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FOREWORD

This study was undertaken at the request of the Office, Chief of Research and Developrens, De-
partment of the Ammy, in order to provide background environreantal informa:iion in support of stidies
of rhe problems enccustered by troops operating at very high elevations. It has been supplumented
by 4 contract study of the second-highest cratineat - South America - é d alorz h
similar lines by the Batelle Memorial Institute.

This report is the result or a team effort by a group of earth scientists and cartographers in
the Earth Sciences Laboratorv. 1t was coordinated by Dr. Paul C. Dalrymple, Chief of the Regional
Environments Division. Authors of the report, and portions for which they were principally respon-
sible, were: Dr. Kaye R. Everett, landforms and water supply: Dr. Willianm C. Robison, vegetation;
Miss Sarah Wollaston, climate; and Mr. Andrew D. Hastings, Jr , glaciers and environmental stresses.

Dr. Terris Moore, ccnsultant, served as expert advisor to the authors and made available his
profound knowledge of the study area and of mountaineering in general. Dr. Moore's 1932 ascernt ot
Minya Konka (with Burdsall and Emmons) was the highest climb by Americans until very recent years,
and 1in 1959 iifs aircraft landings and takeoffs at 4,950 meters on Mt. Sanford, Alaska, constituted
world altitude records.

Cartography was accorplished under the direction of Mr. Aubrey Greenwald, Chief of the Carto-
graphy Office, excepting maps 4, 21, and 22 which were prepared under an Army contract by the
American Geographical Society. In-hous: cartographic work vas performed by Mr, Greenwald, Miss
Tenney Bennett, Miss Pernel Leuvelink, Miss Olive Lesueur, Mr. Andrew D. Hastings, Jr., and Mr,
Jameson D. MacFarland. Initials on the individual maps identify the cartographers responsible for
them.
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ABSTRACT

This report presents a survev of environmental conditions - physiography, vegetation, and
climate - which might affect military personnel aad equipment above the 2,000-meter elevation
in Central Asia. These highlands include some of the world's highest and most inaccecsible
mountain ranzes, such as the Himalaya, Karakoram, Pamir, Hindu Kush, Kun Lun Shan, Amne Machin,
Tie.: Shan, Nan Shan, and Great Snowy Range, as well as the high plateaus of Tibet and the gen-
erally lower mountains of Mongolia. The study treats portions of Afghanistan, Bhutan, Burma,
China (includinz all of occupied Tibet), India, Mongolia, Nepal, Pakistan, Sikkim, and the
Soviet Union. It is organized in two parts: a general synopsis of environmental character-
istics of the area as a whole, and a series of more detailed trectments by sections., For the
latter, Central Asia is subdivided into five sections comprising tie Sino-Burmese Ranges,
Tibetan Plateau and associated ranges, Pamir Knot and associated rarges, Tiem Shan and associa-
ted ranges, and the Mongolian Highlands. All of these except the Mongolian Highlands are shown
in topographic and cultural maps at a s.ale of approximately 1-3,800,000. The distribution of
terrain, vegetation, and climatic elements over the area as a whole is shown in a series of
smaller-scale maps at 1:10,000,000.
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INTRODUCTION

The purpose of this report 1s to present a survey of environmental
conditions which might influence military personnel and materiel oper-
ating at high elevations in Central Asia. The study is primarily con-
cerned with elevations in excess of 3,000 meters, where physiological
problems among unacclimatized humans are likely to become acute. Even
so, the entire highland area above 2,000 m is considered here because
the decrement in unacclimatized human efficiency in the 2,000 to 3,000 m
zone may be substantial enough to impair military effectiveness. Not
infrequently the onset of debilitating symptoms of "mountain sickness'
is experienced by new arrivals to this peripheral zone; indeed, there
are on record cases of the very serious mountain sickness, pulmonary
edema, at elevations as low as 2,500 m.

In Central Asia there are nearly a million square miles of upland
above the 3,000-meter elevation, averaging close to 4,000 m overall.
Excluding Antarctica, this represents about two~thirds of the world's
area above 3,000 m or an area roughly one-third the size of the con-
terminous United States. It is a remote mountain wilderness which 1is
difficult of access, sparsely vegetated, thinly populated, virtually
devoid of any but very recent military roads or permanent communication
lines, and extremely inhospitable due to its barren roughness and violent
extremes of weather. Some 12 percent (approximately 125,000 square
miles) is uninhabitable by reason of being permanently covered with snow
and ice. At least an equivalent area is prohibitive to travel because of
either its excessive mountaineering dangers or the fact that it lies
above the limit where human acclimatization can still partially compen-
sate for the oxygen deficiency, which is about 5,800 m.

The core of this vast mountain complex, comprising almost half of
its total extent, is Chinese-occupied Tibet. Only five percent of this
country lies below 4,000 m, which is approximately the upper limit of
battalion-size training ever conducted by the United States Army. It is
difficult to imagine a more inhospitable setting in which to conduct
military operations. Nevertheless, intermittent coanflict has occurred
between Chinese and Indian forces along the Ladakh«Tibetan border since
1962. None of the action has taken place at elevations as low as
4,000 m, and outposts have been actively manned up to almost 5,800 m.

The Western scientific investigator has been afforded little
access to the Central Asian Highlands beyond their southern periphery.
In fact, much of the area is so remote and forbidding that many places
had not been even superficially examined by any technical observers
before the Chinese occupation of Tibet. Only in the last decade have
apprecilable areas been contour mapped to any reliable degree, thanks
almost solely to photogrammetry of regions where aerial photography is
the most difficult in the world.

11



INTRODUCTION

Army Field Manual FM 31-72, Mountain Operations (1964), sets
forth standard military procedures for operating in mountainous terrain.
It was developed over the preceding 23 years, initially from civilian
sources, and later modified as a result of military experience at the
Mountain Training Center (Camp Hale, Colorado) and its successors, the
Mountain and Cold Weather Training Command (Fort Carson, Colorado) and
the Northern Warfare Training Center (Fort Greely, Alaska). Virtually
all of this Army experience was acquired with well-acclimatized troops
performing at elevations below 4,000 m. Consequently there is little
in this manual to suggest that acclimatization is really much of a
problem.

While FM 31-72 is a practical and useful guide to field operations
at moderate elevations, there is much that it does not warn about with
respect to physioclogical limitations at higher elevations and the
serious consequences of moving unacclimatized troops to emergency duty
there. Neither does this nor any other Army service manual deal with
the special operational and logistical problems which are unique to en-
vironcents like those of the Central Asian Highlands. 1In a semi-
technical manner, this study touches on most of these problems insofar
as available data sources and English-language literature permit.

The bulk of the material presented here speaks indirectly to the
specific problems, concerning itself rather with the applicable

- characteristics of the environmental envelope within which the mountain

soldier must function. The terrain forms, surface climate, and vege-
tation are discussed in an introductory survey, beyond which further
readings are suggested into the problems of local woeather hazards,
mountain sickness, soil trafficability, '"nap-of-the-earth” aviation,
thin-air ballistics, visual anomalies, high-elevation cooking, etc.

The report and the maps which illustrate it are organized accord-
ing to a two-part concept of areal and thematic generalization. Part
I deals with the entire area of the Central Asian Highlands and the
several environmental aspects stulied. Part II is more detailed and
localized in its areal coverage. The illustrations for Part 11 con-
sist chiefly of larger-scale mapping of four of the five sub-areas
vhich are accorded separate discussion in the text. These were
selected on the basis of probable military significance, with the in-
tention of embracing most, if not all, of the distinctive environ~
mental situations encountered throughout the Highlands.

