chamber in the earth or
in the side of a cliff,

C[&VERN L A e e T T T S S L S Y C" 163
An underground_chamber or cave, usually large,

CENOTE
A sinkhole in Yucatan. See "sinkhole,"

CENTfoL ISL[\ND. ¢ @ ¢ ¥ & e+ % & 6 2 6 s & & e s " s o« e A")-lb-
An island, usually a volcano, surrounded by a barrlcr reef,

CHALK :
A fine~-grained, soft, light-colored limestone,

CHEENOZEM : _
Richy black soils The name is given to a soil belt across Central
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European Russia.

CIGAR~-SHAPED MOUNTAIN Ce ’ .« . . .. B-150
A long, oval=-shaped mountain formed from an antlcllne whose axis
;s bowed along the length of the ridge.

GINDER
A broken fragment of porous lava,

CINDER CONE. . . . Ce v+ . B-123
volcanic cone or hlll made of broken fragments of lavaje the
product of volcanic explosion,

CIRQUE. + v v v v v v v v v v e v e e e e e e e e oo A=22
An amphltheater—shaped hollow made 1n a mounta1n51de by glac1al

erosion., See '"corrie,™
CLASTIC
Broken rock fragments of any size,

C LAY PR T T * . s . 0-229
The smallest size of fragments, too small to be seen individually
by the unaided eye. .

CLEAVAGE | ,
The tendency of minerals or rocks to break more readily in certain

directions.

CLIEF. . . . . SR R
~ A steep face of bedrook ' -

CLIFFED HEADLAND. . . . . . . : ‘ ... A-56
A point of land jutting 1nto the sea, whlch has cllffs at its
outer end.

CLIMATE
The average of weather conditions over a long period of tlme, i.e.,
geveral years or centurles.

COARST~GRAINED S
Having particles or grain easily visible to the unaided eye,

COARSE~TEXTURED DRAINAGE
A drainage pattern with the streams far apart,

COARSE-TEXTUBED TOPOGRAPHY. ., . . . v e s e w4 . A-13
A land surface with long unbroken slopes.

-COAST
The seashore and.land near it, incituding islands.

COASTAL PLAIN. © . v v v v v v o v v e e o v e e o e e e .A—71
A plain along a coast ueually an upllfted part of the old sda floor.
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COASTLINE
A line delimiting the water level of a lake, or the upper and land=-
ward limit of effective wave action along the ocean.

COL. . 0 L T T Y e e e e LI T T S T A n( e & o @ e .0“220
A low place in a mountain ridge. See "gap."

COLUMN. ¥ & & 4 6 8 s e s 1 & s s e @ v e e e e e e e s C‘QBl
A deposit in a cave which is in the form of a more or less cylin-
drical mass which reaches from floor to ceiling, made by the-
joining of a stalactite and a stalagmite,

COLUMNAR STRUCTURE... « . . C e v v e e e Ce22)
The form of jointing in some dark colored igneous rocks which is
in long, flat-51ded prisms, frequentlv six~sided and more or

less vertical,

C@’.[PLEX TOIWBOLO ¢ » o s & » . L] . » « & ¢« & . . . " 8 e A-53

Several formet islands tied together by'bars.

CONDUIT: o o v o o o o o a o o n v 0 o o o a v s n o o o B-lhB
The channel or vent through which molten rock reaches the earth's
surface,

CONGLOMERATE e 8 ¢ & 8 & + & " & 8 S s s 6 ¢ ® s s 8+ s s 0w B-luB
A rock of rounded or water worn gravel which has its sand and
pebble constituents cemented together.

'CONSEQUENT STREAM. e & 9 & 8 a -.- . .'. ¢ ¢ s e & s & 8 @ A‘?s
A stream which has its course determlnod by the slope of the land.

CONSTRUCTION FORIS (Features)

Topographic features which have been made by deposition, volcanic
eruption, or faulting.
CONTINENTAL GLACTERe & o ¢ o o o o 5 o « a7 6 o« « oo o & o 0=165
An ice sheet which covers an extenslve area such as a considerable
part of the continent., Examples Antarctica and Greenland,

CONT INENTAL SHELF '
The area along the edge of a continent wherc the sea is shallow,
i.cey not over 600 feet in depth,

"CONTOUR INTERVAL
The difference in elevation (feet, yards, or meters) between any
twd adjacent contour lines.

CONTOUR LINE .
A line on a map, every point of which is of the same elevation
above mean sea level, See "marine contour,"

CORAL REEF .
The accumulation of masses of coral skeltons with other lime -
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~déposits in tropical waters.,

CORDILIERA | | L
:\ mountain range or system; usually refers to the principal ‘mountain
range on a continent,

FORRIDOR
f rélatively narrow section ‘of terrain extending towards the enemy

nd limited laterally by ridges, rivers, lakes, or other natural
features,

CORRIE
Scottish, * See "cirque,"

CMTER. 2 v L] * L] L] . . L] . L] L L ] . L] > . 4 * > L] L] - . - * B- ]120
The depression in the top of a volcanic cone,

CREEK

A stream of moderate size, not always distinguished from a "river®
pr "brqook", &lso used to refer to a small narrow 1nlet or extuary
. (Engllsh usage).

CREVASSE v
A large crack or crevice in the surface of a glacler,

CRYSTALLINE ROCK
A general term applied to most ‘igneous and metamorphic rock; come
monly hard and resistant.

bUESTA * L] . L[] L] . L] - [ ] . » L L] - L] . L ] . L] * ‘ L ) L] * . L) LN | R A-98
An elevated area with a steep face on one side and a long gentle
slope on the other, '

CUSPATE FORELAND. o @ ¢ s ¢« & 6 * s & & s o‘ s e 8 » e A""26
A triangular patch of sand built out from a point of land which
pro;ects inté the sea,

CUT-OFF. . ) » L) . . . [ - L] . .- '] . . . . -‘ ) o. . - 2 » . » . C-Zol
The channel which a stream cuts across the neck of a meander,
(A "chute" in the lower Mississippi).

CYCLE OF EROSION

The wearing away of land surface from the beginning of the erosiom,
to the completion of the erosion process, a process which may take
millions of years. No cycle in nature is ever complete without
interruption. o '

DECOMPOSITION _
The disintegration of rocks by chemical agents so that the mineral
composition of the rocks is changed, See "weatliering,"

DEFILE
Any feature such as a ‘narrow valley, ford, brldge, or swamp that
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restricts the front of an advance or prevents lateral deployment,

DELTA. [ T T ST S S S S S R T T S S S S SR S SUNE ST S S S S ¥ ) . e A-65
A deposit made by a stream at its mouth; more or less triangular
in shape., Example: Mississippi and Nile deltas,

DELTAI-AKEOOOOOI'l.‘ioo‘o.oc.l!avltA-69
& water area enclosed within a delta.

DELTA FLAIN
The level surface built above water by a stream at its mouth,

DENDRITIC DRAINAGE: v 4 4 v v o v o o s o o+ & Y L
A pattern of streams in which the tributaries tend to converge
toward a central drainage line, thus roughly resembling the cone
vergence of veins on a leaf, :

DEPOSITION
The laying down of material by natural transporting agents such
as water, wind or ice.

DEPOS ITIONAL FORMS .
Topographic features made by deposition of material usually
gravel, sand, or silt,

DESERT '

A more or less barren and arld arca incapable of supporting much
vegetation or any considerable populatlon w1thout an artlflclal
water supply, :

DETRITUS _
Loose material that results from breaking up of the bedrock,

DIFFERENTIALLY WEATHERED SURFACE
Irregular surface produced because scme rock disintegrate more
easily and quickly than others, -

DKE: o ¢ v ¢ o o o o o o e v v o o o & e v s s . . . B=128
The tabular mass of igneous rock, in a more or leS vertieal
plane, that fills a fissure or crack in other rocks, Erosion may
cause the dike to appear above the surface as a wall, or below -
as a trough, '

DIF
The angle in degrees that tilted rock layers form with the hori=
zontal plane,-

DISINTEGRAT ION.
The breaking up of rocks by physical agents. See "weathering,"

DISSECTED

An area with numerous valleys or gullleg that have been eroded in
into its surface,
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DISSECTED PLAIN

4 plain in whlch numerous valleys have been cut by streams or

Jg1a01ers.

DISQECTED PLATEAU
‘A plateau in which valleys are so close together that most of the

area is in slopes.
|

DISTRIBUTARES L T R T S ) L P T R 0-203
Streams formed,-expec1ally on a delta or alluvzal fan, when a -
stream subdivides,

DIVIDE
‘A line separating two drainage systems., See "watershed."

DOLDE, . . ., . . | A o 31
A large sinkhole or funnel w1th 1rregu1ar outllno. Essentially
like the cencte of Yucatan, '

DOLOM ITE
A rock composed of calcdium an magnesium carbonate. Sometimes in-
cluded under the general term "lime,"

DOME' L T ) oo LI . « 1 s v s C“193
An area in which the rocks are arched or pushed up s0 as to dip
away from the center in all directions,

DQME MOUNTAIN
A domed area raised high enough to be a mountaln.

DOWN
A grass covered tract of rolling land; especially in Creat Britain,

DRA INAGE. - |
The way in which water flows from an area through streams and
rivers, or "underground." ' .

LI

DRAINAGE PATTERN
The arrangement of the streams which drain an arca.

DRIPSTONE
Dep051ts made from the water whlch drips in caves,

DROWNED COAST
A coastal area which has been depressed so that the sea enters the
lower ends of the valley, Example: The New Jersey=Delaware coast.

DROWNED VALIEY., & v 4 v v v v v v o o v e o v e e e Coe A-67
A valley which has beendepressed so that the sea has flowed into
it, Example; Chesapeake Bay,.

DRIJI\/ILIN s o e e » n‘ ® & @ 2+ e e a4 s e o ¢« s 0 s » 0-191
An oval-shaped hill w1th rounded profile made by g1a01al dep051tlon.
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DRYING FLAT
A bank of mud or sand, or a ledge of rock which is uncovered at
low tide, |

DRY LLKE
See "playa."

DUNE
A wind-deposited pile or ridge of sand.

DWEAREA.....-"....-...’..........0-178'
4 surface largely covered with wind blown sand heaped up into
hillocks (dunes) Example: Southern and castern shores of lake
Michigan. . :

DUNE RIDGE
A long pile of wind-blown sand.

DUST STORM
Winds which carry a large amount of silt and fine sand,

EARTH .

a, OQur planet.

b. The lithosphere as distinct from the oceans and the . alr.
c. The soil or regolith,

EARTHQUAKE
Sheking or jarring of the earth by natural causes as from a
volcanic explosion or fracturing of the rocks (faulting),

ELEVATED BEACH
A beach which has been raised above the reach of the waves,

ELEVAT TON
See "altitude" and "spot elevation,”

EMBAYMENT v 8 ® 6 & & 4 8 & &8 & ® & & 8 & & 3 ‘ « s s A.-?B
An arm of the sea extending into the land. -

ENTRENCH:D STRELM
A stream which has carved its channel down into bedrock below the
general level of the area through which it flows,

EP ICENTER R - ‘ '
The zone, place, or - center where an earth movement, resultlng in
an earthquake, takes place, -

ERG L
A desert region of shifting sand, Example: The Grand Ergs of
southern Algeria.

ERODED DOIVIE. ¢« @ » . . . . . . L] L] * LRI ] » L) . . o ¢ G . C-1?9
A dome whose upper portion has been more or less removed by
erosion,
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EROSION '
The process of wcarlng away the land by streams, waves, glac1ers,.
winds, etc. '

EROSION CYCLE
See "cycle of erosion.

EROSIONAL FORMS

Surface features such as gorges, cirques, sea caves, or wind hollows
produced by ‘the destructlve work of streams, glaciers, waves or w1nd
'ERRATIC. I Y VA S T T S T T | . o 5. P T T T S Y A‘BO

A rock fragment foreign to the area in whlch 1t is found, Usually
restricted to glacial erratics. '

ERUPTIVE ROCKS
See "igneous rock."

ESCARPMENT |
An abrupt slope between two areas at different levels,

ESKER * v. » L ] . . . . L] L] - L] L * [ ] * + ’ L] » - L] » . L] . L[] L] C-lsh '
A sharp~crested, winding ridge of gravel deposited by a former
stream along its channel under a g1a01er. :

ESTU}*RY S T S Y S S ) o e & 2 = . | o e I T T B 1‘&"85
The wider tldal stretches of the 1ower course of a river, Same
as tfirth! in Scotland, "aber" 1n Brittany, and "ria" in Spain.

EXFOL IAT ION
The pecling off of flakes or, sucessive curved layers of rock ffom
a surface due to temperature changes and chemical action,

.

EXFOLIATION DCME, . « « + .+ . Ce . . . WB=100
A rocky mountain or hill rounded off by exfollatlon. See "exfolia~
tion,n

EXIT
A deflle, openlng, or route 1eading inland from a beach.

EXTINCT VOLCANO, B-l}h
A volecanic vent which has ceased to have eruptions.

EXTRUS IVE FLOW
Lava which pours through an opening and spreads out on the surface
of the earth, '

FALL LINE ¢ & & 8 ® & ¢ o 8 s v e « v s ® A-96
A line or zone of contact between rock fonnatlons of varylng
resistance, Streams crossing the line drop in falls from the more
resistant to the less resistant rock. Example: The Fall Line,
Atlantic Coastal Plain.
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FALLS
See "waterfall,"

FALSE BEACHQ 4 * .0 L] . L] . L3 L] . . - [ - AA. . o . L] - . " o. 0' A-su
A bar a short distance offshore with a lagoon between it and the
shore,

FATHOM

A unit of marine measurement equal to 6 feet,

P‘kaLT. L d . .v - L] . » L] . . .. L] . . . - . . L] . . . l.. [ . . .B-126
A fracture or crack in the earth!s crust accompanied by a dis~
. placement of the rocks on one side or the other,

FAULT-BLOCK........-........‘..-...-QC-QOLL
A part of the earth's crust which has moved as a unit along a

fault,

F.AULT PLANE! L3 . . . -~ - L] . L] . . L] . . . . . Y L) 3 - » - .0-212
The surface along which one mass of strata slide against another
.such mass,

F-{\LULT S CARP L] » - L ] L] - L] . L] - . . L] . * . - . . . * - . l . L] C-197
The face of a fault block which prOJccts above the adjacent block
or general surface level, .

FAULT SHORELmE.. ® ® 8 & F & 8 ¢ & & ¢ 4 & ' & & & o & & 0 A"‘ll
A shoreline which has its shape determined by faulting. Such
shorelines are usually straight and the slopes along them are
steep. . .

: FEEDSPAR
Common, usually llght-colored, minerals which decompose to form
clay, Examples: Plagioclase, Orthoclase, Oligoclase,

FILL
The loose or unconsolldatnd material which lle« on the bedrock
in valleys or other depressions.

F INE-GRA INED
Having particles or grains which are t00 small to be dlstlngulshed
by the unaided eye.

FINGER LAKE
4 long, narrow lake in a deep gla01al valley. Example: The
Finger Lakes of Central New York,

FIORD * e e s 9 s e a2 e e - . . « ¢ e 8 e ¢ e e A~19
A narrow, d eep, g1a01a1—erodcd valley partly filled w1th water.
Also fjord. Examples: The Oslo and Sogne Fiords, Norway.

F IRTH
A narrow arm of the sea, as the opening of a river into the Sea.

)
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Exanple: Firth of Forth, Scotland, See "estuary."

FJORD *

See "fiord."

F‘I.IA-TIRONQ e & & o & = PR T T | « ¢ e » 0‘19)4

The trisngular face of tilted rockAlayers which rest against the
uplifted arca.

FLAT”TOPPED DIVDEI s e e 8 v e N o e v s # <‘ P S T T T B 0-206
A flat-surfaced area between two valleys. ‘

FLINT -

A‘dense,'hard, usually dark-coloréd vériety of quartz which chips
with sharp edges, and strikes sparks against steel. '

FLOOD PLAING o o o o o o o o » o o o s o o s o & o & o ¢ & .C-171

The area along a stream which may be covered at times of high ‘

water and where deposition of stream-carried material takes place.
Examples: the flood plain of the Mississippi or Nile Rivers.

FLUVIO=GLACIAL DEPOSITS: : o .
Deposits made by the waters which flow from a glacler.

FOLD - S
A wrinkle in rock layers.

FOLDED MOUNTAINS. &+ « v ¢ o o o ¢« o o o+ v e e e e e e . o B=137
Mountains in which the rock layers are compressed into g reat folds,
in some cases several miles across and tens of miles long. Examples:
The Allegheny Mountains, Pennsylvania; the .Jura, Francc,

L]

»*
.

FORD
A_place where a stream or other body of water may be crossed by
) Wadingo » . N :

FORESHORE ‘
The shore nearest the water. Also the shore area between high and
Low water, See "stand." A

FORMATION (Geological)
4 rock unit which can be identified by its distinctive characteris-
‘tics--color thickness, composition, etc,

FORM LINE
* A-line on a map showing the general outline or shape, but not the
exact elevation of the relief. -

FRAQMENTARY
Broken into pleces,

FRINGING REEF. o o o o « o v o o o b e e oo e e oo v oo o A=59
A reef (usually of coral) which lies along the shore,
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GABBRO
A fine~-grained, basic, igneous rock- usually dark-colored-=-gray,

green or black.

GAP .
A low place through a mountain ridge. See "col."

GEOGRAPHY
The science which dgscribes and interprets .the eartht's surface in
relation to man's distribution and his activities,

“GEQGRAPHICAL MILE
&ee "nautical mile," statute mile,"

GEOLOGICAL STRUCTURE '
The size, shape, and arrangement of the rock units which make
“up the crust of the earth,

GEOMORPHOLOGY
The science that describes the terrain features of the earth and
interprets their origin,

GEY&ER. 4 -8 & + e & 2 %4 ‘a8 W & % s & % s+ * ¥ s @ B-132
A hot spring which spouts water at intervals.

GEYSER CONEO 13 . . ® - » . . e . - LI BN ) * . . 0w * . LI » OB"“131
The mound of mineral matbter which is built around the opening
through which a geyser erupts.

GLACIAL DRIFT
All material-boulders, clays, sands, etc,-~deposited during the
melting of glacial ice.

GLACIAL LAKE. L S S T Y 0'.-5'0 L N T T T S S S S 0“192
A lake due to glacial action,

GLACIAL LOBE
A rounded part of a glacier or ice sheet which was pushed ahead
of the adjacent parts.

GLACIAL OUTWASH A . ,
Material deposited by streams flowing from glacial ice,

GLACIAL TILLa 4 o o o o o o o o o = o o o o o v o v v o o o JA=62
All the heterogeneous material--clays, boulders, gravels, sands,
etc.--deposited directly by glaciers or indirectly in glacial
streams, lakes or the sea, ‘

GLACIAL TROUGH. L] * L] - * . . . » L - +* L] [ Kl . L] . » . . . 0-202
A glacially eroded valley which has steep sides and a broad,
rounded bottom, a U-ghaped g1a01al'valley. '
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TACTER. + + o ¢ v v o o o 6 o o s o o o s o sa e oo o« A&B=C)
creeping of flowing mass of ice in high altitudes or high
Jlatitudes that is slowly moving downward or outward as a result
- of its own weight. ‘

GNE ISS e 4 o ® & e & e @ & ‘& s s &« s & @& ¢ L R I A—QO
A banded metamorphic rock which has been greatly changed from its
~ original character by high pressures and temperature. '

GORGE _
A steep-sided, narrow valley; a canyon.
1

GRABEN. « « o o o o o+ = . .. . . . B=10L -

A part of the earth's crust which has been faulted or displaced
down below the areas on each side of 1t; & rift valley. =~

GRADED STREAM '
A stream which is neither cutting its valley deeper nor filling

it up .

GRADIENT v ) v : _
The degree of slope of a stream, beach, hillside, or road,

GRAN ITE S

A common coarse—grained;'lightcdlored igneous, rock,

GRAVEL ? # ® 2 e ® % & @& & 2 @ & s 0 vo « v ; PR T T T S S S | 0‘22 7
Water worn rock fragments, usually coarser than sand; sometimes
used for a mixture of pebbles and sand.

GROUND WATER | -
Water that is contained below the earth's surface in the more or
less porous rock or soil,

GUIF s e+ o & ‘- . . . . s & 8 & B & & ® » 8 _» @ A"2h

A part of the sea which extends intc the land, uswally larger than
a bay. ' '
GULLY. o v o v e e v e e v e et o e e e e Oe222

A short, steep-sided gorge or valley with a sharp gradient,
- Usually 'small. | alp gial

HACHURE
The fine lines or shading used on certain types of maps to indicate
elevations and relief features,

HAMMADA
A flgt, bare rock floor in a desert,

HANG ING VALIJEYQ . c. ¢« & o . « o ® o w & . . . ¢ & . » : . . A" 23
A tributary valley which enters the main valley at a level above
that of the main valley, Hanging valleys are common along glacial’

Apprbved For Release 2000/04/182:6gIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

troughs in mountain areas,

HARBORQ . 3 1) . o0 . L3 . + . » e . o 1 . . . . * [2 . ¥ « v . B-lus
A portion of a sea, lake, or river so protected as to be a place
of safety for vessels in stormy weather,

MBDP&M
A f£im consolidated layer in the mantle rock--usually glacial
ﬁill-ubhat occurs a few inches for a few feet below the surface,

ﬁm&BLAND :
A high point or proaectlon of land extending into the sea,

HEATH
4 tract of level or rolling land, covered with heather or other
coarge vegetation, cspecially in Great Britain,

RELPING. CONTOUR
Seg "intermediate contour,"

HICGHIAND
in area,generally above the surrounding region. See "upland.,"

HIGH WATER
as The time, or the height, of high tide. ,
be A flow or flood of water above the normal stage of a stream.

HILL
A more or less rounded elevation rising to moderate heights,
relatively lower than a mountain,

H ILLOCK
A small hill,

HOG‘BACK..;.)..Occ"-c.o.oooa-.u'.o-oou00—180
A steep=sided, sharpecrested ridge usually along a mountain front,

HORN

A sharp peak in a rugged mountain region, See "Matterhorn,"
Sometimes used for a ham=shaped lake or piece of land, as Cape
Horn, .

HORSESHOE MORATNE: & + + v + v o o v o v v o e v e oo . .Ce213
4 glacial moraine which loops roughly in the shape of a horscshoe,

HOHSTO 8 * & & ¢ 5+ 8. » e« e « & & s 2 2 o. ‘ 6 & + 2 e » uB"ll?
A block of the earth's crust which has been elevated by faulting
above the level of the blocks on cither side, See "block plateau,”

HOT SPRING

% spring in which the water 1s above the ordlnarv Fround tempera— _
ure, . .
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HOT SPRING DEPOSIT. « « « o ¢ o o ¢ o« o o e e e e . . B=129
Mineral matter deposited from the waters of a hot spring.

HOT SPRING POOL. + + + + o s e e e e e e e e e o s B30
 Basin filled with water from a hot spring or geyser and lined with .
silica deposits known as siliceous sinter.

HUMID CLIMATE

A climate with adequate or excessive moisture. An area with such -
s climate usually has moist soils, a thick plant cover and streams
with water -throughout the year.

HYPSOMETRY
Qhe science that deals with the measuring of heights of points
upon the earth's surface.

' ... .. C-183

ICE TOBE., « & « o s + o o s = .
which has a convex

A part of the margin of a glacier or ice sheet
front, See "glacial lobe."

ICE TUNNEL- a ¢ s e & o ® 0 . o e e - . « . & @ R ) s e % » 0'182
A long opening either under or through glacial ice, over which
there is an ice roof,

ICEBERG
4 block of glacial ice floating in the sea or in a lake,

ICECAP
Glacial ice lying over a plain, usually more or less circular in
outline.,

IGNEQUS INTRUS ION
Molten rock which has been squeezed into the crust of the earth
and there hardened into igneous rock.

IGNEOUS ROGK . @ o‘ . @ » s e . . . ° ’ * @ ¢ s e ® e o ° . . A"h9
Rock solidified from a molten condition, Sometimes called
neruptive rock." See "lava'.

IMPERVIOUS FORMATION. o « o v o o o o o o o o v o o o o o o A=l
Rock material such as clay through which water will not pass.

INCISED
Cut, as by a stream, into a rock surface.

INCISED MEANDERS :
Meanders of a stream which have been cut into bed rock below the
level of the flood plain on which the meanders were formed.,

INLIER, o o o o o o o o o« o & o o s o ¢ s ¢ o« o o o s % o o .4-58
Partly buried hills or areas of older rock which extend above the
younger rock which partly covers them, It is an area of older
rock completely surrounded by younger rock,
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INNER LOWLAND
Lowland farthest from the sea where there are several lowland
AYreas,

INTERIOR PLAIN | .

A plain lying away from the sea coast.

INTEFMEDIATE CONTOUR
A line of definite value, usually discontinuous, that is drawn
between any two of the regular contour lines,

INTERM ITTENT STREAM
A stream which flows only part of the year,

INTRUDED SHEET
See Yintrusive sheet,"

DITRUSIVESHEET. e e.'% 4 s 6 e & 6 & s e u s @ -on'oC-139
An igneous rock structure which was formed by a molten mass
being squeezed into a crack or between two more or less hori-
zontal-layers in.the surface rocks., Dikes and sills are forms
of intrusive sheets,

ISLAND. o o v v v o v o v e e e e e e e h e e e e . . A=BS
A tract of land surrounded by water,

ISIET
A small island,

TSOBATH
See "marine contour,"

ISTHMUS _
A neck of land connecting two larger land masses. Examples:
Panama and Suez ‘

JOINT
4 fracture in rock without dislocation, All rocks in the
erust of the earth have joints,

JOINT PATTERNG o o o v v v o o v 0 2 ¢ o o o o o o o v o » JA=12
Joints are straight lined partings due to pressure and dis-
turbance and usually form a more or less regular arrangement
called joint pattern,

JOINT SYSTEM
See "joint pattern."

KAME
A conical or rounded hill of gravel deposited by streams flowing
from a glacier,

. ey .
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KAOLIN

A white mineral which iorms the bulk of all clays and when pure-is
, the basic material.in pottery,

KARST REGION S
A limestone region in which there are numerous sinkholes, abrupt
slopes , and irregular rock projeetions formed by solution.

KETTLE HOLE. T P .C-186
A depression resulting from the mel’oing of a burled ice block; -
uSaallv found associated with glacial moralnes.

KELTLE LAKE
A lake in a kettle hole.

0T | ‘
A unit used to express the speed of a ship, one knot being equal
o ore naut 1ca1 mile per hour, ' '

T—ACL’ )L—ET—IO L] lv . e L ] ‘l ‘ ‘ £ ] L] il - ‘. L * L] . [ ] & » C‘l?h
An igneous lIlLI‘USlOIl whlch has raised the rocks over it into a
dome=-shaped mountain or nﬂounta:ms.

s f"JT fi DEPOSITS

C .
ravels, sands, clays, or silts laid down in lakes.

\J ‘t_-w'
‘>

LfG uﬂ-u_u
e larger stonce left after wind has blown away the finer materla‘L

u(‘:“)’" A—hB

L shallow bedy. of water close to the sea or a lake but more or'
Msarﬂpa:’txd “$rcm the open water by a bar of sand., OSame as the
“haff" of the Baltic coast of Germany.

{-J-AKEa > i ¢ < @ . t * [ 4 ‘. . 4 . . L] L] L] * . . * . . . B-llo
A considerable inlard body of nonflowing water, either fresh or

‘r.};,‘.- UJ¢

LAKE PLATN

a. The Level area Adjoining a lake,

v, The level flcor of a lake that has been drained,

LANDFCRI

An ind-.ivid.ual feature of the terrain.

kal\l‘\{ﬂk)l) JJJO K4 L] L ] L] L] . » . L L4 » * . . ] L] [ ] . l . . . . * 0-221
The clipping down of a mass of earth and rock on'a mounta:.n side
or othe“ s" Op&e :

LANE ’T‘IED TSLAND
3ce "hombolo, !

