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CHAPTER 1

INTRODUCTION

Section |. GENERAL

1-1. Purpose and Scope

This manual serves as a guide in the production
and use of military geographic intelligence. It de-
fines military geographic intelligence and explains
the process of collection, evaluation, and interpre-
tation of information and the dissemination of
finished intelligence. It discusses the characteris-
tics of natural and man-made features of an area
and the effects of terrain and weather on military
operations. It discusses some of the sources of
terrain information and provides guidance on the
acquisition and use of military geographic intelli-
gence at unit level in a theater of operations.
Guidance is furnished for the preparation of the
terrain study. The material presented is applica-
ble to both nuclear and nonnuclear warfare.

1-2. Use of Terms

The correct use of terms, definitions, and nomen-
clature is extremely important in all activities as-
sociated with intelligence operations. Variants in
terms, inconsistent descriptions, and incorrect
definitions which may be permitted to occur in
any phase of the intelligence cycle can cause con-
fusion and delay, or may well result in the pro-
duction of erroneous information. It is essential
that all personnel engaged in the collection, proc-
essing, or use of intelligence information speak
the same language. Therefore, where possible the
terms used most frequently are defined within the
appropriate subject matter of the chapters. For
other pertinent terms, reference should be made
to the manuals listed in appendix A.

1-3. Change and Comments

Users of this manual are encouraged to submit
recommended changes and comments to improve
the publication. Comments should be keyed to the
specific page, paragraph, and line of the text in
which the change is recommended. Reasons will
be provided for each comment to insure under-
standing and complete evaluation. Comments will
be prepared using DA Form 2028 (Recommended
Changes to Publications) and forwarded direct to
the Commandant, US Army Engineer School,
Fort Belvoir, Virginia 22060.

1-4. Auvtomated System

An automated system for the storage and dissemi-
nation of worldwide military geographic intelli-
gence for all echelons of Army command is pres-
ently being developed. The present practice within
the intelligence community follows most of the
present and projected uses and techniques of the
topographic data bank system with the exception
of automation in data processing; i.e., everything
is done by collectors, analysts, librarians, compi-
lers, and draftsmen. Very little at this time is
automated (computerized), and that which is, is
not necessarily incorporated into a system com-
patible with other systems. Therefore, the collec-
tion, repository, and dissemination of military
geographic intelligence should be accomplished in
the manner presented, whether it is to be put into
the automated system or handled as stated within
the appropriate chapters of this manual.

Section ll. CONCEPTS AND RESPONSIBILITIES

1-5. Purpose of Military Geographic
Intelligence

The purpose of geographic intelligence is to obtain
data about terrain and climate to assist command-

ers in making sound decisions and for utilization
by the troops in executing their missions. In plan-
ning an operation, the commander and his staff
analyze the effects that terrain and climatic condi-
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tions will have upon the activities of both friendly
and enemy forces. The commander must make the
most effective use of the terrain occupied by his
unit. If he is provided with adequate geographic
intelligence, he will be able to exploit the advan-
tages of the terrain and avoid or minimize its
unfavorable aspects.

1-6. Scope of Military Geographic
Intelligence

Geographic intelligence is classified according to
the mission and level of the command at which it
is used. These categories are broadly considered
as strategic and tactical.

a. Strategic. Strategic geographic intelligence is
concerned with large-scale plans and may include
the military capabilities of nations. Strategic in-
telligence is produced continuously and requires
the compilation and interpretation of information
by specialized personnel. Included in strategic in-
telligence are descriptions and analyses of
beaches, water terminals, inland waterways,
urban areas, and other major terrain features;
transportation and communication systems; soils
and rock types; underground installations; cli-
mate ; vegetation ; and hydrography.

b. Tactical. Tactical geographic intelligence is
produced for use in planning and conducting tac-
tical or other operations. It is based on informa-
tion secured locally or provided by higher head-
quarters and is concerned primarily with the ef-
fects of climate and terrain on the particular op-
erations of the unit.

¢. Objectives. The difference in the type of geo-
graphic intelligence required by strategic and tac-
tical planners reflects their objectives. The stra-
tegic planner may consider an entire country or
continent, while the tactical planner is concerned
only with the terrain in his area of operations.
Where the strategic planner often studies prob-
lems that may arise some years ahead and applies
geographic intelligence in a wide variety of hypo-
thetical situations, the tactical planner is primar-
ily engaged with problems that currently involve
his unit, although he will study the geographic
and terrain factors in his entire area of possible
operation.

1-7. Definitions

a. Terrain. A portion of the earth’s surface in-
cluding manmade and natural features. (In many
uses no distinction can or should be made between
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manmade and natural features because of man’s
influence on nature.)

b. Geographic or Terrain Intelligence. That ter-
rain information which is independently meaning-
ful and can be utilized directly in support of oper-
ations, or has potential value for future opera-
tions. It is produced from terrain information in-
terpreted in relation to its effect on personnel,
equipment and material. AR 310-25 defines ter-
rain intelligence as processed information on the
military significance of natural and manmade
characteristics of an area.

¢. Combat Intelligence. That knowledge of the
opposing forces, climate, and the terrain used in
the planning and execution of tactical operations
within a given area.

d. Tactical Geographic or Terrain Intelligence.
Tactical intelligence required by combat com-
manders and their staffs for planning and execut-
ing tactical operations, the majority of which is
produced by engineers from technical terrain in-
formation interpreted in relation to its potential
effect on tactical operations or plans.

e. Technical Geographic or Terrain Data. Ter-
rain data requiring analysis and processing by
engineers technically trained and equipped to han-
dle such data. Collection is normally done by engi-
neers.

f. Terrain Analysis. Terrain analysis is the
process of analyses of a geographical area to de-
termine the effect of the natural and manmade
features on military operations. It includes the
influence of climate on those features.

g. Terrain Study. A terrain study is the product
derived from terrain analysis.

1-8. Responsibilities

On 1 January 1972, Department of Defense
(DOD) Directive number 5105.40, established the
Defense Mapping Agency (DMA), under the
direction, authority, and control of the Secretary
of Defense. The mission of DMA is to provide
support to the Secretary of Defense, the Military
Departments, the Joint Chiefs of Staff, and other
DOD components, as appropriate on matters con-
cerning mapping, charting and geodesy (MC&G).
However, the details of the functional breakouts
have not been received at this time.

1-9. Users of Geographic Intelligence
a. Troop Units. Geographic intelligence is essen-



tial to the unit commander in planning all phases
of operations. This information must be dissemi-
nated to the individual soldiers concerned to ena-
ble them to properly conduct the mission.

b. Command Levels. Detailed and reliable geo-
graphic intelligence is required at all levels of
command in planning the various phases of mili-
tary operations. Special studies are essential in
planning operations in mountains, in jungles or
deserts, in snow and extreme cold, and for air-
borne, airmobile and amphibious operations.

c. Research and Development Agencies. All re-
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search and development agencies are concerned
with the conditions resulting from adverse cli-
matic conditions and terrain. Detailed and accu-
rate geographic intelligence is necessary to deter-
mine the requirements for new means of trans-
portation, types of shelter and construction, weap-
ons, food, and clothing. It is a basic requirement
in the maintenance and modification of existing
equipment as well.

d. Topographic Engineer Agencies. Current and
accurate geographic intelligence is required by
topographic engineer agencies for use in prepar-
ing or revising military maps and studies.

Section lll. THE INTELLIGENCE CYCLE

1-10. Phases

The intelligence cycle described in FM 30-5,
FM 30-16, and FM 5-30 is followed in the pro-
duction of geographic intelligence. The activities
associated with intelligence operations follow a
four-step cycle (fig. 1-1) oriented to specific mis-
sions. The four steps are—

a. Planning the collection effort and preparing
orders.

b. Collecting the information.
¢. Processing the collected information.

d. Disseminating and using the resulting intelli-
gence.

1-11. Planning the Collection Effort

a. The collection of geographic information is
directed by the responsible intelligence officer.
This direction involves the determination of re-
quirements, preparation of a collection plan, issu-
ance of orders and requests to appropriate collec-
tion agencies, and continuous check on the prog-
ress of collection. Four successive steps necessary
in the direction of the collection effort are:

(1) Determining the intelligence required for
the decisions and plans involved in an operation
or specific mission.

(2) Determining the priority in which differ-
ent intelligence items are required.

(3) Balancing the requirements with capabil-
ities to arrive at an allocation of the available
collection effort.

(4) Supervising the execution of orders to
insure that required information is obtained in
time to be of use.

b. In planning the collection effort, the general
situation and mission requirements are determin-
ing factors. The gathering of geographic informa-
tion in support of a tactical operation may not be
as elaborately planned as that required to produce
an area study. Since the time factor is critical in a
tactical operation, information requirements can
not usually be as detailed as those required for a
construction mission or an urban area study. The
responsible office must have a thorough knowledge
of the available sources of information, the collec-
tion agencies, and the types of information each
agency can provide.

1-12. Collection

Collection is the systematic exploitation of sources
of information and the reporting of the informa-
tion thus obtained to the proper intelligence agen-
cies. A source is the person, object, or activity
from which information is obtained. An agency is
any individual or organization that collects or
processes information. Sources of geographic in-
formation and collection agencies are discussed in
paragraphs 1-15 through 1-24. Sources of infor-
mation for specific purposes are discussed in the
appropriate chapters of this manual.

1-13. Processing the Collected Information

a. Processing is the step in the intelligence cycle
whereby information becomes intelligence. Proc-
essing consists of three steps:

(1) Recording : The reduction of information
to writing or other graphical form of presentation
and the grouping of related items to facilitate
study and comparison.

(2) Ewvaluation: The appraisal of an item of
information to determine its pertinence, the relia-

1-3






FM 30-10

INTELLIGENCE EVALUATION RATING SYSTEM

RELIABILITY - SOURCE

ACCURACY - INFORMATION

COMPLETELY RELIABLE - - CONFIRMED BY OTHER SOURCES

USUALLY RELIABLE - E - PROBABLY TRUE

FAIRLY RELIABLE - - POSSIBLY TRUE

NOT usuALLy RetiabLe - |5 - DOUBTFULLY TRUE

UNRELIABLE - - IMPROBABLE

RELIABILITY CANNOT BE JUDGED — E— TRUTH CANNOT BE JUDGED

Figure 1-2. Intelligence evaluation rating system.

gree of reliability is assigned.

D—Not usually reliable

E—Unreliable

F—Reliability cannot be judged
Assigned when there is no adequate
basis for estimating the reliability of
source.

e. Evaluation of the accuracy of an item of
information is shown as:

1—Confirmed by other sources
Assigned when it can be stated with cer-
tainty that the information originates
from a source other than that which re-
ported existing information on the same
subject.

2—Probably true
Assigned if no proof can be established
and if no reasen exigts to suspect that the
reported information comes from the
same source as information already avail-
able on the subject. This evaluation also
applies to unconfirmed information con-
tained in a report if the contents of the
report are confirmed in essential parts by
information already available.

3—Possibly true
Assigned if investigation reveals that the
reported facts—on which no further in-
formation is available—comply with be-

havior of the target as observed up to
now, or if the known background of a per-
son leads to the conclusion that he might
have acted as reported.

4—Doubtfully true
Unconfirmed information that contradicts
the estimate of the development or the
known behavior of the target, but cannot
be disproved by available facts.

5—Improbable

Reported information which is not con-
firmed by data and which contradicts the
experience hitherto assumed to be reliable
with regard to the development of a case.
The same classification is given to infor-
mation that contradicts existing data on a
subject originally rated “1” or “2.”

6—Truth cannot be judged
Assigned when there is no basis for allo-
cating a rating of “1” to “5.” The state-
ment that a report cannot be judged as to
accuracy is always preferred to an inac-
curate use of the ratings “1” to “5.”

f. Although both letters and numerals are used
to indicate the evaluation of an item of informa-
tion, they are independent of each other. A com-
pletely reliable agency (A) may report informa-
tion obtained from a completely reliable source

1-5
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which, on the basis of other information, is
judged to be improbable (5). In such a case, the
evaluation of the information is A-5. A source
known to be unreliable (E) may provide informa-
tion that is confirmed by other sources (1) and is
of undoubted accuracy. In such a case, a report is
evaluated E-1. A report evaluated F—6 may be
accurate and should not arbitrarily be discarded.