Inasmuch as the literature on this part of the world is limited,
it vas often necessary to draw couclusions in part from hfghly §eneral-
ized and incomplete mapping and from old observations of varying
reliability. Every effort was made to qualify such judgments. A
valuable source of information oa environmental distributions is the
Russian Atlas Mira (1964), particularly for supplementary information
on soils, a subject vhich has been omitted from the preseant study.

12



PART I - OVERVIEW

1. PHYSIOGRAPHY

a. Landforms

The mountain and valley systems in the Central Asian Highlands
serve as a barrier to communication, make climatic patterns complex,
1imit thke number of people the area may accommodate, and curtail their
activities. The direction of the gently arcing mountain systems is
chiefly east-west, separating the Indian subcontinent from the rest of
Asia and forming a natural barrier between China and the Soviet Union

(Map 2).

The Tibetan Highlands make up the core of the Central Asian
Highlands. Their southern border consists of the Himalayas, while the
northern border is the Kun Lun Mountains {Map 3). The respective arcs
of these bordering ranges diverge from their common, topographically
congested western extremity at the Pamir-Karakoram region. From this
western knot the Hindu Kush trends southwesterly through Afghanistan,
while projecting northeasterly from the same knot is the Tien Shan.

The Tien Shan borders the Tarim Basin on the north. The eastern end of
the Central Asian Highlands takes a sharp southward turn as the Sino-
Burmese Ranges.

The greater part of high Central A.ia is composed of crystal-
line igneous and metamorphic rocks. Glacial sands and gravels form
moraines and outwash terraces along drainage lines, particularly above
13,000 ft. Some parts of the Tibetan Highlands contain thick mantles
of fine wind-blowm silt derived from glacfal outwash deposits. 1In
general, unconsolidated materials are of greater military importance
than solid rock, particularly with respect to vehicular mobility. De-
posits of sand and gravel are valuable for construction; silts are not.
Moreover, silts impose special peripheral problems when saturated or
vind borne. Crushed limestone and marble, which are found in abundance
nearly everywhere within the mountains, are valuable road-building
materials. Ciay deposits are not common, but during a wet period such
an area, particularly one with steep slopes, could preseat serious
problems to transportation.

q ~



Physiographically, the Central Asian Highlands consist of both
glaciated and non-glaciated mountain ranges, arid high plateaus with
glaciated mountains, and arid basins with interior drainage. The high
valleys and passes, with elevations mainly above 3000 meters, have all
been glaciated. Many still retain glacilers near their heads. The
valleys and passes have typically U-shaped profiles and their floors
are covered with gravel and sand. Many are flanked by nearly contin-
uous terraces and exceedingly steep, barren slopes which are subject
te avalanches and landslides. Because of great local relief, the
valleys offer the only practical avenues of travel. Most trafficable
passes are at 4,000 m or higher and are covered with permanent snow or
large angular boulders. In general, the approach to the high passes
from the south is much steeper than from the north.

The arid plateaus, principally the Tibetan Plateau, are broken
by numerous snow— and ice-covered mountain ranges. In some parts of
the same region there are depressions, some of which contain shallow
salt lakes. However, neither the mountains nor lakes are extensive
enough to preclude vehicular movement in any general direction.

Other arid basins with interior drainage include the vast
Tarim Basin, occupied by the Takla Makan Desert and the Lop Nor salt
flats. This basin is flanked by broad, dry aprons of alluvial debris
transported by flash floods from the surrounding mountains. These
aprons are broken by numerous deep, steep-sided dry washes. Travel
generally is only practical along the valley floor or lower margins of
these fans or aprons. A second major basin is the higher Tsaidam
Basin, vhich, like the Tarim, is flanked by broad alluvial aprons.
However, the Tsaidam Basin more closely resembles many playa basins in
the United States in that much of its floor is occupied by large salt
flats.

The unglaciated Lesser Himalaya, which receive the full impact
of the monsoon, ave deeply dissected by many V-shaped, boulder-clogged
stream valleys. As in the Great Himalaya, passage through these
ranges is practical only along a relatively few major valleys which are
transverse to tlie structured trend. Great travel difficulty may be en-
countered because of heavy spring flooding and flash floods, narrowness
of the valleys, and steep, heavily-vegetated side walls.

14



b. Glaciers

Throughout the Pamir, Tien Shan, Karakoram, Hindu Kush, and
Himalayan mountain systews, over 6,800 square miles of snowfields
and glaciers present additional hazards to men and materiel {(Map 4).
Mean climatic snowline ranges from just under 4,000 m (13,124 ft) in
the Ti~n Shan to about 6,000 m (19,685 ft) in the western mountains
of the Chang Tlang (Map 5), but valley glaciers drop down as low as
2,200 m (7,000 ft) in the Karakoram, 3,200 m in the Tien Shan and
Nepal Himalaya, and 4,200 m in the Great Snowy Range.

Throughout most of the mountain systems the heaviest snowfall
occurs on the high glacliers in July. Double maxima occur in June and
September in the Sino-Burmese Ranges, and in March or April and again
in August in Punjab and Kashmir. Following the snowy season, soft,
deep snow lies on the glaciers. In addition to the difficulty of
movement through the unsettled snow cover, crevasses are often bridged
over and hidden from surface detection. Direct crossing of mountezin
glaciers by men is difficult and tiring at best. Direct vehicular
crossing is in most cases not possible even for full-track personnel
carriers.

Glaciers themselves impose special stresses at any altitude.
The srouts of mountain glaciers in the zone of ablation tend to be
nearly vertical (25 to 100 meters high or more), deeply crevassed, and,
in some instances, covered with a coarse, uneven blanket of debris.
Troops can often circumvent the terminus by moving along the sides, but
here the confining walls may be bare rock, usually polished, with few
hand- or foot-holds. Unless a glacier terminates in a relatively flat
snout, which is more common in broad valleys, vehicular movement from
the valley bottom onto the glacier is not possible. Once the glacier
terminus has been ascended, crevasses provide a constant threat, as
many are hidden by weak snow bridges. During the melt season, glacier
surfaces may be covered by a foot or more of slush and criss-crossed by
a complex network of deep, narrow ice valleys which, during the daylight
hours, carry high velocity streams. It is well to keep in mind that all
swift streams on the ice or in the proglacial zone can carry destructive
rocks travelling unseen in the silty water. Huge boulders are rolled
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along stream channels with tremendous force. Immersion in streams can
result in severe chilling, icing and frost bite, or drowning; the
smooth ice walls and high velocity of the stream provide little oppor-
tunity to gain hand holds, and many such streams plunge into deep
crevasses. Such streams can provide insurmountable obstacles to vehic~
ular movement because of their depth and vertical or nearly vertical
wall angles.

Crevasses form in flexure bands across valley glaciers at the
knick point where ice flows from one gradient to a steeper one. Here,
so-called "ice falls'" develop as a series of transverse cracks. Between
the rows of crevasses a great deal of secondary jointing and toppling of
ice walls leaves a jumbled maze of unstable pinnacles called seracs.
These zones are generally hazardous even to trained mountaineers during
the melt season (if any), extremely treacherous when covered with new-
fallen snow, and totally impassable to vehicles.

Both axial and terminal moraines near active glaciers are
likely to contain large cores of unmelted ice. The slopes of morainic
ridges are generally quite steep (up to 36°), may have 100 to 200 m of
local relief, and are covered with an unstable rubble of boulders and
unsorted drift. Great care must be taken when crossing moraines because
the rocks are sharp-edged and precariously seated. The rocks are
damaging to footgear; other equipment can also be damaged if rubble
suddenly slides off the side of a moraine.