LA:‘T: "J MCRAI&-L El L] (] * L] » L 2 . . . « v L] . . . L] . . . ¢ * 0-216
A moraine formed aleng the sgide of a valley glacier or the margin
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of an iée lobe,

LATERITE

Residual mantle rock, red in color, high in iron and alumina but
low in silica, Usually found in the tropics where heavy rains
cause intensive leaching,

LAVA

A form of igneous rock, in both its molten-state and later when
golidified; which has come to the earth's surface in a llquld
gendition,

LAV!L FLOW. e ® & . . . * & . e o e . & s . e . . » . B"lls
A stream of liquid lava pouring from a vent; also used for the
lava after it has solidified,

TAVA PLATEAU. © v o 4 o v o o o o o o s o o s o o o o o« oB=11l
A plateau surface built up by one or more lava flows, '

LEDGE
A mass of rock projecting in an essentially horizontal plane,

LEE SLOPE L[] - L] - L ] [ ] . L L) . * » L] - L ] - » L] . ] . - . [ 4 L] . A-92
Slope which is away from the direction of prevailing winds or
of glacial movement,

LEVEE -

An embankment to prevent overflow by water, See "Natural levee,"
LIME

See M"limestone,"

L MSTONE L S . L S Y . A-,-L
A rock composed dom:nantly of consolldated or 1ndurated calc1um

carbonate particles or fragments, Often called "lime" or "lime
rock,"

LITHOSPHERE
The.solid part of the earth as distinct from the atmosphere (air)
and hydrosphere (water) parts.

LITTORAL

a., The zone near the ocean shore in Wh:LCh the bottom is affected
by waves and currents,

b, The strip of land near thec shore,

LOAD
The rock material being carrled by wind, running water, or glacial
ice,

LOAM.
A type of soil composud of c]ay, sand, and organic matter which
is easily crumbled,
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LOBATE DELTA _
4 delta which has a vounded front or with moré than one lobe-

ghaped extension at its edge.

LOCH (Scotch)
A lake or a small, almost enclosed arm of the sea.

10ESS / | ' o
Wlnd-blown and deposited dust, usually buff in color, which will
stand 1n vertlcal bluffs.

LOOPED BAR. « v v v v o o o o o c . AmSh
An arce-shaped bar attached to the shore at both ends.

LOW CONE. . . . . RS .5 I B
A volcanic cohe bullt almost wholly of lava flows and therefore’
having “low slopes on 1ts sides.

LOWL.[LND. + e 8 e o s s s . v e 4 s A"s?
An area, low in altltude, con51st1ng of hllls, rolling terrain,
and plains.

MAINIJND
The principal land, or the continent as distinct from island or
‘peninsqla.

MANTLE ROCK . o a . . . . . » . . . A_"l
The loose unconsolidated materlal over the badrock.' Also called

the regolith,

MAPBLE P T ‘ T ) ‘ . s ¢ 2 & ® 4 @ B‘ 111
Limestone whlch has been altered by great heat and pressure.
A metamorphlc rock.

- MARG IN‘A.L LAKE. T . s & s e ° a I ) C"l?o
A lake dammed in by the 1ce along the 51de or margln of a glacier,

}MARINE ARCH
‘See "sea arch."

MARINE BENCH. . + « « « .+ » C e e e A=SO
A platform along the shore formed by the er051on of the waves.

MARINE CONTOUR

‘A line on a map showing the floor of ocean or lake, every point .
‘of which is of the same distance below, mean sea level. Same

L as "Isobath *  See “contour."

' MARTNE DEPOS ITS :
Deposits made in the ocean or sea.

MARINE EROSION
The wearing away of the land through the work of waves and currents

: . 266
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of the seas.

‘MARL '
The variety of limestone which is soft and porous. Usually white
or buff in .color,

MARSH‘ L ] » e L] . . L] . L] . . ’ . 1] . . [ ] . L] L] * L] + . - L A- 83
A tract of soft wet ground, treeless, but covered with grass or

reeds.

MASSIF

A dominant, mountainous block rising more or less sharply above
surrounding lower lands. Examples The "Massif Central" of
France,

MASSTVE '

a, Applied to minerals lacking a definite crystalllne forn,
b, Geologically, a rock mass showing neither stratlficatlon
nor foliation,

w~TTEHIOIm L ] * L] L] L] * * L ] L] . L) L] . L) * L] . L L] [ ] -« . [ * . L 4 A- 8
A type of mountain peak, like the Matterhorn in the Alps, which
has several concave, steep sides made by glacial erosion, See
horn,!" 4 '

MATURE BLOCK MOUNTAINS: & 4 o o o o « s o o o o o o « o « o (=198
Block mountains in which streams (and glaciers) have dissected

or carved up the surface of both the front and back slopes of
each block, '

MATURE MOUNTA.[I\]SO s 4 8 ¢ ¢ & & & s s . S € 4 v s e » A-93
Mountains in which almost none of the orlg:l.nal upland surface
is left and which have great diversity of topographic form,

M.ATUPLE PI.LATEAU 2 ¢ & 0 e+ s e B e s ¢ c. L I T Y L S 0”159
A plateau which has been so cut by streams that only small patches
of the originally uplifted plateau surface remain,

MATURE‘ SHOR-EL H\]E e« & ¥ . o . * & » » . . e . . . . . . e A"lu
A shoreline which hag been eroded so that the waves are cutting
everywhere at nearly the some rate, :

MATURE QHOREL mE PROF ILE L T R S S e R L T T T S S S .A-gs
The profile of the land surface both below and above water across
a mature shorel;nc.

MATUEE TOPOGRLPHY
An area of great diversity in relief and from which erosion has
nearly everywhere removed the original surface,

MATURELY DISSECTED SURFACE: o + « o o o o o« % v o o o « + A=88
A land surface which has verv little flat area in it,

Approved For Release 2000/04/78" CIA-RDP80-01333A000300050001-1



Approved For Rélease 2000/04/18 : CIA-RDP80-01333A000300050‘001-1

MATURELY ERODED DOME. « « + « o v o o o v o oo oo o n o+ 0181
A dome from which the original top of surface has been removed by
erosion. B '

MEANDER NECK. « o o o v o v s o o o o s o s o o & 2 it o c-166
The area between two successive loops of a meandering stream.

MEANDER SPUR. . . . - . s e e e .. C=200

The area within a loop of a meandering strean,

'MEANDERTNG STREMM
A stream which flows in a winding or turning course.

MEAN SEA LEVEL

A plane that represents the average elevation of the ocean's
surface extended around the glove and serving as a datum plane for
measuring heights and depths. '

MEDTAL MORAINE. 4 « o o v o o o v o s o0 s o o oo oo . A=31
A ;ong mound of rock material extending lengthwise on the surface
of a glacier near its axis.

MESAs o o o o o o e s e e ewoaewwns e s e e bt C=157
A steep-sided, flat-topped prominence or mountain (larger than a
butte) in an arid or semi-arid area. Usually western U.S. usage.
See "butt." : -

METAMORPHIC ROCK. « + o « v o v o o v v v o+ s R o <114
Rock which has been subjected to high pressures and temperatures
in the earth and has been changed by these forces.

MICA | ‘ |
An elastic mineral which reflects light brilliently and which may
be cleaved into very thin sheets. '

MID-BAY BAR + « « « o o 0 o v 0 v o v o = A=LO
A bar extending into a bay from its side.
MILITARY CREST ‘ o
The line near the top of a ridge from which all, or nearly all,
of the ground toward the enemy can be seen and reached by gun-
fire, '

MILITARY GEOGRAPHY : ' .

That branch of geography which applies geographic knowledge and
techniques to the solution of problems in tactics, strategy,
and logistics. '

MINERAL o _ ' :
A naturally occuring inorganic substance with definite chemical
composition and with characteristic physical properties..

v
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MONADNOCK, . . ... e e e e e v+« + . WB=101
A mountain or hill of rL51stant rock rlslng above a surface which
ha2é heen almost leveled by erosion, From Mt, Mconadnock in south=-
ern New Hampshire, : ’

MONADNOCK (-XROUP L2 . 3 L] . . 3 » . . L] L] . . L4 . L] . L] . . » B"106
A group of mountains or hills which rise above the general ero-
sion level., Sometimes called Unakas.

MONOCIJ INA I RIDGE L B L ST R T . L T Y B"13 6
4 ridge formed over the edge of a reblstant rock formatlon with

a single limb of a fold.

MONOCLINAL VALIEYs o « & o o « v o = s « v s & « o o o o « +B=135
4 valley developed by erosion along a weaker member of a monocline
and bordercd by morc rcsistant ridges, cach dipping in the same
direction,

-

MOOR |
- A tract of treecless land, more or less waste and usually elevated,
boggy, and frequently covered with peat,

MORAINE. . . I R N Y T T [ A 'u e & + s s 0‘185
Peposits made by a glacier commonly as hummocks and irregular
hills at the edge of the ice,

MOUNTAIN
A conspicuous elevation with small summit area, relatively higher
than a hill,

MOUNTA IN GLACIER
4 glacier which flows down the side of a mountain,

MOUNTAIN RANGE -
L series of mountain peaks more or less in a row and considered to
be one comnected system,

MOUNT.[& IN SPUR. L L L T T S Y ] LI T S S S B-133
4 projection from the side of a mountain mass.

MOUTH ,
a. The opening through which the water of a stream is discharged,
b, The entrance to a cave,

MUD
A mixture of clay or sand and clay with water,

MUD FIOW
A mass of wet mud which flows down a slopc., See '"landslide."

IJIUD VOLC!:LNO L] [ ] - L] * . L] » . . L] . . * -* . . . » . * L] L] . OB-lsl
A small pit in which mud is kept disturbed by gas bubbling
through it.
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MUSCOV ITE e
The transparent pota551um micaj natural isin-glass.

MUSHROOM ROCK. '+ o evv oio ovn o . e e+ . . . .B=155
A projecting rock, with cap and neck resembllng a mushroom, formed
‘partly at least by wind erosion in alternating hard and soft rocks.

MUSKEG ' : '
A bog in which the ‘principal plants are mosses. Common in arctic
Canada, i

NA.TURAL BRDGEC . o, v ® ¥ ¢ 4 s & e 8 e s & & s s & e s 0 0‘162
An open arch of rock which has been developed by er051on.

: N.A.TUR.AL I—-EVEEo o e .’ ¢ s+ e o« LI T T} C-lé
A low ridge built aleng a stream channel where overflow1ng flood
waters dep031t mud and silt.

 NAUTICAL MILE ,

A unit of linear measurement equal to one sixtieth of a degree of
the earth's equator. In United States equal to 6,080.27 or 1.1515
Statute Miles, In British Admiralty usage the Nautlcal Mile equals
exactly 6,080 feet, Nautical Mile is the same as Geographical
Mile. See "Statute Mile."

NEAP TIDE
The lowest tide, occurring one or two days after the first and
third quarters of the moon,

NECK OF LAND
A narrow stretch of land, usually between water bodles. See
"isthmus,"

‘NECK COF MEANDER
' See "meander neck,!

NOSE OF SYNCLINE. *« e o vc .o .n s & ® & % 6w s e v 2 & & w @ B"'l)—l,f;
The end of a syncline where it passes underground.

NUNATAK ,
A pill or mass of rock which projects through a glacier,

0AS1IS
A watered tract in-a desert; green because of local vegetation,

OBSIDIAN .
Volcanic glass, the form in which some lava solidifies.

OCEAN

The whole body of salt 'water which covers about three-quarters of
the earth.
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OCEAN CURRENT

A progressive horizontal motion of the water occurrnng throughout
a large region of the ocean as a result of which all bodies float-
ing therein are carried with the stream, Examples: The Gulf
Stream of the North Atlantic; the Kuro Siwo (or Japan Current)

of the North Pacific,

OLD BLOCK MOUNTAINS: o v o « o o o o o o o s o o o o o o+ .C=208
Block mountains in which erosion has worn the mountaln down to
a rounded surface profile,

OI.D PIJATEAU‘ L . -: . ‘ 4 « & * L] . . . . . . -c . . » 3 . . cC"'lSB
An eroded plateau in which only a few hills rise to near the
former erosional 1eve1¢

OI—D VOLC];NO. « & o e o ' e s s a e ¥ & B8 ¥ s v e B"lzh
A volcanlc cone which has been much groded,

OLDLAND
An extensive area of old crystalline rocks which has low rellcf
because of long erosion,

OPEN VALLEY. + o « o o o - . - e e e . AmB2
A valley with broad valley floor and wldely flgrlng sides.

OQUTCROP
Bed rock where it is oxposed at the surface of the ground.

OUTL]ERa [ ) [] [ . . - ) ) ) . . . 4 . . [ ] » [ . . s . ! Y . ) . A"97
An area of younger rock entirely surrounded by older rock.

OUTW[\SI’I- PI’-A- m L4 . L] . L] L] * . . * L] L] . . » . . * * L] L) . - 0_195
A more or less level surface formed of depOoltS made by streams
flowing out from a glacier, Usually of gravel, sand or silt,

. OXBOW IJ.{\KED & # e @ e & & & & & & & 8 8 * 2+ & + 5 ¥ 3 & e @ C-l?z
A part of a meander bend which has been abandoned by the stream,

PAHOEHOE LAVA
4 lava flow which has a smooth or ropy surface, as distinct from
rough and broken surface, The opposite of AL lava,

PALISADES ‘
Columnar lava which has the sides of the columns exposed.

PASS
A passageway through mountainous country; usually a relatively
low place across a ridge,

PEAK
The top of a hill or mountain which ends in a point,
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PEAT ' '
An accumulation of more or less decomposed plant matter found in

“bogs.
PENEPLAIN
A land surface which has been eroded so that it is almost level,

OPENTNSULA. . . e .. . e e Ae86
A land area jutting out 1nto the water '

vPHYSIOGRAPHIC PROVINCE
An area in which the landforms are essentially all in the same
stage in the cycle of erosion and therefor similar,

PHYSTOGRAPHY -

The study or science of ‘the earth as a whole; of the land masses
or lithosphere, of the oceans or hydrosphere, and of the air or
atmosphere,

- PIEDMONT
The'area at the foot of a mountain range.

PIEDMONT - GLACTER. + « « v o o o o o o v v o o v o v v v o+ A=32
A glacier which flows from a mountain area and spreads out at the
foot of the mountain., Several valley glaciers may merge into one
piedmont ‘glacier. o ‘

PILLAR
See "column,"

PITCHING ANTICLINE. « v v « v o o v . . . ... . .B-16
An anticline (arch of rock strata) the axis of whlch pltches or
dips to form an angle with the horlzontal

PLAIN T :
A broad level area which slopes gradually up from near sea level,
An area of generally level land,

PLATEAU
An extensilve surface standing conspicuously above the adjacent
area on at least one side,

PLAYA ' '
The flat-floored bottom of an undrained desert basin which, after

a rain, may become the site of a temporary lake. Same as "dry
lake,"

-PLAYA LAKE »
A temporary lake in a playa; usually very shallow,

PLUNGE POOL. * * * * * . L - * . L] . . | . . L] o * . ° . A“?
The water which fills the depression at the foot of a waterfall
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POINT
4 small tapering projection of land usually extending from a
larger cape or peninsula,

FOLDER
A formerly marshy or swampy or submerged arca which has been ree
claimed from a sea, lake or river,

POND
A small body of standing ‘water,

PO'E}IOIE L 2 . . LI Ll 4 l‘. . . ' ‘ . [ ] ’ [ . . L] L] L] * * . - [ ] L . @ CP176
A rounded depression formed in a streambed by the swirl of water
“and gediment., .

PRECIFICE |
4 nearly vertical or overhanging cliff,

PBECIPITA ON :
A general tom including all forms of moisture falling from the
air (rain, snow, hail, sleet).

PROF ILE -
The up and down character of the land surface, drawn to show the
relief along some particular line.

PROMONTORY . ;
A high point of land or rock projecting beyord the general coast-
lines

PUMICE
Volcanic rock which is very porous, light in weight and color,

PYROCLAST IC
Aidjective referring to the broken ér fragmcntal material of
volcanoes chiefly thrown out by volcanic explosions,

QUAGMIRE
Soft and wet land which shakes under foot,

QUARTZ . .
L mineral composed of silica (si 92) which is harder than glass,
usually light in color or transparent, and with a glassy luster,

QUA.RTZ ITE * 1 8 * e e a ¢ e a w » @ .. . s » . « o o @ B"107
A hard and durable metamorphlc rock composed of quartz sand
grains with the space bothen the grains filled with quartz.

QUICKSAND _ v
Fine sand suspended in water so that heavy objects sink in it
Draining will remove the ¥quick" property. :

)
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Approved For Release 2000/04/18 : CIA-RDP80- 01333A000300050001 -1



|
|

Approved For Release 2000/04[18 CIA-RDP80- 01333A000300050001 -1

QUIESCENT VOLCANO B _ »
An ectlve volcano between periods of eruption.

RAD#AL STRELM PATTERN
pattern of drainage lines which radiate from a central high area,

RAD#ATING DIKES, o o o o o v o o v v v v o o e e s e . . JB=128
Tabular masses of igneous rocks, fllllng fissures in older rocks
and,running out more or less from a center, See "dike,"

|
RAINFALL
The amount of water which falls as rain, usually stated as the
.dep%h to which it would cover a level surface, Also, used as
equivalent to precipitation.

RA P S L ] L L] * . * . . - . . . - L] . . . . . . . » - A ] L] L] A‘729
A part of a river in which the current is fast and the water
surface usually broken by rocks.

RAVENE '
A Zﬁream—eroded valley whlch is short and steep sided; larger than
ily,

sy | |
A ridge of rocks or sand lying at or near the surface of the water.

REEFRD\IGUOCDOCJOQ - LI B ) ;-...A—h?
A circular row of coral reefs around a central 1sland.

REGOLITH

See;"mantle rock,"

REJGVENATIDN

The‘renewal of erosion activity, usually by uplift of the 1and.

RELIEF
The irregularities of land surface. Also, the vertical distance
between the tops of the hills and the lowest points in an area,

RELIEF FEATURES
The topographic features which constitute the irregularities on
bhe surface of the earth,

1RES UAL M.ANTIJE ROCKQ L] . L] . . [ L] . . L] . . . » L] 'c L A‘h?
Mantle rock which is formed by Weatherlng at the place where it
is found Contrasted with "transported mantle rock,"

RES UAL SOIL
Soi formed on residual mantle rock,

RIA SHORELINE

An irregular shoreline with numerous long narrow embayments ex=
tenelng into the land,

Approved For Release 2000/04/48"; CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
RIDGE. . . . . . c h e e e . . e . e .o =150
A range of hills or mountalns, Also, the upper part or crest
of such a range,

RIFFLE , _
A shallow place across a stream over which the water flows

rapidly,

RIFT VALIEY
See '"graben,"

RIFT VALLEY TAKE. . o ¢ v & o o « W R .5 L
A lske formed in a rift valley,.or graben, or trench=like de-
pression; due to down faulting..

RILL
A very small brook or rivulet,

RING
See freef ring."

RIPPLE MARKS s -
Small wave~shaped marks made on sand or nud by wind and water.-

1

RIVER
A natural stream of water larger thdan a broeck or creek,

RIVER‘TERRACE. ® 81 & e a4 & & 4 8 a4 ¢ 5 6 & & & % & o s o o C~I73
. A level area along a river vallev, elevated above the reach of
high water,

HOADSTEADv ¢ & 6 5 s & 8 2 v B & & & & @« e ¥ & » ul- o . OA”38
A place where anchored ships will be protected from storms,

ROCHES MOUTONNEES. & 4 o o ¢ o s &« + ¢ o o 0 o s o s o s & +A=91
A rock mass or hillock rounded off by glacial action with the
gentle slope on the stoss (that receiving the impact of the ice)
and the steep slope on the lée side due to ice plucking,

ROCK

The solid material of the earth, The loose fragments make up
the "mantle rock.," The consolidated or cemented material is
the "bed rock,"

ROCK BASIN
A basin surrounded by bed rock above the level of the basin
floor,

ROCK GLACIER
See "rock stream,"

HOCK STEPS- L e e R I S S T o e+ ; ¢« a ; . . A'l?
A series of steepfaced ledges of rock outoropplng across a
glaciated valley floor,
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. ‘ROG{STREAMG o_'c .u e o o6 e's s s s e & v 0 e s v 0 a e -C-233
A mass of rock fragments which moves siowly down i depression.
Sometimes called "rock glacier." ' o '

ROCK STRUCTURE | |
The shape, arrangement, and size of the rock units that make up
the crust of the earth, o

ROLLING TERRA IV

i area covercd with a succession of rounded hills with low to
~ moderate slopes. '

CROUTE

A natural highway leading between significant arcas or cities.
May or may hot have roads, railroads, rivers, or canals passing -
through it, :

RUGGED ~
Having a rough, uncven surface with steep slopes.

RUN<OFF
The water which flows from the land over the land gurface,

SADDLE
A Jow point in the crestline of a ridge. See "col."
SALINA
A salt marsh, pond or lake enclosed from -the seas. -

SALT DOME ‘ -

;A dome in sedimentary rock made by a column of rock salt which has
been thrust up underneath it. Sometimes used to refer to the
ecolumn of .salt under the dome. : ' '

SA-LT I%RSH. P L T T S e T e L L R A . 4 o'fl"?é ’

A low area kept wet by sea water or water from a salt lake and
possibly with some salt-tolerating grasses or reedss

SKLT BiN -
L flat area in which evaporation has left salt deposited on the
surface, - L ' o

‘SANDclo--O.---oo-uaon-.-....o.‘..lc-zza
Particles of rock large enough to be scen by the unaided eye but
‘less than one-eight inch in diameter, Predominantly of quartz
grains, but may be "coral sand," 'olivine sand," etc.

SAND DUNE, & « o v o e et e e e s e i e e e e e e w. BB

See "dune."

S.ANDSTOI\IE. L 0 8 4 ¢ & 2 8 & ¥ 4 e s & s & o c‘ PR T T '}1-3

An accumujation of sand grains which have been cemented together,“}“
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SCARP
See "escarpment,"

SCHIST“ % s e & e 4 & ¢ & 8 % a2 4 & e 4 30 e w e w o » QA-]-;
A metamorphic rock consisting of very fine layers which can
usually be split along parallel surfaces,

SEA _

8¢ Any considerable body of oceanic water more or less enclosed
by land, g

be The waves caused by local winds.

SEA ARCH
An arch hollowed out of bed rock by wave erosion., See "arch,"

.SEACAVE».-.-‘.'--ao-g---o-.-.--o...A"él'
A shallow recess in a cliff cut out by the action of waves, If

- above present water level it is evidence of a change in elevation
of the land,

SEA CLIFF ,
An abrupt slope or cliff made by waves cutting at its base,

SEA IEVEL _ .
The datum plane for determining altitude, At any place it is the
position of mean sea level if the sea were free to enter that
area., See "mean sea level,"

SEDMENTARY ROCK- L T T S 'S B‘lOB
A rock which is composed of the consolidated products-eguch as
sand, clay, gravel, marl, etc,--of other rock masses.

SEISMIC CENTERS
Areas in which earthquakes are more common than in neighboring
areas,

SEMI-ART) CLIMATE
See M"arid climate."

SERPENTINE

8. Twisting or winding, as a meandering stream or curved shoree
line, '

bs One of the metamorphic rocks; usually greenish in color.

SHALE. & v v 0 e e et e e e e e e e e e e e e e A2
A sedimentary rock made of consolidated particles of the smallest
sizes such as clay or silt, in thin layers and black, gray, red,
or greenish etc, in color,

SHINGLE

Coarse, rounded stones along a beach or stream, with many pieces
larger than pebbles, :

277 .
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SHOAL
4 shallow area in a sea, lake, or river,

SHORE
The land immediately next to a body of water.

SHORE PROFILE. . 4 v « .+ » | C e AT

The profile, or cross section at an angle to the shore, which

crosses the area both above and below water in which the effects |

. of wave work are found,

SHOREL INE
A line delimiting the water level of a lake, or the low tide
level or seaward 1limit of the beach along the ocean.

SHORELTNE OF EMERGENCE. o o o « + o o o o o o o o o o o o« A=T8
A shoreline which has been formed by an elevation of the coast.
It is generally characterized by few and shallow indentations,

SHORELINE OF SUBMERCENCE. + v & v 0 v v v v o v 0 0w v o A=28
An irregular shoreline with characteristics determined in part

by the irregularities of the eroded surface which has been partly
submerged. See "drowned coast," and youthful coastline of sub-
mergence," ' '

STERRA | - -
A ridge of mountains or craggy rocks which has a saw~-tooth olt=-'
line. Example: Sierra Nevadas, California.

éILL S
Sheet of igneous rock lying between beds of sedimentary rock,
See "intrusive sheet," '

SILT '

Unconsolidated material in which the particles are smaller than-
sand and larger than clay. Individual particles usually not
‘visible to the unaided eye.

S mK"HOIIE » » &« 8 & e s . ° ¢« o & & & & ® ‘s & @ . e & s s @ 0-160
A hollow in the land surface made by the solution of the under-
lying rock, usually limestone. See "cenote" and tdoline,"

L:ATE. . [ o ° o‘ . . cc . ooA . v o p . . » . . . 3 L] A"'S
A dense, fine-grained rock which can be split in slabs, It is
metamorphosed shale and may be blue-black or gray, green or red.

SLOPE : : -

The inclination of a given land surface to the plane of the hori-
zon. Expressed either in degrees of slope or in-a percentage as,
a 10, 20, or 30% slope; i,e., a 10-, 20-, or 30- foot rise per
each 100 feet, : o .
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SLUMP h

The slipping of a mass of mantle rock on a slope.

SNOW LINE o :
The lower limit at any time of snow cover, The lowest limit of
perpetual snow is the permanent snow line, - '

BHOW FIEID: & o o o o o o = o s o8 o o s o s o s o s o o oA=10
An accumulation of snow which lasts from season to season. The
“seeumalation over a long time may result in the formation of -a
‘glacier, .

SNOWSL IDE

A mass of snow sliding on a steep slope., See "avalanche,"

- 8S0IL
The surface layer which is a mixture of rock material and or-
. ganic matter in which plants grow, Also sometimes used to
mean mantle rock,.

SOIL EROSION
Erosion which removes much or all of the soil layer,

SQUND
A long water passage connecting two larger water bodies, usually
too wide to be called a strait,

SPIT.I..IODI.QD'Q‘0.00'.OO‘I'QO’I.A-BS
A small point of land, usually sand, extending into a body of
water,

SPOT ELEVATION
A figure in feet, yards or meters, giving the exact height above
mean sea level of a particular point on the map, .

SPRINGO *® & s e ¢« * e &5 & v v e LI R ) e e 4 ¢ s e s 3 C- 199
A stream of water coming from the carth,

SPRING TIDE :
The highest tide, occurring one or two days after the new moon,
and sﬁnilarly after the full moon,

STALAGT -[TE * * . . » - L] * . . » . L4 ’ ‘ . . - L ] . * * . . &230
An icicle~like porjection hanging from the celllng of a cave,

STATAGMITE: o o o ¢ o ¢ o ¢ 4 s o o o & o & o8 4 o s+ @ .C-232
A mound or column of material built up by dripping water on the
floor of a cave.

STATUTE MILE

The legal mile of 5,280 feet used in the United States and
British Empire, See "nauticdl mile, Y

Approved For Release 2000/04/1 %7.9CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

STEPFE

. 1A vast level or undulatlng area, devoid of forests, but more or
‘less richly covered with grass. FExample: In the lower Volga
Basin, southern Siberia,

. STOCK o
‘A large mass of 1gneous rock intruded into the surface rocks and
‘enlarging downward wilthout a known base. Must be less than 4O
- square miles; if more it is known as a batholith., See "batholith."

STONE
A term usually used for small or quarried masses of rock, Some-
times used to mean "rock,"

i STOSS SLOPE L ] L] [ ] * L] L] L] . . L ' - L) - . . £ 4 L4 - A-99
A slope facing the direction from whlch an overrldlng glacler
- approached,

STRAIT....v-.a- .ll"ll“ll".l.l..A"63
A narrow neck of water connectlng two larger water bodies,
Usually smaller than a sound,

- STRAND
The part of the shore between high and low water., See "foreshore,"

STRATUM (Strata, plural)
A layer of rock.

STREAM
Water flow1ng over the surface of the earth in a channel.

o STREAM MEANDER. ¢ ® & 8 8 & » ) ‘. '. s &+ ® & e s 0-168
4 loop of a meandering stream, See "meanderlng stream,"

STRIKE
- The direction of a horizontal line along the surface of a dipping
- layer of rock, or along a fault plane,

- STRUCTURAL BAS TV
A low area around whlch the rock layers have been upturned or up-
lifted,

SUBMARINE CONTOUR
. See "marine contour,"

SUBMERGED COAST
See '"shoreline of submergence,"

SUBSEQUENT ST‘REAMQ o e & & s s, s s . o -l . Y A"'72

A stream whose course has been determlned by the poéltion -of less
resistant rock into which it has eroded its valley,
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SUMMIT
The top of a h111, plateau, or mountain,

SUPERIMPOSED STEEAM: o « o o o « o o s o o oo s o o o+ o o +B=1&2
A stream which cuts across the general trend of the strata be-
cause its course was established when the present pattern of
ridges was covered with other rock,

SURF
Waves which break upon a shore,

SWALE
A slight depression,

SWAMP
A poorly drained area with numerous trees and shrubs.