1-14. Dissemination

a. The procedure for dissemination depends
upon the detail, pertinence, and urgency of the
information as well as its intended use. Consider-
ation is given to the needs of the user, his re-
sources for handling the disseminated material,
and the capabilities of available communications.

b. Dissemination may be accomplished by

means of briefings, messages, or such intelligence
documents as the estimate, summary, periodic re-
port, an analysis of area of operations, annex,
maps, photointerpretation reports, and climatic
summaries.

c. Each echelon disseminates to its subordinates
only pertinent and usable intelligence informa-
tion. Thus, the necessity to research large quanti-
ties of intelligence traffic for relevant material at
successive lower echelons is avoided.

d. The timeliness and importance of each item
of intelligence must be weighed carefully as a
basis for selecting the dissemination means to be
used. Intelligence must reach the users in time to
permit further evaluation and interpretation, for-
mulation of plans, and initiation of appropriate
action.

Section IV. SOURCES OF INFORMATION

1-15. Maps and Terrain Models

a. Maps. Maps are a basic source of terrain
information (FM 21-26). They are intelligence
documents, not supply items. Accordingly, the in-
telligence officer usually is responsible for staff
supervision over military maps and survey activi-
ties. The classification of US maps by type and
scale is explained in AR 115-11. Foreign maps,
(TM 5-248) or those copied from maps that were
prepared by foreign agencies, often vary from US
standards and specifications. Reliability informa-
tion is indicated in the margin of US produced
topographic maps. Foreign maps may not provide
this. Portions of one map sheet may be fully relia-
ble and yet other parts of the same sheet may be
based on obsolete data, on US produced as well as
foreign maps. The use of a map must be regulated
by an estimate of the probable change in manmade
features that have occurred since the date of the
latest revision. All personnel must be impressed
with the importance of reporting errors, changes,
and omissions in existing maps, so that new edi-
tions may incorporate the necessary corrections.
Maps prepared for a special purpose may not be
reliable for information that is not related to that
purpose. A railway map, for example, may be
unreliable for data shown on roads or other fea-
tures. Special maps and overlays may be prepared
for a specific purpose or to show only particular
characteristics of the terrain.

(1) Agricultural soil maps are prepared to
show the potential of a soil for crop production.
This type of map portrays soil types, indicating

1-6

their degree of acidity, nutrients, suitability for
certain crops, and related information. Engineer-
ing terrain maps indicate qualities of soil compo-
sition for vehicle movement. Agricultural soil
maps may be used for engineering purposes after
they have been interpreted according to engineer-
ing nomenclature and requirements and criteria.

(2) Geologic maps (TM 5-545) portray the
various kinds of geomorphological formations.
Most geologic maps not prepared for intelligence
purposes ignore soils, and the mapping may pri-
marily show geologic age rather than rock type.
Such maps are often accompanied by texts that do
give information on kind of rock (lithology) and
its physical properties. Geologic maps are impor-
tant sources of information on natural construc-
tion materials, bedrock foundations, and ground
water resources.

(3) Lines of communication maps include
those that show railway systems, highway route
information, navigable waterways, and the routes
and stops of airlines. These may be considered as
transportation maps.

(4) Hypsometric maps show differences in
elevation by the use of various tints and shading
patterns. An embossed or molded relief map is a
standard topographic map printed on plastic and
molded into a three-dimensional form with a ver-
tical exaggeration in the relief. Because of the
shrinkage characteristics inherent in plastic mate-
rials, there is considerable distortion of the fea-
tures shown on this type of map. For example,
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ground because of the influence of climatic condi-
tions. Furthermore, the time of year that the pho-
tography was taken might limit what can be ob-
tained from it. Along with determining the sea-
son, vegetation is another limiting factor in that
an analysis being conducted of a superhumid and
tropical area will usually contain dense vegetation
cover with individual trees being large and so
closely spaced that details on the ground surface
will often be obliterated. The interpreter, there-
fore, must be able to recognize the natural limita-
tions before he can place much reliability in photo
tones, vegetation, and surface features.

(2) Photographic. Limitations as they relate
to photographic presentation are types of cover-
age and scale. The type of photographic coverage
may limit the interpretation of features. In a high
oblique photograph background features may not
be as discernible as those in a low oblique photo-
graph. Scale is another photographic factor which
limits interpretation because the interpreter may
not be able to obtain a satisfactory scale which
would enable him to make clear interpretations.

(3) Human. The third major limitation is
that influenced by the interpreter. Such items as
background, vision, imagination, and knowledge
of the area are of great importance in evaluating
aerial photographs. The interpreter should be
aware of the chief sources of literature in any of
the natural science fields. This is important in
obtaining background material about any particu-
lar area. The interpreter must develop a keen ap-
preciation of the relationship between natural
conditions and engineering problems and have a
knowledge of the area. For the interpreter to gain
the most from aerial photographs it is necessary
that he be able to see stereoscopically and be able
to perceive and interpret fine detail. One final
factor limiting the amount of information which
may be derived from interpretation of photogra-
phy is the ability of the interpreter to possess or
develop an intuitive grasp of natural features as
presented by photographic detail, at once free of
imaginative speculation.

d. Requirements. There should be sufficient aer-
ial photographic coverage to enable the inter-
preter to determine the extent of local conditions
and the expected variations. Stereoscopic vertical
coverage is required for vertical measurements,
although oblique photographs are more useful for
specific purposes, such as in the study of dense
forest areas and target avenues of approach.
Scales of 1:5,000 to 1:20,000 are desirable for
detailed geographic and terrain analysis. Photo-
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graphs in this range provide good area coverage
and stereoscopic perception of relief. They reveal
such detail as major gully characteristics, and
other outstanding terrain features.

(1) Photographs with scales smaller than
1:30,000 provide excellent area coverage in the
broadest sense. Major physiographic details are
easily seen and studied; however, relief must be
great before stereovision is practicable because
only major relief forms are clearly differentiated
at these scales, and smaller details are minimized.
Dissected terrain can be plotted, for example, but
in some cases its characteristics cannot be deter-
mined. As a rule, landforms can be delineated
only when there is a great contrast in pattern.
Slopes associated with landforms may be difficult
to see or be distinguished. While such manmade
features as roads, railroads, bridges, and build-
ings can be identified, the interpreter may have
difficulty in determining their structural details.
Color or infrared, or other spectral film is fre-
quently the most effective for identifying vegeta-
tion. The best scale depends on the data needed.
Vegetation types can also be identified from dif-
ferences in tone on black and white aerial photo-
graphs.

(2) Stereopairs, vectographs, and anaglyphs
are particularly useful in making terrain studies.

(3) Controlled mosaics (TM 5-240) of an
area provide a reasonably accurate map from
which measurements of distances can be obtained.
The amount of detail useful for terrain analysis is
dependent upon the scale of the mosaic.

1-17. Books and Periodicals

Valuable geographic and terrain information can
be found in a wide variety of books and periodi-
cals. These include scientific and trade journals,
economic atlases, tide tables, pilots’ handbooks,
tourist guides, and similar publications. Unpub-
lished systematic records covering meteorological,
hydrological, and similar scientific data prepared
by government agencies, engineering firms, pri-
vate societies, and individuals also contribute val-
uable terrain information. Although utilized
chiefly for geographic and terrain studies made by
higher headquarters, material of this type, when
locally available, can be of considerable value to
lower echelons.

1-18. Intelligence Reports

Strategic intelligence studies prepared by Depart-
ment of Defense agencies provide detailed geo-
graphic and terrain information concerning
major geographical areas. Such studies include—
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Report utilization

Enaineer recon renort

(1) Prenaration of taraet folders, (2) Prenaration of engr.
recon activitv report, {3) Plannina and execution of tactical
operations, (4) Response to requests for technical data, (5)
plannine of loagistical support, (6) Preparation of terrain
studies and intelligence estimates.

(1) Preraration of future collection plans, {(2) Planning and

2. Engineer recon lec

activitv report supervising engineer recon activitv.

3. Accelerated intelligence (1) Assessment of the tactical situation‘and egecution of

reports (spot/flash) tactical operations, (2) Preparation of intelligence summaries,
reports and estimates, (3) Undatino of the situation man.

4. Engineer spot report (1) Undatina of situation man, {2) Preparation and execution

' of combat onerations, (3) Preparation of summary, supnlemengary,
situation reports, (4) Supoport to reauests for combat terrain
intellicence, (5) Preparation of intelligence summaries and
estimates.

5. Intelligence summary (1) Assessment of tactical situation and plans, (2) Preparation

report {intsum) of nlans for combat onerations and logistic plannina, (3) Pre-
naration of intellicence estimates.

6. Engineer intellicence (1) Assessment of tactical situation, (2) Preparation of plans

summary renort for combat operations and loaistics nlannina, (3) Preparation
of intelliaence estimates.

7. Engineer sunnlementary (1) Assessment of tactical situation, (2) Preparation of plans

intelliaence report for combat operations and logistics plannina, (3) Preparation
of intellioence estimates, (4) Undatina situation mao (5) Plan-
nina, sunervisina ADM onerations.

8. Snecfal intelliaence (1) Preparation for and conduct of combat operations, (2)

report Prenaration of nlans for recon activity, (3) Sunnort to combat
support and services pnlanning.

9. Front line trace (1) Assessment of tactical situation, (2) Updating of situation
map, {3) Prenaration of summary, supplementary intelligence
reports, (4) Plannina tactical onerations, logistical support,
and lTona range rear activitv.

10. Situation report (1) Assessment of tactical situations, (2) Staff nlanning of

(sitrep) tactical operations, recon activity, and loaistic support.
11. Enagineer situation (1) Assessment of results of combat support operations, (2)
report Planning and executing of combat operations, (3) Support to
requests for combat terrain intelligence, {4) Updating of
situation man, (5) Conduct of ADM operations.

12. Target folders (1) Updating of situation map, (2) Execution of assianed tar-

(demolition) aets, (3) Support to recuests for technical and tactical data,
(4) Preparations of demolition reports, (5) Conduct of ADM
operations. ) ’

13. Terrain estimates (1) Prenaration of plans for combat and combat support, (2)
Plannina of enaineer recon activity.

14. Area of operations study (1) Preparation of plans for combat operations, (2} Planning

(area analysis study) of enoineer recon activity, (3) Estimates of the situation,
(4) Briefina the command staff, (5) Planning logistic support.

15. Tactical plans and (1) Planning and executina of combat operations, (2) Planning

objectives of engineer recon activity, (3) Briefing the command staff,
(4) Prenaration of operations orders for subordinate units.

16. COperations orders (1) Planning combat onerations, (2) Planning recon activities,
(3) Sunnort to logistic nlannina.

17. Imagery interoretation (!)‘ Planning combat and sunnort onerations, (2) Planning recon

reports activities, (3) Support to renuests for terrain intelligence,
(4) Analysis of area of operations, (5) Terrain studies.
18. Area damage assessment

renort

(1) Assessment of situation, (2) Planning of repair operations,
(3) Preqara§1on of area damage renort, and damace assessment,
(4) Monitering of repair and logistic nlans.

Figure 1-8. Summary of Army reports used in geographic and terrain
intelligence.
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Enemy minefield report

(1) Updating of situation map, (2) Preparation of plans to
counteract minefield operations, (3) Preparation of engr.
situation and minefield reports, (4) Preparation of target
folders (demolition), (5) Suoport of tactical plannina.

20.

Enaineer intention to
lay minefield renort

(1) Undatina of situation map, (2)
supplies and renort of intention to lay minefield, (3) Execution
of ADM plans, (4) Preparation of target folders, (5) Prenaration
of barrier trace (6) Moniterina of barrier and denial operations.

Preparation of request for

21.

Enaineer minefield record

(1) Undatina of situation man, (2) Preparation of minefield
record renort, (3) Preparation of taraet folders, (4) Prepara-
tion of barrier trace, (5) Moniterina of barrier and denial
onerations.

22.

Demolitions report

(1) Coordination of ADM operations, (2) Undatina of enaineer

situation man.

23.

Terrain study on
vegetation

(1) Selection of assemblv areas and observation posts, (2)
Execution of recon patrol activity, (3) Planning conducting of
movement, maneuver operations, {4) Execution of camouflage
operations, (5) Plannina of enaineer comhat operations, (6)
Support of artillery planning.

24.

Terrain study on soils

(1) Sunnart to communications nrlannina, (2) Execution of move-
ment, maneuver onerations, (3} Plannina of combat operation
(construction of landina strips, maintenance of culverts), (5)
Selection nf avenue< of approach.

25.

Terrain study on rocks

(1) Planninag of movement, maneuver onerations, (2) Planninc
of combat operations (construction, maintenance, destruction of
roads, bridges, culverts, defensive installations), (3) Se-
lection of avenues of annroach.