¢. Terrain and transportation routes *

The military importance of terrain hazards in the Asian High-
lands is magnified by the existence of extremely long, slow surface
supply routes. Areas of desert, badlands, dense rainforest, glaciers,
snowfields, and high, alpine terrain are all extensive and locally
severe.

Where the slope is reasonable and flanks are safe, snowfields
can provide excellent avenues of travel at higher elevations. Lower
down, valley glaciers may afford the only feasible passageways; however,
such routes can impose formidable obstacles and special hazards to the
movement of materiel. The dangers vary with the season because of snow
accumulation and ablation,

* The inset to Map 4 shows many of the transportation routes mentiened
in this section. However, this map was based on data cotpiled in
1951, and several important roads have been buflt since that time.
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The problem of long supply routes is not easily solved in this
part of the world. Aerial delivery of both materiel and personnel is
difficult and often impossible because of one or more of the following
local problems:

(1) Extreme mountain air turbulence

(2) Thick, persistent cloud cover

(3) Monsoon precipitation

(4) Precarious drop zones

(5) Lack of level space for pioneer heliports
(6) High elevation

With respect to helicopter operation, elevation is often the limiting
factor. Most of the Tibetan Plateau, and indeed over 40X of the entire
Central Asian Highlands, exceeds 5,000 m (16,404 ft) elevation. This

is above the operational hovering ceiling of many military helicopters.
The UH-ID "Iroquois" with 48-foot rotors can hover at about 5,550 m
(18,209 ft) with full fuel load and a normal crew of three; however, the
addition of 1/4 ton of cargo (less than 3 combat soldiers) reduces the
hevering ceiling to about 4,600 m.

North of Tibet's Kailas-Nyunchen Tanglha mountain chain, the
principal obstacles to vehicular movement (track or four-wheel drive)
are the main mountain barriers. These are: Tien Shan, Alai, Altai,
Muztagh Ata, Kun Lun, Hindu Kush, Karakoram, Astin Tagh, and Nan Shan.
Elsewhere in these great, dry wastes, numerous basins separated by low
divides provide generally good trafficability throughout the year, but
wind, dust, desiccating heat, and lack of fresh water pose their own spec-
ial threats to machinery. Poor trafficability is encountered in the
loose sand of the Takla Makan and Gobl Deserts, and in locally swampy
areas surrounding salt lakes in the Dzungarian Basin of Sinkiang and the
Chang Thang of Tibet. The prime adversary of materiel here is abrasion.
Dust and sand are constantly punishing fabrics, optical equipment,
weapons, and machinery. Rough surfaces of loose stones and frost-
shattered slates and shales are commonly encountered, and, in some areas,
extensive lava fields must be crossed, The tactical necessity for
defilade movement may Impose the danger of rock slides and the diffi-
culty of traversing loose scree slopes and cinder cones in the mesa and
badland country of the Chang Thang.

17



In the Chang Thang most of the basins have only interior drain-
age, which produces many salt lakes and associated salt-pans, Salt dust,
naturally wind-borne or disturbed by foot or vehicle passage, makes
serious corrosive and abrasive problems for metallic hardware and motor
carburetion. The lakes themselves may present local obstacles of con-
siderable importance. Scores of salt lakes in the Chang Thang exceed 50
square miles, and nearly a dozen lakes in the south, both salt and fresh,
cover 100 t~ 600 square miles each. The Na-mu Tsho (Tengri Tsho), 75
miles north of Lhasa, exceeds 1,000 square miles.

Fewer than a dozen all~season motorable roads pass entirely
through the spines of all the major ranges in central Asia*. The follow-
jug are noteworthy:

(1) Tezpur to Lhasa - Assam Himalaya (Bum Pass) - Maps 16
and 18 -

(2) Kalimpong to Lhasa - Sikkim Himalaya (Natu and Jelep
Passes) - Map 18

(3) Katmandu to Lhasa - Nepal Himalaya (Kodari Pass) - Map 18

(4) Simla to Gartok - Kumaun Himalaya (Shipki Pass) - Maps 18
and 20

(5) Srinagar to Chushul - Punjab Himalaya & Ladakh Range
(Zo3ji Pass and Chang or Bickey Pass) -~ Map 20 _

(6) Tun~huang to the Tsaidam Basin ~ Nan Shan (Tang Chin Pass) -~
Map 1

(7) Yarkand to Aksai Chin Basin — Western Kun Luns (Yangi
Pass) ~ Map 20

(8) Frunze to Su-fu (Kashgar) - Western Tien Shan (Turug Art
Pass) - Map 25

The 1950 Chinese invasion route into Tibet now has an all-season
road from Cheng-tu to Lhasa via T'ing Ch'ing-to. This might also be con-
sidered to pass through a major range via the river gateway through the
Great Snowy Range north of Minya Konka. Minya Konka towers to 7,589 m,
but immediately to the north no other summits in the range reach 6,000m,
and the river level in the gap is less than 2,000 m. All these routes
follow stream valleys.
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There are a few other routes which may be traversed by jeep
during the dry season, but, other than the ten routes mentioned
above, all-season roads which are negotiable by passenger vehicles
are confined to lower outlying ranges.,

There are no railroads that significantly penetrate the high
mountains, but two freight ropeways in the Lesser Himalaya are worth
comment.

In Nepal a cableway starts at the Hitaura railhead (Map 18,
at about 85° E 27° 30" N) and crosses 22 miles over the Mahabharat
Lekh into Katmandu, carrying nearly all of the freight that enters the
city. In Sikkim, a 42-mile cableway, with an interchange station at
Gangtok, ties the Natu Pass frontier post to the West Bengal railhead

below Kalimpong.

In the Lesser Himalaya, ridge lines are preferred as access
routes. The crests of these ridges are rounded and undulating, and
all are hard on footgear, Toni Hagen, the Swiss who completed Nepal's
first Geological survey during the 1950's, wore out 40 pairs of sturdy
Swiss-made climbing boots while hiking an estimated 9,000 miles. At
8 miles per day, a reasonable distance in the Himalaya, the attrition
rate exceeded a pair per month.

Throughout the high ranges, travel on or off improved routes
is confined to stream defiles and over rather high passes, many exceed-
ing 5,000 m elevation. Most routes must cross and recross streams. Re-
peated immersion hastens the deterioration of clothing and footgear,
rusting of metals, and frequently, ice-fouling of wachinery. If
vehicles are used, bridges must be built. At higher elevations (usually
above 4,000 m) timber is unavailable, so most construction material must
be carried with or ahead of the vehicles,

The deep incisement and narrowness of mountain valleys subject
travelers to the sudden danger of avalanches, landslides, falling rock,
and hostile attack from the flanking high ground. A military supply
route, constructed by weeks of arduous effort, can be wiped out over-
night by flash floods, landslides, or swall-party demolition raids. The
high ground on either side of valley routes seldom affords feasible paths
for offensive flank patrols, but nearly always gives commanding observa-
tion and firing advantage to the defender with time to climb, select, and
entrench.
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In the Sino-~Burmese Mountains, dense forests blanket extremely
steep slopes. Excessive molsture, especially during spring and fall,
softens the turf and encourages rank undergrowth, Most of this wilder-
ness is a succession of closely spaced gorges of great depth, and the
torrents which fill their bottoms sometimes render such routes impass-
able, Curiously, the lower slopes of the gorges are frequently denuded
of growth by high water and land slumps. The stream margins afford the
best, albeit hazardous, routes into the interior. Tree line is about
4,200 m in this area, so the ridges, which lie generally below this
elevation, offer no routes through alpine meadows above the rainforest.
Typically, the gorge slopes above the denuded band are dangerously
steep, footing is treacherous, and failen trees lie rotting in endless
deadfalls to hampevr movement and further restrict the poor horizontal
visibility. Vehicular movement is impossible except in the very largest
gorge bottoms. Until recently, cnly the Stilwell Road from Mandalay to
Chungking afforded a dependable all-season motor route across the Sino-
Burmese uplands, and this.only traverses the less rugged parts of the
Shan and Yunnan Plateaus.