SWELL
The waves which have progressed beyond the direct influence of
the winds whlch caused them,

SYNCLINAL' MOUNTADJ. .« ‘0 e 9 8 & & o % 8 & P B2 B e & 2 & oB"'lh?
A mountain in which the axls of a syncline (downward fold or
inverted arch of rock layers) lies along the mountain crest,

SYNCLINAL VALLEYO « & & 8 8 o 8 s e« 8 e s 8 s o s+ ® & s oB"lhl
A valley in which the axis of a syncllne (downward fold or in-
verted arch of rock 1ayers) lies along the valley floor.

SYNCLINEO ® & * B & e @ + » s s & e e + s » (c « o 8 ¢ s @ nB"luu
A down-warped fold or an inverted arch of rock layers,

TABLELAND
An elevated flat=topped area of considerable dimensions.

TALUS.oo‘oooo»n-‘oano- s 8 e & ..o‘(.C"‘ZlB
Broken rock fragments piled up at the base of a cllff from which
they have breken off, Commonly "seree" in Great Britain,

TALUS CONE. 2 6 ® ¢ & ¢ E- 8 a4 ¢ & e s s+ w e .- v & e a . 00-219
A pile of talus or broken rock along the base of a cliff, roughly
in the shape of a cone.

TALUS SLOPE
The surface of the loose rock piled along the base of a cliff,

TARN.I . . L] * . . L] L] . - . L * L] L] L] L] L[] L ] * . . * * . . * A“lé
A small lake in a rock basin, usually in a glacial valley.

TEMPORARY STREAM
A stream which flows only part of the year, An "intermittent
stream,! , ' o

281
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CTERMINAL MORAINE. o o o o o o o o o s o o s o ¢ o o o o v o018

A moraine piled up at the outer or lower margin of a glacier at

its maximum extent.

TERRA.CE. e & s+ & & % s « & n'- e s 8 & 8 & & ® & v & & 9 0A"9O
4 level and usually narrow plain with commonly-a steep front or
scarp bordering a river, a lake, or the sea. ’

TERRAIN
. The surface of the ;L’and.

| THATWEG
A line connegting the successively deepest parts of a stream,

" TIDAL CREEK
A small stream in which the tide causes the flow to be reversed
 at intervals,

~ TIDAL CURRENT o , '
A flow of water caused by tidal action, usually of short duration
" in one direction and reversing with the change of tide,

T:DA.L DELTA- » 8 s & & .’ e o & 8 ® 8 s s e e » & & 2 s s 0 OA-77
& delta built by tidal waters where these flow out through a
tidal channel.

TIDAL FLAT . ) . )
An area which is more or less covered with weter at high tide but
uncovered at low tide.

PIDAL INLET. o oo o o v o o o s .. . he6B

~ The opening through which tidal waters may enter a lagoon or
. estuary.
TIDAL RACE : .

The meeting of two strong tidal currents,

TIDAL WAVE :
An exceptional wave caused by selsmic movement of heavy winds.
Incorrectly attributed to tidal influence.

TIDE | | .
The regular rise and fall of the level of the sea, under the
gravitative influence of the moon and the sun, See "spring tide"
and "neap tide." : , ,

TILL PLAIN
A glacial plain underlain by boulder clay.

TOMBOLO » » . L) . . . . . L] L] . - . L [ ] L - L] * .' » [ ] . -4 L3 ; . A-E;2
A Former island now connected to other land by a bar of sand or
mud, See "land-tied island." ‘

‘ 282 ? :
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TOPOGRAPHIC OLD AGE S |
A land surface on which the agents of erosion have largely come
pleted their work of wearing away the lands

TOPOGRAPHY -
The physical features of an area, including relief, drainage,
road, cities, and other physical items of the landscape,

TORRENT , . -

& rushing stream of water, Also, (in Europe) a mountain channel
which is dry part of the time but filled with rushing water at
g¢ortain seasons, L ' '

_TMPREGE..QOOODGb.l‘...'l..Otll...'B“llé
A ridge eroded fromtrap rock,

TI{A-_PROCK...O,OGO‘D"i‘!‘.b.'l’lltvq.OQOB-122

A fine-grained, darkecolored igneous rock, commonly having columnar
structure, S

TMEFOSSEOQDUO.oo..to‘li"..lvtoon00-223'.
The form of a tree, or some of the wood itself, buried in rocks
of fqrmer.ggological ages, especially in the coal strata,

TRELLIS DRAINAGE . \
Drainage which has one or more main trunks with a number of short
branches at right angles, resembling the branches of a vine on a
trellis, . ‘

TRBUTARY GMCIERO . . L ] . L] » * . L] » * [ ] . L] » » ] 4 - | L3 . [L-BO
4 glacier which joins and becomes a part of another glacier,

TRIBUTARY_VALLEY-Q.;.l;o-coo.-'cnqcn-o-A‘lB‘
A valley which unites with another usually a larger valley,

TROUGH _
An elongated narrow depression. See "graben,"

TRUNK GLACIER :

The main glacier with which tributary glaciers unite,

TUNDRA

Treecless plains characteristic of artic regions, The soil is

dark in color, thin, and mucky, and lies over permanently frozen
subsoil., Mosses and lichens are the typical plant forms,

UNAKAS
See "monadanock group,"

UNDERCUT SLOPE. -. vie e !‘lc * B8 s e t. s 0 s @ s & » -.- 0‘205

A slope usually steep, which has been eroded at the base, usually
by a stream, '
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UPLAND., . + « & . I = L0
An area with a 1arge part of its surface elevated considerably
above the surrounding region. See "highland.!

. U-SHAPED VALIEY
See Uglacig} trough."

VALE
A valley or low-lying area,

VALLEY
An elongated depression between areas of higher land. Most
valleys contain streams, though some have 1akes, salt pans or
‘ glac1ers in them.

V[;.LIJEY GL.F.LC]ER. I T T LI ) . . . . . » s » . w . « & o A_2l ‘
A glacier which lies in a valley. ' C

¢ VALIEY TRAIN e « 8 4 e . » ° v . . « s s s 0—188
‘The material deposited in a valley by a stream flow1ng from a
glacier, See "glacial outwash ne

VOLCA.NIC [SH. « e v & . . LR T S Y « o 0 e & & 0‘225
Fine rock material blown from a volcano, Sometlmes called vol=-

canic dust,

VOLCANIC CONE
' The pile of lava and volcanic ash built up around the cratér of

a volcano,

VOLCANIC ERUPTION
The active outpouring of lava, ash, gases and steam from a vol-
cano,

: VOEQI\XNIC NECK. ¢ 8 6 s & 6 8 e s s+ % = s T 3 5 a4 s » 2 o e B-125
See "volcanic plug."

VOLCANIC PLUG

The cone of an extinct volcano which has been eroded so that only
 the central part, or hardened core is left, Also called volcanic

neck,

VOLCANIC SOIL
Weathered lava or volcanic ash which has become soil.

VOLGENO. & v v v v v e e v oo e e e ... ..B-121
Ahillior mountain built up of lava, volcanic ash or both, around

a vent. Also, the vent in the earth's crust from which the
molten rock, steam, ash and gases issue, Examples- Mt, Vesuvius,
Italy: Fual-san, Japan: Mt, Shasta, California,

V~SHAPED VALLEY
A valley with steep sides and narrow floor. Such a valley is

' 28l
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calledﬂ"young valley,"
WA 3
Arabic term for any valley; tisually with a stream during the
rainy season iny. Similar tg arroyos

WASTELLND
Uncultivated, especial ly barren land.

WATEREALLQuoo--'o‘o.-'ocoucu;tccco.coA;é
& fall or very steep descent of a stream, Cateract, where the
water falls free, Cascade, wherc the water flows over a very
steep slope, See "falls,"

W{ﬂiTER GAP' ® 4 s e e 8 .- . o L e e e T e B-139
& valley through a mountain ridge in which the stream' flows
that eroded the gap, Lxample; Delaware Water Gap, Pennsylvania,

WATERSHED _
8+ The area which is drained by a stream and its triputaries.
be In English usage, a "divide." See "divide,"

WAVE"CUTCLIFFoo.noo.ooo--“;oooon-co-oA"B?
A cliff which has been formed by waves which cut into its base,

WEATHERING

The process of breaking up rock matérial by either chemical
- (decomposition) of physical (disintegration) means, See
"decomposition," and "disintegration,"

WEIR .

An obstruction or dam built in a stream to divert the water
into & spill-way into irrigation ditches or to form a fish
pond: Usually smaller and of less solid conmstruction than a
barrage. Common English usage.

WET WEATHER STREAM ‘ o
See "intermittent stream,"

WIND GAP. 3 . . 3 . . L] . & . L] » ° + [ . . * . . . . e QB-138
A pass or low place through a mountain ridge which no longer
has a stream that croded the gap flowing through it,

WINGED HEADIJJLND. » e o o. ® * ¥ s e ¢t ¢ e s LI N nl ¢ nA"hl
A headland which has bars or spits attached to its sides,

YOUNG ,BLOCK MOUNTAINS, . . . . S v e s e 4 ate a e e s .. (=210 /
Block or faulted mountains which have been little eroded since
their uplift, ' o

YOUNG PLATEJAUO e e a2 e e L I T T S, B-152

& plateau which has an extensive level surface, with few stream
valleys cut in it, - '
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YOUNG STREAM. o . & ¢ ¢ © ©° o s » . .u « & 4 s s oB""loS
A stream which flows in a narrow steep-51ded valley,

© YOUNG TOPOGRAPHY
‘ Topography which has been but little affected by erosion, Slopes
generally are few, but steep.,’

YOUNG VOLCANO. & 4 w o v o v w e w e o s w o o o o v« o JBm l2le
A Volcano which is still in the process of building its cone,

YOUTHFUL COASTLINE OF UUBMERGE/NCE. L T S T S S T S ) e s e 'A"28 .
A coastline which shows desp embayments and few bars, See "shore-

line of submergence,"

2IG=GAG RIDOE, « v o o v o et e e e e e e B-iué
A crooked ridge eroded from folded rocks, The ridge is usually
more or less continuous,

Soil maps are available from the United States Departhent
iof Agrigulture, Soil Conservation Servicé, which has made de= |
:tailed and generalized studies aﬁd maps of‘the soils in menj :
_parts of the ﬁnited States, Govermeﬁt agenciés and soii scien=
tists have produced soil maps in many foréigp countries, At

present spécial'organiZatidné within the United Natlons organizaw- F

tion ere studyingrsqils as one basis for the economic de#elopmént i
of several areas of the world, |
‘Soils classifications are usually worked out on the basis of |
%structure, texture, content and age of the soil samples., Eﬁcelleni
:explgnations of these factors and other soil information are con= |
" tained in governmeht pamphlets'preparéd by Curtis F, Marbut’and
;Hugh H._Bennett of the United States'Departmenﬁ of fgriculture,
:These pamphlets and maps wili prOvidé.Sﬁfficient informaﬁionrfof
the average student but are t00 generalized for guildes to épecific

small areas., [nalysis of small areas lead to highly complex maps
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since soils vary greatly in the space of a few yards or even feet,

Fach stgte and the federél governmant have prepared mineral
maps showing the location of %arious deposits and in some cases.
the estimated and actual resefves contained in these deposits,

The ﬁumber of different‘maps is especially large covering, coal,
oi;, and gas fields. Several'small scale maps are available
for the United States and the world showing the distribution of
these vital power resources. In addition therevare detailled
méps covering small fields because of the dependence of mining
operations on maps in locating diggings or drillings.

There is no minerzal of economic value whosc known dis-
tribution has not becen mapped by some agency,. Somé of the déta
may be scanty or even inaccurate because of limited exploration,'
inadequate mapping techniques, or governmental restrictions on
diséemination of such information. Thils docs ndt deter the map
maker since mineral; are a source of power or wealth and most
nations and people are interested in these factors. Accurately
or otherwige distribution may be shown by symbols indicating the
outline of local areas containing the mineral If there are
varieties, such as the types of coal, different symbols may be
used for each type or, colors may be applicd to differentiate
among ‘them,

Mineral distribution maps help the reader to visualiie:

- 1ocatipn of minerals as being in either accessible or inaccegsible
sp;tsithé relatidnship of sources of minerals to arecas of con-
sumptiqn{ and the vulnerability of thesc sources in time of

: 287
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emergen01es. '

Flora and Fauna

Maps showing the distribution of plants and animals are
usually more valuable for areas of‘s@arse population and limited
economic development, when man enters the'picfure in anykgreat
numbers he so disturbs or destroys the native plant and animal
‘patterns as to make maps of the natural condition almost worth-
?1essvto anybody but botanical or zcological specialists. These
:spebiaiists might then prognosticate the present condition thréugh
their knoWledgé of the succession of piants and animals, EVen
by utilizing the knowledge of ecology, however, they cannot pre-
dict what man-introduced changes may have completely obliterated
the natural pattern,

Maps of)flora and fauna once native to a well=-populated
‘area do have.interpretative value for earth scientists and geog-
%graphers who know that many,species reflect the character Qf
their env1ronment through adaptations climate, soils and topog~
raphy. Even if all of the conifers have been cut down, for
example, the climate of the area would still be fairly hupid
jand the soils would probably be 1bw'iﬁ mineral’content, unless
they ﬁad been heavily fertilized, and podzolic in character.,

Logiéal animal patterns of the distribution of insects are
often more vital for present-day research than those for thé
larger animals, Man constantly has to cope with the insects in
his struggle for ﬁealthful conditions and agricultubal products,
Several studies have been conducted ih the present century to

isolate and tabulate the location and distribution of mosquitoes,
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grasshoppers, the corn borer, and other insect pests who are far

more dangerous than grizzly bears and tigers to human welfare,

Medical Research

In close association with fauna studies and theif carto-
graphlc representations is the considerable amount of reseafch "
_ that has been conducted to determine the causes and incidence of
and remecies for vallous dlseases and malformatlons plaguing man‘.
. i-and his useful plant and animal servants. For example, to add or
not tg add tlupzide to drinking water 1s a current problem in
”many areas o’ the United States, Background studies 1ead1ng to
~this controversy shows ¢d that the 1n01dence of dental cavities
was in direct proportion to the fluoride content of water, De=
| tailed maps of the distribution of the percentage of fluorlde in
water have been correlated with those uhowing the results of
studies of‘dental health in oelccted areas, |
Other maps show the distribution of malafial mosquitoes,
elephantiasis, cholera, fungus diseases, ete, These méps and
scientific explanations of the symptoms and causes ef diseaees
aid the medical profession in making diagﬁoses of special cases,
The same ﬁaps'help military experts and geographers in analyzing
and interpreting living conditions in gieénnrégions."'"‘

Land Utilization

' When man infiltrates and perneates the landscape, land
utilization patterns are inevitable, He may plant forests or hay
over large areasy he may divide the land into fields for different
kinds of crops, or he may'completeiy clear the land for residentiai,
commercialiand industrial sites, No matter what he‘does, the

289
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AR

“results are redu01ble +to land utlllzatlon maps « A }epd utlllza-
tlon map defines somelmagor d1v151ons of the economic use of an
area, These divisions include grazmng; forestry; agrlculture,‘
Which'may be broken down to specifio'types and, industrial and/or
urban concentratlons, and patterns. o
Prlvate and publlc plannlng groups have produced many land
utlllzatlon maps, A 01ty plan 15, in aotuallty, auﬁg:m,pi,e
mapplng. More~expresszve, however, are the maps-showing the
generallzed_grouplngs of -economic activities. - State%Plannlng o
OﬂmnlSSlOns have been. espec1ally active in-producing. such<maps
but- other 1nacal, state-and. federal agencles.have als~ been actlve.
’The flnlshed maps.-are usually available from the producing- agency.
K favorzte method of symbollzlng categories -of land utlllza-
Adon is»by +the-use-of- oontragtlng,pastelﬂcolors‘. When -the mumber
“«xfw:ategorleaﬁls largelﬂabstract svmbole ‘such as.horleﬂtal.EHXL
T et
”leagonal llnes ‘are comblned with the colors to des;gnate detalled
lelslons of maJor groups. Elaborate 1egends are then necessary

to 1dent1fy the symbols for these groups and oubd1v151ons. '

Interpretatlve Cartography

For every form of factual data there are a number of dlfferent
‘1nterpretat10ns p0551b1e acoordlng to the use to be_made og “the map., '
-Relief data on a topographic map serves as an example of the pos=-
‘sibilities of varioue interpretations. In reading contours the
cartographer may merely 1nterpret and cla551fy his 1nformatlon

as to landforms. More complex and specific 1nterpretatlons can

be made of topographlo data u51ng the terrain map in combination

with other subject material,
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| If there is a critical slope or tepographic fom that will

 prevent the effective use of some motorized equipment an inter-
pretive map can be prepared indicating slope in terms of possible
- alternative movement of the equipment. Such a map is obviously
' incompleﬁe since 5011 condltlons, stream depths, and vegetation
aluo control the movement of the equlpment across- country. - If
thls latter 1nformatlon isg comblned with slope.analvsls and
interpreted in terms of movement of the vehicle, there results
a trafflcablllty or cross-country movement map, While the
'ﬁap presehts no contour information or other factual topographic
.data, it is essentially an interpreﬁed form of topographic in-
formetloh.. o
Inyde51gn1ng an: lnterpretlve map the teohnlcal or 501ent1fic
t'baekground of the map user is a factor lnnltlng the scope and
form of information shown. If a map is prepared to show the
debth to groundweier in an area,'let us say a county, and ie
rdeeighed for use‘by‘farmers it must express conditions in terms
understandable to them.: Suchesimple categories as:

.'Large supplles of soft- water ample for dairy farm of 100
heads from dug wells less than 10 feet doep; or

Hard water in small supplv ample for household use only .
from.drilled wells over 100. feet deep in hard lnnestone ‘

are undersﬁandable'to the ordlnary‘layman and would-be satis=

' fadﬁory in the case citéd, If:the-mep‘is deeigned for a person
hav1ng some knowledge of water resource analysis, the categorles
can be more specific and can deal with the anti01pated yield in
gallons per minute and the chemlcal content of the water. In~ _

the latter case thls may appear to be factual type of data but
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’{, it is actually interpretive since it is based on the interpretation
'fof geology, soil, rainfall, topography, and observed wells in the

. grea in relation to water supply.tu | |
The use of interpretive cartography'today is more extensive {
than most of us realize., It has long been an excellent tool in |
the hand of the propagandist, hoth political and commereial. ltr |
- 1s far more effective to present an interpretation of facts that
fit the line of thought being projected on the public than to k
present the mere facts themselves. o
Industry and science use interpretive cartography extensively
but with different motives than those of the propagandist. The i
final cartographic product of most consultant reports, prepared
for buSiness executives, is not a factual one but rather one that
is tailored to fit the intention of the report.

- The most intensive use of interpretive cartography is probabhy
made in military planning and operations. Rapidly moving, mechanized
war hae brought forth many map problems that the tOpographic map
cannot resolve. Geology, SOils, water resources, climate, and a
‘host of other cartographic subjects are intrioately intertWined in
e modern military plan or operation.r The speCialist‘s role in the
preparation of such data lies in the production of interpretive
maps that combine heterogeneous subject material into a finished

‘ integrated form that ~allows the user to arrive at specific con=

clusions without:consulting.a multitude of‘sourcee.;. : |

L

1This section on Interpretative Cartography is adapted, by permis-
sion of the author, from a paper presented by Willdam Davies at the

Eleventh Annual Meeting of the American Congress. on Surveying and
Mapping in Washington, D.Ce in 1951.
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Navigation and Acronautical Charts

The number of cartographic répfesentatiéﬂs that combine quali-
tafi#é;'éuantitatiVe and” evén interpfetative~characteristics is
Aprge. As avmattef of fagt;there are few vafieties devoted to
-ong function exélusively. Because the number of types of maps is
&0 large, only navigation and aeronautical charts have been ses
lected to illustrate combined characteristics'beyond,those shown
on tepographic maps, These charts were also singled out because
each has an important function in modern 1ife. Each 1s widely
used for both civilian and military purposes.

.The anciént arv 5f navigation'consumes the time and talents
of many besides navigators. Engineers and cartographerg'ére
‘kept busy'cﬁllecting, revisihg and improving materials for the
preparation of navigation charts which aid navigators in their
difficult business of negotiating inland, cogstal and odeaniq
‘waters, They must be provided with accurate details about these
waters and their banks or coast features,.

You héve been introduced to some of the details given on
‘navigation charts under the short review of symbolization.

. These symbols are translated by the navigator intp info;mation
about the location of'channels; depth of water, aids and hazards
to navigation; port facilitics fof accommodating’cargo and pas-
senger freight and provisions for servicing and repairing'ships.

Sample Hydfographic Chart

let!s now actively shift your point of view from a topo-

graphic to a hydrographic perspective through examination of
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the follow1ng sample of hydrographlc charts.

Chespeake Bay 1226 U. S., Coast & Geodetic Survey, 1951

1. What is the scale unit? How does thls compare in dlstance
with the scales normally found on U.S, Topographic quadrangles?

.‘Of what value are the scales along each neat line?

2. How does the datum plane dlffer from that for topographlc ;

~_quadrangles?

3. What types of control were used for land features9

h How is declination information provided? What magnetic
variatlons must be con51dered?

"5, What are the average Baltnnore Harbor Channel depths?
‘What draft boats could safely use thls channel?

6, What tidal dlfferences can be expected between mean low
and mean high water at Sevenfoot Knoll Light? How does this
affect navigation at this point?

7. Locate and explain the importance of showing fish trap
areas. ‘ ‘ ’

8, How are channels marked9

9. How are bathymetric detalls glven? What do white areas
in open water indlcate? : A

10, How are the character of the bay and river bottoms indicated?

'11. Locate and follow the course of the Chesapeake and Delaware
Canal, What specific information is given about it?

12, What types of land features are shown by symbols as visual
aids to navigation and orientation? o

13. locate railroad and highway bridges crossing open waters
Where is navigation stopped by them and where can boats pass through
or under them?

' 1l,, Where have channels been deepened to gain entry to docks?
How are docks and quays 1ndlcated9 ' ’

15 Descrlbe the amount and character of land detalls shown.

Rlver Charts

Nav1gable 1nland waterways in the Unlted States have been

charted by the Corpa of Englneers. These charts are avallable from
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the Dlstrict Engineer.in charge of their maintenance for paqt;cular

rivers, ,For example, the tho River Charts are under gﬁi sup?rvi-

sion of the District Engineer, Louisville, Kentucky. River charts

normally include more detailed information about the type of land
- utilization adjacent to the river banks than is shown on a hydro-

graphié charts, Their scale is larger and is expressed in statute

rather than nautical miles,

Control points of land areas are mérked 5y‘t&o éfg$:§ions

which may be confusing, The dual notation arises from the use

of Cap and Bolt Markers which means a concrete block sﬁnk below

the surface and a bolt imbedded ifk it. The exact elevation of

the bolt is determined, A pipe, rising five feet above the

bolt, is extended above the earth's surface and a cap is set on

this pipe with the elevation of the cap indicated, Since the

cap may be disturbed, it is possible by this dual system to

measure through the pipe to the bolt below or to dig d;ﬁ; to the

bolt if both cap and pipe are disturbed, |

Any regiqnal s tudy where a navigable river is involved will

be aided by the use of River Charts., They reveal characteristics,

normally not shown on topographic quadrangles of large rivers,

River charts slso provide specific details about bankside utili-
zaticn that‘can_be used to indicate the imporﬁanbé ofw?ﬂgwriver

to the surrounding area and to contribute information needed in

~microgeographic studies.

Pilot Charts
Hundreds of port studies have been published for oceanic

and lake ports all over the world, These studies aré bound

295
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indiv1dually or in groups of related ports. A wealth of verbal

lland cartographic 1nfonnation is 1nc1udcd in each report. De-

Ei
ru
W

~script10ns, maps and diagrams of port facilities as well as pilot
‘details are presentcd. ‘ S .

No sp601al instruction 1is needcd for analyzing and 1nterpret-

ing the maps included in pilot reports after you have mastered

SHEER

the reading of Hydrogrqphic Charts., Your attention is merely

f ]

called'to the ex1stencc of Pilot Charts and Admiralty Charts

weman:

because they are a valuable source of 1nformation for the study
of any major port and should be availﬁblo in most college libraries.
They are issued by the United States Coast and Geodetic Survey

and by the British Admiralty, Others are prepared by foreién'

-

governmental agencies interested in port development.

Aeronautical Bharts

Nav1gat1ng 1n space involves different types of 1nformation
than navigating in water. Flights and flightways are affected by
both 1aoovand air conditions. Aeronautical charts, therefore,
must show the paths of flightwsys,'radio beams, beacon lights,
'airport facilities and any obstacles to Bé surmouhted‘or avdided;
Rugged topography 1ntroduccs one such obstacle which is of magor

b1

1mportance to aviation, Inaccuracics in elevation notations on

]

charts have been the cause of more pilots crashing 1nto mountain

“sides than the authorities care to admit. Thus it is escential

— o

to have elevations of mountain peaks and chains determined'and
shown accuratcly if planes are expccted to fly over them,
Aeronautical charts are produccd in several diffcrent series

for specific purposes, A complete listing of types available for-

=
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the‘United States and adjacent areas is given on the back of the
Sectional Aeronautical Chart described below, vExamples of three
serieg Qerevséleétéd for exeféiéé matefial.' Iﬁfbfmétion is not
Tsﬁffiéienﬁly different on ofhér series'%o'warraﬁt their inclusion,
Afﬁéflyoﬁ have examined the ﬁhfeé,'the.names of the rest will

give you clues as to'fheirvparticular use,

Sectional Aeronavtical Chart Washingbon T-9 13500,000
UC &GS, DL .

1, Exanine the variety and kind of information given on the
reverse of this sheet, Locate examples of the information on
the face of the chart,

2. What is the scale of this chart? Study the graphic
scales along the bottom neat line, o

3. How is magnetic deciiﬁétion informatioﬁ‘given? Is
declination uniform over the sheet?

Ls How are ground elevations shown? What coﬁtour interval
is used for the generalized terrain depiction?

" 5, What types of cultural detail are shown?:fWhy these?

< 6, Notice the paths of beams for instrument flying over-
printed on the chart, - Signals 4 and N indicate whether an
* airplane is approaching or flying away from the sending tower,
.« Channel identification N, sending the dashedot signal, is on the
' right approaching the tower and on the left flying away from it,
- Ay sending. the dot~dash signal, is the reverse of No Azimuths
are labelled on the beam overprint and arrows indicate whether
-~ this 1s a forward reading from magnetic north er a back azimuth,
Verify this statement by checking the forward and back azimuths
given for the Washington beam, , S

7+ Does Hagerstown have an éirport? An ingtrument flying
beam? . :

8; What hydrographic details are éhown. Why these?

»

‘World Aeronautical Chart, Uniféd States;fChesapeake Bay,

———

357, 111,000,000 USC & S

This éheet.is an example of the World Aeronautical Chart (WAC)
- e N coverage provided by international agreement, Each cooperating
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natlon is respon51ble for the ccmpilatlon and revision of a glven
7‘»5 area of the world. Because of thelr usefulness many natlons of
I the world are produ01ng 1: 1,000 OOO charts rather than COmpletlng
‘vthelr map coverage in the Internatlonal Map of the World serles,

dlscussed in the next’ sectlon. Aeronautlcal 1nformat10n is over—‘
'printed on standard 1:1, OOO OOO topographlc map bases., An 1ndex
“of the locatlon and 1ndex number of WAC charts 1s glven on the%

xeverse of the example. Notlce also the explanatlon of topo- :
‘fgraphlc symbols én the reverse of this sheet.

l. Compare the Washington Aeronautical Chart Wlth the WAC

Chart of Chesapeake Bay, How are they alike? Where do they
dlffer?

2 What is the contour 1nterva1 and how is it shown?

3+ Notice that the habitat of surface feeding (pelagic) 1ish
are indicated? Why is this shown on an air chart?

. L. Study the chart from the viewpoint of an earthbound person.
of what value would it be in this light?