26.

Terrain study on
water resources

(1) Selection of location of water noints and routes to water
noints, (2) Planning of combat onerations (stream trossine,
bridging), (3) Support to logistics planning.

27.

Terrain study on
drainage

(1) Selection of location of water noints and routes to water
noints, (2) Planning of combat operations (construction of
roads, fortifications, fords), (3) Sunport of river crossinas
and cross country movement.

28.

Terrain study on
surface configuration

(1) Support to communications olanning, (2) Planning of ob-
servation posts and recon activity, (3) Planning of tactical
operations and execution of tactical objectives, {4) Planning

of barrier and denial onerations, (5) Artillery support plannino.

29.

Terrain study on state
of ground

(1) Plannina for movement, maneuver operations, (2) Planning of
ADM activity, (3) Planning of combat operations (construction,
maintenance, repair of roads, fords, landing strips, fortifications),
(4) Plannino of loaistics sunport.

30.

Terrain study on
construction suitability

(1) Planning of combat onerations (construction of fortifications,
landing strips, camouflage, obstacles, CP's sunply installations),
(2) Selection of construction sunnly noint locations.

31.

Terrain study on coasts
and landina beaches

(1) Plannina of amphibious operations (nreparation and removal
of obstacles, fortifications), (2) Planning of recon activity,
(3) Planning of port construction.

32.

Terrain study on cross-
country movement

(1) Plannina and execution of maneuver, movement operations,
(2) Planning of loaistics sunnort, (3) Planning barrier and
denial operations, (4) Plannina of enaineer combat onerations.

33.

Terrain study on lines
of communication

(1) Plannina, execution of combat onerations (construction,
repair, destruction of roads, hridges, railroads, culverts),

(2) Selection of ADM placement, (3) Plannina of recon activity,
(4) Planning of loaistics supnort.

34.

Terrain study on
defenses

(1} Planning of ADM placement, (2) Plannina of recon activity,
(3) Plannina, execution of tactical objectives and obstacle
emplacement or removal, (4) Supnort to artillery planning.

35.

Terrain study on
airborne landing areas

(l). Planning of area clearing support, (2) Plannina of recon
act1y1ty, (3) Plannina of combat onerations (construction,
renair of landing strips), (4) Selection of heliconter landing
zones .

36.

Terrain study on
urban areas

(1) Planning of recon activity, (2) Planning of combat opera-
tions (construction, remair, destruction of fortifications,
roads, CP's, sunply installations), (3) Selection of water

points, (4) Planning of loaistics support, (5) Transnortation
rlanning.

*11nn preduced by ather mervices.

Figure 1-3—Continued.



a. National Intelligence Surveys (NIS). This is
a series of documents covering the countries of
the world, presenting a digest of the basic intelli-
gence required for strategic planning and for the
operations of major units. Each survey describes
in general terms the terrain characteristics of a
specific area or nation supported by descriptive
material, maps, charts, tables, and with reliability
ratings assigned to all data.

b. Lines of Communication (LOC). These stud-
ies, prepared on either medium-scale maps or sin-
gle, small-scale foldup sheets, contain an analysis
of transportation facilities with information on
railroads, inland waterways, highways, airfields,
pipelines, ports, and beaches.

¢. Terrain Studies. These contain area intelli-
gence depicted on maps with accompanying tex-
tual and graphic material.

d. Special Reports on Military Geography.
These are designed primarily for strategic plan-
ning and are generally directed toward analysis of
a major aspect of military geography such as
cross-country movement, amphibious operations,
and airborne operations.

e. Engineer Reconnaissance Reports. Reports
that summarize data obtained by reconnaissance
are a major source of geographic information.
They are of particular value in providing current,
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detailed information about lines of communica-
tion and availability of natural construction mate-
rials.

f. Army Geographic and Terrain Intelligence
Reports. Figure 1-3 contains a list of geographic
and terrain intelligence reports produced in the
Army.

1-19. Captured Foreign Documents

Maps and other intelligence documents prepared
by extranational or foreign sources often are of
great value as sources of geographic information.
Usually, foreign prepared military maps, geo-
graphic and terrain studies of foreign or enemy
territory will be more up-to-date and detailed
than our own. The processing of captured foreign
or enemy documents is described in FM 30-15.

1-20. Interrogation

Interrogation personnel should be kept informed
of the geographic and terrain information re-
quired by intelligence officers. Useful information
about the area held by foreign forces frequently
can be obtained from prisoners of war, deserters,
liberated civilians, refugees, escapees, evadees,
cooperative foreign nationals, and self-surren-
dered and apprehended foreign or enemy espio-
nage agents.

Section V. COLLECTION AGENCIES

1-21. Units

Collection agencies include intelligence personnel,
troop units, and special information services. FM
30-5 discusses the types and capabilities of these
agencies. All units within a command may be em-
ployed by the intelligence officer to secure geo-
graphic and terrain information. In addition, he
may request higher headquarters to use their
units and facilities to secure the necessary infor-
mation.

1-22. Troops

Reconnaissance missions to secure geographic and
terrain information may be assigned to combat
support units. Such missions may be accomplished
by units specifically organized for reconnaissance
or by other units assigned reconnaissance mis-
sions in addition to their normal duties.

1-23. Aircraft

In addition to ground reconnaissance, aircraft
may be employed to secure information about the
terrain. Although it may be limited by adverse
weather or enemy air defense, air reconnaissance
is the fastest means of gathering terrain informa-
tion and, at times, may be the most practical
means of reconnoitering enemy territory. Infor-
mation on objects such as trees, structures, and
communication lines is of great importance for
airmobile and air landing operations.

1-24. Specialized Agencies

A Military Geographic Intelligence (MGI) detach-
ment usually is assigned to each corps. The de-
tachment is composed of personnel trained in var-
ious fields of engineering and the natural earth
sciences who prepare special geographical and ter-
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rain studies and evaluate all types of terrain in-
formation. MGI information may be provided by
personnel whose normal duties are not primarily
concerned with terrain intelligence. These include
military intelligence personnel of the MI units at

field army, corps, and division. Civil Affairs area
studies and surveys contain much information in
considerable detail, particularly in the areas of
agriculture, forestry and fishing, transportation,
and other economic functions.

Section VI. CURRENT PRODUCTION TECHNIQUES

1-25. Requirements

Requirements for military geographic intelligence
pertain to both foreign and domestic areas. They
are generated at all echelons for purposes of long
and short range planning and for execution of
training, combat, combat support, and combat
service support operations,

1-26. Collecting and Reporting

The second stage of the military geographic intel-
ligence cycle is the systematic exploitation of
sources of information and the reporting of infor-
mation thus obtained to the proper intelligence
agencies. In general terms, military geographic in-
telligence information is obtained in three ways:
by the study of documents, including the interpre-
tation of photographs; by aerial and ground re-
connaissance; and by interrogation of individuals.
The information collected is reported to the au-
thority or agency who issued the collection order
unless otherwise directed. Tactical situations may
dictate that the information be utilized immedi-
ately without formal processing. MGI information
collected by other than engineer troops eventually
reaches the engineers through collection channels.
Reporting is accomplished on various types of
forms, and transmission media may include auto-
matic digital means.

1-27. Analysis and Processing

The analysis and processing stage of the intelli-
gence cycle involves the following steps:

a. Recording. The collected information is re-
corded on—

(1) Intelligence journal—a permanent, brief
record of messages and events affecting the intel-
ligence section.

(2) Intelligence worksheet—an indexed pad
or looseleaf notebook in which information is re-
corded systematically and arranged by subject for

“ready reference and comparison.

(3) Situation Map—a temporary, graphic
portrayal of current data.

(4) Intelligence file—an indexed and cross-
referenced file of all information which may be of
future value.

b. Evaluating. Each item of information is eval-
uated to determine—

(1) Accuracy. The intelligence officer judges
the accuracy of each item (fig. 1-2).

(2) Reliability. Previous experience and a
thorough knowledge of information requirements
are the principal means of determining the relia-
bility of collection agencies and sources of infor-
mation (fig. 1-2).

1-28. Dissemination

a. Military geographic intelligence is transmit-
ted to immediate potential users as well as to ZI
agencies of collection and analysis. It is dissemi-
nated to commanders and staffs as one element of
the overall intelligence report. It is transmitted
through formal reports, documents, informal mes-
sages, briefings and other means such as—

(1) The Intelligence Annex to an operational
plan or order.

(2) Intelligence estimates prepared at corps
and higher headquarters.

(3) Technical intelligence bulletins and sum-
maries made by technical service intelligence de-
tachments.

(4) Tactical terrain studies.

(5) Photo interpretation reports.

(6) Maps.

(7) Map overlays.

(8) Terrain models.

(9) Staff briefings.

b. Unlike combat intelligence, which is screened
to eliminate detailed items prior to upward trans-
mission, military geographic intelligence is dis-
seminated upward in the same technical detail as
produced.
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CHAPTER 2

CLIMATE AND WEATHER

Section .

2-1. General

a. Increased Requirements. The wide dispersion
of the Army forces on the modern battlefield and
the complexity of current weapon systems have
increased requirements for the systematic report-
ing and exploitation of all available sources of
information on climate and weather. Climate and

CLIMATE

weather affect operations of the various types of
military units in different ways and are signifi-
cant according to the type of mission performed
by a particular unit.

b. Elements. Climate (fig. 2-1) refers to the
general variation and pattern of the primary cli-
matic elements which include temperature, pre-
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Major climate regions.
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cipitation, humidity, winds, and air pressure. It is
a composite or generalization of the day-to-day
weather at a given place or area over a long pe-
riod of time. The strength and direction of winds,
amount of precipitation, and average tempera-
tures (fig. 2-2 and 2-3) that will prevail in an
area can be approximated, based upon statistics
compiled for previous years. These climatic ele-
ments may be described by graphs or charts in

2-2

World temperatures in January.

terms of means, ranges, average maximums and
minimums, extremes, and frequencies of occur-
rence.

¢. Terrain. Although the heat transmitted by
the sun to the earth and its atmosphere is the
dominant factor in weather and climate, terrain is
the most important modifier of climate in many
regions. High mountains can block the movement
of air masses and act as climatic divides. Terrain









Fogs are frequent, but usually are dissipated by
the heat of the sun in the early morning hours.
Winters are mild and frost infrequent, and the
annual change in temperature at some locations is
uncommonly small. Summer days in Mediterra-
nean climates are warm to hot, with bright sun-
shine, low relative humidity, and nearly cloudless
gkies. Daily weather becomes erratic and unpre-
dictable in autumn. The winds are less regular and
there is occasional rain. Temperatures remain rel-
atively high. Winters are mild and warm, with
occasional frosts and relatively abundant rainfall.

¢. Humid Subtropical Climate. This climate
occurs in regions located on the eastern sides of
continents, generally from about latitude 25° pole-
ward (north or south) to 35° or 40°. This type of
climate is found, for example, in the American
Gulf States. Temperatures are similar to those of
the Mediterranean climate, with less contrast be-
tween regions on the coast and those located in-
land. Rainfall ranges from 75 to 165 centimeters
(30 to 65 inches) a year at most locations. In the
summer, humidity is high, temperatures average
from about 75° to 80° F. in the hottest month,
and there are frequent thundershowers. Nights
are hot and sultry. There is no drought season,
but normally there is less rain in winter than in
summer. Severe tropical cyclones occur most fre-
quently in the late summer and early fall. Winters
are relatively mild in this type climate. Tempera-
tures in the cool months usually average between
40° and 55° F, with the midday temperature
around 55° to 60° F. and the night temperature
from 35° to 45° F. The high humidity, however,
makes the nights chilly and uncomfortable. Snow
may fall occasionally, but it does not remain for
more than 2 or 3 days. Daytime temperatures may
be raised above 60° or 70° F. by the arrival of a
tropical air mass, then be reduced by a subsequent
polar wind as much as 30° F. in 24 hours, result-
ing in a severe freeze.

d. Marine West Coast Climate. This climate
occurs on the western or windward sides of conti-
nents, poleward from about 40° latitude, and re-
sults from onshore westerly winds that blow over
the land from adjoining oceans. It borders the
Mediterranean type on its equatorward margins,
extends into the higher middle latitudes and ends
at the subarctic or tundra climate. Where moun-
tains are closely parallel to the west coast, as in
Scandinavia, this type of climate is confined to a
relatively narrow region on seaward side of the
highlands. In parts of western Europe, where
there are extensive lowlands, the effects of the
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ocean conditions have an influence on the climate
for many miles inland. Summers are cool with
occasional hot days but no severe or prolonged
heat waves. Rainfall is fairly abundant. Winters
are mild, particularly in western Europe, where a
great mass of warm water known as the North
Atlantic Drift lies offshore. Cloudy skies and a
humid atmosphere are prevalent. There are fre-
quent severe frosts. The midday temperatures of
most winter days are relatively high, During unu-
sually cold periods, temperatures may remain
below freezing for several days. The winter sea-
son is marked by severe storms, fogs, and mist.
Where the western coasts are bordered by moun-
tain ranges, as in Norway and Chile, precipitation
may reach a total of 250 to 380 centimeters (100
to 150 inches) a year. In areas consisting predom-
inantly of lowlands, rainfall usually averages
from 50 to 90 centimeters (20 to 35 inches) a year
and may fall steadily for several days at a time.
In mountainous regions, such as the Cascade
Range or the Scandinavian Highlands, snowfall is
very heavy. The marine west coast climate is
cloudy, and has mist or fog for at least 40 days a
year at many locations.