Probably the most significant aspect of terrain, from the
standpoint of stress on men and equipment, is its topographic roughnessk.
Crossing closely spaced, steep-sided interfluves requires considerable
exertion by personnel, even when elevation is not a consideration. At
high elevations (3,000 m and above), where physiological stress begins
to be felt even on sedentary bodies, crossing such terrain with any
degree of rapidity will result in extreme fatigue. Repeated closely
spaced steep ascents and descents present a psychological problem to some
people, namely, the disheartening prospect of "one more ridge". On the
other hand, there could be some comfort to the soldier, under certain
conditions, to be operating where there are no direct lines of sight from
the enemy's position.
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The higher the hill and the steeper the slepe, the greater
will be the stress on an individual., To this must be added the stress
of micro~relief. Micro~relief can take the form of hummocks, scree,
talus, terracettes, or anv other form which contributes to ground
roughness (as opposed to topographic roughness). Micro-relief can be
a hindrance as well as a help. The uneven footing adds to both physical
and psychological stress, particularly in the tired person. Loose rocks
in talus and scree deposits require extreme care witn fcoting and the
use of one or both hands for stability. Twisted and broken arkies are
constant possibilities., On steep slopes (especially near the tree line
transition) low vegetaticn obscures footing, adding to the difficulty of
climbing. On the positive side, micro-relief can provide a degree of
concealment both to an attacker and a defender.

Even where interfluves have gentle slopes or rise above timber
line, large areas of loose boulder rubble may be encountered which re-
quire the same caution as talus. In these situations it will be diffi-
cult to keep a group of men together; even two men can become widely
separated in traversing a slope with considerable and varied micro-
relief, Each man must concentrate on his footing. which means that
additional soldiers are required to maintain flank security.

Rescue operations, which will be required in some phase of
mountain operations, cause great physical and physiological stresses.
The effective rescue of even one man requires the assistance of at least
two and usually more specially trained men.

Effective operation in mountain terrain, with all its physical,
psychological, and mechanical stresses, requires a cadre of highly
trained and motivated troops of above-average intelligence, who are
equipped with materiel of special design.
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2. VEGETATION

a., Military significance

Vegetation has significance to military operations in nearly any
type of terrain. Its uses for concealment, fuel, and field construction
are obvious, but a knowledge of the vegetation of an area may also be of
local importance in selecting sites for air drops or landing strips,
choosing foods for emergency survival, and avoiding plants containing
contact poisons or unusual abrasive qualities.

In mountainous terrain, the importance of any of these aspects
may be magnified by the nature of the operations and the unusual lo-
gistic prcblems that may exist. Supply difficulties may force an ex-
ceptional degree of reliance on improvisation with local construction
materials and even on foods that may be locally available. Several other
aspects of vegetation are peculiar to operations at high elevations.
Mountain units may have to rely wholly on either aerial delivery or pack
animals for supplies. Aerial delivery is facilitated by the presence of
open, grassy areas free of trees or deadfall, yet all close support air
operations in high mountains are hazardous. The use of pack animals
renders the availability of forage plants important. Lack of motorized
transport and the effects of elevation will increase the energy expendi-
ture of troops, and therefore trafficability problems caused by density
or other aspects of vegetation will be magnified. The possibilities of
using vegetation as fuel will als» have an increased importance in moun-
tain or high-altitude areas both because of difficulties in supplying
conventional fuels and the increased fuel requirements resulting from
lover temperatures. Extra fuel may also be needed at high elevatiois to
melt snow for water supply, and in certain systems for producing supple-
mentary oxygen. Thus a knowledge of the vegetation ir any mountainous
area of potential operations may have a degree of importance exceeding
that at lower altitudes.

b. Explanation of vegetation map

Owing both to the lack of detailed data for much of the area and
the small scale of the accompanying map (Map 6), the numercus types of
vegetation within the study area were consolidated into a few brozd
categories. It was first established that each category should have
distinctive characteristics in relation to the various military aspects
of vegetaticn discussed above. 1In addition, each should be extensive
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enough within the study area to be mappable at a small scale (in our
case approximately 1:9,500,000). On the basis of these consider-
ations, five classes of natural vegetation can be distinguished at
elevations above 2,000 meters in Central Asia. They are arranged below
roughly in order of decreasing aridity:

(1) Steppe and Tundra

(2) Dry Forest and Woodland

(3) Thickets and Meadows

(4) Dense Forest, Evergreen or Mixed

Two other categories must be recognized that are not primarily natural
vegetation. These are:

(5) Cultivated land
(6) Barren (vegetation very sparse or absent)

Cultivated land is found most commonly on river flood plains and much of
it within the study area is irrigated. The "Barren" category includes
areas that are covered by perennial snow or glaciers, or have a surface
of bare rock, sand, gravel, or salt. Whatever vegetation exists in such
areas is completely negligible as far as any military usefulness is con-
cerned. They comprise ail land higher than about 6,000 m and substantial
areas at lower elevations where slopes are excessively steep or rainfall
scant. Desert regions such as the Tsaidam Basin are largely barren but
may have local areas of abundant vegetation where the water table is near
the surface or the ground is watered by springs.

Variations in the vegetational pattern may result from differences
in elevation, differences in exposure and soils, changes in precipitation
caused by the presence of mountain barriers or varying distance from a
moisture source, or differing degrees of human interference to which the
vegetation has been subjected. In a mountain region, and especially one
with the extreme degree of local relief found in much of Central Asia,
these factors all may vary considerably within relatively small hori-
zontal distances. A small-scale map, therefore, can only show the most
widespread vegetation types and is of little use in representing the local
diversity of vegetation. 23



Some idea of the differance in the amount of detail that may be
shown at different scales can be obtained by comparing the small area
in the Karakoram shown in Map 23a with the same area at a much smallér
scale on Figure 6. Map 23a shows the elevational zonation of vegetation
that 1s typical of this part of the study area but which cannot be
adequately conveyed on a small-scale map. If sufficient data were avail-
able for preparing such maps for other parts of the study area, it is
probable that equally complex patterns would emerge for much of the
Himalaya, the Sino-Burmese Ranges, and parts of the Tien Shan.

c. Steppe and tundra

The most widespread category of vegetation within the study area
is semjarid Steppe, with which is grouped the tundra or "arctic steppe"
of the high elevations. :iteppe, in the Western sense, may be defined as
a treeless growth that does not cover the ground completely but has a
substantial element of grass or grass-like plants. It may consist either
of grasses (commonly bunch grass), sedges, forbs, low shrubs, or a com-
bination of these. Although trees are absent in the typical form, there
is a broad transitional zone between steppe and dry forest, in which an
occasional tree is found on the margins of the steppe and the trees
become increasingly dense with increasing elevation. The common Western
usage followed here differs from that of the Russians who regard a "true
steppe" as sod~covered (Berg, 1950). Nevertheless, some Russians have
recognized a "'desert-steppe" having a very thin herbaceous cover and
scattered sagehrush (Artemisia maritima and similar species), which
falls within the meaning of the word as used on Map 6.