Aeronautlcal Plannlng Chart. United States, AP—9

”i, The 1arger 51ze and: smaller scale of a 1 S,OO0,000 Aeronautlcal
VyPlannlng Chart makes 1t p0551b1e to 1nclude all of the Contlnental
J;}f:Unlted States on one sheet for plannlng purposes. Only the magor

fllghtways together with general 1nformatlon about elevation,
length and condltlon of runways at selected airports, and 1ocation
of major beans and control towers are idicated. Thus, a pllot
plannlng a trlp ACTOSS the Unlted States can plot hlS general
-5course in terms of restrlctlons and alds to his partlcular type
of‘aquraft. &(NOthe that an index to the Sectional Charts cover-

.-ing the country is included on the face of the map so the reader

| can pick out specific sheets needed for more detailed analyses.)
Approved For Release 2000/04/18 : CIQ;BDPBO-M333A000300050001-1
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: 1, Examine the graphic scale in the lower margin, Why is this
type scale nceded? How is it used? Use it to determine linear
distances between several cities or ailrports of your own choice,

2, Plan a flight route from an Atlantic¢ to a Pacific airport.
List the specific Sectional Charts you would need along the way.

3¢ Give a logical exglanation for the comparative scarcity
of flightways between 105° and 115° w, : :

- L. study and give probable reasons for the routes that connect
the United States and Canada. The U.S, and Mexico,

Relief Models

" All the techniques for presentinglgopographic features
discussed thus far force the reader to use bis imagination in
 Q.bfingiﬁg elevatioﬁé ﬁp‘from a flat sheet, Conéidérable practice
is needed to §chieve three~dimensional visualization from flat
wébstractions;‘ This is a difficult feat, for persons who have
ﬁravelled far enough from home to have seen many different kinds
- of ‘topographys It ié hard for a,resideﬁt of level coastal plains
to Visualizé rolling hills and high mountains, Conversely,
mountain inhabitants cannot conceive of lands where rivers move
:sluggishly and avalanches are unknown. Hence it is the pfoblem of
 the map-modgl—maker to overcome both provihcial and visual map
‘”reading weaknesses., Mbdelsvof many kindé are his. -contribution,

Construction g£ Models

. Raised models can be constructed in several ways. They can
be built up from clay, plaster, paper maché, cardboard, wood or
plastic, The cummulative thickncss of these materials can be
made to g selected scale ratio of the es£ablishéd elevations of
‘the terrain, Theisurface configuration‘is modelled or carved on
this base as shown on Fig, 1L9. Wirerr wooden frameworks may be

: 299 . |
Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
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"',used 1n place of .a bullt -up base and then covered w1th a thln
‘ ‘lshell 0 represent the terraln surface. Mlnlature models of trees, |

. towers,. houses, etc., may be superlmposod on a model developed by

any of the above methods. Such surface detalls may also be supplled

by prlnted symbols and data llke those shown on the Tralnlng Model

4

‘ which you used for contour ana1y51s and 1nterpretat10n.

Ralsed rellef models are so callbrated tha+ vertlcal distor-

tlon 1s kept to a practlcal minimum conslstent with the amount of
: rellef 1n a glven area, At the Army Map Service some large s¢ le

'models of mllltary reservatlons are compiled without vertlcal

'exaggeratlon. lestlc models of 1: 250,000 lincar scale are kept

to three tlmes vertlcal exaggeratlon. Similar ratios are maln-

talned for other scales becauso too much exaggeration dlstorts

“the shape of obJects into caricatures of their actual form.

Although carlcatures create comic 1mpre551ons they obliterate :
crltlcal rellef relatlonships needed for serious-terrain research.
| Babson Model
One 1nterest1ng example of a relief model should be seen by
anyonc visiting the Boston area. It is the Glant Rellef Model of
the Unitedfstates at Babson Institute located near welleslsy |

Messachusetts. A glant dome~shaped framework supports a 65 x hS

foot model of the United states. The dome is scaled to the shape

of the earth spherlod. A linear scale of 1: 250 OOO with 6 to 12

times exaggeration in the vertical scale has been used, In areas

of low reliefIIZ times exaggeration was selected in order to bring
out details in the topography,( In areas of highrrelief a b times

exaggeratlon was preferable because 1t eliminated umatural

Approved For Release 2000/04/18 CIA@BDP80 01333A000300050001 -1
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depiction of rugged mountain country, If horizontal and_ve;tical

scales had been made equal, Pikes Peak would rise less than one-
quarter of an inch above the surrounding region and the Central
'Lowland would appear as an almost perfect plain, Greaper exage
~gerations were necessary on this model than on the plasﬁic,relieff
medels dﬁ@ Yo the difference in distance and perspective of the
fiewers; The Babson Model is viewed from a balcony around the
four sides of ﬁhe model and nearly one story above it, Visitors,
thus; look down obliquely upon the model, Plastic sheets on the
other hand, are meant for closer inspection, Details can be
picked out with the aid of smaller exaggerations than those mane
dated by greater distance viewing,

 Upilization of Models

Many models present problems similar to those posed by
globes. They are difficult to store and inconvenient to trans-
port, For example, a speclal room had to be constructed for
the Baﬁson Model, The Model itself is composed of 1216 rec=
tangles, coveriﬁg 1 degree of latitude and longitude, wﬁich can
be moved individually fer correction but would beAeﬁbjeetﬂﬁe_many
of the following hazards if they were to be moved en mass, Plaster
models are heavy but fragile and requlre expert treatment. Paper
models crack and crush if they are stackeds Plywood and cardﬁoard
models often warp and split with atmosphoric changes. Any of
these medla create shipping problems since careléss handling can
ruin them, Imaginé yourself squeezing into a crowded bus with a

- two by four foot model tucked-under:ybur'arm}_vMultiﬁly your
dilemma by seye;el‘tbousanes”tp_appfeciatefpge_eifficulty_of

. s

301
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The 1ntroductlon of plastlc and foan rubber media to the

artographer's bag of trlcks made the dlstrlbutlon of relief models

uch easier. Tt is now possible for field personnel to use maps‘

howing rellef in a thlrd ‘dimension without too much careful handllng.

Plastlc models can be stacked with a min1mum of protective packlng »

nd can be dropped w1thout fear of shatterlng or crushing. ,Some

1

%usceptible to m01sture or the vagaries of climate,

ypes are so durable they can bear heavy welght upon them without

ermanently depre551ng the raised portions. They are not hlghly

Another strong advantage of rellef models, such as the Baltlmore

ixample issued to you, is their a’otractlvenesso Flrst reactions to

phese models are usually favorable and stimulating, ‘Interest is

aroused and the temptatlon to explore map minutlae is more compel*

llng on a model than on a fiat sheet Thls can be explalned in

'part by the fact that the map reader can ‘seé what he is doing in

terms of the terrain so vividly reproduced thereon.

]

|
:

Model‘Exerice

Gompare the 1:250, 000 Baltimore NJ 18-1 sheet with the plastic

relief model molded from the same base map.

1, Compare the deplctlon of terrain in Baltimore County on

 the model, With that on the flat litho to illustrate the improved
vrisuallzation possible with the godel.

2+ Which route between Baltlmore and Hagerstown would have

he easiest grades? The steepest?

3. where are the most rugged mountainous areas?

L. Describe the valley of the Susquehanna Hlver. Where are

its escarpments most pronounced°

5, If Hagerstown were to be attacked by land forces, what

Approved For Release 2000/04/1 83:06IA-:RDP80-01333A000300050001-1
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factors in its site and situation would have to be considered by
the attackers and the attacked?

6., Explain the probable reasons for the finger like develop-
ment of Baltimore,

7. Follow and explain the choice of the route of the Baltimore
and Ohio Railroad from Silver Spring to the western edge of the
model,

- B, Suggest other civilian and military uses that could be
made of the madel,

30
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CHAPTER IV

Cartographic Coverage of the World

Quality and Quantity of Coverage

Adequacy of Coverage

Adequacy is a relative term, Long hours might be spent in
arguing what constitutes-adequacy of map coverage and for what
purpose, Cerﬁainly popular, commercial, governmental and mili=
tary needs differ in the amount and type of coverage they demand.
Educated map readers in any of these groups would probably finally
egree that adequacy depends upon the maps themselves, the areas
they cover and the purposes for which they will be used,

Sketch maps that are made to illustrate certain facts should
not be expected to be accurate in every detail, If only relative
locational relationships are desired, high standards of control
accuracy are unnecessarys Maps for this purpose should only be
expected to tell their limited or timeiy'stofy in clearly pre-
sented understandable symbols with some means provided for
approximating their earthvlqcatioﬁa

National Standards of Map Accuracy

" .’ When maps are meant to be accurate topographic presenta-
tions they should conform to standard requirements for such -

. “mapping ‘or tell wherein they fail, Topographic map standards
vary bﬁ§ most of ‘the reliable mapping agenéies conform fairly
‘ClOSéiy to our National Standards of Map Accuracy for large scale
mapping‘which require that:

. 305 ,
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A11 horlzontal control be referred to North America 1927 Datum.

All elevatlons be referred to Sea Level Datum of 1929.

ALl geodetlc control be of thlrd order or better.
| All plotted horizontal contrelgshell pot‘pe”rn error by}ﬂ?ﬂé
'thén :005 inch when referred to the map projection. _“w.

- ALl plotted military grids shall not be in error by more than
-‘ObS inch when referree £0 the map projection. Ninety per cent of
all contours shall be accurate to within:one-ﬁelf of the gontour
i@teﬁﬁélk Ninety per cent of all elevation values must be accurete
'wfthin oﬁé—feurth of ‘the contour interval. o
A1l symbels shall meet specified requirements, If these‘.
‘sﬁandardsnare met, the map will usually Carry'a marginal note toe
this effect, o

Dependence of Adequacy Unon Nationel'Economy

Adequecy of coverage of specific areas is dependent upon
their, economlc stage of development or local strategic 1mportance
to either peace or wartime act1v1t es. As an initial endeavor a

very large scale, detailed map series meeting the highest standards :

fer’map accuracy, covering,llet’s say, the Amazon rainforest would
be eiiiy. Its costs would be_fanteetrc‘en@ the reeulps would have
1imited‘practicel value. Large scale series coverage of the Ruhr
.area, on the ether hand, is so essential that the costs involved
are minor in comparison with the benefits derived from such ﬁapping.
1 Records also show that many nations’have envisioned far too
\ambltlous mapplng programs for the resources at their disposal and

: the number of outlets for thelr maps. : The 1ong time result has. been

that the whole program has oollapsed w1th no worthwhile results to
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show for the original enthusiasm.

Other countries have been penny wise and pound foqlisﬁ.,
Monéy was not appropriated for adequate mapping that woqld later
have saved millions of dollars in public‘agd privgté‘money. In-
dependent surveys, local construction mistakes and loss Qf indug-
tries to particular communities, could have been legsenédcér‘
eliminated in many placesvthroughout_the world by»a:unifiéd and
comprehensive system of control and map éoverage. Coﬁﬁiﬂental
isolation or false economy have been offered as excuses for
such shorte~sightedness. Now that there is little security
‘provided by isolation anywhere in the world, the falseness.of
economizing on -mapping is painfuily apparent, |
%rf-jstill‘pther1countries and greas of the world have no-mapping
programs at all, Any existing maps are the results of: private
interests, such aq.pet:oleum.gompanies, doing the work; of ex~ |
plorers maps, or of cartqgraphic fantasy. ~ Numerous examples of
each exist, Several large petroleum and mining companies have‘
done yeoman service in supplying cartographic material in such
places as the Near East, northern South America ahd several
islands of the Pacific, Large_sectiqns of in;erior Asia have
only spotty coverage of explorers}maps of local areas or

- traverses of expeditionary routes.

Dependence of Adequacy Upon Cartographic Accuracy
There are also ﬁany potentially,dangerous examples of
i‘an_tasy. They are dangerous because a majority of people look
at many atlas maps .and even fairly large scgle maps and assume

these maps depict the area accurately., False concepts of

Approved For Release 2000/04/18 : 8PK-RDP80'-01333A000300050001-1



:
featureless plains are the result of 1nadequate cartography and
no¥ actuallty. An excellent example is the average conceptlon of
the Arabian Peninsula as belng a perfectly f£1at monotonous expanse
_ ofjsand; Aerial photograpﬂy reveals that quite the reverse is
true. There is consideérable diversity in relief and landforms.

:Partially educated map ‘readers also make the mistake of

bellev1ng that all maps produced by a glven agency or government
are reliable. They assume, for instance, that all German maps’ are
good 51mply ‘because they know that most German maps of western

Europe are good. The truth is, that’ although they may "lon" as

gOod, many German maps of the Near East, for example, are entlrely

uhrellable. They were based on scanty and poor SOUIrCESe The same

| condltlon holds true for large percentages of the hasty, provisional
ps made of crltlcal areas by many map agencies to supply some |

| 8 rt of coverage under stress or threat of war. Although,these

make-shlfts may look very profe551onal and attractlve, they are

hardly'worth the paper theéy are prlnted on. Inaccurate source

qaterlals and poor- control can and do make liars of the most

precise draftsmen and prlnters.

A1l this discussion boils down to the original basic assump-

tion that adeguacy depends upon phe'purposes for which maps are

o be used. FPurpose determlnes what scales and symbols are appro-
priate.' Accuracy of control and source materlals determlne whether
rellable maps ¢an be produced at these scales.» For many general
purposes minimum adequacy could be prov1ded by 1:250,000 to
F:l,OOO DOO coverages Wherever heavy concentrations of population

and considerable economic. act1v1ty exist, nothing less than

Approved For Release 2000/04/183'0éIA RDP80 01333A000300050001-1
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1:25,000 to 1:62,500 coverage can be considered adequate.

Areal Coverage of the World by Topographic Maps

Present Status

No one person, agency or group of agencies knows about every
map that has been proauced within even the last decade, Intelli-
gence groups are constantly at work buying, begging, borrowing
and stealing maps and source material all over the world, These

~groups. cannot possibly catch everything of cartographic valﬁe
published in books, periodicals and other sources, They are able
to collect enough of ﬁhe topographic coverage, hoﬁever, to formu~
late working files and analyses of the amount‘and general adequacy
of world coverage,

The general results of sﬁch work show that most of the world
has been very poofly-mapped and in many spots has not been mapped
at all. If you have never examined a map showing the status of
topographic mapping of the world, you are in for a .shock, Study
Figs 310 which presents a startling picture of the deartﬁ of any
medium to large scale topographic covefage for wide spread areas
of the world including parts of the United States, FEqually
shocking is the small amount of large scale cover;ge where it
would prove most valuable.l Continental Europe stands out as the
major exception., The quality and quantity of coverage in Europe

ganfbe traced to the constant threat of and preparations.for war

%Hap taken from Modern Cartography, United Nations Publications
No. : 1949. I, 19, "AIthough changes have been made in some clase
gified areas since this map was made the overall picture has not
been changed materially, ‘

Approved For Release 2000/04/18 : GJA-RDP80-01333A000300050001-1
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in most of the densely populated and intensively used iands ofr
this sub-contlnent.‘z’ |

Some excellent mapplng has been done in north Africa for the
same general reasons. North Africa, in fact, has acted as a
proving ground for many European theories and cartographic methods,
‘Practical results were then used for other areas,

7~Exploratory Exercises

" On Figure 310
1, Find other areas where large scale coVerage exists,

2, What does the legend tell you about the adequacy of the
existing coverage? Locate areas of each type,

vCompare Pigure 310 with Flgure 312,

1, Find areas where topographic sheets exist based upon
poor control,

2. Flnd areas where there is positive correlation between
mapping and control

3, Flnd areas where good control and little or no mapplng
exists,

Two large maps of the Status of Topographlc Mapping in the
United States are issued by the Map Information Offlce of the
United States Geological Survey. Map A shows the area covered ‘
by maps at scales of 1 inch to 1 mile or larger, Map B shows |
]; the area covered b& 1 inch to 1 mile or smaller scales. Both

are avallable in your classroom and will provide the necessary
‘(background for evaluatlng the extent and adequacy of our national

mapplng programs.

; Indexes of Map Coverage
The slmplest{way to determine specific coverage of an area

is to examine map iﬁdexes. Each major series of maps produced by

Approved For Release 2000/04/18 : ﬁlﬁ -RDP80-01333A000300050001-1
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responsible mapping agencies is planned and indexed acccrding to

aome organized system of classzficatlon and referencing. The

Military Grld Reference Stystem and the general system of Brltish
referencing were presented in the last chapterc Each map serles
.1s set up wzthln such master frameworks. | |
, Major divisions of the world,9 often called theatres,»are

de51gnated on a master map of the world in the Army Map Serv1ce
System, Each theatre is then divided into smaller units to be
covered by one or more series of maps at designated scales. The
major d1v151ons,or theatres are assigned a letter. For example,
North America is V., Series within the div1s1on are a551gned a’ |
sp801flc number such as V 895 shown as the series on the Callforn a
sheets,

. The location and:emtent of each series is plotted onlan“
appropriate index map, It snould be noted that there is no |
single master index showing all scales of topographic:coverage
in e given area, Each scale'snd series or combinatlon of series
at one:scale, has a separate inder printed on a base map thatl.:
also shcwsvthe political bonndaries of the area covered by the
index. Normally a little box, reccengle or other regular-shaped
fignre, scaled to tne projection-of the cese index map shows the

~location and relative position of each sheet withinva séfiés."
Various stages of_completion,‘obsclescence and districutlonbof |
individual_sheets are shown by small triangles plsced in tnel
corners cf‘tne_bcxes;‘by color\cr, by some cther symbol’over-
printed within the box, 4 sheet reference nunber, such as :
NJ 18«1 for the Baltimore 1:250,060 sheet, end sometimes the -
Approved For Release 2000/04/18 :‘ 9;[‘5\-RDP80-01333A000300050001-1
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'adtual name. of the 1nd1v1dual.sheet(arefprlnted w1th1n its appro=

ST

h»l v.,.i'-w

h priate box. You have had a number of small samples of 1ndexes on

l!
23

,;3map sheets contalnlng Index Diagrams.‘ Several separate 1ndex

ke d D dM

g}sheets are also. available for your, class use. } . o

College Depos1tory Program N
Many of the schools where thls text w1ll be used have cooper-

,ated w1th the Army Map Serv1ce 1n a College Dep051tory Program.

3 ndreds of thousands of all types and scales of maps were dls-

t ;buted to colleges and univer51t1es to serve a two—fold purpose-

.,v‘(wz

, .l. Valuable maps were made vailable for academlc research.

T
'.2._Dlspersal of copies of these maps 1nsured agalnst the loss of

. ‘gk .
.,critlcal map material in the event of destructlon of the central

collection.' Sets of indexes were 1ncluded in thls dlstrlbutlon

‘§ \

to colleges to 1ncrease the usefulness of the map collectlons.

' Ahese 1§dexes can be used ins catalogulng map sheets ln the local
' %ollect%on, determlnlng the ex1stance and extent of coverage at
lipeciflg scales and 1dent1fy1ng the name or number of sheets |

, eeded Tor partlcular purposes. o |

Any student 1nterested in flndlng maps to cover spe01flc

B laces should first consult master maps show1ng the breakdown of
AWhe.wprgd 1ntobmagor theatres or countries as the case'mav be,
Ih proceed to the approprlate sories index. In some cases;

here ﬁl college depository collectlon 1s avallable or where per-

A

2,__7

ﬁ—

anent retentlon 1s de51red 1ndexes can be obtalned directlv from

| the source of thelr publlcatlon such as those for topographic
‘ f
' Quadrangles 1ndexed by states and 1ssued by Unlted States Geological

R urvey; When the correct 1ndex is located 1t w111 Show whlch sheets

1.
i
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have been publisheds If a sheet or series, shown to be current
~on the index, is not obtainable from a local library it may be
possible to get it elsewhere, The.producing agency mé& have a
direct sales policy. Ir this is not the case, the sheet may
be_proéured from some central agent or map cqlloctioh such. as
the Superintendent of Docuﬁents or the Library of Congress.
Foreign maps may be obtained. from comparable sources established
by foreign govermments or private agencies. |

Mapping Agencies and Their Influence

Just as in numerous other fields of endeavor, there are a
few agencies in each countrynwhich dominate or stronglj in-
fluence the cartographic policies and activities of that country,

. This applies especially to topographic mapping and special
adaptations such as hydrographic and aeronautical charts, Al~
though the major portion.of such mapping is done by public
agéncies, some important contributions have been made by pfivate
organizations, Examples of these arc the National Geographic
Society and American Geographical Society in this country and
the ConsOciazoné Turistica Italiana (Italian Touring Society)
in Italy. These groups produce excellent maps‘that'have been
used as sources for government compilations at ﬁhe same or
different scales,

\ It would be difficult to review all the mapping agenciés'bf
the ﬁofld. Only a few of the major ones are discuséed‘by countries
to give you some idea of their special fields of endeavor and
of their influence up on these fields and upon mappiné in

general,
Approved For Release 2000/04/1 8‘3;@IA-RDP80-01 333A000300050001-1
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' United stateg |

411 government mapping in the United States 18 directed by
the Bureau of the Budgét which allecates areas of responsibility
as well as funds to each government mapping -agency. o

The United States Geological Survey

. Rapid westward expansion and national cconomic development

‘withln the Unlted States after the ClVll War revealed the urgency
.¢f a unified cartogranhlc program., Too little was known about
topography and mlneral resources anywhere in the nation to keep
'u-abreast of thls expan51on and development Lack of adequate maps
?ad also been apparent durlng several compaigns of the ClVll.War.
,All of these were used as arguments in justifying the need for a
national mapplng program to Congress. Several un=official and ”
$6mi~0ff101&1 groups who had already done pioneer work in mapplng
ere consolldated into the United States Geological Survey under
',Ihe Department of the Interior in 1878. The new agency Was come
nissloned.to send. out field parties'to,establish central pointsi
omﬁlle'topoéraphic’maps and collect other source materials cone
‘ *terﬁing'thebgeologio and topographic features of the countrj.
ﬁppropriate results were 10 be published and made available for
general use, USGS, thus, became the off1c1al organization for .
servicing civilian topographlc map and geologic ‘#nformation needs.
: The early start plus the high quallty ‘of work done by USGS
‘jhave made the agency 1nfluent1al in developlng standards and
Methods of topographlo mapping throughout the length of its
Fervice.! Each year the Survey “has contrlbuted new sheets and

‘ revised some existing domestic topographlc coverage, The- fact that

Approved For.Release 2000/04/18 : ?AA -RDP80-01333A000300050001-1
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there is still 1ncomplete coverage of the Unlted States is due
1argely to alloé;£ion of 1nsuf£;01ent funds to underwrlte a com-
prehe331v§ mapping program and is not{a reflection on the efficiency
of the Geolggical.Survey.

Duringvthe war periods many of the resources of tlie agency were
diverted to special projects and QqnsequenFIy-manyvdomestic mapping
projects were delayed or suspended., Since the cessation of hose
tilities of World War II there has been an increased production of
- new domestic sheets, Some of this increase has been due to co=-
operativq‘arrangements with interested local communities, Accord—
ing to the teqms for such agreements any community can request
topographiq mapping of it; area if it will underwrite one half of
the cpgts involfed in such an undertaking., As a result, several
1:2h,QOO scale sheets have been completed and distributed,

The Survey is responsible for varipus_othgr_cartqgraph;ci
activities, A Geologic Atlas of the United States and Geologic
Folios to accompany speciﬁic topographic quadrangles have been
compiled but have not always been kept current, Stocks of various
scale base maps of the pnited‘States as well_as mineral maps, ine
¢luding wall~sized maps ofvcoal,»dil and gas fiéldS;Of the United
States; Physical, Physiographic and Relief Meps on scales of 110
miles to 1 inch are maintained by the Survey, It has élso co-
operated to a very limited extent in producing domestic sheets for
the InternationallMap of the World Series. Catalogues of publica-
tions, maps and 1ndexes of topographlc sheets are obtainable from
the Dlrector of the Unlted States Geological Survey, Department of

the Interior, Washington, D.C,
Approved For Release 2000/04/13&7 CIA-RDP80-01333A000300050001-1
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The Unlted States Coast and Geodetic Survev

The Coast Survey, whlch Was authorized on 1807, had been

»

doing significant geodetic wbrk for many years before it was given

much notlce. The smaller unit was finally recognized and expéhded

.7

into the United States Coast and Geodetic Survey, Department of

’Commerce in 1878, Off1c1al’recogn1tlon was the direct result of

their completion of the ‘transcontinental arc of triangulationx

| aléhg the 39th parallel, one of the most famous projetts in geo-

detic. hlstory.

: The subsequent influence of the Unlted States Coast and

 Geodetic Survey upon mapping has been great because of its re-

sponsibility for determining control data. It determined Mean
Sea Level and North American Datum and extended primary triangula-
tion and leveling networks from these bases, The agency is aiso,
responsible for tidal, current and coastal surveys needed to éid
navigation. Based on these and siﬁilar types of information, the
agency prepares and publishes coast pilots, tide tables; hydrt-
éraphic cﬁarts, aeronautical charts and other materials essential
to safe nav1gat10n on the sea and in the air, It also mékes :
magnetlc observatlons throughout the country to establish the
amount of magnetic variation or decllnatlon. Flndlngs from these
observations are essential to'tﬁe'use of the magnetic compassiand
are the basis:for declination information shown on various maps |
and "charts, |

Agencies Under the Department of Defense

Navy Hvdrographlc Of fice - This office develops and dlstrlb-

utes maps and charts based upon research Into the needs of

Approved For Release 2000/04/18 3GIA- RDP80-01333A000300050001-1
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navigators and aviators.,-lps nautical charts cover principally
foreign waters and coast liges. Its aviation chartélcover only
narrow strips along the coastlines of the United States, Central
America, the‘Wegt Indies and the Hawaiign Islandé. Both types of
charts thus supﬁlement rather than duplicate similar charts pre=-
pared by the Coast and Geodetic Survey. The Hydrographic Office
also issues base and outline charts of theryorld and, charts of
compéss‘variations, magnetic declinatioﬁ; cé%ﬁuﬁications, great
circle distances and time zones, In addition, the group directs
reseéfch in the various phases of oceanography. Thus the major
"contribufionsbof the‘Hydrographic,foiqg are of primary importance
to persons involved in nautical affairs as might be expected but
can be adapted to many other fields of endeavor,

- Aeronautical Chart and Information Service - The Air Forces

have deﬁeloped a speclal service of their own to cope with carto-
__graphic problems related to flying., They conduct experiments on
the types of maps and special symbolizations best adapted to
.various flying. conditions and types of planes. Special aeronauti-
cel details are overprinted on standard topographic base maps.
The:Aeronautical Chart and Information Service has prepared both
domestic and fpreign.coverage but has been especially active-in
the latter because of the critical need for foreign charts in
.%the'ccnduct Qf_"hotﬁ and "cold" wars, ‘Domestic needs are met by
United States Coast and Geodstic Survey.

Corps of Engineers

- The Corps of Engineers are responsible for navigation of in-

. land waters and keeping maps current of river and stream conditions,

: 319
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Many of these river charts are not available for sale but may be
studled at Dlstrlct Englneer Offlces. The engineers have also
publlshed several port serles and the Official Rallroad Map of
the Unlted States in four sheets at a scale of 112,500, OOO.

These port studles and maps are available from the Superlntendent
of Documents. “

The Army Map Serv1ce - One of the largest cartographlc agen=-

_elesiln the world has grown to its present size and 1mportance in
one decade. Its origin was the Englneer Reproductlon Plant of
‘the Corps of Englneers, which consisted of a handful of people.
>W1th the expanded mllltary operations occa51oned by Wbrld Wer 1I,
the need for a comprehen51ve mllltary mapplng organlaatlon was
critlcal. Consequently E.R.P. was vastly expanded and began oper—
atlons as the Army Map Service, Corps of Engineers, in 19h2. In
the ensulng period it has grown to include a twelve bulldlng base-
installatlon, and several scattered field offlces employlng nearly
four thousand people in all, :

The fundamental respon31b111ty of the Army Map Service is to
produce good topographlc maps for mllltary purposes., In fulflll—
ment of this m1351on, several different branches of plannlng,
procurement, compllatlon, reproductlon and distribution are in-
volved, A largeg;roup of personnel are kept at work acqulrlng
‘and eveluatlng source materlals for mllltary and mapplng 1ntelll—
‘gence, They are also respon51ble for ama531ng one of the largest
librar& collections of maps in the world. Liaieon for these
purposes is melntalned among 01v1llan and mllltery attaches and

other government agenc1es. POllCleS concerning geodetlc control,

Approved For Release 2000/04/18 : CI-%?-@QDPBO-M333A000300050001-1
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grid systems, cartographic format and various other .questions of
mapping pélicy are studied and passed updn by‘agféemeht with 6thér
agencies in the Department of Défense and the federal and'foreign
gOVernments;

Several methods of compilation including stereoscopic and

: photogrammetric techniqueé are used, These compilations are
carried through all the stages of reproducticn necessary to com=
plete large, medium and small scale maps.