2-5. Humid Microthermal Climates

a. Types. The humid microthermal climate
occurs in the Northern Hemisphere northward
from the subtropical climatic regions and in lee-
ward interior locations. Latitudinal spread is
from about 40° N to 60° or 65° N. It has colder
winters than the mesothermal type, with larger
annual changes of temperature, longer frost sea-
sons and snow cover that lasts for considerable
periods. Humid continental and subarctic are the
principal types of microthermal climate.

b. Humid Continental Climates. These climates
border the marine west coast climatic regions.
Where there are mountain barriers, as in North
America, the change between the two types of
climate is abrupt, but it is very gradual where
there are no barriers, as in the lowlands of west-
ern Europe. Seasonal differences are extreme,
with very cold winters and warm to hot summers.
Along the seaboard, the summer heat is oppres-
sive and sultry because of the higher humidity,
and the winter cold is more raw and penetrating
than in the drier interior regions. Along the inte-
rior margins, humid continental climates border
upon the dry climates and have subhumid charac-
teristics. The prairies of North America and inte-
rior Eurasia are examples of such climatic re-
gions. In these areas, the maximum rainfall
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usually occurs in late spring and early summer,
rather than at the time of greatest heat. In win-
ter, regions with a humid continental type of cli-
mate normally have a permanent snow cover that
lasts a few weeks to several months. Summer
rains usually occur in sharp showers accompanied
by thunder and lightning. Winter in the prairie
regions is characterized by frequent changes in
weather conditions, with occasional blizzards,
known as burans. A blizzard is marked by violent
gales, drifting snow, and extreme cold. Although
there may be no precipitation falling, the air is
filled to a height of several hundred feet by swirl-
ing masses of dry, finely pulverized snow. After-
noon thunderstorms frequently occur during sum-
mer in prairie regions.

¢. Southern Margins. Regions on the southern
margins of microthermal climates have long, hot,
and humid summers lasting from 150 to 200 days
between the periods of frost. Winters are cold,
with frequent intervals of mild, rainy weather.

d. Winter. Winter is the dominant season on the
poleward side of regions with this type of climate.
Summers are relatively short, usually comprising
a period of about 5 months. Temperature changes
of as much as 40° F. in 24 hours are common in
spring and autumn.

e. Subarctic Climate. This climate occurs in lat-
itudes of 50° to 60° in the Northern Hemisphere.
The Eurasian region extends from Finland and
Sweden to the Pacific coast of Siberia, and in
North America, the subarctic stretches from
Alaska to Labrador and Newfoundland. Long, ex-
tremely cold winters and very brief summers
characterize this type of climate. Winter quickly
follows summer, with only a short period of au-
tumn intervening. A large part of these regions
are frozen to a considerable depth, with only a
few feet of the upper part thawing out in the
summer. There is little precipitation in subarctic
regions. No more than 40 centimeters (15 inches)
a year falls over the greater part of the Siberian
area. In most of subarctic Canada the precipita-
tion is less than 50 centimeters (20 inches) an-
nually. Precipitation exceeds 50 centimeters (20
inches) chiefly along the oceanic margins of Eura-

sia and North America.

2-6. Polar Climates

a. Location. The poleward limit of forest
growth usually is considered the dividing line be-
tween polar climates and those of intermediate
latitudes coinciding with a line (isotherm) con-
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necting points having a temperature of 50° F. for
the warmest month. A mean annual temperature
of 32° F. or below is also a distinguishing feature
of polar climates. In the Southern Hemisphere,
the only large land area with a polar climate is
the Antarctic continent. In the Northern Hemi-
sphere, this climatic region includes the Arctic
Sea, the borderlands of Eurasia and North Amer-
ica, with the island groups that are north of these
continents, and ice-covered Greenland. The Arctic
is almost a landlocked sea and the Antarctic is a
seagirt land with important climatic differences
between them. The climate has fewer wide varia-
tions in the Antarctic because it is a single land
mass surrounded by oceans with a uniform tem-
perature.

b. Temperature. Polar climates have the lowest
mean annual and summer temperatures and al-
though the sun remains above the horizon for 6
months of the year, the rays are too oblique to
raise the temperature significantly. Much of the
energy from the sun is reflected by snow and ice,
and is consumed in melting the snow cover and
evaporating the water. As a result neither the
land surface nor the air adjacent to it becomes
warm,

¢. Precipitation. Precipitation averages less
than 25 centimeters (10 inches) a year over large
parts of the polar land areas. Because of the low
evaporation and small amount of melting, perma-
nent ice fields several thousand feet thick have
accumulated on Greenland and the Antarctic con-
tinent.

2-7. Tundra and lcecap

a. Tundra. Polar climates usually are divided
into two types—icecap and tundra. Icecap cli-
mates are those where the average temperature of
all months is below 32° F., vegetation will not
grow, and a permanent snow-and-ice cover pre-
vails (fig. 2-4 and 2-5). When 1 or more months
in the warm season have an average temperature
above 32° F. but below 50° F., the ground is free
from snow for a short period and low sparse vege-
tation is possible. This climate is designated as
tundra. It is less rigorous than that of the icecap
regions. The warmest month isotherms of 50° F.
on the equatorward side and 32° F. on the pole-
ward side are considered to be the boundaries.
Over land areas, tundra climate is confined largely
to the Northern Hemisphere. Ocean prevails in
those Antarctic areas where the tundra climate






FM 30-10

larly in Labrador. Usually the most precipitation
occurs in summer and autumn, the warmest sea-
sons. Most of it is in the form of rain, with occa-
sional snow. The winter snow is dry and powdery,
forming a compact cover. Often it is accompanied
by strong blizzard winds which pile up the snow
on the lee sides of hills and in depressions, sweep-
ing exposed surfaces bare. There is no vegetation
to break the force of the wind and to hold the
SNOW cover.

d. Icecap. This climate characterizes the perma-
nent continental ice sheets of Greenland and Ant-
arctica and the ocean in the vicinity of the North
Pole. The average winter-month temperatures
range from —35° to —45° F. Storms or violent
winds do not occur as frequently in the inner por-
tions of the icecaps as in other climatic regions,
but in some marginal areas there are extreme
gales caused by the precipitous descent of cold air
from the continental ice plateau.

2-8. Climatic Studies

a. A climatic study is derived from the applica-
tion of climatological information in a manner to
reveal the probable effects of climate and weather
elements on a specific operation of activity. Based
on the records of past weather in a given area
compiled over a long period of time, these studies
range in scope from investigating a variety of
weather conditions over a country to analyzing
the local effects of a single atmospheric element
on a particular operation or problem. For exam-
ple, analyzing surface wind data for optimum
runway orientation.

b. These studies are used in preliminary plan-
ning to provide knowledge of mean and extreme
weather conditions which may be expected during
the period of proposed operations. Studies for
most of the strategic areas of the world are avail-
able in section 23, “Weather and Climate,” of the
National Intelligence Surveys (NIS). Studies for
specific areas and problems are also prepared by
Air Weather Service (AWS).

¢. Although the weather elements presented in a
climatic study of a specific area vary according to
the needs of the user, the information generally
includes, but is not limited to—

(1) Brief general description of prevailing
weather for the period covered.

(2) Expected temperatures and temperature
variations: including both the variations during a
24-hour day and of the daily average.
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(3) Expected precipitation: rain or snow,
total expected, frequency and intensity, frequency
and duration of wet or dry spells, probability of
cloudbursts, blizzards or droughts, and probable
standing snow cover on level ground and in drifts.

(4) Expected winds: direction and intensity,
maximum winds which might be expected with
severe weather.

(5) Cloudiness: data on any seasonal periods
of prolonged cloudiness or clear weather.

(6) Humidity.

(7) Severe weather: probability of hurri-
canes, typhoons, thunderstorms, tornadoes, dust
storms, or blizzards.

(8) Effect of weather and atmospheric cloud-
iness on the transmission through the air of in-
stantaneous nuclear and thermal radiation; the
movement and concentration of contaminated
clouds and dust; and the spread of surface fires
and other phenomena connected with nuclear war-
fare and CBR agents.

d. Special climatic studies may be prepared to
solve a specific engineering or logistics problem or
to investigate in detail the effects of pertinent
weather conditions on a particular operation.
Such studies have been made, for example, to pro-
vide data for use in determining:

(1) Degradation in lift capability of helicop-
ters.
(2) Optimum runway orientation,

(3) Planning factors for construction sched-
ules.

(4) Wind chill factors for clothing require-
ments.

(5) Location of camps, training areas, and
landing fields.

(6) Coastal areas most suitable for amphibi-
ous operations.

(7) Seasonal fuel requirements by weight,
quantity, and type.

2-9. Climatic Summaries

a. A climatic summary (fig. 2-6) provides sta-
tistical data on normal weather conditions and
variations from the normal at a specified place
during a specified period. Climatic summaries are
compiled from historical records of weather ob-
servations over long periods. They do not forecast
day-to-day weather conditions, but they do pro-
vide a basis for estimates and plans. A summary
emphasizes those features of the climate that may
impose problems in a military operation, and it is
indispensable to the field commander in preparing
to meet such problems.
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CLIMATIC SUMMARY FOR THE MONTH OF JULY - 3d CORPS AREA

1. GENERAL CIRCULATION

Generally air flows from the west and northwest.

Occasionally

warm, d continental air from Russia causes a relatively intense
) Y ’

dry heat with temperature 90° or more.

2. TEMPERATURES

Afternoon temperatures generally are in the 70's and morning

temperatures are in the 50's.

There are occasional periods of hot,

dry spells that last more than a week with tergperatures in the 90!'s.
The highest temperature ever recorded was 101" F,

3. THUNDERSTORMS

Occur frequently.

They usually develop during the day and reach

maximum intensity in the late afternoon and evening.

4. SURFACE WINDS

Average windspeed is 5 MPH.

5. CLOUDINESS

Mornings frequently are clear.

The most predominant direction is
northeast, with a mean speed of 8 MPH.
25.2 percent of the time, and usually in the early morning.
or near calms often last the whole day.

Calms are frequent, occuring
Calms

Clouds develop by noon and cloud

cover reaches a maximum in the late afternoon, decreasing to nil just

before sunset.,

6. VISIBILITY

Normal visibilqties are 7 to 13 miles and occasionally further.
Occasionally haxe may reduce visibility to about 3 miles.

7. PRECIPITATION

Thunderstorms are the usual cause of precipitation.

Occasionally a

southwesterly wind will cause continued drizzle and low, overcast skies

for one to three days.

This is the only time low visibilities occur.

Occasional haze may reduce visibility to about 3 miles.

Figure 2-6. Example of a climatic summary.

b. Climatic summaries (and studies) supple-
ment information contained in intelligence sur-
veys. The summaries should be available to a com-
mander whenever he is assigned command of a
theater or area, and should contain items of infor-
mation which he will require in planning an oper-

ation. Examples of such requirements are the re-
lationship between precipitation, snow cover and
thaw dates used by the engineers when they pre-
pare charts of soil trafficability, or the wind and
cloud patterns expected at the surface and aloft
during a certain season used by staff sections in
planning airborne operations.
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Years
June July Aug. Annual Recorded
Mean precipitation
(inches) 2.56 2.48 2.36 26.97 40

Mean number of days

with thunderstorm 4 4 3 18 11
Temperature (OF)

Absolute max 95 101 97 40

Absolute min 50 43 43 40

Mean daily max 71 74 73 40

Mean daily min 51 55 53 40
Mean number of days

with fog 2 2 4 57 11

Surface winds for the month of July

DIRECTION: S SSw Sw WSW W WNW NW NNW
Percentage frequency 2.1 2.0 8.6 1.0 0.7 0.3 0.4 0.0
Average speed

(in knots) 5.6 9.4 8.8 7.6 6.8 8.3 3.2 0.0
DIRECTION: N NNE NE ENE E ESE SE SSE
Percentage frequency 1.2 2.1 19.5 10.5 12,2 2.7 9.6 1.0
Average speed

(in knots) 5.0 6.3 8.4 10.0 7.1 6.6 6.0 4.0

Figure 2—-6.—Continued

Section II. WEATHER

2-10. Definition

Weather comprises the day-to-day changes in at-
mospheric conditions. The physical properties and
conditions of the atmosphere that must be meas-
ured or observed to describe the state of the
weather are termed the weather elements.