Not only is steppe the most widespread type of vegetation in the
area, but it also occupies the largest elevational range. It occurs over
large areas at elevations below 2,000 meters (with which we are not con-
cerned here) and extends upward above 4,000 meters.

Schweinfurth (1957) has distinguished the following types of
steppe in the Himalaya: subtropical semi-desert, subtropical thorn
steppe, artemisia steppe, and alpine steppe. Of these, only the last two
occur at elevations above 2,000 m. In addition to artemisia steppe and
alpine steppe, there are several types of "steppe forest". Although they
have ruch in cummon with the typical steppe, they are here classified as
Dry Forest becwse of the presence of trees, which constitutes a basic
difference for military considerations. 2[+



Artemisia Steppe ccnsists of a perennial cover of shrubs such as
Artemisia maritima, Eurotia ceratoides, and Kochia sp., which cover from
50 to 70 percent of the ground surface and give the hillsides a "speckled"
appearance from a distance (Schweinfurth, 1957). Between these shrubs
there is a growth of annual grasses and herbs in late spring, chiefly in
May and June, /hich dries up by July. They can be used as fodder during
the growing period. Artemisia Steppe may be regarded as analogous to the
Great Basin Sage formation of the western United States, which 1is also
dominated by a species of Artemisia.

Alpine Steppe, which Schweinfurth equates with the “Alpine Tundra"
of Ward (1936), is especially notable for its sparseness. Bare ground is
conspicuous everywhere except in the valley bottoms. The vegetation
typically is xerophytic, consisting of scattered thorn bushes, succulents
on rocky slopes, cushion- and rosette-plants, and thin growths of grass.
However, with increasing precipitation alpine steppe merges into moist
alpine meadows, and there is no sharp line of demarcation between the two
types at high elevations. The vegetative period extends from about June
to September, but despite the meagernmess of the growth it is grazed by
sheep, goats, and yaks., Trees are present only in the valley bottoms,
where willows, poplars, and various fruit and nut trees are maintained by
natural streams or artificial irrigation. Irrigation permits cultivation
of crops as well as raising animals and fruits within the regions of al-
Pine steppe; the highest cultivated land reported in the Himalaya is in
Tibet at 4,540 m (Schweinfurth, 1957). A large part of the Tibetan
plateau, particularly the western half, has a vegetative cover of alpine
steppe. There is a general decrease in precipitation from east to west
in this region, causing a transition in vegetation from moist alpine
meadows in the east to dry steppe in the vest.

The line separating alpine steppe from barren ground is difficult
to establish, because there are considerable local variations in the plant
cover of high-altitude regions. Patches of mountain steppe or even alpine
meadows wmay be interspersed among bare rocks and glaciers. Moreover,
certain reglons that are almost completely barren during much of the year
may have a sparse cover of grass and other plants during the relatively
short vegetative period. For military purposes, the most significant
basis for distinguishing steppe from the "barren” type is whether it has
enough vegetation to support pack animals for at least a part of each
year. Without such vegetation, all supply would have to be efther motor-
ized (by surface or air) or by human porters.
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d. Dry Forest and Woodland

This category includes a considerable variety of types dominated
by various species of conifers and oaks, varying in demsity of canopy
from very sparse to nearly continuous. All have in comon, however, the
fact that trees are not dense enough to offer a serious obstacle to move-
ment. Only locally, as on sheltered, north-facing slopes, do the trees
form dense stands, but these are exceptional and of only limited extent.
Probably the most widespread tree ~f this category is the juniper, the
commcnest of at least seven specles in the region being J. semiglobosa.
This t:ee appears as isolated individuals in a transition zone from

Steppe to Dry Forest, becoming gradually more dense until the typical
Woodland formation appears,

The types of vegetation here grouped together as Dry Forest and
Woodland are referred to by some authors as "steppe forest”, because they
generally combine an herbaceous ground cover with an open growth of
trees. The steppe forests of the Himalaya and southern Tibet include the
following types that have been distinguished on the basis of their domi-
nant species and general elevational distribution:

(1) Juntperus spp. (2,000 to 4,000 m)
(2) Quercus iléx (500 to 2,700 m)
(3) Pinue gerardiana (1,900 to 2,700 m)
(4) Quercus species related to tlex (upper Tsangpo Valley
2,700 to 3,000 m and above)
(3) Pinue tabulaeforrmis and Pinus crmandi (upper Tsangpo Valley
and elsevhere in southern Tibet, 2,500 and 3,200 m)

In addition to these types, those listed below are often trans-
itional between ateppe forest and dense evergreen forest. They usually
are open enough to be clasaified as Dry Forest, but under favoradle con-
ditions they may have wore in common with Moist Evergreen Forest.

(1) Pinue roxzdurghii (generally below 2,000 m
except in inne:x valleys)
(2) Cedrus deodara (pure stands ia the inner Himalayas;
(3) Mixed deciducus and coniferous forests of the inner
valleys of the Assan Himalaya (ocak-pine-cypress
forests, occurring up to 2,500 =)
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(4) Mixed deciduous and coniferocus forests of southeastern
Tibet (spruce-birch forests in the Subalpine zone
from 3,000 to 3,300 m)

[Dry Forest and Woodland can also be found in mountainous parts of the
U.S.S.R. bordering the study area, both above and below 2,000 m.]

Where the rainfall is adequate (about 40 inches) the grass has a degree
of luxuriance tbat requires its classification as meadow, but where it

is drier there are true steppe forests. The forest trees tend to grow

in isolated gruves among the steppes and consist chiefly of deciduous
trees and bushes. Fruit and nut trees such as wild apple, apricot,
mulberry, and walnut, are especia’ly abundsnt at lower elevations. As

in the Himalayan region, juniper is a common component of thesc wocdlands,
but pine and ocsk are absent.

A distinctive type of dry forest that grows in dry basins of in-
terior drainage is the tamarisk (Tamariz spp.). These trecs obtain their
water by deep tap roots that penetrate to ground water and therefore are
not dependent on local precipitation.

Dry Forest and Woodland in the Central Asian Highlands may be im-
portant to military units both for pasture of pack animals and as sources
for wood. Juniper, in particular, can de used as fucl; in many places it
is the ouly nstural fuel available. Fuel woods have already been con-
siderably depleted by woodcutters in some places, so it should be recog-
nized that supplies are not unlimited. In the ocak woodlands local wood
can be used for implements such as tool handles. The most valuable wood
in the region is that of the deodar, which i{s used for railway ties,
grape stakes, and construction. Cypress, wvhich grows in the inner valleys
of the Assam Himalaya, is used by the local people for shingles aand prayer
flag masts.

A numder of trees within the Dry Forests, particularly at lower
elevations, bave edidle fruits or nuts. Pinue gerardiana has edible nuts,
and valonuts and pistachic nuts are common in part of the Tien Shan.

Fruit trees such as spple, pear, plum, poregranate, and aslmsond are also
common at lower elevaticns in the Tien Shan and sometiwes sppear above
2,000 m; apricots are grown in Tidet in the vicinity of Ihass and to some
extent 2t higher elevations. Such trees could be a partial source of fcod
for small military parties, but they could not be depended upon for large

units.
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e. Thickets and Meadows

The essential characteristics of this category are the patchy
nature of its woody growths and the relatively dense herbiage in its
meadows, Stands of trees are neither continuous over large areas nor
are they light and open as in the Dry Forests and Woodland. Pre-
cipitation is higher in Thicket and Meadow areas but the size and extent
of tree growth is limited by the short growing season and low winter
temperatuyres.