The Map Service also conduéts research upon, constructs,' and
reproduces réiééd relief models. As wds mentioned before, this
medium of cartographic representation is inbreasing in popularity
a&oné miiitaf& tacticians”aﬁd the Map Service is the only govern-
ment agency p;éducing rubbéf:and plastic models;l

| 'Althbugh AMS produces all types of maps those.produced in
greategt quantity aré £§pographic maps at scales of 1:25,000;
13150,000; 13250,0003 and 111,000,000, Most of these represent
coverage of forelgn areas, countrieé, continents and the world,
Domestic sheets~aféhthe résponsibilit& of U.5.G.S. except in areas
containing military installations'and adjacenﬁ ﬁo tﬂem. Thus the
Map Service exerts influence in the preparatibns fér an operations
of mapping programs throughout the world as well as in the determi-

nation of policy for national mapping techniques and operations,

Othef Federal Government Agencies
Severai Depaf£ments and Bureaus of thebfedéral governmeﬁt 
have limited cartographic responsibilities.and éperations. These
groups follow'édcepted techniques generally and do not exert
much influence ﬁpon the overall planning and opéféfion of mapping

321
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value or are unlmportant in various fields of research..
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Catalogues are obtalnable from each of the following agen01es
and should be consulted to determine what maps havenbeenrprepered

v
... E

for public sale or distribution.

‘United'StatesxDepeftment gﬁ-Agriculture ~ Several bureau;
and agencies in this department issue maps. _The list 1ncludes
the: Bureau of Agrlcultural Economlcs, Bureau of Chemlstry and

‘_ 80115, 8011 Conservation. Service; Weather Bureau; Forestry |
Serv1ce, Bureau of Public Roads and direct contrlbutlons of the

Department as a unit,

Unlted States Department of Commerce - The Coast and Geodetlc

-

Survey w1th1n thlo departmtnt was presented separately because of

dts Speclal significance to mapping., Other agencies w1th1n thls

w— :—-—- thesmerr FereTT L L o stz T ey Somany |

department who prepare maps are the: Bureau of the Census;
'Congress, J01nt Committee on Pr;ntlng'and the Federal Power,

Comm1s51on

v —

The Unlted States Dcpartment of the Interior = The General

it

Land Offlce, National Park berv1cc and Bureau of Reclamation as |

o

well as the Geologlcal Survey issue maps through the Department

of the Interlor.

e The State Department - Most of the maps produced by the State

e voremem  reemoy

-

Department involve boundary and treaty settlements at home and

abroad, They are the work ef_various boundary commissions cor the
Office of the Historical Advisor,

- Ihe Tennessee Valley Authority - The last agency to be mentioned

in this brieflsummary_of federal activities having some respohsibiliy ' >

322 _
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for mapbing, is the Tennessee>Valley Authority. It has done ex-
tensive work throughout ﬁhe southeast in surveying and mapping.

In addition to topographic mapping the agenc& has prepared ssveral
interesting isopleth and soil maps.. The Influence of the TVA
arises from the fact that it was a ploneer in regional planning
and implementation of these plans, Reports published by the
Authority havé‘had'ﬁorld—wide attention which means that their
carﬁpg?apﬁic'endeavors have had an unusally large distribution,

. Through the contributions of the above 1iéted mapping agen=-
cies, the United States has come to dominate the mapping activi-
ties of the Western Hemisphere. Through cooperation with Canada
and éountries to the south of the U.S. the North American Datum
of 1927 has been or is being extended over North and Central
America and correlated with a South American Datum to be es— °
tablished, Extension of these triangulation nets will pave the
way for greater and more accurate mapping programs than previously
existed in most areas of the western hemisphere. FPhotography
can be flown compéfatiﬁely rapidly as compared to the time it
takes to establish primary triangulation so that once the geo-
detic net is‘established topographic mapping can be done as
rapldly as need and budgets will permit,

Béforevyou read the next sections on other mapping agencies
in the western hemisphere examine Figures 324 and 3254 and BL, They

show the progress being made in the-establishment of geodetic conirol.

lMaps taken from World Cartography Volume I United Nations 1951,
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Map rupplied by Or. Jarge Fasur

'STATUS OF GEODETIC TRIANGULATION IN THE AMFRICAS
A. Contral America
B. South America

| COMPLEYED ANG FROJECTED FIWST ORDER |
GEODETIC TRIANGULATION 1N
SOUTH AMERGA

LEGEND

W l Sy Lemp-ated Yriangu:atign
! . Ew Croeced Yraagainlian
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Mup supphed by Dr, Joege Zarue
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1. What is the correlation between triangulation nets and
population patterns? '
2+ What economic activities would affect the development
of triangulation nets and resulting mapping programs in each L
major area? _ i -
" 3, Give a geographic explanation for the lack of geodetic
work in the northcentral area of South America,-In northern : -
Canada. '

welomtens R T

Canada,

mermes ©

The areal extent of Canada which is greater than that of

el

the United States and the &ast expanses of sparsely to unin;

habited forests, muskegs and rocky uplands mske an extensive

mappingbprégram veryjdifficﬁlb° These very handicaps, however,
‘-_have brought‘ﬁhe Canadians into prominence in one method bfrmap—

ping. Canada was one of the first nations to use aerial photo-

IS

graphy and photqgrammetic techniques., As a matter of fact the
method of mapping from obliéue photos was developed in Can;da .
-and the Canadians have been strong proponents of Trimetrogoﬁ |
Techniéuesl This method can be adapted to mappinéAof the 1ake | |
and foreét contry of the northern frontiers. |
| Through the use of photography, much of Canada has been
covered By maps at the scale of one inch to four miles, Théré
is still véfy poor coverage at png‘inch to one mile except in
the St; Lawrence Valley and‘scgttéred mining-areas wherevlafge
scale coverage is essgntialybg |
Ybur attention is célled to the adequacy of coverage of

Canada, at this point, to further the point that there is much

still to be done in mapping North America despite the

, lsee next chapter under section on Photography if these terms
are hew to you, ., ) .
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intemational influence of the United States end Canada on cart,o- ‘

| graphic policy arxd methods,
b Department of Mines énd_'.l‘ec?mi’cél Surveys of Canada

A ‘ §urvey§ and Mapping Branch ~ Most of the work invelving
‘ggologyl, engineering and technical development of mineral re-
| ’_}‘ygancee is ‘directed by the ’Dep;ar*bment of Mines and Technical
Survays of Cmiada. There are several branches within this de=- f

(i parbmanty one of which is important in the fields of mapping.

?he Surveys and Mapping Branch combines ma.ny ﬁmctiona

that are sbread among ‘several agencies in our faderal govérnment,

f The Geodetic SurVBy in this Branch is responsible for the enbablish~

| | ment and sxtension of primary triangulaticn and related geodatic
research, Tha’Hydrographic Service is comparable to the U.s.
‘Hydrographic Offiee iri the ‘I‘ype a;nd'j:scope of its work, It is
'reéponsiblé for the meinﬁenance and charting of coastal and in=-

! lend weters. Another division is responsible for aeronauticaiv

K~~€ dharts and map compilation.and reproduction. The functions of

| Jthis division are aimilar to those of the U.3. Aeronautical

| Chart and Information Service. '

Maphical Survey Division ~ The Topographical Survey

! : !

| ?ivision, one segment of the Surveys and Mapping Branch, is
f Beparated"f rom the geneml dlscussion of the Branch because of
the signii‘icance 1t has to mapping activities for the Dominion.

}lost topographic surveys and compilation of topographic maps is

iy

done by this division in much the same way that ‘the U.3.
: ’ | Geological éﬁrvéy carriss on the work for our country,
! ‘ "The Natiér;dl Topographical Series include four scalese-

328
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1, 2, 4, and 8 miles to'l‘inch. Index maps and other cartographic
information are available from the Survey or the Minister of
Internal Affairs and Infbrmation, Ottawa, Canada,

An important adjunct of the Topographical Survey Division is
the National Alr Photographic Library. Prints of all serial
photographs taken by or for the Dominion government are collected
in this library. Since Canada is'being covered very répidly by
blankets of aerial phoﬂography the collection is an excellent
source of material for regional analyses and research. The
collection is indexed and both prints and indexes are available
to the public. |

Army Survey Establishment of the Department of National
Defense

Topdgraphic surveying and mapping needed for Dominion defense
and security are accémplished by the Army Sufvey Establishment of
the Department of National Defense, The work of this Establishe
ment is similar to the Army Map Servicé but on a much smaller
scale and pf far less influenge in internationai mapping develop-
ments,

Provinecial Agencies

Each Province has an agency or agencies which carrj on local
mapping activities, Their iﬁ#luence upon mapping generally'is
not great, They are more especially local service'functions in
establishing roads or for supervision of land utilization‘and
natural resources, Gatélogs of maps covering the individual
provinces are available from government headquarters in each

province or from the dominion government headquarters in QOttawa,
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miles long and over 5200 feet in elevation tpat does not appear.
on current mabé;; Nuterous rivers and hountains throughout The
Americas are shdwn 30 to LO miles off their actual positions,
Some elevations are in error as much as 50%, Coastlines are
inaccurate and there are sven iﬁstances where the positions of
ocean and mountains are reversed.. In some ;ases the only coast=-
line charts are compiled from surveys made one huﬁdred or more
years ago by British and Spanish mariners, There has recently

~ been some reason to suspect that the Isle of Pines, used as a
check point for approaching Havana International Airpoft, may
be as much as 15 to 18 miles out of position on the Mapl.

- During the 1940's a Western Hemisphere MAPPLAN (Mapping and
Charting Plan) was proposed by the U.S. Joint Chiefs of Staff bo
correct these shortcomings, It was found that this 20 year plan
could not be carried out because of the lack of control and
photography. As a result, the Inter-American Geodetic Survey

-Was established as a subordinate command of the U.S. Army,
Caribbean and was delegated the specific mission of cooperating
on surveying and mapping with'any Central and Scuth American
country with which agreements had been made,

The objectives of I.A.G.S. in carrying out this mission are
five~fold:

1. Tobestablish a first order triangulation net over South
America using a South American Datum based on the International

Spheroid, This Datum will connect with North Aimerican Datum
(based on Clarke 1866 Spheroid) which is to extend to the Panama-

lAdapted from "Cartography in the Americas", World Cartography.
United Nations 1951,

- 331 '
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Colombia border and include the Caribbean Islands (line: passes
-through Windward Passage).

2s To establlsh Mean Sea Level datum for all of Latln
| America,

=

‘ 3. To correlate maps of scattered areas on either 51de of
 the 1nternatlonal bonndarles"ano coordlnete isolated systems.

4. To produce maps and charts by aerlal photography and
- surveying. ‘ ®

5. To standardize mapping prooeduree and products.
It is apparent that nhe fulfillment of the IAGS«objectivesz
- will have a tremendons influenoejnpOn fhe mapping activitiee o
apd resultant maps of the Amerioas.v Furthermore, in addiﬂion(
to the guldanoe and asslstance prov1dod by IAGS, the U.S. Air
- Force is helping to fly photography/in several countrles. For ; ' [
example, nearly half of ‘Brazil has boen glven Trimetrogen covér~;
BECe This 1ncludod most of the Amazon and Sto Francisco basins |
?'and Atlantic Coastal ereas. Thus, the emis saries of Uncle Sam
are constructlvely at woxk throughout the western hemlbphere.
The overall organlzatlon and reSpon51b111ty of forelan ‘
‘mepping agen01es is not materially different from those in
the Unlted Statos. In most foreign cOuntries napping is ac-
compllshed by the governmont as a mllltary or 01v1l fUnctlon.
. Wherevor a ClVll government agency doos mllltary mapplng, the

: organizatlon may come under mllltary control durlng wartlme. _

:It is not uncommon for one agency to publlsh both a mllltary

and,a ClVll edltion of the same map. In certaln instances,

¢ o -

‘Just as in the Unlted States, per ate dgen01ee also produoe -

maps of recoenlaed quallty and utlllty.

Enroge.

\
i
|
E
5
| U Phe ‘following is an abbreviated listing of the agenéiéé’

: N ] . 332 ) .,
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producing maps for countries in

" British

Ordnance §ggjgx of Great Britain - The beginning of tha
rBritish military mapping can be traced to the Highland Rebellion
of 1745 when it became obvious that coordinated planning, surveys
and mapping were needed to strengthen the unification and defense
of the island groups.

"The Ordnance Survey was formed in 1791 in order to make a
map of Great Britain at the scale of one inch to one mile, princi-
pally for défehce purposes, Almost simultanéously Parliament
diféoted that a trigohométrical survey of England and Wales should
bé undertaken, and, since the task was a military one, -entrusted
it to the Board of Ordnance hence the title 'Ordnance Survey!." 1
This Survey‘ultimately became the official mapping agency of
Groat Britain. (In 1922 Northern Ireland and the Republic of
Ireiand'took over the mapping of their own areas.) Since its
inception and especially during the twentieth century, the
Ofanénce'Survey has done outétanding work in establishing tri-
angulafion netwérks and developing large scalc map Series covering
thevaitish Isles. The preSent large scale survey and continuous
revision of existing series together with Land Utilization Survey
maps proﬁide what is undoubtedly the most compréhensive map
cdverége 6f any country in the world.

Shortly'after World War I thousands of Eriglish school children

t;lé rief Qescr;gtion.givthe Ordnance Survey Large Scale Plans
Published by the Dirsctor Gerieral at the Ordnance Survey Officg,
Chessington, Surrey . 1947 p. 17

333
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cooperated with the Land Utlllzatlon Survey by doing detailed

field work of the 1and utlllzatlon of England. These children

~ and their teachers made exhaustive studles and field maps that
. were comprehensive to the finest detall such as, for example, the

. exact kinds of structures and crops found in the area’ of thelr

--study.

glrectorate of Mllltary Survey;wer Office - A section for

'f*millbary<mapping has existed for years in the military 1nte111gence
ik~diVislon of the War Offlce. In 1940 ‘the Geographlcal Section,;
‘*,vGeneral Staff, as it was then known,wme set up a8 a saparato direct—
;‘,orate. ‘In 1943, its name was changed from Geographlcal Sectlon,

’*General Staff to the Dlrectorate of Mllltary Survey. The dlre(tor '

of Mllltary Survey, however, stlll carries the supplementary

tltle of chief of the Geographlcal Sectlon, General Staff. Over-

Srall mapplng pollcies for forelgn coverage are established by

. the British Directorate of Military Survey which is also respon51—
!5~ble for milltary topographlc maps and, in collaboration with the
‘“%~Air Mlnletry) end Ordpanna Survoy for air charts for the Royal

;fAir Force. Although it does some fleld end radar work, most of

the maps compiled or issued by thls agency are derived from

~gxisting map..sources. Many maps are reprints or slight revisions

of ones prepared by other British or forelgn agencies. Whatever

. the source, the Directorate maintains map coverage of Europe,

“psia, Afrlca, Australla, and parts of the Americas.

erectorate of Colonlal Sur vexs - Maps for the Brltish

Gommonwealth of Natlons exclus1ve of the Brltlsh Isles, are the

- sl

, responsiblllty of the Dlrectorate of Colonlal Surveys. Thls

Approved For Release 2000/04/18 CB&RDP80 01333A000300050001 1
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and'mapping projects in what are now former colonies, protectorates
bf dependencies of the British Empire in Africa, Asia and Australia.
Compilation'of all Colonial Survey maps, with the exception of a
few small scale special maps, depepd on agrial swrvey.

‘Some of the once dependent agencies such as the Survey of
India will be mentioned again because of their influence not only
on their own but also on surrownding areas. The present importance

" of the Directorate is in the coordination, unification and standardi~
zation of mapping policies and techniques of the member nations of
the Comﬁonweélth,

French
The eighteenth éentury Cassinl maps- were the first in the
world to show the results of systematic surveys. These surveys
were small in extent and scattered over France. For obvious
military reasons, Napoleonvordered more comprehensive surveys which

_ were later used in the preparation of the Carte de 1'Etat Major
upon which many later maps covering France were based. It wasn't
unbil 1864, however, that another world!s first was accomplished
in France in the form of a systemetic and coherent network of
precise leveling. This level net i1s of special significance
beéause it proved the merit and utilitarian value of such a net-
work to civil and mapping projects and encouraged other countries

to follow suits

Institut Geographigque National -~ The IGN or National Geographic
Institute is a civilian agency attached to the Ministry of Public -

Works and Transportation, responsible for military maps. In

335
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over 1ts duty of supplylng the French General Staff with maps for
plannlng and operations including geodetlc observations and ground
'an& aerial surveys. The Instltute's total operatlons ‘cover France
| and the French Colonies and overseas terrltories.
cezmen .

; Before World War I topographlc mapplng was almost exclusively
th%.respon51billty of the mllltary. After this war it was trans—
fe %red to civilian agencies, the foremost of which was the Relchsamm

fur ngdesaufnahme under the Ministry of the Interior. Centrell—v

zatﬂoﬂ of mapping respon51b111t1es was furthered in 1938 when thirteen
Regional Land Survey 0ffices were establluhed under the Jurlsdlctlon
of this Federal Land Offlce. Durlng World War II the Generalstab

des Heeres, Abteilung fur Krlegeskarten und Vermessungswesen (General
Séaff of the Army, DlVlSlOD of Surveylng and Mapping) was also very
aetlve. At the end of the war all Operatlons were susPended by the '
denfall of the government. With the resumptlon of some German
gevernment functions all mapplng respon51b111t1es were vested in
‘agencies (Landesvermussungsamt) of the respectmve states. At
piesent these state agencies and the Instltut fur Angewandte
vGeoda51e (Instltute for Applied Geodesy) are responsible for map—

ping 4n the Federal Republlc of Germany and, the Ministry of the

I terior and 1ts five subordinate regional survey offices (Ver-
mmessungsdlenst) are respon51ble in the German Democratic Republlc

(Sov1et 7one of Occupation).

- Iﬁ addition te these government agencies there are several

|
private organlzatlons in Germany whose maps have enjoyed international
l
?
|

1336
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populérity. Among these are; the Justus Perthes organization that
- 1ssues Haack wall maps, Stislerts Hand itlas, Petermann's Geographi-
cal Reporis and Vogels map of Furope; Carl Beedeker, famous for
travel guides and mape} George Westermann for school atlases and
wall maps and, Karl Wanchow for relief maps.
Prﬁééia was always essentially a part of the German complex
~and so is ineluded under the German section. As a separate mapping

authority the Central Dirpetorate of the Prussian Survey was

founded in 1870 under the Chief -of the General Staff. Five years

later two sections, the prographic Division and the Bureau of

Land Triangulation,'were combined into fhe Prussian Land Survey,
kﬁown after the war of 1814-18 as the Federal Land Survey Qffice.
Afﬁer 1919 plans were made to centralize all mapping, which had
formerly been the responsibility of the separate German states;
under a single organization-—the Reichsamt fur Landesaufnahme.

- This consolidation was not actually achieved until 1937, at
whichvtime an official decree made the Federal Land Survey Office
reSponsible'for_all mapping carried on within the German Recich
and’for the fulfillment of the mapping requirements of the

General Staff of the Army. - !

Italian
The major responsibility for all mapping in Italy is vested

in the Istituto Geograficéd Militare (Military Geographic Institute)k
The IGM has been active in mapping continental Italy and areas
which formerly belonged to Italy or were of interest to Italy.
During the Italian Campaign in Africa in the 1930's, IGM com-

pleted coverage of Ethiopia and Eritrea and also Libya. Aside
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fro& ~these areas, the Ttalians have had 1less major influence on

forelgn areas than mlght be expected because of their former

polltlcal asplratlons.

/

Within the realm of private endeavor»gome excellent work

“has been done by the CohsooiaZOné'Turistica Italiana (Italian

Too@iﬁé°01ub). Their detailed maps of Ttaly and nearby Alps

7% inﬁefﬁaiiOnally famous. The Britlsh used ‘these maps as the

ba51s for thelr 1:250,000 coverage of the area.

J .

COOrdlnatlng agoncy, ConseJo Superlor Geografloo {Supreme Geo-—

w
A1l mapplng in Spaln is done under the direction of the

graphic Coun01l) Wthh regulates plans,and organizes and directs |

al
¢a

8¢

1

mapplng "and related geodetic work as well as research in

rtography ‘and related fields. The council is composed of repre-

ntatlves from the varlous governmont map producing agen01es.

Instltute Geografloo Catastral X»Estadlstlco ~ The Geographlc,

-Céda‘s""r,ral 'and"‘statiétios Institute was created in 1873. It is

rQSpon51ble for civilian geodetic and topographlc work; weights and

kmeasures geodesy, phy51os, astronomy, photogrammetry and cadastral

sﬁrve&é.  Tt is now completing a 1:50,000 series to be the "National

:TOpoéréphic Map of Spain® which will be the basic map of Spain,

Andorra ‘and the Balearic Islands.

P-

|
|

Serv1c1o Geografloo del qurclto -~ The Army Geographlc Service

s the mllltary mapplng agency which coordinates and produces topo-
graphlo mapplng 2nd geodetic work for the mllltary. It publishes

hd dlstrlbutes maps and photograph:o materlals in COOperatlon with

the Cartographlc “and Photograohlc Service of the Air Force. The

]
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Service is also the official military mapping agency for Spanish
colonies and protectorates. o

Portuguese

Thé;Gebgraphic aﬁd'Cadastral:Inatitute is the-oldest and
most iﬁébrﬁant mapping-agency in Portugal. It i1s also responsible

for prinﬁing the work of other government agencles and the un-

restricted maps of the Ministry of War. In time of war IGC is

administratively under the jurisdiction of the Army Cartographic

Ser&ice a division of the General Staff of the Army. In peace-
time there is liaison only between the two. The IGC produces
the standard topographic series and maps of all military establish-
ments in Portuédl'énd her dependencics,

SWiés tOpogréphib maps are produced by two agencies, the

Confederaté Topographic Office and the Confederate Survey

Administration. The former whose nabive title is abbreviated

to ELT is a section of the Swiss Military Dopaftment; This office
is rGSponéible for first to third order triangulation, levellng
and all ﬁperétions necessary to the production of military and
topographic maps. The Administration supervises fourth-order
triangulatioﬁ and the production and maintenance of cadastral

maps e

Belgium
The Institut Geogréphigug Militaire formerly known as the

Institut Cartographic Militaire is"ﬁhe official military mapping

agency of Belgium. IGM produces topographic series of the

‘country usihg the French and Flemish language for marginal
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‘inférmatlon and place names. It is respon81b1e for the triangula—‘

tion, leveling and other work related to - cartographlc projecta.-

Dutch . - S PR

|
]
( v

f The Dutch Togograflsch Dlenet (Topographlc SerV1ce) 13 the
égegcy responsible for the various phases of wbrk needed to pro- - B
duce t0pographlc maps for the Wetherlands. It is necessary for
th s agency to malntaln an actlv; large gcale mapplng program,
ln ludlng constant rev181ons,becau€e of the 1owland character of

th@ country and the need for detalled maps to be used in reclama-

tiQn and, malntenance prOJects.

| ganlsh ' ; i
| The Geodetlo Instltute prov1des the Danish Genersl Staff

|
: with domestlc topographic maps for both planning and operatlons.
Thg Institute is the official agency rusponsible for all survey-
ing and mapplng in Denmark ard the Taeroe Islands. The agency
'produces new mabplng and ru“cu rev1smons on ex;stlng planlmetrlc :
aﬁd topograph;c mﬂ00@> L . : R ]

|
} \

'As in so many other countries the Norwegian Geographic

)

i
|

! : o . !
Survey supplies the Norwsgicn General Staff with topographic

'méps for planning and cperations in Norway. In addition there

| .

“iT a polar Institute which is an agency of the Norwegian
|

- Department of the Intericr. It is responsible for the surveying
+d mapping of the Norweanan dependen01es of Svalbard Bear Island

. Jan Mayen, and parts of ﬁnuarctlca.

73

i A « , ;
j Topographlc m&ppln” 1n Sweden 1s the res pon51billty of e
L e
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GeneralstabensATOpografiska Avdelning (Topographic Section,

Genera1_§taf£). The surveying and mapping activities and the
initial'compilation procésses for pfoducing‘t5pbgréphic and
economic series and photomapé are dafrié&'buﬁ by a civilian
agency, the Rikets Allmanna Kartverk——R.A.K. (National Public
Map Serv1ce). The mllltary maps of Sweden are prlnted and dis-

- tributed by a prlvate company, the Generalstabens thograflska
Anstait~fG.L.A. (Lithographic Institute of the General Sﬁaff).
The R.A.K. and the G.L.A. are parts of Esselte, A.B. (Esselte
Corporation), which is one of 67 corporations making up the
gigaﬁtio A.B. Sveriges Litégrafiska Tryckerier (Swedish |
Lithographic Publishers, Incorporated.) These orgénizations'do
contract prihting for the Swedish goverrment and provide the
Swedish General Staff with domestic topographic maps for
planning and operations. These independent corporations aiso
complle and publish variﬁus maps, pharts, town plans, at;aseB,
and cartographic and geographic bboks.

Finnish

The Geodetic Institufe of Fin;and»and the General Survey
Qigggg have pioneered in the fields of Geodesy and Photbgrammetry
respectively.' Both have done outstanding research, followed by
successful applicatiqﬁ'too recently (since about 1936) for the
full influence of their methods to be felt. ‘The Geodetic
Institute, headed by Dr V.h, Helskanen, has contrlbuted greatly
te the development of geodetic methodology which is playing a
most 1mportant part in the grav1metrlc and gecdetic work of the

postwar world, The General Survey Office has developed a

341
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method of reotlflcatlon of aerlal photographs which makes possible

thelr use as ba51c[source for exceealngly accurate large scale’ maps. ‘; L
_— Egﬁgg;gg, Latv1an and thhuanlan ” ’ i
o Before 1918 \the General Staff of the Russian Army was thoi R L
prlmery agency for surveylng and mapplng act1v1tles in the Russman | i
(i : $

' area that later became the republlcs of Estonla, Latv1a, and

“v‘Liﬁhuanla.; In the early part of the post—1918 period, eaoh of

“mewin ::"4» e

three new countrles used the Ru531an survey and mapplng data as -

R,

the inltlal base for their own mepplng act1v1t1es. When these T
: natlve cartographlo agen01es subsequently attempted to develop
uniform natlonal serles on a common ‘datum, the ellmlnatlon of

cons;derable dlscrepanc1es reeultlng from the different trlangula—

tlon systems of the early Russ1an perlod became a maJor problem.

It wa.s for thls reason that after an early perlod of surveylng

i CE i
e
N . ]

and mapplng based on the old Ru881en work, each of the carto-

i

¥,

graphlc agen01es of Estonla, LatV1a, and Lithuania 1n1t1ated
: new state trlangulatlon surveys de81gned to produce sound,geo— i
detlc bases for modern large-scale maps.