2-11. Air Temperature

a. Measuring. Air temperature is the degree of
hotness or coldness of freely circulating air as
measured by a thermometer that is shielded from
the sun. The thermometer is calibrated by using
the melting point of ice and the boiling point of
water at sea level as standard references. In most
English-speaking countries, the Fahrenheit scale
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is used, with the melting point of ice designated
as 32° F above zero and the boiling point of water
as 212° F above zero. Countries using the metric
system employ the centigrade (Celsius) scale,
with the freezing point of water designated as
0° C and the boiling point, 100° C. In the United
States, surface air temperatures are indicated in
degrees Fahrenheit and upper air temperatures in
degrees centigrade. Temperatures may be con-
verted from one of these scales to the other by use
of the following formulas:

C= %(F—32°)
9

F= 5

X °C 4 32°



b. Recording. Temperature data may be re-
corded in the following forms:

(1) Mean daily maximum temperature. The
average of the daily maximum temperatures for a
month.

(2) Mean daily minimum temperature. The
average of the daily minimum temperatures for a
month.

(3) Mean daily temperature. Average of
daily maximum and minimum temperatures for
any specific day.

(4) Mean monthly temperature. Average of
daily mean temperatures for any specific month.

(5) Mean annual temperature. Average of
daily mean temperatures for any specific year.

(6) Mean annual range. Difference between
the mean monthly temperatures of the warmest
and coldest months.

(7) Diurnal variation. Difference between
the maximum and minimum temperatures occur-
ring in a day.

(8) Normal values, or long-term mean. The
average of temperature values for the entire pe-
riod of record. These values usually are used to
evaluate the climate.

(9) Extreme values. Absolute maximum or
absolute minimum or extreme values.

(10) Length of freezing period. Number of
days with minimum temperature below freezing.

¢. Use of Data. Monthly daily maximum and
mean daily minimum temperatures usually are
employed to provide a general definition of the
type of climate, and the mean annual range to
indicate its variability. Extreme values show the
limits which must be anticipated in the climate
being considered. Temperatures also are recorded
at various altitudes above the ground level in
order to provide data for estimating certain types
of nuclear-weapon effects.

2-12. Atmospheric Pressure

a. Definition. Atmospheric pressure is the force
exerted per unit of area by the weight of the
atmosphere from the level of measurement to the
top of the atmosphere. At sea level this pressure
is approximately 6.66 kilograms per 6.45 square
centimeter or 14.7 pounds per square inch. Mean
sea level is used as a reference for surface
weather observations, and pressure measurements
are shown on weather maps and climatic charts as
if the entire surface of the earth were at sea level.
Atmospheric pressures are recorded at various al-
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titudes to provide data for estimating nuclear-
weapon effects.

b. Measurement. The standard device for meas-
uring atmospheric pressure is a mercurical ba-
rometer which balances the weight of the atmos-
phere with a column of mercury. The standard
atmospheric sea-level pressure is equal to that ex-
erted by a 760 millimeter (29.92 inch) column of
mercury at 32° F. and at standard gravity. For
some scientific purposes, it is desirable to indicate
atmospheric pressure in units of pressure (weight
per unit of area) rather than in units of length
(centimeters or inches). In the metric systems, a
bar is the unit of measure. The millibar (1/1000
of a bar) is used in meteorology to designate the
value of atmospheric pressure. The standard sea
level pressure is 1013.2 millibars. One millibar
equals .0762 centimeters or 0.03 inches of mer-
cury. Most weather stations today observe pres-
sure on an aneroid barometer, calibrated in both
millibars and inches or millimeters of mercury.
Barometer readings significantly below 760 milli-
meters usually indicate low-pressure areas and
those significantly above 760 millimeters usually
indicate high-pressure areas. In general, cold air,
being heavy and dense, causes high barometric
pressures, while hot air, which is light and thin,
causes low pressures. (High-pressure systems
usually are associated with fair, dry weather;
low-pressure systems, with unsettled, cloudy con-
ditions.

2-13. Winds

a. Description. Wind is air in motion and re-
sults from differences in atmospheric pressure. A
wind is described by its direction and speed. The
direction of a wind is the direction from which it
is blowing. A wind coming from the north, for
example is termed a north wind. As reported in
observations, wind direction is determined with
reference to true north and is expressed to the
nearest 10 degrees. Thus, a direction of 090 de-
grees (a wind from due east) would be reported
as 09. Wind velocities are reported by the Air
Weather Service in knots. A table of wind speeds
and their specifications is given (table 2-1) to aid
in estimating speeds. Over irregular terrain, a
wind does not move with a steady force or direc-
tion, but as a succession of gusts and lulls of vari-
able speed and direction. These eddy currents,
caused by friction between air and terrain, are
called gusts or turbulence. Turbulence also results
from unequal heating of the earth’s surface, the
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Table 2-1.

Calm _____ _ __ _ __ less than 1
Light air ____________ __ 1-3
Light breeze ____________ _______ 4-6
Gentle breeze __________________ 7-10
Moderate breeze 11-16
Fresh breeze __________ _________ 17-21
Strong breeze _____ _ ____________ 2227
Near gale ______________________ 28-38
Gale _____ __ _ __ 34-40

Strong gale ___________ _________ 4147

________________________ 48-56

Violent storm
Hurricane

__________________ 5663
_____________________ 64 and over

0-0.2
0.3-1.6
1.6-3.3
3.4-5.4
5.6-7.9
8.0-10.7

10.8-13.8

13.9-17.1
17.2-20.7
20.8-24.4

24.6-28.4

28.6—-32.6

32.7 and over

2-12

Weather Map Scale of Wind Velocity

Descriptive Meters/
ftem Knots seconds

Specifications

Calm; smoke rises vertically.

Direction of wind shown by smoke drift but not by wind vanes.

Wind felt on face; leaves rustle.

Leaves and small twigs in constant motion; wind extends light flag.

Raises dust and loose paper; small branches are moved.

Small trees in leaf begin to sway; crested wavelets form on inland waters.

Large branches in motion; whistling heard in telegraph wires; umbrellas
used with difficulty.

Whole trees in motion; inconvenience felt when walking against wind.

Breaks twigs off trees; generally impedes progress.

Slight structural damage occurs (chimney pots, slates and shingles re-
moved).

Seldom experienced inland; trees uprooted; considerable structural damage
occurs.

Very rarely experienced; accompanied by widespread damage.

Very rarely experienced; accompanied by widespread damage.

01—-0€ Wi



cooler air of adjacent areas rushing in to replace
the rising warm air from heated areas. Usually
the turbulence produced by surface friction is In-
tensified on a sunny afternoon.

b. Systems. Local pressure and wind systems
are created by valleys, mountains, and land
masses that change the weather characteristics of
areas. Since land masses absorb and radiate heat
more rapldly than water masses, the land is
heated more than the sea during the day and cools
more at night. In coastal areas, warm air over the
land rises to a higher altitude and then moves
horizontally out to sea. To replace this warm air,
the colder air over the water moves on to the land,
creating the so-called sea breeze. The circulation
1s reversed at night, so that the surface air moves
from the land to the sea, resulting in a land
breeze.

c. Valley Wind. Heated by the daytime sun, the
alr 1n contact with a mountain slope becomes
lighter than the surrounding air and rises up the
slope, being replaced by denser, colder air. This
alr movement is called a valley wind because it
appears to be flowing up from the valley. At night
the air in contact with the slope becomes colder
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and more dense, sinking down along the slope to
create a mountain breeze that seems to flow out of
the mountain. Mountain breezes generally are
stronger than valley winds, especially in the win-
ter.

d. Chinook. A chinook (North America) or
foehn (Europe) (fig. 2-7) 1s a phenomenon that
occurs in winter and spring on the lee or down-
wind side of mountain ranges over which there
flows a steady crosswind of moisture-laden air. As
the air rises over the windward side of the moun-
tain it expands and cools rapidly, producing
clouds and precipitation. As the air moves down
the lee side of the mountain range 1t compresses
and warms. As a result, there are warm, dry
winds on the lee side of the mountains.

e. Fall and Gravity. Fall and gravity winds are
caused by the descent of downslope air through
the action of gravity. They are typical of the
Greenland coast, which is essentially a high pla-
teau sloping abruptly to the sea along an irregular
coastline cut by many fiords. The central plateau
area remains ice-covered throughout the year, de-
veloping extremely cold air masses which fre-
quently drain off through the fiords to the sea and

Figure 2-7. Chinook or foehn effect.
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attain a near-hurricane speed. At sea level the
winds remain relatively cold and very dry. Simi-
lar winds are the bora, which drain off the south-
ern Alps and the Balkan Plateau into the Adriatic
Sea, and the mistral of the Rhone Valley in
France.

f. Monsoon. A monsoon wind is any seasonally
changing or reversing wind. It is strongest and
steadiest on the southern and eastern sides of
Asia. It blows outward from high-pressure cen-
ters overland toward the sea in winter and in-
ward toward low-pressure overland in summer. In
most regions, the summer monsoon season is gen-
erally characterized by extensive cloudiness and
frequent precipitation. The winter monsoon sea-
son is characterized by dry air and infrequent
cloudiness except where the monsoon winds pick
up moisture by moving over warm seas before
striking an island or peninsular coastline.

2-14. Humidity

a. Vapor. Water vapor is the most important
constituent of the atmosphere that determines
weather phenomena. Although the oceans are the
primary source, a limited amount of water vapor
also is furnished to the atmosphere from lakes
and rivers, snow, ice fields, and vegetation. The
percentage of water vapor by volume in the air
may vary from practically zero in deserts to 4 or
5 percent in humid tropical areas.

b. Amount. Humidity is the term used to de-
scribe the amount of water vapor in the air. The
amount that the air actually contains compared

and pressure is termed the relative humidity.
When a specific air mass holds all the moisture
that it can at a given temperature, it is described
as having a relative humidity of 100 percent.

¢. Dew Point. The dew point is that tempera-
ture at which the air becomes saturated. The
higher the dew point, the greater amount of water
vapor the air can hold. The closer the dew point
temperature is to the actual temperature, the
greater the likelihood of condensation. Condensa-
tion results when the capacity of the atmosphere
to hold water is reduced by cooling, so that the
water vapor in the air is changed to visible mois-
ture such as fog or clouds.

2-15. Clouds

a. Classification. Clouds are masses of con-
densed moisture suspended in air in the form of
minute water droplets. They are classified accord-
ing to their form or appearance and by the physi-
cal processes producing them. The Air Weather
Service reports the type of clouds present, the
heights of the cloud bases and cloud tops, the
amount of cloudiness, and the direction in which
the clouds are moving. Cloud amounts are re-
ported in terms of the fraction of the sky that is
covered by clouds (fig. 2-8). The following terms
are used:

(1) Clear. No clouds, or less than 0.1 of the
sky covered.

(2) Scattered. 0.1 to 0.5 of the sky covered.
(3) Broken. 0.6 to 0.9 of the sky covered.
(4) Owercast. More than 0.9 of the sky cov-

with what it could hold at a given temperature ered.
o O | (D 2 ™ 3 &, 40
two or
no clouds one - tenth three - tenths four-tenths | five-tenths
5 D 6 Jd 7 | 8 o 9 X
seven or nine completely sky
six-tenths eight-tenths tenths covered obscured
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Figure 2-8. Cloud cover symbols.




b. Heights. Cloud heights are reported in me-
ters above the ground. The heights of clouds
below 1,500 meters (5,000 feet) are reported to
the nearest 30 meters (100 feet); clouds from
1,500 to 3,000 meters (5,000 to 10,000 feet) are
reported to the nearest 150 meters (500 feet), and
clouds above 3,000 meters (10,000 feet) to the
nearest 300 meters (1,000 feet). A ceiling is de-
fined as the lowest layer of clouds that is reported
as broken or overcast and not classified as thin.
Heights of clouds are reported in meters or feet
above the point of observation.