This category is found chiefly at high eclevations in what are
generally called the subalpine and alpine zones. The two are not differ-
entiated because neither is sufficiently wide to be distinguished on a
small~scale map, Moreover, there is no sharp line between them, since
patches of forest extend up into the alpine zone in protected places while
alpine meadows are scattered throughout the subalpine zonec.

This type of vegetation extends from several hundred meters below
the tree line to as much as a thousand meters or more above it. The tree
line itself is not a sharp division between a zone of trees and one with-
out trees, because of the interfingering of the two zones and also because
there is a gradual decrease in the size of trees as tree line is
approached. 1In the subalpine zone there are several successive associations
with increasing altitude. In much of the study area the lowest is one
dominated by birch (Betula utilis). These are slender, deciduous trees or
shrubs, often bent by the pressure of winter snow, with occasional
conifers such as fir trees protruding above them. Trees that may
occasionally be associated with birch are Pinug excelsa and various
species of Pyrus and Prunus. Bark of the birch finds local uses as a
roofing material, ‘for packing, and cven as a source of paper.

Rhododendron, of which there is a very large number of species in
Central Asia, is found as undergrowth in the subalpine birch forest and
as the dominant plant in the higher part of the subalpine zone. Between
the upper and lower portions of this zone there is a mixture of birch and
rhododendron, bat with increasing elevation the birch disappears and
stands of almost pure rhododendron are common. These are dense and almost
impenetrable, forming a low evergreen forest of small trees or shrubs.
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At the tree line these growths give way to 1lu. shrubs of the
» 1~ation variously known as alpine tundra, alpine scrub, krumholz,
<r “high ‘shrub-plains" (Hochstaudenfluren). Krummholz is a gr.:'th of
stifr _.-~rgreen bushes from 0.5 to 1l meter high, growing solitary o.
in a dense, -~ntinuous, recumbent mat interrupted by patches of meadow.
The species compi!sing krummholz are often depressed forms of plants
growing as trees or buches at lower elevations. Typical of these are
Rhododendron spp., Juniperus squamata, J. nara, and Ephedra gerardiana.
Although low (ankle to waist h.rh) and limited in extent, krummhol:z
locally presents a considerable oistacle to movement due to its tough,
tangled structure. On the other hana, °* can provide small parties with
fuel for cooking and warmth. Krummholz an. ™e.’ws tend to intermingle
above the tree line or to alternate according i~ e. -~sure, the meadows
occupying south~facing slopes and krummholy growing cr :° ~ molster north
slopes. Alpine meadows are characterized by grasses suca . ™a alpina
and Festuca spp., sedges such as Cobreeta, and a variety of 1.. ~ing
annuals. They are important summer pastures at high elevations in central
Asia.

f. Dense Forest, Evergreen or Mixed

This category includes all Zorests in the study area that are
dense enough to have a continuous crown and an understory of shrubs or
small trees. In the Himalaya such forests comprise mostly evergreen
species, both broadleaved and coniferous, although the larch and some
apecies of ocak have a deciduous habit. In the eastern part of the study
area (the western mcuntains of China proper) there is a more prominent
deciduous element consisting of various species of familiar groups such
as oak, birch, and maple.

In the southern part of the ares Dense Forest tends to grow on
south-facing slopes that are exposed to rain-bearing monsoonal winds,
but farther north, in Tibet and Mongolia, it is more ~ommon on the moist
northern sides of the mountains. Particularly in southeastern Tibet, it
is difficult to represent their distribution on a small-scale map because
the forests grow only on the shade slopes.

From the military point of view, the outstanding characteristics
of these forests are the concealment that they afford and the diffi-
culties they present to off-road movement. Following are the principal
types within this category:

29 ’
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(1) Temperate mized oak and conifercus forest. This is a mixed
forest of evergreen oaks (Quercus incana, Q. dilatata, Q. semicarptifolia,
in order of increasing elevation) and conifers such as the deodar and
silver fir. Rhododendron arborewn is common in the understory. The
conifers tend to avoid the south-facing slopes; oaks are less common on
the northern slopes. These forests occupy low to intermediate slopes of
the Himalaya between 1,800 and 3,300 u,

(2) Western Himalayan coniferous forest, also called the "Pinus-
Cedrus formation" and the "belt of moist needle-leaved forests." It is a
moderately moist forest dominated by conifers, particularly deodar, blue
pine (P. excelsa), spruce, and fir, with associated trees of maple, elm,
walnut, ash, and other hardwoods., It grows to an elevation of 3,600 m on

Nanga Parbat.

(3) Tropical evergreen upper montane broadleaved forest, also
calicd temperate forest by many authors. It is a dense forest with trees
up to 30 meters high in which mosses, epiphytes, and climbing plants are
abundant. It includes a diverse flora, the dominant trees being various
species of oak, magnolia, maple, and others. Rhododendrons are common in
the upper part of :he forest, Tree crowns are dense, fog is common, and
undergrowth thick, maitng a forest which Champion (1936) described as
"among the darkest and g. 'nmiest in India.”" This type is found between
1,800 and 3,000 m, especiul." in eastern Assam and northern Burma.
Bamboos grow in the lower part . € the forest.

(4) Tropical evergreen Rhodou.ndron-coniferous forest, or the
"upper belt" of the tropical evergreen up, frr montane forest. Like the
preceding type, it is often referred to as t.-nerate forest. Its alti-
tudinal range is from 2,800 to 3,600 (sometime .~ to 4,000) m. Fog, which
3. Very common in this zone, gives it a "cloud-for.-t" character. Hemlock
is u. *nant in the lower part of the forest, giving we ' to fir above
3,000 m. Rhododendron is a conspicuous part of the unde: "tory throughout
the forest. These forests are found eastward from western .icoal, along
the south side cf tiue main range of the Himalaya. They alsc occur in the
valley of the Tsangpo, in the Mishmi Hills, and in the source regicn of
the Irrawady.
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(5) Eastern Himalayan coniferous forest, in continental interior
. valieys of the range, especially in Sikkim. Bhutan, and Monyal. It is a
m- serately moist forest dominated by larch, spruce, and hemlock, with an
dmixture of pine, fir, and juniper. Rhododendron is common in the under-
story. It grows in an altitudinal range from 2,700 to above 3,000 m; the
highest reported stands are those of Larix griffithii at 3,800 m, just
below the tree line in the drainage of the Shiar Khola (a tributary of the
Buri Gandaki in north central Nepal). .

(6) Northern coniferous forests, found on moist slopes of the
Alai, the Tien Shan, and the Mongolian Ranges., They grow withirn the sub-
alpine zone and tend to alternate with meadows occupying south-facing
slopes. Locally the stands are dense and continuous enough to justify
their classification as Dense Forest. Prominent species include the Tien
Shan spruce {Picea schrenkiana), fir (Abies semenovii), and A. sibirical,
and larch (Larix dahurica).

(7) Mixed evergreen—-deciduous forests, growing extensively in the
mountains of Yunnan and Szechwan where the terrain is too rugged for agri-
culture. These forests are a counterpart of the mixea forests of the
eastern United States, where pines and hemlocks are in:erspersed among
deciduous hardwoods such as oak, birch, and maple. At the higher eleva-
tions conifers predominate in China as in North America, but between 1,000
and 2,800 m the hardwoods are dominant, in some areas occurring in pure
stands., Near settlements the forest has been cleared, but betwe:n villages
it is dense and continucus.