Czechoslavaqun

L

The pr1nc1pal tOpographlc mapplng agency in Czechoslavakla

is the Mﬁ}ltary Geographlc Instltute at Prague. The topographlc

maps oovering the area arc of heterogeneous nature derlved frontc
both Gzech and German maps some of Wthh in turn, were based on
| old Austrlan surveys made from 1860 to 1898, and others on- modern
Czech and German surveys. The Instltute is now Worklng on 1arge
soale mllitary maps u51ng reoent trlangulatlon and levellng com-

pleted under 1ts dlrectlon. .
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Polish

The Military Geographic Institube was the direct result of

the unificatidn of.two minor agencies known as the "Surveying
School for Officerst and the WTopographic Section of the Ministry
of War". This consolidaﬁion took place-between éhe years of
1919-1921. | |

From 1921-1927 the Military Geographic'Institute's primary

concern was ‘the conéolidation of the diverse material they in-
herited from the German, Russian and Austrian agencies. This
compendium was found to be inadequate for large scale mapplng,
and in 1927, new 1:25,000 controled ground surveys were planned,
which were due to culminate in the early 1950's.
) Several new map series weres completed within the (1927).
pre-war boundaries, however; the large scale mappihg'& survey-
ing was intefupted by World War II.
During and after World War IT mapping activities were
taken over first by the Gerﬁan Federal Land Survey and General
Staff and then by the agencies under the Soviet Zone of Occupation.
| Hungarian
The military maps of Hungary were produced by the Royal

Hungarian Cartograohié Institute or its successor the Royal

Hungarian Military Cartographic Institute. Mény Hungarién maps
like those of bzéchoslavakia'were based on Austrian surveys of
1866 to 1898, As of 1947, however, over half of the total area
méinly in the north and aloﬁg the frontiers was'covered by

large scale maps prepéfed by the Institute,
Austrian '

As has been noted several times previously, the old

: ' 343 :
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Austrian surveys ‘of 1860 to 1898 extended beyond the recent Austrian

’ boundaries into surroundlng areas of the Austrlan Emplre. At gmesenb

the OfflClal mapplng agency is tho Fodcrol Qffice ¢ of Gauging and

gurvexlng. ‘The agency is re-surveying Austrla, New 1arge—soale

maps are developed from these fleld surveys. Both aerial and

' terrestrlal stereoPhotogrammetrlc methods are used. In addition

o its owm work this Office also publlshes maps prepared by other

-

departments of the government.
Tourlst maps and spe01al large scale topographlc serles with-

in the Austrlan Alps are publlshed by the private organlzatlons

.‘ of Freytag—Berndt and Artarla, and the German and Austrlan Alp

| Society.

a,unanl

The Nl)ltarv Geocgraphic Instwtute formerly known as the

Geographlc Serv1ce of the Army is the principal mapping agency of

Rumania.
BU]“BTL n

E it e Sa ey

The domestic topographic mapping agency of Bulgaria is the

State Geographlc Institute.
gﬂyosjev1an
Modern tOpographlo mapplng in YugoslaV1a was initiated’

during the nlneteenth century by the Mllltary Geographlc Instltute,

Vlenna and the Serblan Geographic DlVlSlon of the General Staff,

When Yugoslav1a was fromed 1n 1918, uhe Serblan mapplng organlzatlon

was renamed the Military Geograohlc Institute. A few postwar mapplng

agencies are known to produce town plans and small scale maps for

school and tourist use. These agencles include Uclla, The State

i
\
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Press of Slovenia, and the Disabled Veterans Book Publishing
Enterprise., |
- Albanian
Until the end of the World War II, Albania had no native
mapping, and since that time there has been no report of the
formétion'of a native agency for the purpose of making maps.
The major contributions to the mapping of Albania have been made
by agencies of other countries. Because of the ~ccurate surveying
and mapping of this area by the Italian Military Geographic
Institute, this agency is considered to be the Official mapping
authority of Albania. |
Greek

The Geographic Service of the Army and the Ministry of

Public Works are the principal mapping agencies of Greece., Maps

of the Dodecarese Islands which formerly belonged to Italy and of
portions of the Ionian Islands were produced by the Italian .
Military Geographic Institute.

Qverall Coverage

Some specific references to coverage provided by a few

countries for other countries in Europe have already been made.

~ Notation of othefs was deliberately omitted until this point
because there would have had to be a repetition for practically
every entry. Outstanding in this respect are the map series pro-
duced by the British Geographical Section, General Staff and its
agencies; the German Generalstab des Heeres or German General
Staff and %he-United States, Army Map Service. Tlese three have

compiled, adépted or reprinted maps amounting to complete
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coverage of Europe. In many areas each group has used the other‘s

work as well as that of the oountry 1nvolved. Because of this ‘ -

adaptating and reprlntlng, the overall coverage prepared Dy these;

agencles is not unlform in . guality. The GSGS and espe01ally

AMS have been working steadlly sznce the end of World War II to

improve the quallty of their sheets and ssries. These two organs-

zations have, at the same time, exerted considerable 1nfluence on

uhe overall mapping policies and standards of the NATO and other i

pfo—Allieo Eurooean countries. | o
Ai!&gé ‘ _ _ i
The total map coverage of Afrlca is spotty and unooordlnated

with vast 1nterven1ng areas that are elther poorly or completely .

.unoontrOIIed and unmapped. Some‘exoellent quallty nmapping prOJeots

vthat are fa} in advance of what the average person might_eipeob |

_have, nevertheless, been compieted in uorthern Africa. Just as

many dreams of emplres were tested in this mediterranean area,

so, also, were many cartographlc schemes and experiments and, w1th

- more success. The French, Spanish, Itallans, Brltlsh and to some
extent, even the Germans, individually or in temporarlly cooperde
tive teams havo completed surveys, flown photography end oomplled
several map series. The progress of new sheets is now slow, hovr—
ever, due to budget problems and the extensive amount of work inj
volved. : | ‘ . o i

‘The quality of coverage iu central and interior Africa gener al-

-vly has been poor with some'afeas nob covered at all. Only parts
of the oentrel area have been mapped by the Belgians. Improvements R
have been made‘reoently due‘to‘the development of mineral areas |
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and British agricultural experiments. The Brit%gh‘are engaged
in large scale mapping based on aerialﬂphgpggrgphy{ of the eco-
nomically important areas throughout East, Central and West Africa.
oPHe ‘farther south one moves in Africa,generallxlthe poorer be-
domes the Quality of mapping until the Union of Soutthfriéa is

*vréachéd'Where the situation is improved.

.. Union-of South Africa
" Intensive mining and agricultural regions in the Union of
Séuth Africa have shown the need for topographic coverage but

it  has not yet been completed. The Trigonometrical Survey is

charged with the preparation of all maps other'than geological;
This Survey has completed primary and secondary orders of fri—
angulation and much of the necéssary aerial»photography has
been flown. Line maps at the scale of the photography are
prepared by topographic field-ﬁartiés upon completion of'aefiéi
missions and copies of these maps are then made available wntil

" topographic sheets can be finished. It will be some tiﬁe before
large scale coverage of the econemically éd#anced porticons of the
Union is completed. ‘ | |

" Northern Africa

Since native mapping agencies have been or aré sti1l lé;ééi&
"tnder the_influeﬁce ofiEﬁropean agencies they’ha?e_not contributed
many original mapping projects. It should not:be inferred ﬁhéfe-
. by, that they have not been at work on local cooperative projects,
It is, nonetheless, questionable in many areas just how much thé
natives would have done without the guidance or proding of foreign

interests,
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Spanlsh Influence

_panlsh Morocoo -~ The offlclal mllltary mapplng agency
for all Spanlsh Colonies including Spanish Morocco is the Army

Geographlc Serv1ce and the agency dlrectly reSponSLble for gather—

' ing geodetlc data and publlshlng maps is the Geographi¢ and

gadestral Tnstitute. Maps produced by these agencles’ coverlng
Spanlsh Morocoo west of 5° W are fairly reliable since they are
based on a flrst order triangulation net. East of this meridian

basic control ‘consists of reconnaissance and stadia surveys of low

géodetic accuracy.

o Ezench”;nfluence
‘Eiench Morsceo - Two French agencies, the National

Geograohic‘Institute and the National Geographic Tnstitute —

Moroccan Annex are the official agencles for French Moroccos Two

types of maps are publlshed by these agencles. The Regular series

is based upon a strong network of flrst, second, and third order

tlon hastely establlshed to meet mllltary needs during the early

| French pac1flcatlon of Morocco.
g and Tunisia ~ The French IGN is responsible for
offlolal mapplng in Algerla and Tunlsla but it delegates mapplng

to the Tooograohlc Serv1ce in Tunisia and the Cartographigc Serv1ce

in Algerla. These services perform Jocal surveys for civil use
: reconnaissance work and produce cadastral maps with the assistance
of the Dlrector of Publlc Works .
Durlng Wbrld War IT most of the official topographlc series

of Tunlsla and Algerla were copied by the British GSGS with the
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additioﬂ of British grid zones, conversion tables and road over-
prints."The Army Map Service copled the British sheets and the
Germans copied the French with the addition of intelligence data.
All, therefore are based en the original French work. |

Irench Somaliland - Once again the French IGN is re-
sponsible for mapping in French Somaliland, An active progfam
is in progress whereby prgliminary plots are being made from
ground SUrveys.

Italian Inflgengé

L;Qig - Libya only recently became an independent nation
and has not yet been able to ostablish a national agency for
official mapping. Forvthis reagon-the work of the ftalian‘Militarx

Geographic Institute which performed the official mapping of Libya

prior to World War‘II.is'still wsed., The Italians established a
second and third order net of geodetic control covering all of
the leyan Coastal area except part of the Gulf of Sirte where
they added a conneatlng link of fourth order control. |

Official mapping of Tripolitania &nd Cyrenaica was thé-feSponsi-
billty of the British Administration between 1943 and 1951.A During
this time they published special purpose maps 2s needed and main-
tained the regular map suries which consisted largely of reprinting:
Britésh World War II series without revision.

Ethiopia gnd Eritrca ;

Prior .to Wbrid War II the Italian Military Geographic Institute

was the official mapping agency for Ethiopia and Eritea, Oniy

reconnaissance maps resulting from expeditions, travelerst notes,

poute sketches etc., were produced by IGM before the Italian
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invasion in 1935. In fact, so little mapping existed px_~ior to

‘ . 1%35 , that the Itaiiér{éa'wére fofced '%6J‘m!ake"r"r’iaps of the invasion e

~aaS fron asrial photography tied 'to exlstlng sketches. These'

ié
i
§

o m ps were later 1mproved bu’o mou:é of ‘Cham were lost dur:.ng World

W II.

monde  aEE

;’ Durlng World “7ar II the Bri‘bizsh @ 5@_1(} Forges reproduced '

al:.an maps malniy of the Er:.traa area emd Complled the East

e semem

Africa 1:500, OOO map which is the 1&1‘@95‘1; scale series coverlng /

1 of Eth:.opla. Since the war the Britiyh M_:;dele East Land

rces ‘has continied to reprln’c. 'bhese same maps.

g; 1’; Lgflueng
5;1;;, §omalg,l_a_nd - Topographic mappmg in British
8 maliland is performed by the Br&tish ergctorate of Colonlal

§f ey_s and D:.rectorate of Mili g;z § vey: (GSGS)s An active

» p}ogr is in progrcss by the D:Lrectorate of Colonial Surveys '

m?der which plam.metric plots are belng made from aerial

prssronn i w— P ey

~

photo graphy

Although Egypt is now an 1ndependent country, the 1nfluence

of the Bri’o:.sh admlnn_stratlon is still endent in their mapplng.

A present the Ly_gz of _E_gy_g_ at G:Lsa under “the superv:.s:.on of
the Egyptian Army is the maJor‘ t0pographlc mappmg agency. Other
gzvernment departments compile SPeciéi purpose maps but these maps
azle" ‘I'S‘:f‘inted; and. 'in some cases cbmpiié&l by the Survey of Egypt B
Maps of fﬁe Survey are based on vanwnet;vork of geodetic c':orlltrovl
diating from the observatory of Hclwan, toward Ln.bya, Israel | .

and southwax‘d along the 30th merld:.anal arc of triangulation.
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The actual work of surveylng and mapplng is being continued by
the Survey follow1ng the hlgh standards set by the British Ad-
mlnistratlon._ -

' Durlng and since Wbrld War II the British Middle East Land
Forces has continued to reproduce and\revise Survey of Egypt
maps. During the war the German Géneral staff also partially
reVised and reprodﬁced practically every series that the
Egyptians and British had produced. Some of these were also
reprodﬁced by the U.S..Army Map Service.

Asia

Southwest Asia
Since the Eeginnihg of WOrld War‘Ii;‘fhe Middle East Land
gp;ggg has been extremely active in the mapping of a number of
the countrles of southwest Asma. In Irag and western Iran,
new fleld work was started by,Indlén Field Survey Companies
opeféfing under the'Middle’ﬁast'Land Forces. Ihe results were
publighed‘at varioué lérger scalés and were incorporated into

‘ reoompilationé of the Quarter Inch Séries. British inflience

is seen in the work of the Iragl Survey Directorate, Baghdad.

The Iranian nggraphlca Sectlon, General Staff has. utlllzed

some of the Work of the MELF in preparing Persian-script editions

of the g_arter Inch Serles.

From July 1941 to the end of World War II, the Middle East
Land Forces cooperated w1th French military organizations in
the mapfing of Syria.and Lebahon, resuiting in the revision of
older maps‘and the extenéiﬁﬁ‘of the coverage., Since Vorld

War IT, native Syrian and,Lebanése agencics have assumed the
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respon81b111ty for the mapping of their re5pect1ve countries.
Mapping of Israel and Jordan was begun with the British man-

Fate of 1923 as a part of the § wvey of of Ealestlne. During - Wbrld

WEr 1T, and to some extent untll the end of the British occupatlon,

ap publlcatlon in Palestlne was carrled out under the dlrectlon

of the M;ddle East Land Forces, The fleld work, draftlng, and re-g

Ealest;ne, or by a unit at G.H. Q., Mlddle East Land Forces, but

British mandate has been in the hands of the Survey of Israel al- |

though‘M.@.L.F. has published scveral sheets based on earlier

surveys.

.> Bfitish mapping in Jordan was carried on throughout the yeare‘
of the Mandate as an extension of the Survey of Palestlne. Begin~_
nlng in 1941 and contlnulng throughout ‘the war, the Middle East |
Land Forces complled and publlshed maps at various scales, based

- in part on aerial photography. Aﬁﬁpreeent, the responsibility

for the preparation of popogrephicbmapendf Jordan is vested in

the native g;partment of Landscand Sﬁr#evs. However MELF has

retained an active interest 1n the mapplng of Jordan.

The United States was also actlve in south-western A51a durlng
Wbrld WEr II. Trimetrogon photography of considerable areas was
flown by the U.S. Air Force, ThlS photography was used in the
compilation of USAF Pilotage and World Aeronautical Charts.

These charts are of primary value for plan:.mctrlc detail shown

and for the depictmon of terrain in the desert areas about which

Approved For Release 2000/04/18 :Bé?A-RDPBO-M333A000300050001-1
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Productlon were performed by a Field Survey Company, the S Survey of of

" the ultxmate_responslbillty‘was Wlth M.E.L.F., Since the creation

of the state of Israel, the mapping for that portion of the rormer'
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therevhadL;meviously~beenMsa*many~mlscansaptlons4~
Turkey - The work of the OfflClal -Turkish mapping agency,

L
the General M_g Directorate, has long been influenced by Germanw*\\ﬂ

. techniques. Early Turkish maps employed- the German Bomne pro-
Jection and grid; later the Gauss—Kruger (Transverse Mercator)
prejection and grid were adopted. The Bonne sheets ﬁere cut on
grid sheet lines rather than geographic and Istanbul was utilized
as the prime meridian, In additioh, much of the Turkish mapping
equipment, especially in the photographic and phétogrammetric
fields, has been of German origin. On the other hand, German
conﬁributions to the actual mappihg of Turkey have been negligible.

It may be significant to note at this point that, although
German maps of southwest Asia generally reflsct high cartographic
standards, they contribute little to the basic knowledge of the

_area. They were compiled frequently by enlargementffTOﬂLxﬁﬂmu\\;rlw‘

- sources, many of which are now out of daﬁe. "ﬁg”

Russian surveys were carried out in sastern Turkey at various ;
times between 1869 and 1917 with some reconnaissance at later
dates. Russian sheets were used by the British for the Turkish
portions of their 1 inch to 4 mile series and by the Gérméns for
their 1:200,000 séale series. The Turkish General Map Directorate
has used some Rﬁssian sources in preparing its own maps.

iran and Iraq - The first detailed topographic maps of Iran,
which were limited to a émall area in the extréme northwestern part
of this country, were published by the Russiaﬁs. These sheets

were based on surveys of 1896 and- 1909 and on the 1911—14 survey

of the Turko-Persian boundary. The General Staff of the Red Army
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began a series about 1931 and extended it during the Russian occu-

pation of northern Iran in 1942. The Geographloal Sectlon of the

Iranian General Staff, the official mapping agency, has prepared

| Persian-script editions of one of the Russian series. f
Generally until 1914 rough compilations constituted the total

coverage of Iran, The first organized series of maps was begun

during World War I by Swrvey giAIndia units operating under

Mgggpgpamia Expeditionary Force. By the end of that war most of °
the populated areas of Iran and Iraq had been surveyed. Maps in
color were made from these and published by the Survey at eelcutta
r'aslpart of the Quarter-Inch Series. In 1924 the British GSGS

‘ assumed‘reSponsibility and followed the Survey practices. Ad=~’
dltional work was carried oub durlng World Wer IT by Field Survey
‘.Companles some of which were Indian in origin, but which operated

| under the Middle East Land Forces. It is quite 1og1cal, therefors,
that the Geographlcal Section of the Iranlan General Staff has

| relied heavily on British mapping of the area. |

Afghanistan - During the period of strong British influence,

the Survey of India was.a1so responsible for the preparation of
the neceseary mape of Afghanistan. Limiped areas along thev
_Afghanlstan~1nd1a (now Pakistan) boundary were mapped at 1 inch
grinch to a mile. The ba51c British mapping for much of the
;countryg,however, was of the reconnaissance type atvthe scale of
1 inch to 4 miles. In 1947 Afghanistan established its own gép

Service under the Mlnlstry of War. This service is charged with

the preparationpof»all military topographlc mapping, but, to date,

" no maps have been published.

Approved For Release 2000/04/18 : 6ﬁ RDP80-01333A000300050001-1
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india, Pakistan; Burma and Thailand .
- Much of the mappiﬁg'bf southwesterniAsia, as has been in~
dicated, and nearly'all of the basic geodetic framework as well

as map series Bflsﬁﬁtherh and southeastern Asia were developed

by or with the help of the Survey of India. No other single
agency has had mcrévinfluence on the original sufvéyiné.and
mapping of such a w1de8pread area of the world. In 1767 Major
James Rennell was appointed Surveyor General of Bengal and this
is regarded as the beginning of the Survey. The Survey gradually
‘spread a system of prlmary triangulation over a large area that
%pcludes great variation in terrain ranglng'from.the_'H:Lmalayas~
to the Ganges aﬁd from the jungles to the desert. This fore-
_.sighi av&ided the confusion that has developed in so many areas
whegé sﬁatteredvtOpographical sur#eys preceeded an overall tri-
angulatién network and must, therefore, bé’recorded as an out~
standing contribuiion to.Worid mapping. In addition to this
trlangulatlon net, the Survey has also been responsible for
‘prec1se level nets, magnetlc surveys, grav1metr10 computations,
as WellAas, land analyses of agrlcultural'and~economic projects
and cadastrél sur#eys. With»few exceptions, maps are based on
. a”plane tablé”éurveys tled to the.tfiangulation network. Aerial
photography has been used only recently. LT |
Since the partition in 1947; the Survey of India is re« -
;ponsible for all topographic mapping in 'India including the
. Andaman and Nig?bar Islands, and the Independént'countries of
Nepal and Bhutaﬁ? To date it has established additional

triangulation, carried out some large Scale surve
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with development proyects, and 1talsycurrentlywcompillng, revising,

and reprlntlng sheets of the Quarter—Inch and One~Inch series.

The mapplng of Paklstan, smnce the partmtion of India, has
been the reSpon31b111ty of the g__ggy of Paklstan Whlch plans to
‘retain the style and format of the orlglnal Survey of Indla sheets.
.Tc date, Survey of Paklstan has reprlnted and revised numerous |
‘sheets of the standard series; Aerialyphotography will be empha«j
| ‘sized in new and revision work. . | -

Survey of India scales and, to a certaln extent, styles and

format are reflected in mapplng accompllshed by the Dlrectorate

of Mlllta;x urvey, India, the British organization respon51ble
for the Allied mapplng of Southeast Asia durlng World War IT.
Theaseveral series, the sheets of ?hlch with few exceptions are." : B
revisions or reprlnts of ex1st1ng ClVll edltlons with added mlll- |
tary'grld are de51gnated by "Hlnd" serles nunbers and’ cover

‘Thalland, Burma, Malaya, and parts of Indla, Pakistan and

Indone51a. Hlnd maps of Malaya are rev1saons of orlglnal work

accompllshed by the Surv;z of Malaya (formerly the Federated

“Mgl_z §tate and §tra1ts vey) These series are srmllar to v

the Hlnd maps coverlng other countrles of southeast Asia.

The Mapplng of Burma has been the respon51blllty of the

g vev of Burma since 1946 but no constructlve mapplng prngram '
has,‘as yet been developed,

The ozal Survey Department 15 the OfflClal mapping agency

of Thalland. It has produced maps whlch cover the entire country
and range from those based on plane table surveys tled to geo- .

detlc control to those based on reconnalssance Surveys only .

,Approved For Release 2000/04/18 @% -RDPS80- 01333A000300050001 -1




‘Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

.. Inddnesia

R

-

The existing geodetic control df Indonesia, ranging from

* first order ﬁriangulation to astronomic 6béervations was es-
tablished by the Dutch. They also prepared the existing cover-
age of the islands ranging from topographic sheets to reconnais—
- 8ance maps compiled from unconﬁrolled data;

The (Indon651an) Army Topographic Service has been respon~

sible for the mapping of the area since June 1950. To date
only broad plans for a mapping progfam héve been deyeloped 50
that'the Indonesians will have to rely on the eariier work of
the Dutch for some time to come., .
China |
Chinese mapping began between 1708 ana 1718 when a group
of Jesuit Fathers, commissioned by the Emperor Hsu, carried
out a survey of China. The results of this early work have
o “wbeen in use until very recently. Early in the twentieth century
planetable surveys and maps were prepared bytthe Central Land
Sggzgx ggggg'in Peiping which has since gone through the follow-
ing changes in name,’ Bureau of Land Survey (1929), Fourth

Department of the Board of Military Operations of the Chlnese

National Council (1943), Bureau of Survey, Ministry of National

Defense (1946) and after the with~drawal of Chinese Nationalist
Government to Taiwan, the 8 Survey Department, Ministry of National
Defense.

In spite of all the above changes in name ﬁhe Chinese govern-
ment has never been very agre551ve in its mapplng activities,

Much of the interior and even parts of the coastal areas were
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i never adequately surveyed. During World War II, U. S. reconnais-

. sance flyers trled to control thelr aerlal photography by beglnnlng

? at the coast and flylng stralght 1nland. About 85% of this phﬂ— L
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tography had to be dlscarded after the war because control had been

so poor. The Army Map Serv1ce has been conductlng an exten31ve

program for China elnoe World War II to improve this condltlon.‘i
“After the Russo~Japanese War the Japanese dld some work in

secret espeolally in Manchurla. After 1931 they openly publlshed

. maps that were based on a combination of Japanese, Chinese and

Ru351an work.

Japan

Most of the coast of Japan had been surveyed by instruments by

the Japanese by 1816. The British later surveyed a part of the ,?

coast of Japan in 1861. A comparison was then made with the
Japanese charts and the latter found to be 8o accurate that the
Brltlsh Admlralty gave up their survey progeot and dec1ded to use
the Japanese charts. | » |
‘ Modern topographlcal mapplng, as we know 1t today, began 1n j

Japan in 1875. The Japanese Jmperla Land Survey Bureau was es-

| tabllshed in 1888. Thls was the off1c1al cartographlc agency for

Japan. It Operated under ‘the dlrectlon of the Japanese General

Staff and made maps for both 01v1l and mllltary needs. By 1925

‘ all of the main 1slands of Japan proper were mapped in the
'1 5O 000 topographlc series, with a uni form oontour 1nterval of

20 meters, based upon Tokyo datum. In the years to follow +this

serles was extended to cover Korea, Karafuto, Kuriles, Ryukyun
retto and Taxwan. The Japanese also dld orlglnal mapplng in
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Indonesia, New Guinea, the Philippines and various other parts of

the Pacific during World War II. In 1948 the present Geographical

Survey Institute was established as the official mapping agency
of Japén.

. Japanese_map symbols which are highly pictorial, have been
gradually standardized as evidenced by their symbol charts issued
in 1900 and 1917. Their topographic manual of 1935, keyed to
symbol charts, was also a significant contribution towérd uniforms
ity of treatment. To achieve lucidity without the aid of color
the Japanese have employed more than 300 symbols on their recent
1:50,000 series. About 100 of these symbols appear on the
reguiar map legend, Land use‘Symbols, for exémple, have bsen
generously applied (even rice fields have beeh Erckén into three
groups) yet not in a fashion to obscure other detail.
| Due to the accuracy and homogeneity of the Japanese maps it
was possible for the Army Map Service and other mapping agencies
to quickly compile a tremendous quaﬁtity of maps in a variety of |
scales and types on a mass production basis for the military needs
of World War II in_the Pacific and the Far East. Recently the
Japanese Imperial Land Survey maps (JILS) have again been utilized
in the prsparation of maps- by theiArmy Mavaervice and others in
support of the United Nations effort in Korea.

U.S.5.Re |
Perhaps the discussion of Russian mapping should properly be
divided under the Europesan and Asiatic sections. It was piacéd
.under the Asia section for convenience.

Mapping largely confined to Ewropean Russia was carried on
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originally under the old Czarist regimes. It was based on a central
'meridian; Pulkova at 30019!36"E, and contours were measured in
sazhens (ls. = 2.134 meters). Surveys were inadequate and the maps
were»inferior, Improvements came with the downfall of the Czars

in‘the Revolubion of 1917. At that time the General Staff, Red

Army in conjunction with the Chief, Administration of Geodesy and

_Cartoggaphz_and Chief Aero-Geodetic Administration and local sub--
authorities were made responsiblie for éfficial mapping. These |
agencies>make maps for economic and adminisvrative as well as
‘military purposes. MNost of Eu:Ope and south Russia have been
covered by maps based on accurate surveys. Northern Siberia and
part of Central Asia are poorly mapped.

Just how much mapping of the total world the Russians have
accomplished is difficult to estimate. You will remember, however,
that the‘work of the Russians has been noted on several occasiéns
‘in‘EurOpe? Africa, southwestern and eastern Asia. If their dreams
of conquest are‘as strong,as present events seem to indicate it is
'reasonable to assume that their cartographers are hard at work on
worldAcoverage

Australia and lew Zea and

Australia

The Australian Svrvey Corps of Anstralia seems to have broken |
away from the influence of the Pritich ercent ih the use of similar
scales. Tﬁis is rather surpriﬁing in view of the popular saying
that Australians are more British than the British themselves; but
this divergence may be due to the isolation and ihdependence of
the Australian people.
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The Australian Survey Corps Department of the Army is re-

sponsible for military mapping of the Commonwealth including the
basic triangulation and topographic surveys and the publication
of maps at the several standard scales. Localized surveys have
been made by the various State Survey Departments but their
areas are small compared to the total area of Australia. Standard
military maps and the International Maps are the only contoured
maps of the continent published by native sources.
New Zealand

Early surveys were conducted on a regional basis in con-
nectlon with land tenure and the requirements of a rapidly grow-
ing population and consequently discrepancies were inevitable.,
First-order triangulation was finally achieved by the Lands and

- | Survey Department. Topographic surveys have been tied to this

network and are being used to complete topographic mapping in
the densely populated areas. Recently aerial photography has
been used to hasten completion of the 1 inch to 1 mile series,.

Summary

After this abbreviated annotation it must bevobvious that
there are many mapping agencies in the world but only a handful
that have had widespread influence on recent topographic mapping.
These are the British Directorate of Survey or Geographical
Section, General Staff; The German General‘staff; the French
Natlonal Geographic Institute; the Survey of India and the ‘
United States Army Map Service. Each has made outstanding
contributions to world coverage and has had widespread influence

on world mapping,

361
Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

CHAPTER V

Aids To Map Interpretation

The Role of Photography In Map Intelligence

Photographs and Maps

A mab is a stylized picture of earth features which may be
prepared with the aid of pictures or photographs but a photo-
graph is not in itself, a map. The intent of thls statement
is not to confuse you but rather to keep you alert to the fact
that photography makes a vital contribution to cartography but
does not eliminate the need for maps, Competent cartographers
skillfully select.deﬁails to be'shoWn on a map, Many items that
appear in the landscape are omitted, generalized or sﬁylized to
aid the map-user- in obtaining certain infor:ﬁat'ioh‘ without having
to sift through all non-pertinehf*details. These selected items
afe‘tied to.their correct earth positions by means of control
points aﬁd geographic or grid eeordinates. Photbgraphers, on‘ﬁhe'
other hand, achieve a non-selective product from theif»cameres
since these instruments reprodﬁce all details within the scope of
their 1¢ﬁs eapacity. The photograph-user has to pick"oﬁt what he
wants.,  Unless'he has been especially trained, he may have diffi-
culty in 1dent1fy1ng what he sees or in being able to pinpoint
'.vwhat he Wants to 1ts spec1f1c location. In addition to these
llmltetlons numerous other photographlc characteristics and
aberratlons make it 1mperat1ve that photographs be con31dered

as sources for map ihtelligence and compilation rather than as

ApproVEdF ot RiteEd5000/04/18 -._ang'-Rnpao-m333Aooosooosooo1 1



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1
The fact that a photograph is not a map in nc way lessens
its informational value, The importance of pictures for conveying
and clarifying ideas has been recognized for many centuries. In
truth, the'human desire to preserve'images of objects and scenes |
is probably as old as man himself, Ways for satisfying thisb y
desire have been varied but the motivation for it is constant.
Development of the basic ideas of photography were undoubtedly
inSpired by the demands of many peOplevwho wanted a graphic
medium for recording the images that they lacked the artistic
ability to re-create, The camera could do this., Realization of
the utilitarian as well as éesthetié value éf photography came
rapidly on the heels of the development of the camera itself.
It wasn't long before photography was linked to mapping as a
valuable—adjﬁnct thereto,

Types of Photography

Terrestrial Photography

So long as man was unable to soar above the surface of the
earth, the application of photography to cartography was res-
stricted to the scope and perspective of pictures that could be

taken from ground positions.