¢. Direetion. Cloud direction is the direction to-
ward which the cloud bases are moving. It is re-
ported according to the eight points of the com-
pass.

d. Appearance. According to their appearance,
clouds are either cumuliform or stratiform.
Cumuliform clouds are formed by rising currents
in unstable air. Stratiform clouds result from the
cooling of air in stable layers.

(1) Cumuliform clouds are dense with verti-
cal development. The upper surface of a cumuli-
form cloud is dome-shaped, while the base is
nearly horizontal. Usually clouds of this type are
separate from each other and rarely cover the
entire sky. The precipitation from cumuliform
clouds generally is showery in nature.

(2) Stratiform clouds usually occur in layers
that may extend from horizon to horizon, without
the vertical development of cumuliform clouds.
Precipitation from this type of cloud usually is in
the form of light continuous rain, drizzle, or
snow.

e. Groupings. Clouds may be grouped into four

families (fig. 2-9)-

(1) High. Cirrus, cirrostratus, cirrocumulus,

(2) Middle. Altostratus, altocumulus.

(3) Low. Stratus, nimbostratus, stratocumu-
lus.

(4) Vertical development. Cumulonimbus for
an example.

f. High Clouds. High clouds usually occur at
heights of from 6,000 to 12,000 meters (20,000 to
40,000 feet), although they may be found at much
lower altitudes in polar regions. They are com-
posed of ice crystals. The characteristics of the
major cloud types in this group are as follows:

(1) Cirrus. This is a delicate white fibrous
cloud that often appears bright yellow or red
from the reflection of light from a rising or set-
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ting sun. Cirrus clouds may appear as isolated
tufts, featherlike plumes, or streaks with up-
turned ends often referred to as mare’s tails. Be-
cause of their thinness, cirrus clouds do not blur
the outlines of the sun or moon, and usually do
not make an appreciable change in the appearance
of the sky.

(2) Cirrostratus. These are thin, whitish
veils of clouds that give the sky a milky look.
Usually they can be distinguished from cirrus
clouds by the halo which light from the sun or
moon produces in them.

(8) Cirrocumulus. Clouds of this type consist
of patches of small, rounded masses or white
flakes arranged in groups or lines.

g. Middle Clouds. Middle clouds usually occur at
altitudes of 1,800 to 6,000 meters (6,000 to 20,000
feet) in the lower limit of this range in the
colder seasons, and at altitudes near the upper
limit in the warmer seasons. The major types
are—

(1) Altostratus. Clouds of this type appear
as a veil of gray or bluish fibrous clouds, the thin-
ner forms resembling the thicker forms of cirro-
stratus. Altostratus clouds are associated with
smooth or stable air layers, and occasionally they
produce light rain or snow.

(2) Altocumulus. This cloud type can appear
as a layer or in patches, is white or gray in color,
and the cloud elements appear as rounded masses
or rolls. They occur in a variety of forms, and
may exist at several levels at the same time.

h. Low Clouds. Low clouds usually have bases
below 1,800 meters (6,000 feet) and include the
following types:

(1) Stratus. These form a low layer resem-
bling fog, although they do not rest upon the sur-
face. They give the sky a hazy appearance. The
base of this cloud is usually rather uniform in
height but it often occurs in the form of ragged
patches or cloud fragments. Layers of stratus
clouds may cover hundreds of thousands of square
miles. Usually they are thin, and range in thick-
ness from a few hundred feet to several thousand
feet. Frequently, stratus clouds are accompanied
by fog, haze, or smoke between their bases and
the ground. Visibility is very poor under stratus
clouds, and precipitation from them usually is in
the form of light snow or drizzle.

(2) Nimbostratus. Clouds of this type form a
low, dark gray layer. Precipitation usually is in
the form of continuous rain or snow of variable
intensity. Because of its thickness, sometimes
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Figure 2-9. Major cloud types.
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more than 4,500 meters (15,000 feet), the nimbo-
stratus is frequently classified as a cloud of verti-
cal development.

(8) Stratocumulus. This type of cloud forms
a lower layer of patches of rounded masses or
rolls. The base of the stratocumulus usually is
larger and rougher than the stratus clouds. Fre-
quently these clouds change into the stratus type.

i. Vertical. Vertical development clouds cannot
be classified according to height, since they extend
through all the levels assigned to other cloud
groups. The bases vary from 150 to 3,000 meters
(500 feet to 10,000 feet) or higher, while the tops
may vary from 450 meters (1,500 feet) to more
than 12,000 meters (40,000 feet). They all occur
in relatively unstable air and frequently are asso-
ciated with strong vertical currents and intense
turbulence. In this category are the following:

(1) Cumulus. Clouds of the cumulus type are
dense, with vertical development. The base is hor-
izontal and uniform in height above the earth,
with a top that is domed or cauliflower-like in
shape. Cumulus clouds appear white when they
reflect sunlight toward the observer, but when
viewed from directly underneath or when they are
between the observer and the sun, they may ap-
pear dark with bright edges. Over land, cumulus
clouds tend to develop during the warming of the
day, dissipating at night when the earth’s surface
cools. Over water, cumulus clouds tend to develop
at night as the water surface remains warm while
the air mass cools slightly.

(2) Cumulonimbus. Clouds of this type are
heavy masses which extend to great heights. Their
upper portions resemble mountains or towers
capped with a fibrous texture. They develop only
in unstable air. Cumulonimbus clouds are distin-
guished from cumulus clouds chiefly by the veil of
ice crystal clouds which surrounds their upper
portions. Thunderstorms, squalls, turbulence, and
hail are characteristic of cumulonimbus clouds.

2-16. Precipitation

a. Description. Precipitation (fig. 2-10) is visi-
ble moisture that falls from the atmosphere, such
as rain, sleet, snow, hail, drizzle, or combinations
of these. As an air mass rises, its ability to hold
moisture decreases and clouds form. When the
cloud droplets become too large to remain in sus-
pension, rain occurs or if the air temperature is
below freezing, snow is formed. Sleet is frozen
rain formed by droplets passing through a layer
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of below-freezing air. Hail consists of rounded
particles composed of layers of ice falling from
cumulonimbus clouds with strong updrafts. Rain-
drops are carried to high altitudes and frozen into
ice pellets. They then fall and are carried up again
by the updraft until the weight of the pellet is
greater than the force of the updraft, whereupon
it falls to earth. Freezing rain falls from the air
in liquid form but freezes upon contact with ob-
jects cn the surface that are at a temperature
below the freezing point. The ice formed on these
surfaces is called glaze. Air Weather Service ob-
servations include information on the form of
precipitation and its character, intensity, and
amount.

b. Character. The character of precipitation re-
fers to its duration and to changes in its intensity.
It is reported as continuous, intermittent, or
showery. Continuous precipitation is that in
which the intensity increases or decreases grad-
ually. Intermittent precipitation is characterized
by a gradual change in intensity, but ceases and
recommences at least once an hour. Showery pre-
cipitation is marked by rapid changes in intensity
and by starting and stopping abruptly. The inten-
sity of precipitation is determined on the basis of
its rate of fall. It is described as follows:

(1) Very light. Scattered drops or flakes
which do not completely wet an exposed surface,
regardless of duration.

(2) Light. Not more than 0.25 millimeter
(0.01 inch) in 6 minutes.

(3) Moderate. 0.26 to 0.75 millimeter (0.01 to
0.03 inch) in 6 minutes.

(4) Heavy. More than 0.75 millimeter (0.03
inch) in 6 minutes.

¢. Intensity. The intensity of snow and drizzle
is determined on the basis of the reductions in
visibility which result, as follows:

(1) Very light. Scattered drops or flakes
which do not completely wet an exposed surface,
regardless of duration. Negligible effect on visibil-
ity.

(2) Liaght. Visibility 1 kilometer (54 statute
mile) or more.

(3) Moderate, Visibility less than 1 kilometer
(54 statute mile), but not less than 14 kilometer
(5/16 statute mile).

(4) Heavy. Visibility less than 14 kilometer
(5/16 statute mile).

d. Amount. The amount of precipitation is ex-
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pressed in terms of the vertical depth of water
(or melted equivalent in the case of snow or other
solid forms) accumulated within a specified time
on a horizontal surface. This is expressed to the
nearest 0.25 millimeter (0.01 inch). A depth of
less than 0.13 millimeters (0.005 inch) is called a
trace. In the case of snow, both the actual depth
and the equivalent in water are required. Snow
depth is measured to the nearest whole inch, and
less than 1.8 centimeters (0.5 inch) is termed a
trace. The water equivalent of snow is determined
by melting a representative sample and measuring
the resulting depth of water. As an average
figure, 25 centimeters (10 inches) of snow are
considered to be equivalent to 2.5 centimeters (1
inch) of water, although this is subject to wide
variation. The depth of snow is of concern in esti-
mating the trafficability and the water equivalent
is significant for problems involving water supply,
flood prediction, stream flow, and drainage.

2-17. Fog

Fog is defined as a mass of minute water droplets
suspended in the atmosphere at the surface of the
earth that reduces the horizontal visibility. It is
formed by the condensation of water vapor in the
air. The most favorable conditions for the forma-
tion of fog are an abundance of water vapor, high
relative humidity, and a light surface wind. A
light wind tends to thicken fog. Increasing wind
speeds will usually cause a fog to lift or to dissi-
pate. Fog usually is more prevalent in coastal
areas than inland because there is more water
vapor in the atmosphere. Inland fogs may be very
persistent in industrial regions. In most areas of
the world, fog occurs more frequently during the
colder seasons of the year than it does in the
warmer seasons.

2-18. Storms

a. Thunderstorms. A thunderstorm is a local
storm accompanied by thunder, strong gusts of
wind, heavy rain, and sometimes hail, usually
lasting for no more than an hour or two. A thun-
derstorm is cellular, each of its many cells having
violent up and down drafts in close proximity.
The overall mass has a characteristic frontal zone
with violent cool winds racing inward toward the
storm in spite of its forward motion. When a
thunderstorm reaches its mature stage and the
rain begins, a downdraft starts in the lower and
middle levels of the storm. The large body of de-
scending air causes strong, gusty surface winds
that move out ahead of the main storm area, often
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resulting in a radical, abrupt change in wind
speed and direction termed the first gust. In gen-
eral, the strongest thunderstorm winds occur on
the forward side of the storm where the down-
draft first reaches the surface. These winds
ascend upward at various rates, depending on the
intensity and size of the storm. The actual storm
has layers conducive to icing and hail formation
depending on the altitudes obtained by updrafts
and so on. The speed of a thunderstorm wind may
reach 80 to 120 kilometers (50 to 75 miles) per
hour for a short time.

b. Tornadoes. Tornadoes are circular whirlpools
of air which range in size from about 30 meters to
.8 kilometer (100 feet to 14 mile) in diameter. A
tornado appears as a rotating funnel-shaped cloud
extending toward the ground from the base of a
cumulonimbus. The low pressure and the high
wind speeds encountered in the center of the tor-
nado are very destructive. The paths of tornadoes
over the ground usually are only a few miles long
and the tornadoes move at speeds of 40 to 90
kilometers (25 to 55 miles) per hour. Although
the maximum wind speeds associated with torna-
does never have been measured directly, property
damage and other effects indicate that they may
exceed 800 kilometers (500 miles) per hour. When
they occur over water, tornadoes are termed wat-
erspouts.