3. CLIMATE

a. General

The Central Asian Highlands, because of their great elevation
(2,000 to more than 8,000 m) and location (vredominantly north of 25° N
latitude), have a cool to cold mid-latitude zontinental ciimate with
polar climates at the higher elevations. In this study, records from
approximately 80 stations above 2,000 m (half being above 3,000 m) were
considered (Map 7). A hypsometric map is used as the base for all cli-
matic maps, and the elevation zones are shown in coior to facilitate
correlating the climatic data with elevation. In general, climatic iso-
pleths are drawn at regular intervals and interpolations between stations
are based primarily upon elevation. Although the density of stations
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(about one for each 15,000 square miles) would not be too low for a low-
land plain, it is inadequate for delimiting the local climatic differ-
ences in mountains. The understandable tendency to choose sites shielded
from unfavorable weather probably explains much of the difference between
surface-station and free-air measurements and the fact that the longer-
period station obgervations indicate less severe conditions than do the
accounts of explorers. Reliability of climatic data varies from station
te station, dependent upon instrumentation and personnel, station ex-
posure, and local terrain conditioms.

Precipitation (Map 8) plays a very important role in the climate
of the Central Asian Highlands, producing rainforests on the windward
slopes of the southern and eastern borders of the highlands where the
annual total exceeds 100 inches, and deserts in the high basins and
ranges that have less than 5 inches annually.

In view of seasonal temperature variation, mean annual tempera-
ture is less useful than mean monthly temperature for a winter and a
summer month. An indication of the annual range in temperature is given
by Map 9, while Maps 10 and 11 depict the average temperature range in
the coldest and warmest months, respectively. Since January and July are,
almogt without exception, the coldest and warmest months in the Central
Asian Highlands above 2,000 meters, mean temperatures for these two

months are shown on Maps 12 and 13. Isotherms below 40° F are not shown

on the July temperature map because isolines around mountain peaks
would be too crowded on a map of this scale. On the January map, iso-
therms below 0° F south of the 40th parallel, or -20° F north of tkat
latitude, are not shown fot the same reason. The diurnal range, al-
though of similar magnitude, is frequently of greater importance than
the seasonal range in its effects on men and materials,

These maps are supplemented by a classification map (Map 14),
using the well-known Koppen classification (James, 1935). The classifi-
cation criteria are summarized in Table I.
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TABLE 1

DEFINITION OF CLIMATIC CATEGORI

(Modified from K8pp

Representative | Representative Mean Temperatu
Symbols Climate Vegetation Coldest Month
EF Polar (Snow Covered)
ET " Tundra
Df (a,b, or c¢) Subarctic Boreal forest £26.6°F
Dw (a,b, or <) " " " {26.6°F
Ds (a,b, or c) " " " <26.6°F
Cf (a or b) Humid Mid- Mixed conifers,| {64.4°F, »26.6°F

Latitude deciduous, and

grasses

Cw (a,b, or c) " {64.4°F, »26.6°F
Cs (a or b) " {64.4°F, D26.6°F
BS (k or k') Semi-arid Steppe
BW (k or k') Arid Desert
a. mean temperature, warmest month, above 71.8°F
b. mean temperature, warmest month, below 71.6°F, with four or mor
c. mean temperature, warmest month, below 71.6°F, with one to thre
k. mean annual temperzture below 64.4°F; mean temperature, warmest
k'. mean temperature, warmest mcath, below 64.4°F
X. maximum precipitation, spring, with C and D climates
*t 1is mean temperature in degrees Fahrenheit
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TABLE 1

LIMATIC CATEGORIES IN MAP 14
dified from K8ppen)

Mean Temperature Criteria

Precipitation Criteria

Coldest Month Warmest Month | Driest Month/Season Annuzl
{32°F
{50°F, »32°F
£ 26.6°F > 50°F Non-seasonal y 3 0.44t%-8,5
{26.6°F >50°F In Winter, {0.1
wettest summer mo. >0.44t-3
£26.6°F In Summer, {1.6"+
. € 0.33 wettest
6°F winter month Y 0.44t-14
64.4°F, D26.6°F| D>50°F Non-seasonal 1> 0.44t-8.5
6°F
6°F | K64.4°F, D26.6°F| D50°F In Winter,<0.1"
wettest summer mo. >0.44t-3
' 64.4°F, »26.6°F| »50°F In Summer, {1.6" +
{0.33 wettest !
winter mo. Y 0.44t-14
>50°F Summer, 70% in
coldest six months £ 0.44t-14
Winter, 70% in
warmest six months £0.44t-3
Non-seasonal £0.44t-8.5
A >50°F Summer, 70% in
1 coldest six months [{0.22t-7
Winter, 70% in
warmest six months [£0.22t-1.5
Non-seasonal €0.22t-4.25

more md
hree md

lest morjith four or more months with mean temperatures above 50°F

rature, warmest month, above 64.4°F

ates

13
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b. Barometric Pressure

Elevational differences exert a strong influence on climate in
mountainous areas. Atmospheric pressure decreases rapidly with increas-
ing elevation, and the partial pressure of the oxygen in the air chauges
in proportion to the change in the total atmospheric pressure. The
resulting oxygen deficiency creates great physiological stress on man.

The change of pressure and temperature with height, standardized
for the average atmosphere at 45°N Latitude (US Air Force Cambridge
Research Laboratories, 1965) is shown in Table IT.

TABLE II. Average Temperature and Pressure at Various
Altitudes, Standard Atmosphere at 45°N

Height (m) Temperature (°F) Pressure {(mb)

0 59.0 1013.3
570 53.2 954.6
1000 47.3 898.8
1500 41.5 845.6
2000 33.6 795.0
2500 29.8 746.9
3000 73.9 701.2
3500 18.1 657.8
4000 12.2 616.6
4500 6.4 577.5
5000 0.5 540.5
5500 ~5.3 505.4
6000 -11.0 472.2
6500 -17.0 440.8
7000 -22,8 411.1
7500 -28.7 383.0
8000 -34.5 356.5
8500 -40.3 331.5
9000 -46,2 308.0

The average level above which the pressure is half that at cea level is
about 5,700 m. FPressures at a particular elevation tend to be higher in
the warmer season and in the warmer reglons south of 45°N Latitude, and
conversely, lower in the colder season and in cclder regions to the
north (US Air Force Cambridge Research Laboratories, 1965). Although
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the absclute value of the pressure change with height is less at high
altitude, it is a slightlyv larger percentage of the total pressure at
that altitude. For example, the difference in L1e pressures between
8,000 and 9,000 m is 147 of the pressure at ¢,50( m, while the differ-
ence between 1,009 and 2,000 m is 12% of that at 1,500 m.

The elevation at which marked symptoms of mountain sickness
ugually appear is 3,500 m in temperatz regions and higher in the tropics,
but it can vary with the individual from 1,500 to 6,000 m (Bert, 1943).
(See Appendix A for description of symptoms). The variation amopg in-
dividuals in recponse to lowered pressure and with degree of acclima-
tization of a particular individual results in differences of opinion
regarding a critical minimum elevation necessary to produce symptoms
and also overshadows day to day changes of pressure at a particular
elevation. Speaking of the Ladakh area, Hall, Bariia, Metzger, and
Gupta (1965) mention 1,830 m as the lower limit for acute symptoms in
some individuals.