Horizontal Orientation - The bulk of all terrestrial photo-
graphs have always been taken with the camera lens oriented nearly
horiZoﬁtally to the surface ofwthe earth, This produces a '"head-
on" exposure‘of the scene lying imhediately in froﬁt of ‘the camera,
Thus,'too,'the areal extent of the resulting picture is limited
by the scopé or angular capacity of the lens.!'The éctual lineal

arrangement of terrain features and the visual effects of
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perspsctive ¢raate distertions of apd obeéfﬁotions to those
features not dn full view of the camera "eyeﬁ,’ Imageé of nearby
,objegpgrgre_large,Hsharp and- clear while backgrOUﬁd'énd lateral
features are blurred, distorted or obstructed. Some modifica~

- tions of the foregoing statement are, of course, possible by
changing the focal distance of the lens;l |

Oblique Orientation - Although horizontaily oriented photo-

graphs are most common, it is obvious that cameras can be tilted
at various angles to obtain oblique rather than horizontal orien-
tation of photographs, Such tilting is employed most often in
situatioﬁs where the camera can either be placéd on a prominent
elevation above the features to be taken or else where thé camera
can be tiltedbupward from below them, Distortions introduced by
tilting the camera will make features seem to leénvéither'$§ward
or away from the pbint of -projection. Features.will also be mis~
shapen in response to the altered perspective'introduced by the
angle of the projection plane from horizontal,

Panoramas -~ A seQuence of either horizontally or obliquely
oriented exposures can be taken by rotating the camera along or
around the plane of the horizon or by moving it along any given
line. Negatives or prints of such exposures can then be‘developed |
or spliced together to create a continuous or panoramic view
covering more terrain than is possible with a éingle exposure.,
Because of the limited scope of each exposure; composites cover-
ing any considefabie'distance are either cumbersome in size and
shape or have been so greatly reduced that 6bjects are difficult
to distinguish with the naked eye, Furthermore, they contain

‘ 365 '
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all thg‘limi§q§;0Q§,ﬂnd’abenrationSvinheréht”ih*hbrizanﬁaliy or

wmpbliqqely oriented exposures mentioned above,

. “App%;cationﬂgi Terrestrial Photography Eg'Mappihg - Ahy one

or all types.of terrestrial photography are uéeful.in’chécking
theqidgptgﬁicatgon‘andiappearance of specific features for of
with thelr symbolization on maps. They alsc aid in supplyihg |
:g}fu%lerJQppreciation ahd‘underétanding ofjthe'nuﬁeroué»iand-
scape featureé not shown on maps. The researcher méy Waht ﬁd
_know about these things inh making a regionalvstﬁdy or for the
‘purpose of revising impressions obtained from maps or other
source material, He may even find it necessary té ré&iée ﬁge‘
?map‘symbols themselves on the basis of what the phoﬁogrépgé |
E §how.,vF0reign scenes, specifics in the terrain and facts aﬂouﬁx
:“cﬁltupal‘featureS'can thus be reviewed with more undefsténding
Epgﬁ is possible'using only a map containing selected édnvéhgidn-
alized symbols. o
Horizontal photographs provide restricted but'specifié in—>
formation about details in direct line with the camer&.( Since
most of the feeling of third dimension is lost, horizontal phoféé
are of limited use in trying ﬁo fix objects in the proper depthA‘
or distance relationships that are so vital to mapping; 
Obliques taken from.ground'elevationé above the scene bging
photographed afford a slightly'better‘understéndiﬁg of.thé>éis~ |
tance relationship of foreground to babkground fe;tures. Fore-
shortening, however, still creates false impreééions that camot ‘ *
be overcome with either type of terrestrial ﬁhoﬁogfaphy;‘.Obliques
neverﬁheleSs reveal more about the overall shabexdf féatureé:if

366 |
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the.photo—interpreter is able to compensate for perspective dis-
_tortions. k |
Terrestrial photography is used in much the same may in com~
:ﬁ.pillhg maps as 1n,obte1n1ng map information. It prov1des a means
;,ofridentification and interpretation of topography, vegetation,
ftransportation industry,npopulation and other cultural or natural
data. ’It‘cannot be;usedtin other than relative positioning of

earth features. More exact positioning can only be done throﬁgh

+
'

the medium of aerial photography,

Aerial Photographv

A small camera attached to a klte and sent aloft was the
-genesis of a wholely new technlque for obtalnlng terraln in-
telligence and maklng maps from photographs. These flrst "klte"
pictures were of inferior quality because a cemere had.hot &et
been perfectbed for such use and the path of a kite could not be
:oontrolledybeyond the restrictions imposed by:the stfiné attached

- to it, Even unoer these conditions; nevertheless, the future
potentialities of aerial photographs were evident | Each exposure
.?hproduced a far more comprehensive view of the terraln than oould
be obtained from ground photography.
Better controlled~photograph1c conditions thah were‘possible
using a freely floating kite werc obtained by taking a camera in
. a balloon, Even though a balloon is largely at the mercy of air
movements, the balloonist can maneauver it to some extent and then
_await the opportune moment to aim his camera and snap exposures
of selected areas below. It is interesting to note that durlng

the Spanish-American War, Lieutenant Colonel Reder of the |
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United States Signal Cof?svtook carefully directed photographs
of Cuba from a balloon, From these exposures he made one of the
first mapé compiléd frbm.aerial photography.

Shortly after the aifpléne proved that it was not a mechani-
cal curiosity but an established means of transportation, aerial
photograbhy took another step forward.b Aerial photographs for
reconnaissaﬁcetpurposes were takén from airplanes during World
War I,“ in 1920 aerial photography was undertaken in the United
States by the Corps of Engineers and the Geological Survey. A
few years later in 1924, the U.S. Coaét and Geodetlc Survey used
aerial photography in its mapping of the Mississippi delta area.
About the same time the U.S. Navy Hydrographic Office used aerial
photos for compiling hydrographic surveys of Cuba. Private oil
companies did large sectidns of the southwést because government
agenéies were slow in adapting the technigue to domestic mapping.
In 1936 thé Tennessee Valley Authority finally took the lead in
using aérial photography for topographic maps which was a mile-
stoﬁe ig>the proéress of photogrammetry in the United States,

Scieﬁtists ahd governhental agencics conducted similar ex-
periments in Europe. .They were quicker, however, to realize the
potentialities'of aeriai photography'for various types of terrain
résearch and cartographic representations. In consequence pre-
cise photographic and cartographic equipment far in advance of
those in use in the United States were developed in many western
Eurbpéan countries, especially Germany. Many of these instruments
were captured and broﬁght to the United States during World War II
and were put in ﬁperation immédiately in the mass production of
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<]



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

maps of all parts of the world needed to carry on a globai war.
The net results of all these pioneering experiments in
aerial photography have mushroomed in less than half a century
into one of the most important sources of cartographic infor—
mation, aside from actual exhaustive field work, yet known to
man,. Aerial photographs are-ndw almost indispensable in i
'analyzing, revising and bringing up to date the details shcwn on
existing maps. In addition, with adequate photography.and a mini~
mum of good ground control, either original planimetric of topo-

graphic maps can be and are compiled by photogrammetric téchniques.

 Vertical Orientation - Essentlally vertical replaces horizontal
photography when the camera is taken aloft by any airborn; medium.

' Except in rare casesvof low altitude flying in mountainoué areas,
having the camera oriented horizontally to the surface of%the earth
would be pointless unless exposures of cloud or storm effécts were
desired. Vertical orientation obviously places the camer; in a
better position in relation to terrain féatures lying bel?w. Actu-
ally "vertical" as applied to aerial photography ié a relétive
rather than absolute term in most cases. Reasons for thig guali-
fication will be given under Factors Affecting Aerial Phoﬁography
since they are important enough to warrent separate treat@ent even
in this abbreviated discussion. | |

Oblique Orientation - The designation "oblique" is aéplied

to aerial as well as ground photography with the same impiications.
It is now common practice to use cameras capable of takiné both

vertical and oblique exposures rather than obliques exclusively,

Apprdved For Release 2000/04/18 3431A-RDP80-01 333A0003000§0001 -1
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For example tri-metrogon photography, used extensively for mappihg

purposes, is obtained from one vertical and two oblique cameras

l coordinaied in one unit to expose three negatives simultaneouély.

Other cameras, that work on the same principle, have multiple
lenses for exposing one vertical and as many as eight adjoining
obliques.

Aerial Mosaics - When comprehensive aerial coverage of an

area is desired aerial mosaics normally are used instead of pano-

ramas, typical of ground coverage. Since an alrplane can traverse

| large arcas in a comparatively short time, it is more feasible to

j§in strips of photography to achieve more extensive coverage than
is possiﬁle with a single strip panorama. Common practice is to
use either verticdls or obligques for mosaics. A few mosalcs are
prepared from photographs taken with multiple lens cameras. Mo;
salcking a vertical and oblique together produces a comprehensive
view in all directions emanating from a central point in the

vertical photo.

(1) Uncontrolled Mosaics - Sequential but not necessarily consecu-
tive aerial photographs can beVSpliced together by matching features
showvn in common on their edges. In such mosaicking little aftempt
is made to rectify photographic distortions or to tie specifie
features to precise gfound control. Consequently uncontrolled -
mosaics are not used for precise intelligence research or mapping.

They do, nevertheless, provide comprehensive coverage of an area

for purposes of preliminary overview or general orientation.

(2) Controlled Mosaics — All aerial photography for.mapping

‘purposes is taken with a forward and side overla %Fcifications

00300050001-1
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vary lightly in respect to the amount of overiap but average
about 604 forwurd and 305 side lap. Figure 371 illustrates the.
method of flying in horizontal overlapping flight lines to cbtain

the necessary coverare.
ot
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FIGURE 371

Overlepping is done for three main reasons:

1. to insure complete coverage of the terrain

2. to provide cverlapping nceded ror aterecscopic utilization

of adjeining photos
3. to lessen the necsssity for having to us
reproduced disteritedly =long ths edges of ind

¢ information

Only the ceniral portion of each photo is normally used for

mosalcking because there is less error

tlen of surface features near the center of an aerial photo. This

perticn tegether with similar porticns from adjoining photos are

Ay

pileced tObbthET (paneled) to form a mosalc. Such mesaics may be

either seri~ or carefwmily comtrolled. Tne degree of control is
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determined by the precision with which photpgraphic iméges or -
pleture points are tied to ground control points.

(3) Photo Maps - Although a photograph 1ls not a map, controlled

_ aerial'mdsaics are used as the basis for photo maps which closely
approximate the format of true maps except that only selected de~
tails appear on the body of maps whereas everything visible tO'the
camera is shovm on photo maps. Particular features on the latter
are differéntiated by overprinting appropriate symbols and titles.
Either geographic or grid coordinates or both are added to guide
the user in locating objects. Most photo map sheets contgin a

- graphic scale which should be used as an approximate not exact
measuring device.

_The Back-up of the 1:25,000 Anderson Island 1478 IINNW'Sheet

will help you to appreciate the values and shortcomings of most

- photo maps. This Photo Map §f Anderson Island is oriented with
North toward the top because popular demand and uniformity of
format diétate that north be toward the top of most maps. Unless
‘you have had considerable practice reading photographs, however,
it will be much easier for you to interpret surface features, if
you turn the sheet upside down. You will then have the shadows

. toward ybu éo*that elevations and depressions will be in proper
perspective to reveal them as heights and holes in the same
relationship és they are on the earth and not reversed due to
§ptical illusion.

Study the Anderson Island sheet for the foilowing:
1. Compare the map and mosaic defﬁ.ction of |

a Graticule and grid notation ¢ Foreshore features
b Graphic scales and their use d Water depths
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e Warves and other relatéd data K Rallroads ‘
f Types of vegetatlon i Houses and buildings
g Roads = ] Other cultural detail

2. What outstanding limitations do you find to photo maps?
3+ How does the mosaic supplement the map?

Stereoscopic Coveragg - Many of the questlons that arise con~

cerning analysis or interpretation of surface features can be
answered if you have stereoscopic coverage of the“area in question.
With somé practice you can then distinguish elevations or comparaﬁive
heights of natural or cultural feaﬁures. Any truly definitive’use

of aerial photography demands stereoscopic coverage together with
the'mastery of stereoscopic viewing either with or_withoqt:thé aid
of various mechanical devises. These methods are discussed in. !
Appligd.Cartography and many other more specialized ahdldefinitive
text$ on the-subject of aerial photography and its applications.

Factors Affecting Aerial Photographs

Physical Conditions

What is so rare as a day'intJune! Then, 1f ever, céme perfect
photography dgysl In paréphraéing thé poet in this way, there is
no direct impiication thathune is the perfec£ month in all places
in the world. The Implication is rather ﬁhat.the aerial cameraman
would like weather such as people of the Northern Hemisphere visue-
lize as typically ideal.

In any climes, the ideal plysical con@itions are clear air,
bright sunshine, a properly fuhctioning'caméra andvgdod stable
negativgs. Clear air will improve the definition.qf objects and
make sharper prints possible without the ai& of éamera filters.

Smoke and dlrt in the alr, on the other hand act as m01sture

collectors (hygroscoplc nuclell) which create a haze. A dust haze
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which materially chahges or acceﬁﬁuaﬁegrcolors may appear even in
vefﬁ dr& areas., The camera will pick these particles up as shades
on black and white negativeror as briiiiant colors on color film.

Bright sunshine increasas the‘shadqws S0 necessary to photo. .
interpretation.. The ideal angle of the brightly ghining.éuh |
" should be away from #ertical to increase the size of shadows,
If the sun iS'directiy’ovérhead, however, there will be few tell- -
tale shadows on vertical photographs to ald in the identification
of objects. Proper functioning of the camera obviously means that
the proficient,caméraman can expect to reproduce an image of high
quality if the film is as good as hiélcamera.

Political Conditions

Another‘ideal'gonditibn would berénvunmolested cameraman.
If the plane in which he is working is being shot at, the pilot
may plunge, dip or 1ift at the exact mohent when tﬁe picture ig
being taken.- These departures from ideal position introduce the
familiér'aberrations of war-time photography. The resulting photos
are not uniform‘in Scale, tone, and normal distortion. As much as |
85% of the wartime photography of Asia had to be discarded after’
World War TI. After the cessation of hostilities, new missions
were flown dﬁring.which the crew could devotg their entire atten-
tion to achieving good photographic results. |

Altitude in Relation to Scale

The altitude at which the airplane is flowm and the focal
‘length of the camera determines the scale of the photograph.
Specific instructions are supplied to the photographic team as

to how high each mission is to be flown., The pilot ascends to
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this éltitude and attempfs;té maintain the proper direction and
~gltitude while the cameraman completes his . assignment. |
Distance from the ground is one determinant of the scale of
the resulting photograph. Emphasis is placed upon ground because
it is not the altitude above sea level but ébove the elevation of
the local terréin ﬂhat influences thé scale; This relationship
is expressed in the following formula in which R F means the
Representative Scale Fr;cfidn:.i
RF = Focal length of the camera

Altitude of the plane minus the average elevation of the
ground.

EXAMPLE: TFocal length is 12 inches
Altitude is 11,000 feet
Average elevatlon of ground is 1,000 feet.

Since the focal length and height must be
expressed in the same unit of measurement,
convert 12 inches to 1 foot.

THEN: RF = 1 or 1
11,000 - 1,000 10,000

Thus a mission flown at ll,OdO feét will_supply ﬁhotographs
of approximately __ 1  scale. Roughly 1 iﬁch (or meter) on the
photograph will rigégggnt 10,000 inches'(meters) of the earths
sﬁfface or approximately 1 inch to 1/6 of a mile.

The above formula, logically, implies the difference in the
amount of terrain covered by photoé taken at different altitudes,
The higher the altitude, the greater becomes the unit coverage of
each photo. With constant improvements being made in camera equip~
ment, photographic processes and aircraft, it is now p0851ble and -
d631rable to fly photo missions at higher altltudes. Where former-

ly missions were flown at altitudes up to 5,000 feet they are now

more likely to be flown at from 20,000 to 40,000 feet or higher.
Approved For Release 2000/04/1827€1A-RDP80-01333A000300050001-1
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If a 12 inch focal length camerat were used to take pictures of
the same area, lying approximately 1,000 feet above sea level, ab
each of the altitudes mentioned above, the scales of the resultent

photos would be:

At 5,000 Ft. RF = 12 = 31 or 1 inch to about

5,000(12)-1,000(12) 4,000
4/5 miles.

At 20,000 Ft. RF = 12 = 1 or 1 inch to about
20,000(12)-1,000(12) 19,000 | |
3% miles. ' )

At 40,000 Ft. RF = _ 12 = 1 or 1 inch to about
J0,000(13)-1,000(12) 39,000 |

l miles.

This means that approx1mately 12 to 56 times as much area is
covered by each photo at 20,000 to 40, OOO feet as at 5,000 feet.
Coverage from any of three altitudes is greate; than can be ob-
tained from ground photography with any degree of deflnltlon..

Altitude-scale relatlonshlps affcet the degree of deflnltlon
attainable from aerial photos. Pr801se-def1n1t;on is easier to
attaln at 1ow altltudes than af high. In all high aititude pho--
tography 1t is dlfflcult to obtain images that are large enough
to,be distinguished readlly. The sketches shown in Figure 377
villustrate echemetically the difference in definition of in~
_formetion between photographs taken at 10,000 and 20,000 feet

respectively.

lpocal length is the distance in the camera between the lens
and the negative.

376
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RELATIONSHIP OF PHOTO DETAIL TO ALLLTUDE

~---20,000 FT.

N \\ 10,000 FT

A B

Schematic effect of Schematic visuslization of
altitude on definition dilterence in coverage due
shovm on photo ' to altitude.

FIGURE 377
A vertical pnotograph might be substituted for a map if the
entire area included ir the photograph were perfectly flat; if
the focal plane were perfectly parallel to this surface and it
the camarg.had»a perfect lens that would create no lateral dis—
tortions; ‘Quite a8 combination of "its", Fulfillment of these
qualifications would produce the ideal couaitions sketched in

Figure 398, Images of ground objacts are focused through the

397 '
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IDVAL RELATICNBHIF OF FLANE 10 GROUND

Fipni
Lamera Lens

Ground

Plumb Point

FIoUss 378 |

eamera.v-lens upon the film pline behind it« If é plunb 1in§ could
be dropped from the airplane to the ngouncﬁ, it would pass directly
't-hrouéh the center of the filw and the ceri;per of the area beiné
photographéd. Ay feature in thi_s aligmﬁant would be perfactly
,reproduéed aﬁd the scale pi‘ ﬁhé photograph would be tfue over its
entire area. Any points an equavl"distance from t.hé plumb poin'b
on 'bﬁe ground would be an equivalent distance ffom the plumb poinﬁ
on the film. | |

- Since no aearth surface is a vperfec;bly horizontal plané, ground
ralief will inject distorticns on a vertical aerial photograph.
Théémount of distortion is proportional to the amount of relief
and becomeé aA critical factor in photos of rolli.g to mountainous
toi)ogfapw- ) -

The cjisﬁortion introduced by ground relief is more properly
called PARALLACTIC DISFLACEL®NT or simply DISPLACE:NT, Parallax
is the apparent change in the position of one object or point with
respect to another when the two are viewed at 'difi‘erenf sngles,
¥} épplied to serial photos, parallax refers to the relative
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displacement of twe points slong the same line when viewed from

L)

an exposure -noi;nt that is not directly overhead. This displa cerent
;n ke lljustzbbcd by holding cne finger up at arms length and ncting

tune seeming change in placement of distant objects as you move your
line of signt from one .side to the other of yoﬁr finger. ALl such
parallactic disp;acements are radial from the cenber. Tois 1s the
explanstion for the faét‘that peripheral objaéhs seen to lean away
frém the center of an aerial photo in coptradiction to their true
vertical alipnment.

study figare 379 as you read the following explanation.

DIaGTia: W0 wiSG ”lﬁLL CTLG BISPLACE ST OUh O TOrCGhACTIC RELIVE
!
.',T-‘-7-N--‘-—-——-—'—..—‘ -
W 2
Wy

m*;;"r"““

FIGURE 379

K-K® Datum plane D Farallactic displacement

A=l Hegative : : cn datun plane

P-! Yositlve Y Projection of Y'! on datum
L Lens plane
H Helght of X' above datum plene y-y' True and apparent positions
¥ Projection of Xt on datum plane reapectively of Y

d-d' fmount of displacement
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'DisPlacementsmdus~tp”parallaxmare«alwaysmalongmlineswradiahingwfTﬁm-,

the plumb p01nt (V) which in the absence of dlsturbance to alrplane
alignment coincides w1th the center p01nt of the photo. Those *
points on the ground (Y') lying below the datum plane (K-K') are
displaced inward (d') on both the negative (N-N') and the positive
(P~P'); those points (X') above the.datum point (K-K!') are dis-
placed outward (d). The total amounﬁlof such diSplacemént is di«
réctly,prqportional to terrain relief and to the distance from
the plumb point and is also inversely proportionai to flight
altitude. |

If the highest elevation coincides with the plumb point or
center of the exposure the resultant photo will show a photographic
disuortion similar to the "blg feet" exaggeratlon that can be ob-
tained 1; horlzontal photography by hav1ng a person sit on the
ground wlth hlS legs stretched out in front of him. On the photo
his feet'w1ll appear to be bigger than any other part of his anato-
my The;ﬁountain—peak or hill-top will;stand out in the same way
on a vertical photo and necessitate scale édjustments in relation

to- surroundlng features .

Effects of Alrulane Deviations

Tlp and Tllt*— Modern 1nstruments have prov1ded poss1b111tle

TR

for the 1mprovement of controlled flylng but nelther they nor the
pilot are infalliable. Sudden convective up- or down-drafts may
strike the nose or tail of the plane unéxpectedly and tip the plane
away from a trulj horizontal alignment. If the cémera shutter.is
béing clicked,af this instant, the resultant photo will be distorted.
Displacement will occwr in the direction the plane is tipped and

380
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with results similar to displacement due to ground rellef.

Tllt w1l] occur when something happens to disturb the hori-
zontal allgnment of the wings on the plane. This tilting will
pzaduce 1abera3 rauhor than farwaro displucement of the 1ma5es
on the pncto. igure 381 shows this displacement of objects

U;urhﬁaJnhAT my ¢ TiF OR TILT

FIGURE 381
X and Y. The diagram.can be adapted to eitﬁar TiP or TILT
conditions by orienting it for forward or lateral disturbances
to tﬁe alignment of the airplane.

Ground reliefl, tip and tilt distortions may oceur in such
combinations that one may compensaie f@r the other. Photographs
taken under these combinaticus wili have less total distortion.
than the reader might expect from any one set of variables.
Photographs, in this respect, are much like other projects whersa
errors tend to cancel one anothear. , |

€rab - The lowly crab has been theHSOurce of many analogies,
His side-slipping gait is‘Likened:tb one condition affecting
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along a flight line. These may not be viclent gusts which immedi-~

ately put the aviator on his guard. They may, instead, be guiet

i,

little winds that slowly cause the plane to drift sidewise. Photo-
graphs taken under uncompensated drift conditions cannot be per-
fectly aligned in'strips. See Figure 382. The drift may reduce

ALIGNMENT OF PHOTOS -
 gourse ‘course ' course
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FIGURE 382

sidellap or merely cause a wave in the placement of photographs
for further use. Skewing of the photos, for example, impairs
normal aligmment needed for étereoscopic viewing. To revert to
the vefnacular, this_"érabs the Act" for multiplex compilation
of maps from aeriél phoios.

This explanation of crabbed photcs should nct be con-
fused with the pilots adjustment tc drift conditions. Me crabs
his plene sd that he is flying forward with thevpiane slanted
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forece of the wind and enables the pilot to hold to a nearly straight

forward course.

Interpretation of Aerial Photographs

Effects of Clock and Cslendar

—

Photograpﬁs have a far greater range of scenerylpossiblities
than maps. Anything that appears on the landscape is reflected
on ﬁhe film, Sometimes this means too much detail or the obscur-

- ing of necessary features. Roads get lost under a canopy of foliage
when leaves are thiok.upon the trees, Railroad tracks disappear
into mountain sides. Heavy shadows mantle vegetation. These, com=-
bined with many other details, confuse the patterns made by man
and nature ﬁnléss the viewer is skilled in interpreting photography.
Map symﬁolé are created to clarify and standardize the patterns.
Standardizéd map symbols, hoﬁever, do not ?eflec# the time of day
or year. Photographs mirror the changing mood of esach season as
it alters the scensery.

Effects of the Clock - Camera equipment is available for ex-.

posing films at any time of the day or night. Beautiful patterhs.
of lights can be caught from a plane at night. Dazzling images
appear undervthe noonday sun. Best photographic results for

mapping purpbsés; however, accrue from exposures taken when the

sun is well above thé ﬂorizon but not directly overhead. Mid—
morning énd mmd~afterﬁoon are the best times, all other things

being equal, for vertical éxposures taken in the middle latitudes.
In higher lafitudes where the sun never reaches an overhead position,
the noon-day hours are best since the morning and afterncon sun

casts exaggeratedly-long shadows. Conversely, in latitudes where

: 38 , :
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the sun is nearly overhead it is difficult to secure pictures on
which long enough shadows are cast to provide clues for object
identification,

Effects of the Calendar - Skilled photo interpreters check

the.date of exposure as soon as they receive ‘the prints. In areas

of deciduous vegetation, the amount of leaf and grass coverage in-
dicates ﬁhe'change of season., In areas of either permanent vege-
tation or sparse coverage these clues are missing. In any case it
1s better to check the exposure date to ascertain which adaptations
of geographic patterns apply to the particular project. |

The relationship understandings of the geographer are brought

_»into use in accordance with seasonal variations he finds in the
landscape; the photo inﬁefpreter mﬁst'also be aware of such vari-
ables. For examplé, an intermittent stream shows different |
patterns at different seasons. During periods of heavy thaw or
rains this stream may be a wide, raging torrent but wheﬁ dry périods
come only é narrow trickle or even just the dry-streambed remains.
If_é‘symbol is to be drawn on a map to represent this fickle stream,
both conditions should be shown. The floqd tide width of the bed
shouldvbe retained so that anyone using the map in the field at
this season will be preparéd~for plenty of water., The stream line
symbol should be dashed to indicate that there is little or no water
running in the stream during the dry season. Map readers are thus
warned that fhey can cross the stream at this time if they remember
that sudden‘heavy rains may temporarily swell it to OVGrflowing
even in dry seasons. Ignorance of this important fact has caused
the sudden dééth of unsuspecting traveilers in‘such'areas.