¢. Tropical Cyclones. A tropical cyclone is a
low-pressure system of cyclonic winds that forms
over tropical water areas (fig. 2-11). Cyclones of
great intensity are called hurricanes in the Atlan-
tic and Eastern Pacific Oceans, typhoons in the
Western Pacific Ocean, cyclones in the Indian
Ocean, and willi willi in Australia. The average
life span of a tropical eyclone is 6 days, although
some last only a few hours and others as long as 2
weeks. Tropical cyclones of hurricane intensity
are characterized by extremely strong and gusty
surface winds, with speeds of 117 to more than
240 kilometers (73 to more than 150 miles) per
hour; continuous intense rain in the central area,
and a relatively calm area near the center known
as the eye. These storms vary in size from 80 to
800 kilometers (50 to 500 miles) in diameter. The
precipitation associated with tropical cyclones is
extremely heavy. They are frequently accompa-
nied by violent thunderstorms, with the heaviest
rainfall usually occurring some distance ahead of
the eye of the moving cyclone. Abnormally high
tides are a common companion of hurricanes and
are responsible for a great amount of damage.
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2-19. Weather Forecasts

A weather forecast is a statement of expected
weather conditions at a point, along a route, or
within an area at a specified future time, or dur-
ing a specified period.

a. Forecasts are based upon weather charts and
data, the application of forecasting rules, theories,
and hypotheses, combined with the forecaster’s
training and experience and his knowledge of ter-
rain and similar external factors. The current
state of the meteorological science restricts most
forecasts to a 48-hour period. In addition, a 3- to
5-day forecast also can be supplied to supplement
the 48-hour operational forecast. Beyond 5 days,
climatology is used, normally. Local area forecasts
may depend on observations from the larger sur-
rounding area; usually these are detailed enough
to permit inferences of local conditions. Forecasts
are prepared by AWS for the Army on both a
routine and a special basis.

b. The accuracy of a forecast depends on many
factors, including length of the forecast period,
amount and reliability of weather data, location
of the area, type of terrain, season, detail re-
quired, reliability of weather communications,
and experience of the forecaster. When weather
observations are few, or the meteorological situa-
tion is complex, a forecast of conditions 2 or 8
hours ahead may be inaccurate. When reports are
complete and the meteorological situation is rela-
tively simple or static, conditions may be forecast
with reasonable accuracy for as long as 5 days;
however, reliability of forecasts generally de-
creases as the forecast period increases. Because a
forecast is issued for a specific time, usually be-
ginning soon after issue, it rapidly loses its value
unless promptly received by the user. Conse-
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Figure 2—-11. Tropical cyclones.

quently, forecasts are disseminated by electrical
or other rapid means.

¢. Forecasts are classified according to the
length of the period or their specialized use. Clas-
sifications according to length of the periods cov-
ered are:

(1) Short-period forecasts give detailed val-
ues of the weather elements expected to occur
during the period and the time of anticipated
weather changes. They are sufficiently reliable for
use in detailed short-range planning. The
accuracy usually decreases as the period in-
creases. Short-period forecasts also are referred
to by the period covered; for example, 12-hour,
24-hour, or 48-hour forecasts.

(2) Extended period forecasts (fig. 2-12) are
less detailed and less specific than short period
forecasts. Usually the weather information is ex-
pressed in terms of departure from normal condi-
tions and is suitable only for preliminary plan-
ning purposes. Extended period forecasts are also
known as 3- to 5-day forecasts.

(3) Weather outlooks cover from 5 days to a
month in advance and are based largely on cli-
matic data. They predict future weather in gen-
eral terms, expected departures from normal con-
ditions, and expected times of significant changes.
These predictions are normally useful only for
preliminary planning and are classed as climatic
studies.

d. Forecasts are also classified as general or
special. The general forecast covers a wide range
of weather elements while the special forecast
covers a few elements in greater detail for a spe-
cific user.

(1) General forecasts are used by the major-
ity of army units for day-to-day operations. They
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EXTENDED PERIOD FORECAST CLYDESVILLE AND VICINITY VALID 01/0600Z

TO 04/0600Z: 1 AUG:

NORTHEAST 3 TO 5 KNOTS.
75 DEG F. 2 AUG:

CEILING AND SKY CONDITION:
GRADUALLY LOWERING TO 1000 FEET OVERCAST BY SUNSET.
5 MILES IN HAZE OCCASIONALLY LOWERING TO 2 MILES IN RAIN.,
MIN TEMP RANGE 50 TO 60 DEG F, MAX 65 TO
CEILING AND SKY CONDITION:
OVERCAST BECOMING 2000 FEET SCATTERED BY SUNSET.
2 MILES IN LIGHT RAIN AND FOG BECOMING 7 MILES BY NOON.

5000 FEET OVERCAST
VISIBILITY
WINDS

500 T0 1000 FEET
VISIBILITY 1 TO
WINDS

NORTHEAST 5 TO 10 KNOTS BECOMING SOUTHWEST 10 TO 15 KNOTS BY
MIDAFTERNOON, WARMER, MIN TEMP 55 TO 65 DEG F, MAX 70 TO 80

DEG F. 3 AUG:
WIND SOUTHWEST 15 KNOTS.
85 DEG F. LIGHT DATA: 1 AUG:
EENT 03/02392Z.
3 AUG:
04/0410, SET 04/1530%.
HEIGHTS IN FEET, SPEED IN KNOTS.

MOON:
PLANNING WINDS FOR RADIOLOGICAL FALLOUT,
0-12000 FEET SOUTH 10-20 KNOTS,

SKY CONDITION CLEAR, VISIBILITY 10 TO 15 MILES,

LITTLE CHANGE MIN TEMP, MAX RANGE 75 TO
BMNT 01/1151Z, EENT 02/0240Z.
PHASE FULL, RISE 02/0230Z SET 02/1350Z.

MOON:

2 AUG: BMNT 02/1152Z,

MOON: PHASE FULL, RISE 03/0320Z, SET 03/1440%Z.
BMNT 03/1153Z, EENT 04/0238Z.

PHASE FULL, RISE

12000~24000 SOUTH TO SOUTHWEST 15 TO 30, 24000-36000 SOUTHWEST
20 TO 40, 36000-48000 SOUTHWEST 35 TO 55, 48000-60000 SOUTHWEST TO

WEST 50 T@ 70. 2 AUG:

0-12000 SOUTHWEST 15 TO 40.

12000-24000

SOUTHWEST 25 TO 55, 24000-36000 SOUTHWEST 40 TO 75, 36000-48000
SOUTHWEST TO WEST 30 TO 40, 48000-60000 SOUTHWEST TO WEST 25 TO 35.

3 AUG:

0-12000 WEST TO NORTHWEST 20 TO 30, 12000-24000 WEST TO

SOUTHWEST 35 TO 50, 24000-36000 WEST TO SOUTHWEST 50 TO 80,
36000-48000 WEST 25 TO 35, 48000-60000 WEST 20 TO 30.

Figure 2-12. Typical extended period weather forecast.

are developed from reports received from a wide
network of stations which make simultaneous ob-
servations at prescribed times. Data resulting
from the observations are transmitted to specific
users and to weather centers and weather teams
for analysis. Forecasting techniques are applied to
data to produce the forecast product, which is
then forwarded to the operating units concerned.
This type of forecast requires a dependable com-
munications system, and observers located over a
wide area, including, if possible, territory in pos-
session of the enemy.

(2) Special contingency forecasts include
forecasts for use of nuclear weapons, army avia-
tion flights, employment of toxic chemicals and
biological agents, and severe weather warnings.
Forecasts of fallout winds are special forecasts of
winds aloft to determine the area that would be
covered by nuclear fallout. Severe weather warn-
ings of tropical storms, hurricanes, thunder-
storms, tornadoes, strong and gusty surface
winds, heavy precipitation, and extremes of tem-
perature are provided by AWS.

¢. Weather forecasts may be presented in coded,
graphic, or written format. Normally, those for
use by Army units are issued in plain language
form. Abbreviations, which are used extensively
in weather messages, are contained in Joint-
Army-Navy-Air Force Publications (JANAP)
169.

2-20. Weather Intelligence

a. Dissemination. Timeliness is the critical
factor in disseminating weather reports and fore-
casts. Normally they are transmitted by radio or
teletype. Weather information is incorporated in
such documents as the intelligence estimate, peri-
odic intelligence report, analysis of area of opera-
tions, and the intelligence summary.

b. Responsibility of Intelligence Officer. The in-
telligence officer at corps and lower levels is re-
sponsible for determining the weather information
requirements and submitting them to the Air
Weather Service personnel. He informs subordi-
nate units of the weather data required by the Air
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Weather Service and instructs them in the proce-
dure for collecting and forwarding the data. He
disseminates the received weather information
and coordinates with G3/S3 in the weather train-
ing of subordinate units.

¢. Requirements. Weather requirements are of
two types—those established by the Army and
passed to the Air Weather Service for action, and
those established by the Air Weather Service and
passed to the Army for action. The intelligence
officer coordinates all activities directed toward
satisfying these requirements. At division and
higher levels this coordination is effected through
the Air Force Staff Weather Officer, a special staff
officer at those echelons. Below division, the intelli-
gence officer requests Air Weather Service sup-
port through intelligence channels. Army weather
requirements may include climatic information to
be used in the planning phase of an entire cam-
paign or operation, weather forecasts, reports of
current weather, and weather summaries. Under
conditions of nuclear warfare, timely and accu-
rate weather data, particularly that concerning
upper air wind speeds and direction, is essential
in fallout predictions. Fallout predictions are re-
quired both for friendly and enemy employment
of nuclear weapons.

d. Requests. Requests for specific weather in-
formation received by the intelligence officer are
evaluated to determine whether or not the infor-
mation can be secured by organic agencies before
they are forwarded to the Air Weather Service.
In all cases, before forwarding the request the
intelligence officer insures that requests from vari-
ous units do not overlap and that they cannot be
fulfilled from information already available.

e. Information Sources. Weather data required
by the Air Weather Service from Army units may
be secured by artillery meteorological sections,
Chemical Corps units, Army aviation, and for-
ward combat troops. Artillery meteorological sec-
tions are capable of making winds-aloft observa-
tions and of determining upper air pressure, tem-
perature, and humidity. In addition, they measure
and report data for fallout prediction and use by
the Air Weather Service. This information is
transmitted every 3 hours. Chemical Corps smoke
battalions can furnish information concerning
surface winds and temperature. The pilots of
army aircraft are capable of reporting weather
conditions within their area of flight operations.
Forward combat units can provide weather data
obtained by visual observation, and if required,

2-22

they may be equipped with instruments for ob-
taining additional weather data.

f. Interpretation. An intelligence officer does
not merely disseminate verbatim the weather
forecast received from higher headquarters. He
must interpret it in relation to particular opera-
tions. He also receives interpretations from such
special staff officers as the chemical officer (toxic
chemical interpretations and interpretations rela-
tive to fallout predictions and travel of fallout
clouds), the aviation officer and the Staff Weather
Officer. The weather information that he trans-
mits to the command must be presented in its
most usable form, with the operational aspects of
the data indicated whenever applicable.

2-21. Effects of Temperature

a. Temperature. Periods of freezing tempera-
tures will increase the trafficability of some soils,
while with others it may create ice sheets on
roads, making movement more difficult. Thawing
temperatures may make frozen soils difficult to
traverse and may damage roads with poor foun-
dations. The ability of projectiles to penetrate the
earth is decreased by frozen soil, but freezing in-
creases the casualty effect of contact-fuzed shells.
Melting snows may cause floods and in mountain
areas result in avalanches.

b. Inversions. Temperature inversions create an
exception to the normal decrease in temperature
that occurs with increases in altitude. In a tem-
perature inversion, the air nearest the ground is
colder than the overlying air. The lower air re-
mains stable. Dust and smoke remain near the
ground, reducing visibility and air purity. De-
pending on wind direction, inversion conditions
may be favorable to either enemy or friendly em-
ployment of toxic chemical or biological agents.
Radar beams may also be refracted or ducted due
to inversions.

c. Site Selection. In selecting sites to provide
protection against low temperatures in the north-
ern hemisphere, preference should be given to the
southwesterly slopes of hills and mountains,
where the temperature usually is higher than on
other slopes. Cold air flows downslope and re-
mains pocketed in inclosed drainage areas or is
dammed by forests or other barriers. These cold
air pockets have the lowest temperature of the
terrain, and often are characterized by freezing
or fog when adjacent areas are frost-free or clear.
In areas of frequent calm or near calm conditions
such cold air drainage areas should not be selected



for troop bivouacs or for such facilities as motor
pools and hospitals. In hot climates, caution is
required in utilizing cold air pockets, since they
are likely areas for the formation of ground fog
and excessive humidity. In windy areas, on the
other hand, these pockets provide shelter from the
chilling effects of the wind. Areas susceptible to
cold air drainage can be readily located by ground
reconnaissance or from topographic maps by visu-
alizing the flow of cold and dense air over the
terrain. In general, concave land surfaces facili-
tate the accumulation of cold air, and convex sur-
faces favor drainage of air from the surface.
Toxic chemicals and biological aerosols also tend
to collect in depressions and low places. In areas
where heating is required, careful selection of the
terrain in locating bivouacs and other installa-
tions will save fuel. If temperature data are avail-
able for various possible sites, or can be estimated
by altitude factors and terrain configuration, fuel
requirements may be closely ascertained. Toxic
chemical agents vaporize more rapidly in high
ambient temperatures than in low ambient tem-
peratures. The effects of weather on toxic chemi-
cal and biological agents, and on radiological con-
tamination, are discussed in FM 21-40 and TM
3-240. Temperature has no significant effects
upon the intensity of blast or the thermal radia-
tion of nuclear weapons.

2-22. Winds

a. Description. In arid or semiarid areas, strong
winds frequently raise large clouds of dust and
sand which greatly reduce observation. Similar
effects result in snow-covered regions, where
blowing snow may reduce visibility over wide
areas. Observation aircraft may be grounded en-
tirely during such periods. The speed and direc-
tion of the wind are prime considerations in areas
contaminated by toxic chemical agents, biological
agents, and radiological fallout. Winds of 5 to 16
kilometers (3 to 10 miles) per hour provide the
most favorable conditions for the employment of
contaminating agents. Winds below or above that
range cause a loss of effectiveness in the use of
gas, smoke, chemicals, radioactive clouds, and
mists. The direction of the wind must be consid-
ered for the protection of friendly troops. In
areas characterized by great turbulence and vari-
able winds the use of contaminating agents is
highly dangerous.

b. Projectiles, Winds tend to deflect projectiles
from their normal paths, particularly when they
are fired at long ranges. The effect that wind will
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have on a projectile increases with an increase in
the velocity of the wind and the size of the projec-
tile. To obtain accuracy in artillery fires, the
direction and velocity of the wind must be known
in order to apply compensating corrections to
firing data. Winds also affect the efficiency of
sound-ranging equipment.

¢. Parachute Landings. Parachute landings are
feasible in winds up to 25 kilometers (15 miles)
per hour. At higher velocities, the wind tends to
scatter troop concentrations, to foul equipment,
and increase the number of casualties from land-
ing accidents. Strong winds also increase the time
that parachutists must remain in the air, as well
as the time required to secure equipment and pre-
pare for combat after landing.

d. Amphibious. Strong winds hinder amphibi-
ous operations by creating high seas which will
prevent landing craft from landing or retracting.

e. Nuclear. Wind speed and direction have no
influence upon the blast or thermal radiation ef-
fects of nuclear weapons, nor upon the range of
the initial nuclear radiation. Winds at all atmos-
pheric levels are significant factors, however, in
determining the location of radiological fallout re-
sulting from the surface, subsurface or airburst
of a nuclear weapon. Contaminated dirt and de-
bris carried upon the column and cloud will be
deposited downwind.

f. Aerosols. The effectiveness of toxic chemical
and biological agent aerosols is influenced by the
direction and speed of the wind. Such aerosols are
dissipated rapidly in high winds. The use of toxic
chemical agents in vapor form is most effective on
clear or partially clear nights when the air usually
is most stable.

2-23. Effects of Humidity

a. Ballistics. The effects of humidity upon bal-
listics are important because of the relationship
of humidity and density. The amount of water
vapor in the air affects the trajectory of projec-
tiles by the influence that it has upon air tempera-
ture and density. Humidity also has an effect
upon the distance that sounds travel, thus affect-
ing sound-ranging operations. Humidity does not
seriously decrease the effectiveness of most toxic
agents and may increase the effectiveness of some,
such as blister gas. The effectiveness of some bio-
logical agent aerosols may tend to be increased by
moisture in the air since living organisms are af-
fected adversely by dry air and direct sunlight.
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b. Smoke. In the use of a screening smoke, a
humidity of 90 percent will have twice the obscur-
ing effect of a humidity of 40 percent With this
increase in relative humidity, only 4 of the
amount of smoke-producing material need be
used.

¢. Nuclear. Humidity has no influence upon the
blast effect or nuclear radiation of a nuclear
weapon and no direct effect upon thermal radia-
tion intensities. It will affect target vulnerability
to a degree, because it will determine the moisture
content of clothing, structures, equipment, and
vegetation and their susceptibility to ignition.
This effect is pronounced, however, only when a
very high or low relative humidity has prevailed
over a long period.

2-24. Cloudiness

a. Effects. Daytime cloudiness reduces the
amount of heat received from the sun at the
earth’s surface, slowing down the drying of roads
and affecting the trafficability of soils. Extensive
night cloudiness prevents the loss of heat from
the earth’s surface due to radiational cooling and
results in higher nighttime temperatures. Cloudi-
ness chiefly affects air operations by limiting aer-
ial observation and reconnaissance. Dense clouds
above the camera level may reduce light intensity
to the point that photography becomes difficult or
impossible. A high, thin layer of clouds, on the
other hand, may eliminate ground shadows and
thus improve the quality of aerial photographs. In
cloudy areas, close combat air support may be
prohibited or restricted to aircraft equipped with
suitable navigation instruments.

b. Searchlights. Low-lying clouds may be used
to advantage by reflecting searchlight beams to
illuminate the ground surface. Any considerable
degree of night cloudiness reduces the amount of
moonlight that reaches the ground. If the fullest
utilization of twilight periods is desired, the ex-
tent of cloud cover must be considered.

¢. Nuclear. Clouds have no influence upon the
blast effect of nuclear weapons that are burst
below them, nor do they affect nuclear radiation,
but they may affect the intensity of thermal ra-
diation reaching a target. If a weapon is burst
above or within a continuous cloud layer over the
target, a large portion or all of the thermal radia-
tion may be attenuated, with a serious loss of
effect. The amount of loss will depend upon the
thickness and continuity of the cloud layer and
the position of the burst with respect to it. If a
weapon is burst below a continuous or nearly con-
tinuous cloud layer, some of the thermal energy
may be reflected from the cloud layer downward
on the target area, enhancing the total thermal
effect.

2-25. Rainfall

a. Amount. When planning extended operations,
the average amount of precipitation occurring in
the proposed area must be considered. An area
with 50 centimeters (20 inches) or less of rainfall
in a year normally will not have adequate supplies
of water for military purposes. Rainfall of 50 to
200 centimeters (20 to 80 inches) a year presents
no serious problems in operations, other than
those that occur in rainy seasons through local-
ized flooding and poor soil trafficability. Annual
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Figure 2-18. Seasonal distribution of rainfall

2-24



rainfall in excess of 200 centimeters (80 inches)
generally hinders normal operations during the
seasons that the greater amount of this rainfall
occurs. The seasonal and daily cycle of precipita-
tion (fig. 2-13) affects the scheduling of military
activities. Seasonal distribution may be uniform
throughout the year or it may occur in distinct
wet and dry periods. In the monsoon areas of
southeast Asia, for example, the rains come sud-
denly and with such violent downpours that some
military operations must cease almost entirely,
and plans must be revised. During rainy seasons
in most tropical or semitropical areas, there
usually are predictable periods of maximum rain-
fall occurring at certain times of the day which
must be considered when planning construction
work or tactical activities. The maximum rate of
precipitation expressed in inches per day or hour
may also be critical in designing culverts or other
facilities for draining excess water.

b. Trafficability. Precipitation affects soil traf-
ficability and hence cross-country movement. In
areas of seasonal precipitation, the cross-country
movement characteristics of an area may change
drastically each season. Seasonal floods may swell
or flood streams, making fording and bridging op-
erations difficult or impossible. Snow and sleet
hamper movement on roads in winter, often mak-
ing them impassable in mountainous areas. The
snow that accumulates in mountains during the
winter months frequently affords a water supply
throughout the year to lower, drier regions.

c. Visibility. Precipitation usually has an ad-
verse effect on visibility and observation, although
rain sometimes may wash excessive impurities
from the air. Rain and snow aid concealment, and
may facilitate surprise attacks. Operation of lis-
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tening and sound-ranging posts is often limited by
precipitation.

d. Neutralization. Rain and snow normally
reduce the effectiveness of toxic chemical and bio-
logical agents. Heavy or lasting rain washes away
these agents and may neutralize them. Snow may
cover liquid toxic agents so that little vapor or
contamination hazard appears until the snow
melts. Heavy precipitation will tend to dilute the
concentration of biological agent aerosols.

e. Communication. Precipitation may have an
adverse effect upon communications, reducing the
range of field wire circuits and producing radar
“clutter” which tends to obscure target echoes.

f. Nuclear. Precipitation has a significant influ-
ence upon the blast effect of a nuclear weapon, but
no effect upon initial nuclear radiation. It affects
the range of thermal intensity to the degree that
it reduces visibility. Buildings, equipment, debris,
vegetation, and other normally flammable ele-
ments will require higher thermal intensities for
ignition, and the spread of primary or secondary
fires will be limited. Residual radiation may be
affected. If the radioactive particles formed in an
air-burst are ingested into rain-bearing clouds,
the nuclear cloud (if it does not rise above the
rain-bearing clouds) will become so mixed with
the rain cloud that it will become an integral part
of the rain-producing system. The radioactive ma-
terial will be deposited with the rain over a large
area. Heavy rain over an area would wash away
some of the material from a contamination burst,
either air, surface or subsurface, possibly concen-
trating it in other areas where there are water-
courses, low ground, drainage system, or flat un-
drained areas.

Section Ill. WEATHER EFFECTS ON TACTICAL OPERATIONS

2-26. Weather Information in Military
Geographic Studies

Weather, climate, and terrain are so interrelated
that they must be considered together when con-
templating ground and air operations. Weather
elements are capable of drastically altering ter-
rain features and trafficability. Conversely, ter-
rain features exert some influence on local
weather. This relationship of weather and terrain
must be carefully correlated in terrain studies in
order to produce accurate terrain intelligence.

a. Terrain features are affected by such ele-
ments as visibility, temperature, humidity, precip-

itation, winds, clouds, and electrical phenomena.
The specific factors described vary with the geo-
graphic area, time, and season. Terrain features
also influence the climate of an area. A descrip-
tion of the climate of a large area can consider
these terrain influences only generally, whereas a
description of a small area, such as a single valley,
can be quite specific.

b. The scheduled time of initiation of an opera-
tion determines the type of intelligence required
in the study. Climatic data is used if the starting
date is more than a week or two in the future
(48-hour forecasts in conjunction with 3- to 5-day
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extended period forecasts are used by G2 in the
terrain estimate for periods of 5 days or less).

c. The type of operation planned determines the
pertinent elements of climatological information
to be furnished. Planning of airborne, amphibi-
ous, and other special operations requires knowl-
edge of weather elements of somewhat different
emphasis than that normal to ground operation.

d. Exact descriptions of humidity are not
usually required, but the effects of humidity are
described when significant, particularly its effect
on the efficiency of personnel or on the storage
and maintenance of supplies and equipment.

e. Data based on climatic records reflect the
approximate number of days during a period
when there will be a certain amount of cloud
cover, and also the time of day or night cloud
coverage can be expected. Related conditions such
as storms and fog are also described when appli-
cable.

f. Thunderstorms can have an important effect
on proposed operations. The type, period of occur-
rence, severity, duration, and effect on planned
operations are described when pertinent.

g. Winds at or near the surface of the earth
have been classified and their characteristics are
known and predictable. Some surface winds are
deep. Some, such as the land breeze, are shallow,
and may extend only a few hundred feet above the
surface. Winds aloft may blow in a direction op-
posite that of surface winds, and the velocity may
vary with different elevations. Sea, swell and surf
are influenced by wind velocity, duration, and dis-
tance spanned.

h. Temperature forecasts based solely on cli-
matic studies describe the range of temperatures
in two ways. The first method describes the mean
temperature, mean maximum, mean minimum,
absolute maximum, and absolute minimum tem-
peratures expected for the period. The mean tem-
perature alone has little significance since it gives
no indication of the range of the temperature var-
iation. The second method tabulates the number
of days during the period when the temperature
can be expected to exceed or fall below the stated
temperatures. The effect of temperature on soil
trafiicability and freezing or thawing of water
bodies is particularly significant.

i. Precipitation is expressed in the type and
amount which may be encountered during a par-
ticular period, the number of days within that
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period on which certain amounts of precipitation
can be expected, and the variability of precipita-
tion from year to year. The effect of precipitation
on terrain, particularly water bodies and the
trafficability of soils, should be described.

j. Light data is necessary for determining
courses of action. The beginning of morning naut-
ical twilight (BMNT) and the end of evening
nautical twilight (EENT) are the beginning and
end, respectively, of enough light for limited visi-
bility. The beginning of morning civil twilight
(BMCT) and the end of evening civil twilight
(EECT) are the beginning and the end, respec-
tively, of adequate light for large scale operation.
At BMNT, enough light, under ideal conditions, is
available for infantry to