. 384
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SnOW'shown on photos can be erronsously interpreted as poor
photography The skilled person recognlzes the true condition
and gppreclates the cbncéalingueffecbzthatfﬁnoqf§a§.qn'the land~
scape. 'Furthé;ﬁoré he knoirs that'snow lies longer onkﬁrotected'WH“r
sloPGS‘and glso affects normal shadow patterns by lessening the |
contrast between sﬁnny and shaded slopes. An optical illusion of
reversal of these slopts may result from a highly reflecting snow
cover on one side and barren slopes from which the snow has been
melted on the other.
In areas of considerable seasonal vegetation change, better
interprefation of the landscape can be made by using spring or
léte fall exposures. Underlying patterns are not so confusingly
hidden at these seasons. An exception to this statement must, of
coufse, be made for agricultural and vegetation analyses. For
" these purposes photos taken at the height of or late in the growing
seagon are beste. Only then can the true type and quantity of
’veg?tation bé recognized from photographs. Long practice and
seygral présicion instruments enable photo research perscennel to
make aetailed analyses not only of the character but even the height
:ofvhomogeheous groupings of vegetation from such seasonal photos.
| Aﬁy other.seasonally induced changes»in the landscape aside
from vegeﬁation must also be known by a competent person working
with vertical photographs. If he doesn't know all of the geographic
faéts, he seeks other sources to help him.,

Utilizing shadows on the Photo

Shape - A1l obgects will cast shadows when the source of light

o

is behlnd them. The sun is the source for the creation of aerial

385
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photo shadows. (OpMimum angle of the sun for best exposuras has
already been mentioned.) The shadows that result reveal charavtero
istics of the shape of an object whlch.is vital to accurate inter-
pretation. |
The vertical image of an object shows>only'the-top portions of
it on a photo. Verticel offsetting in the shape of the object will
show but poorly and few clues will be provided for its under-lying
.shape. By studying the shadows of this object, though, much can be
laarhed about its overall shape., For example, different species of
.trees can be identified by the‘characteristic shape of their shadow,
In enalyzing ocultural features not only the shépe of‘strumtures
" but also the gensral type of construction can be read from the
eﬁaﬁe of their shadows. For example, the number‘of'spans, ﬁable
suSpensions and/br abutments are often reflected in the shadow of
a bridge. Furthermore, structures built for specific purposes
often conform to characteristic patterns. If the photo interpreter
is fgmiliar with the shapes of special purpose structures as they
appear on the landscape, he can catalogue their pidbable use from
their photo shadows,
| Size - R;Laﬁive siaz of Ubjects can be estimated by an amateur
and actually determined by a professional by measuring the length
and width of shadows as well as from scaling the size of images on
aerial éhotoﬂg' Tall bﬁildings cast long shadows, small buildings,
lesé pretentious ones. Adequate interpretation of size is impossible,
however,‘in the case of shadows of tallfbuiidings that do not have
'.a chance te stretch themselves upon the ground but are cramped into

the narrow cracks made by streets between them.
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. ~ Mowntains also thro lérge shadows ecvoss the land. The
| a:l.zo af these shadom may ve great eriough to nearly engulf the =
' | "pattern of other reaturea sueh as tices beneath them, It is )
~often necessary to siit the psitern of the trees from these
shadows. Under some condifions, & Kaovledge of relative tone
| N’PPli.ei the qievé. o
mg of Relativs fones
Tone to Vegetation ~ Tonal velues mey ald in the disorimie.
pation of soveral objocts., Interstices between trees and
‘poaai.bly their foliage produce different, tones, Shadowa of
solid o_bjects like mountains are more uaiform in tone. . careful
'Mpéc‘bion of tﬁa mountain shadona mey unfold a  lighter tonal
. effoct ﬁhat offers cluo to the presence‘ of vegetation which at
first glance saemed to be lost in the shadows.

' Freahly plewed iolds show up, as dark patches on photos
beoause the moisturs which has boen bmught to the surface by
plw.‘mg, darkens the vround. The surface of unseeded, plowed

. f401ds dries out rather mpidl:r, howaver, with the result that
plotures teken & chort time aftor plowing will show a lighter
*tmed smage for these then for newly plowed fields. PFields of
growlng erops wil‘l proedace otill cther tonss that are keys to
interpreting 'Lh‘:a wwm dmmw ol growih and type of orop. No
amount of explanation ean helm you 1o visualize these tonal values.
Tonal preceptian can b3 dov elopad only through practice. - _

ggma;‘bp,m.o&; foreq - Smooth curvod roeds, especiany those
constructed with concrete, show oa light benda on photos, Dirt
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.

between/nallroad‘tles shows in sharp-tonal contrast to the metal

rails on large scale photos. Airstrips, landing fields and :sur-
faced parking arees reflect llght and, consequently, are much

lighter to nearly'whlte in tone as compared to the darker ground

usually surroundlng them. Differences in tone facilitates dlffer-g

entiation between rlght—ofaway and the equlpment which travels Sk

over it as, for example, trains upon railroad tracks, boats in

s river and motor vohloles on a road.

;pterpretation of Waber Depths - Shallow water produces a

1ighter tone than deep water, Sand bars, subsurface shelves and
gawyers. can be spotted by 11ghter tones in clear water bodies.:,
Much, therefore, can be learned about foreshore, offshore and -
etrea@ped_features by studying the varying tonal intensity of ::
water bodies. | | _ | |
Any nuancee of tone are lost on muddy, under-or ovefudévexop@il

photos. A large part of the 1nterpreter‘s success depends upon

the quallty'of the prlnts he uses. All of the above discussien

‘gbow t tone could be in vain if the photographer ‘has not cooperated

*

inp@eveloplng these tonal qualltles.

o Surroundlngs |
"Know a man by the company he keeps" applies equally well to

_ data shown on aerial photographs. Many obgects can be 1dent1fled

\.«

by examlnlng thelr surroundlngs. Common-sense helps a great ‘deal ,
HyYe

t00. If the v1ewer sees a solid obJOGt sitting in the middle of

e fleld he mlght be mlsled by its shadow to conolude it was a

AL N

house. thtle common sense 1nfluenced this selection because

there must obv1ously be some means of entry"lnto any inhabited
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building. Even if a house has been deserted for some time, soms -
evidence of a path or roadway will normally show oﬁ,a photo. The
derk object in guestion is more probably a haystack.

Comparison of the various sizes of buildings in a given area
in relation to their suwrrounding alds in determining probable

usage. Commercial and industrisl arcas tend to contain largé

buildings in close proximity. Small buildinge with more room

aroumd them mark the usual pattern of residential areas. In a
sparsely settled arsa & large building may be an isolated factory
out 18 more likely to be a congolidated school. This supposition
48 strengthensd if a play Tield of one kind or another is found
in the immediate vicinity. |

| Water tanks cen be distinguishsd from oll tanks by surround-
ing structures and 2lao by the fire grotection rosab that most
communities faquire aromd inflammable storage facilitles.

Thus time, secson, shadows, size, shape, relative tone

and surrouadings shovln all be considered as you learn to interpot

photographic inages,
Applicetions of Pholograpns bo Maw Deading

Direct application of terrestrial or aerial photography »r

checking purposes has aiready been mentioned. & goed photograh

or, preferrably, set of them czn save hours of reference readlg

and producsc a clearer 1&p1$saion of many fsatures shovn on mapi.
They can also increase the volve of a physically relisble bub
culturally cbsolete map.

It is impossible to obtain an absolutely current rendition

of cultural snd even of scme natural features on mest printed
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maps because of the time and money required to prepare and repro-:
duce a map. Changes occur in the landscape even while thenmap ;s.

- being mads. The costs of producing a good topoéraphig map make |
it iﬁpracticai to undertake coﬁsﬁant revisions of one sheet ofw
series of one area when there are other areas thatvhave eifhér
never been covered at all or whose coverage is completeiy obsolete.
Students should thus expect cultural changes and know why and
wheré to expect natural changes to be revealed on photograpﬁs 
rather than on maps 5f the same area.

The'rapidity of cultural chénges is commensurate with the
pace of daily living and the receptiveness of a given group of
people to economic and cultural inno&ations. For examplae, photo-
' éfaphs should not be expected to reﬁeal as many culﬁural chanéés )
in the purely agricultural arcas of China as in the bustliﬁg:city;
vof Shanghbi. This generalization may not apply in areas that have
“been affected by war or natural disasters such as.tornadées, ﬁ&— f
© phoons and earthquakes. Either the aftermath of such distrucfive;
forces or the results of a progfam of reconstruction, spbnsored
by domestic or foreign agencies, may be shown on photograpﬁs of
the affected areas. Rapid cultural changes may also be intféducéd
by the discovery_of critical mineral deposits or the application
of some modern techriques in a previously somnolent region. A
knowledge of political and economic geography is an asset in brem
dicting and recognizing such cultural changes.

In similar fashion, a knowledge of physiography, geomors
phology and geology contributes to»the understanding of naturél

changes° If a student knows that earthquakes are common in an
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area, he is not alarmed at finding changes in natural patterns
there.‘ Nor is he dlsturbed by flndlng a new channel development
in a bralded or meanderlng stream or in the delta of a 811t—
laden river. No puplighed map couldlbe kept abreast of such
rapidly changingtnatural.phenomepa. Even photographs,.unless
they are'used‘almost irmediately after exposure, may show con-
ditions that are slightiy different from ﬁhe existing situation.
In general however, photos will provide more nearly acburate in-
formation than old edltlons of maps. Intelligent application of
photographs to maps, therefore, alleV1ates the 1ll—effects of
time-lag in mapplng. »

Reliance upon cbange Fhould never be developed to the point
where it is used as é "pat! explanation for all discrepancics
between photographs and maps of the same area. Some skepticism
should accompany the‘comparison of many maps and photos. A map
may have been inaccurately compiled. Inadequacy of sbufce
materials, misinterpretation of sources and/or lack of carto-
graphic integrity can be.and are resﬁqnsible for incorrect map-
representations. Photographs should be used to catch'these short-
cohings as well as the logical changes duc to passage of time.

The exigencics and restrictions occasioned by interﬂational
strifes makes it difficult to tabulate ééuf&eé for the procurement
of aerial photography to aid you in map intelligencea Consequently,
only one suggestion-is offered, The Map Information Office.of the
United States Geological Survey compiles and distributes an index

map, whiqp is revised-periodieally, of the photo coverage of the
| 391
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United States. It is called, Acrial Photography of the United
§§g§g§;. A key giving the names of major agencies who have
aerial coverage of given areasyis included. One of the most
readily accessible of thesé‘agencies is the Production and
Marketing Administration of’thevUnited States Department;of
.'Agricultﬁre. This agency sells ﬁhotographs at very reasonaﬁle
rates for all types of civilian use.

Textgg; Contrlbutlons to Map Intelllgence

Even the most skillful photo specialist using the best
photography and photogrammetric equipment cannot always 1dent1fy
'everyﬁhing he sees on given photos. Unique feaﬁures and products
of cultural peculiarities found in faerluﬁg areas of theiworld
-and even closélto home impcse prdblems that cannot be solved by
studying photographs alone. Photo, regional and map intelligence
made'further’research»and reading manaatory. Reading ffo@ diverse
séurces—caﬁ throw light upon otherwisg unexpiained detailé.x Con-
vérSle5 hany selections of informatibn t6 be shown on maps.are
based upon exhaustive reading. The following are Suggestivé cf
only a few of the myriad reading éources used in map intelligence.

Fleld Survey Notes

As was pointed out in an earller chapter, 501pnt1flc alds to
.mapping have not yet been developed that eliminate all”fleld work
: from mapping prOJects. Even the best photooraﬁmetric equipﬁent :

cannot be made to produce reliable maps w1thout the aid of field

lCopies.of current editions should be made available for class
use since the information changes from year to year.
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established control data.

| Whenever it is possible field survey notes, amassed during
the progresé of field work arc used before and while a map sheet
or series is being prepared in an office. These field notes,
which are the rule rather than the exception, contain more than
survey computations and staticn coordinates. Locations of control
points and markers are carefully described in terms of nearby
objects and features. Notes are also kept of unusual features
and unique local adaptations. Other items having no immediate
bearing upon the survey but that are a part of daily living such
a8 weather conditions and conversations with the natives are
often injected by members of the survey party because they add
"spice" to the daily log or diary. All of these entries aid the
office~bound compiler and intelligence specialist in visualizing
and analyzing the area in which the field work was done.

Before the incorporation of aerial photography into cart§~
graphic oompilatiéns and even today in many parts of.the worid,
reliable topographic maps were developed by plane table methods
and from extensive field notes, Field parties épent weeks in
an area working out map details tied.to established and extended
control points. Distances between control points were scaled
and plotted on base sheets. Selected cultural and/or topographic
features were skgtched on this control established frameworke

'Although the accuracy of such delinsations depended upon the
ability andbintegrity of the topographer, some of his interpreg~
tations could be clarified by reading his field notes,

Whatever the original method of compilation, it is common
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custom to check domestic topographic maps before they are reproe
duced. Normally sepia prints are made of the compilation copy.
These prlnts are either sent to r05p0n81ble local agen01es or
are taken dlrectly 1nto the field by members of the producing
agency. Questions about or requests for specific information
areg answered by the field checkers who also make necessary corn‘
rections and revisions due to errors in compilation or changes
théf occurred since the original work was begun. bNotes taken
during'the checking precess>add'to the total information availa-
~ ble concerning the area shown on the prints,
The observationel and conversational entries and sketches
of fermer and preseht—day field pertios would add up to large
‘libraries of information for each country and to large files for
particular regions. Since these materlals can cover many details
thaﬁ never‘appear on finished mape it is well worth the mep re--
'Zeeefehere time to find out where ﬂhey are kept and to use them

whenever they are available.

| Iravelers! and Explorers! Notes
An even richer source of information than field survey notes

are the notes, diaries, 1ogs,'sketchee and maps prepared by ex-
plorers and alert travelers. The true value of these materials
depends, of course, upon the discrimiﬁative powers and ability of
‘the traveler to describe what he has observed. ‘Such notes may be
jlimited to the scope of some specifie objective or they méy in-
clide detailed inforﬁation about many facets‘of the‘fegion
tfaversed:and the people living therein. Seasoned explorers

keep céréful recorde of their observations and normally accompeny
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them with detailed maps of local areas or traverse maps of the
routes they follow. Such cartographic depictions may contain

local cultural and some of the outstanding topographic detail.
Explorers maps, at best, however, constitute only fragmeﬁtary and
widely scattered coverage of large areas of the world whére no
othér'coverage exists. Furthermore, most of these maps are diffi-
cult to reconcile with any subsequent mapping. Most explorers!
carfdgraphic endeavors are 5ased'upon astronomical observations
taken under conditions and with instruments that are not conductive

to the establishment of accurate control and geographic coordinate

'points. Many hours must be spent, therefore, in attemptihg to fit

various features iﬁto their correct locations or more accuraﬁely
controlled maps. For this reason it is usually much eaéier to |
use explorers contributions as source data rather thanvas bases
for subsequent mapping projects. |

Periodicals and Newspapers

Aside from the purely fictional types, most periocdicals are
publishéd to kéep their readefs.informed about what is happening
in the scientific or professional world or just, in the world.
Some are openly propaganda organs; others attempt to be more subtle
in their suasion of public opinion; still others report current
happenings and ideas without éttempting to convert their readers
to anything. None of them aré deliberately published for map
intelligence but all of them can be useful in this field of
research. Through careful reading, sorting, shifting, and con—
sidering of the source, many valuable bits of information can be
gleaned from periodicals ahd newspapers., Isolated‘bits of

395
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information such as reports of new bulldlngs, extensions of roads,
new mineral discoveries, business reviews, diagrams, graphs and .

even maps can provide insights or clues to current developments.

in

These may be just what is needed to explain unusual features shown
on photographs or to aid in cempleting mab»patterns. Some of
tkese bits of information may mefely raise questions in the
minds of the researcher. Once he is made aware of the possibility,
however, he can read or ask further questions to determine whether
the possibility 1s actually fact or fiction. | L

Occasionally, carefully and accurately written articles and
maps appear in bergodicals of learned societies and more serious
minded popular magazines. Although some may be classed as popular
_reading, they are actuélly substantial contributors to map intelli-
gence, Such sources should be kept in mind and conSulted regu-
1arly; Some suggestions of these»squrces would include: geo= -
graphical societies and publications Qf’thevvarious‘nation's
geologlcal engineering, soc1ologlca1 anthropological, and trade
journals.

Information derived from reading the various sources may
not‘always be needed immediately. Items of possible value, then,
are filed for later.use. Manynliﬁraries also maintain wvertical

files of clippings from periodicals and newspapers. It is well

“worth the college student's time to find out if the college library

has such files and if so what they contain to help him in map
intelligence or other fields of study.
A bulging file does not necessarily mean a good file. It

may simply reveal a "pact-rat" at work. Good files are built up
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by selective clipping or notetaking and intelligent indexing. A
s part of map intelligence is to learn what to save and what to
discard as useless from among the popular offerings.

. . Pamphlets and Guides

Guide books, street guides, chamber's of commerce litsra-
ture, hotel and motel brochures, civic and historical society
booklets, industrial and advertising aﬁd resumes of wvarious
indusﬁrial operations are but a few of the many free or in-
expensive sources of local information and maps that seldom
appear in standsrd texts or more scholarly works. Such in-
formatipn must be digested with a large grain of salt, to off-

. | set local pride and prejudice, but not disregarded,

Most popular maps included in these sources are rather
hastily drawn sketches or diagrams intended to clarify some
gpecific details or to present the approximate site or situation
of a given place or event., For examplé, rallroad and cther
forms of transportation companies insert maps in their time-
tables and advertising literature to show the relative position-
ing of places (and incidentally help keep the traveler occupied
by identifying passing places.) A right—of-way or route that
had not been previously identified by a given research group
may be shown on these maps. After the existence of such items
is revealed, it then is possible to request more details.,

The sum and substance of the above discussion is to look
for information to aid map intelligence in all types of printed

| , material. Then read it, analyze it, interpret it, and apply it

intelligently.
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Ihe Importance of Names

Problems giﬁIogpnxmv

What is the correct name for a placeé This sixty~four dollar
question stumps map-makers and map readeys alikgfz_ipPONYMY or
place names are one of the most confused and confusing factors in
mapping, Much of this confusicn arises from conflicts in origin
and 1inguistic‘interpretation_of names; Further complications

are injected by differcnces amorg alphabets, syllables, and dia-

oo

critical markings used to cxpress spdken language in written
form., Still another compiicaticn'is iatroduced by a general lack
of "iiﬁguistic sopiistication” amcrg a large proportion of the |
general public. This is especially true of the English Speakiﬁg
peopleé. Most Americans, for example, seem to feel that everj—
body_should know English and that all foreign names should be
reduced to an English version. Smug, aren't we?
Conflicting Origins

- Explorers, pioneers and invaders have & habit of naming out—
rstandihg terrain features in the area of their infiltration with—
out checking to find ouv if those features already have native
names . lQuite often the 5@W'n3mss_haie no ‘relationship ﬁo the
local complex, Insteac,; =hey are given to satisfy a common
human{desire to perpeturate family names or %o memorialize some
outstanding figure oxr eveuy in ;no newocaers national heritage.

Where there are Iuw :wlives 1lving in the area, this practice

creates no conflicts. FEven in'areas of denser population composed
of isolated.g?oups of i1libtsrate natives, the practice_isvnot too

objectionable. Names bestowed on local features by the more widely
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shLaen0 ks - 8ndl 1 terdte” gRolps wiilfbé'@rihted*in;ﬁhé7li£era€ure'and
cs@tbskquently will be accepted. - This has been true, for example,
ceprvsipfogtich Duteh hames' as Tfansvaai and'Johannesburg;in,Soujh.Africa,
“that were not materially altered. after the British assumed control
r+n:and continue tolbe used today. In areas like these, however, it
»“wwbuld:bg difficult to pfedict what might happen to place names if
the aborigines were to gain absolute.control.
-1 REffects upon toponymy are often quite different when attempts
are made either wittingly or unwittingly to change names in well
+ éstablished communities or countries, Once a name becomes familiar
there will be either internal or external resistence 6r both to
substitutions, Native'groups may'exhiﬁit remarkable obsﬁinacy as
has been the case, for example, in the shifting back and forth
between Siam and Thailand. External reSisteﬁpe may appear as in
the  case of Constantinople to Istanbul,

The'pfoblém of changing and conflicting names has been
aggravated by recent politiéal;upheavals, native independence
movements and general internationsl. conflicts. During the
present century the names,o%’several well known cities in .

Russia have'been changed more than once in response to changes
.~ in politics and political figures. There can, of course, be no
outspoken internal conflict%resultingffrom,such'changes but no
fear can squelch external confusion occasioned by such changes
‘aé!St.-PetersEufgfto Petrograd to Leningrad. In other areas
‘natives may feel that by tﬁe.prdcess of renaming or reverting to
6riginal native names, theﬁiachieve«recognition of their new

world status. One examplejis the very recent change from
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Bétavia to Djakarata. At other times colonizing nations may ooncede
to native demands'to7either placate them or give them a greater
sense of participation in local affairs as reflected in the change
from Dutch Guiana to Surinam. If the natives are not placated ‘
and receive their independence name changes are logical.and al@ost
inevitable. This is the case in the change from the Netherlandé
East Indies to Indonesia.

No matter what happens to be the source of conflicting names
rand‘no‘ma$ter what name finally is generally accepted, two or more
ﬁames wili be found for the same place during the period of tran-
sition. Ill-informed map users will have trouble in associating
more ﬁhan one name to the same place. Referénces.can even be
found in the literature giving the distance of one place name from

the other when in reality they refer to the same place. Map-
" makers often attempt to elihinéte such confusion by showing two
names for the same spot. Since most maps are not up—toéthe mimte,
howevef, theres will still be a period-when the generalcpublic is
confused and the map intelligence expert will have to be on guard
for dual referenﬁes to common places. |

Problems'Arising From Lineuistic Variations

Many of the problems of toponymy arise from linguistic variations
in spelling or'prohgunciation. Different sounds are assigned to
identical letiers by differen} Europeah languages. In German, for
example, W is pronounced like an English V which leads tb Wéin_
Vien-Vienna. The ruIGS'for‘sounding and elidingvletters leéd
‘tolconfusion'in how a name should.be pronounced and then Qpelled

in written form.

Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

400

11

[



Approved For Release 2000/04/18 : CIA-RDP80-01333A000300050001-1

For a period,a-conventionalized -form was promoted among map
makers and names' specialists which lead to such forms as
-.Copenhagen, Moscow and Venlce.' Attempts are now belng made to
revert.ﬁo_somethlng that more nearly approximates the native
inﬁerpretation such aS’Cobnhaven, Muscova and‘Venicia,' Even
these, however, are not tfuly native because the English tongue
has difficulty with the foreign inflections and nuances, For
this reason pronounciatioﬁ glossaries are sometimes inadequate

because they cannot show the proper stress or intonation.

Translation ¥s Transliteratien

Translation implies glVlng the equivalent from ore
language to another. If a word is properly translated it can
be convgrted back to its ériginal language form, Translitera-

! ~ tion on the other hand:is?é letter for Tetter conversion from |
- non-Roman to Roman alphabét characters which permits little
{rgedom for recognition of specific language peculiarities,
Transliteration is not a)reversible progess because of the}
fact that the Roman alphabet is less rich in expressive-char~
acters_than‘others..rMany special signs or characters cannot
~be reproduced énd thus it is impossible to reconvert from the
ﬁpman trags;itegatiqn to the original.
~ This d%ffiqglty.is compounded in. the Japanese and Chinese
languages,nzln_Chinese, fqr example, twenty or Lhirty-different
ideographs may be represented by one syllable in transcription.
. This transgriptipn gives no-eclue to the spoken equivalent, Its
English equivalent is really not an equivalent at all, but an

approximation that cannot be recaptured in Chinese,

‘ 0L ‘ |
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Importance of Linguistic,Soghistication

Leét the,feader may beuﬁémptéd'tb'give up and think map intelli=-
gence reqﬁires a thoroughAknowledgé of every language, which is im-
possible, let's inject an encouraging note. Map intelligence re=-
quires what one expert at AMS terms a "linguistic sophisticaﬁion".
This means that the person using foreign maps and map sources
should know at least one foreign language to make him aware of the
differeﬁces between languages, From this point he should be able
to éppreciate the variations ﬁhat;exist among w;itten'and spoken
languages, Such open—mindeaness foéﬁérs the ability'to adjust to
sounds and characters not found in the English language., He will
not then demand a "pat! English tfanslation of every,fdreign term
or name. When‘the occasion arises he will even bebable,to acquire
enough insight into a particular language to enable him 'té interpret.
map toponymy without having‘a full knowledge of the language in
question, | | | |

The phases and préblems involved in a full treatment of
toponymy are far greater in number and more complex in detail than
is indicated in the above resume, It can only be hoped that the
student is made aware of the scope of the simple sounding factor
of "place name§ﬂ. Such awareness shouid make it épparent that
némes,provide important clues to the backgound and heritage of an
area as well és means of identification of specific spots. Thus
toponymy is vital to the interpretation of Spegific maps and map

series involved in any military or civilian research.,
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. Table 1

Prime meridians used on foreign map‘s with
longitudinal distances from Greenwlch,

Amsterdame= = = « ++ = = = = - L0351 O5% E,
Athens~ = ~ =« - e = == 230401 EQU R,
- Batavia~ « ~ = = - - - - - 106%.8' 28" B,
Brugséls— = = = « = = = = « <}0221 13" E,
- Copenhagen- = = « = ~ = = - 12034 LOM E.
CFerro- m v e e - - e . - - 170391 L6" W,
| o 17%0 w2
- Istanbul = = = = = == - - - 280591 20" B,
©Ligbon = - e - e a - - 99011 10" W,
© Madrid e - = e . . . e e 341 150 W,
KOSCOW = = = = = = = - - - 379341 154 B,
O0slo = - - = S - 10743 23% E.
‘Padange = = = = = = = = = 100%22' Q1M E,
PATiS = = = = = = = = = = = = 29201 LM E,
Peking - = - s - - - - a - 116°28Y 10" E,
PUlkOVO = = m = = = = ~ - « 30°19' 38" E,
Rofig = m = = = = = v = o - o 12027t O7" E,
Singkawange = = = = = = ~ 108959t 41" E,
Stockholhm w - = = o = - ~ 18018t 30" E,
Tokyo = = = w = = ~ . - - 139%4" L1 E,

lfrench value,
2German value.
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£. Tabic of eguivalent units of length,

e

o Mile Td FL In Km M Cm I
Mile 1,0000 1760.,0000 5280,0000 63,360,0000 1.6093 1609,3490

vd 1,0000 13,0000 36,0000 914 91,44

Ft ~3333 1.0000 .12,0000 3048 30,48

In 0277 .0833 1.,0000 ' <0254 2,54

K 56214 1093.6112 3280.8336 39,370,0032 1.0000 1000,0000 100,000.00

Mo 1,0936  3.0828 39,3700 ,0010  1.0000 100,00

om . .0109 L0328 .3937 .0100 1,00

B, Metric system of linear measure (with equlvalents in English system)

1 millimeber 0.1 centimeter ~ 0,0393 inch.
20 milliseters 1,0 centimeter 0.3937 inch.
10 centimeters 1,0 decimeter 3.937 inches.
10 decimsters 1.0 meter 39,37 inches.
20 meters . 1.0 dekameter 32,81 feet.
10 dlekaraters 1.0 hectometer - 328.1 feeb.
10 nectconsters 1.0 kilometer © 0,62 mile.
10 killometers 1.0 myriameter 6.,21 miles,

C» Japanese system of linear measure (with- equlvalents in metric and
English systems).

. 1l rin 0,303 millimeter 0,012 inch,

10 rm 1 bu ' 3.03 nmillimeters 0.12 dinch,
10 bu 1 sun 3,03 centimeters 1.2 inches,

IO sun 1 shaku 30,3 centimeters 0.994 foot,
6 shaku 1 ken 1.82 meters 1.99 yards,
10 shaku 1 jo 3,03 meters 3.31 yards.
€0 ken 1 cho 109,0 meters 119.0  yards.
2.4 miles,

36 cho ool 3,93 kilometers

D.Chipese system of llnear measure (w1th equivalents in metric and
Fnglish oystems)

1 hou 0,032 millimeter 0,0012 inch,
10 hou 11 0.32 millimeter 90,0125 inch,
10 11 1 feng 3,2 millimeters 0.1259 inch.
10 feng 1 chun ' 3.2 centimeters 1.259 inches,
10 chun 1 chi 32.0 centimeters 12.59 inches.
10 <¢hd -1 chang 3.2 meters 10,49 feet,
130 chang 1 shili = 576,0 meters 1889.28  feet.

Wotes When length of shi 11 differs from that shown above, all other
units change correspondingly.

{As used on Chinese general staff maps).

‘ 1 chang 3.333 meters 10.935 feet,
150 chang 1 shi 1li ' 500.0  meters 164045 feet,
404 '
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E. Russian system of linear measure (with equivalents in metric and

. English system ).
1. duim 2.54 centimeters = 1.0 inch.

12 duims - 1 foute 30,48 centimeters  12.0  inches,

7 foutes 1 saszhen 2,1336 meters 7,0 feet,
500 saszhen 1 verst 1.066 kilometers 0,663 miles,

7 versts 1 milya . 7.467 kilometers L6, miless
F. Bquivalent units of angular measure,
1 mil 1/6400 circle 0,0166 degree  0,0185 grade.
1 grade - ‘... 1/400. circle - 16,0 . mils ©9/10 degree.
1 degree 1/360 cirele’ = 17,8 = mils 10/9 grades.,
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