Pressurz changes resulting from increase in elevation are mucth
more important than variation at a single station or level. Observa-
tions of extreme pressures at high stations in Central Asia appear to be
non—-existent, but their estimated range at 4,500 m is less than 75 mb
(i.e., less than an elevational change of 1,000 m). For the same
pressure change the elevational range becomes less below this height and
greater above this height, but it is estimated as less than 1,500 m at
8,000 m. These estimates are based upon free air scundings (Bryson et al.,
1965).

Data for twelve stations below 2,000 = in northern India (India
Meteorological Department, 1891-1954) showed a maximum range of 40 mb,
which would be equal to the difference of pressure within about 525 m at
4,500 m. Data for longer periods pres:-nted for U. S. staticns (Ludlum,
1955) show largest ranges where stati:ns are exposed to intense coastal
storms and hurricanes. Transposing pressure ranges from sea level to
high altitude is of questionable accuracy, however, und application to a
single station of the range betweer 1 pressure minianum experienced in a
hurricane and a maximum in an intense continental anticyclone is par-
ticularly unrealistic for Central Asia.
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Some observed variations of pressure wbove 4,000 m are shown in
Table III. Those at 1,000 m intervals are from aerological soundings
near Pamirski Post (Belinskig and Khromov, 1963). The others are from
the Everest area: at 5,121 m (Ruttledge, 1934); at 5,486 m, Base Camp
(Pugh, 1957); and at 5,800 m, Silver Hut (Pugh, 1962).

TABLE TII. Observed Variations of Pressure Above 4,000 Meters

Length Pressure
of Variation Approx. Alt,
Ht. (n) Period (MB) Equiv. (m}
4,000 Jul-Sep (1957-9) 9 mo. 13 162
4,200 Jun-Sep (1958) 4 mo. 17.2 214
5,000 Jul-Sep (1957-9) 9 mo. 23 320
5,121 17 Apr~early Jul abt. 3 mo. 8 110
5,486 May 1953 11 days 6 88
5,800 21 Jan~-23 Mar 1961 55 days 14.6 220
6,000 Jul-Sep (1957-9) g mo. 13 200
7,000 Jul-Sep (1957-9) 9 mo. 28 484
8,000 Jul-Sep (1957-9) 9 mo. 35 680

While there are no long-period data from the Central Asian High-
lands to show the seasonal or elevational variation of the absolute
extremes of pressure (which may foliow a different pattern from that of
monthly means), monthly means for stations below 4,000 m indicate:

(1) Near 2,000 m, maximum pressure in winter, with increase in
the pressure difference with sezson from southeast to northwest in the
Highlands.

(2) In the 2,000 to 3,500 m range, decreasing pressure differ-
ence with season and appearance of a secondary oscillation with minima
in summer and winter and maxima in spring and fall.

In addition, free-air data from mid-latitudes indicate that the size of
the pressure range increases directly with altitude from a minimum near
3,000 m to a high-elevation maximum near §,000 m.

The few stations for which pressure normals are available are
listed with their elevations in Table IV. Most of the normals are for
0800 and may, therefore, be a few tenths of a millidar higher than the
24~hour normal.
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TABLE 1V, Pressure Normals at Stations in Central Asia

Ht. Pressure Station
(m) (MB) (& no. of yrs.)
478 960.8% Tashkent (65)
841 920,54  Alma-Ata (20)
1208 878.8 Kalimpong (20)

1302 868.3 Cherat (45)
1435 848.6 Drosh

1490 851.0 Gilgit

1500 849.1 Shillong (48)
1587 843.2 Srinagar (50)
1601 832.2 Quetta (69)
2265 775.8 Darjeeling (50)
2280 765.3x% Kunming (2)
2288 774.7 Skardu

2314 771.8 Mukteswar (40)

3066 704.4 Dras

* 3 or 4 times a day
** hourly

Ht. Pressure Station
{m) (mb) (& no. of yrs.)
1727 828.2 Gangtok
1729 827.0 Parachinar
1893 810.2 Kunming (19)
2017 799.5 Kalat (20)
2049 797.4 Naryn (10)
2115 789.8 Musaoorie (10)
2149 786.5 Chakrata (12)
2168 783.7 Murree (50)
2204 780.6 Simla (70)
3074 702.5 Kyelang (4-5)
3514 666.2 Leh (69)
3685  629.8 Lhasa (5)
4610 580.5 Hanle
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Pressure observations above 4,000 m are scarce. . Short-period records are avail-
able from the stations shown in Table V. The pressure o -servations shown from the
Everest and Minya Konka regions are single observations or averages of observations
on a few days only.

TABLE V. Pressure Observations at Stations Above 4,000 m

Height Pressure ) Month and Period

(m) {mb) Location Year (days) Reference
4196 615.8 Upper Yulong(Minya Konka) Jul 1932 Burdsall, 1935
4200 619.5 Kara-Dzhilga-Kry Jun-Sep 1958 105 Tadzhikov, 1963
4394 600.9 Base Camp (Minya Konka) Oct 1932 Burdsall, 1935
4549 595.0 Sta.G(Minya Konka) Aug 1932 26 Burdsall, 1935
4600 586.6 Mingbo Camp (Everest) Jan-Ma> 1961 Pugh, 1962
4660 589.9 Tsemei La (Minya Konka) Aug 1932 Burdsall, 1935
4724 566.6 Chule (Everest Region) May 1933 Pugh, 1957
4781 579.4 Djezi La (Minya Konka) Jul 1932 Burdsall, 1935
5121 541.2 Everest Apr-Jul 1933 aot 85 Ruttledge, 1934
5362 535.2%% Depsang Jul 1914 31 Allesandri, 1931
5486 529.3 Base (Everest) Apr-May 1953 11 Pugh, 1957
5510 528.8 Camp I (Minya Konka) Oct 1932 Burdsall, 1935
5800 506.6 Silver Hut (on Ama Dablum) Jan-Mar 1961 55 Pugh, 1962
6096 493.3 Manlung La May 1933 Pugh, 1957
£248 486.3 Camp III (Everest) May 1933 Pugh, 1957
6400 458.6 Camp III (Makalu) Apr 1961 Pugh, 1962
6462 462.6 Camp IV (Everest) May 1933 Pugh, 1957
6858 449.3 Camp V (Everest) May 1933 Pugh, 1957
6919 453.3-445.3 Greene's Camp (Everest) May 1933 Pugh, 1957
7315 410.6 Camp VII (Everest) May 1933 Pugh, 1957
7430 400.0 Makalu Col Apr 1961 Pugh, 1962
7830 384.0 Camp VI (Makalu) May 1961 Pugh, 1962
7833 406.6* Greene's Camp (Everest) May 1933 Pugh, 1957
8848 333.3% Summit (Everest) May 1953 Pugh, 1957

39

*  Hourly observations

**  Assumed to be very close to actual figures although only temperature was
messured at the sumit while temperature and pressure were being observed
at Camp VII, 7,315 m (Pugh, 1957).
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¢. Precipitation

Precipitation in mountains is influenced by change in elevation
through the forced ascent of moist air. The Central Asian Highlands
present a physical barrier to the wind circulation. They are exposed
on the east to the northeast monsoon of China, on the south to the south-
west monsoon of India, on the west to cyclonic disturbances from the
Mediterranean or Atlantic, and on the north and northwest to cold air
from the arctic regions. Where this air is first lifted by outlying
ranges or the lower parts of high mountain ranges, precipitation amounts
on the windward slopes increase with elevation. In Central Asia, the
maximum rainfall occurs just below 2,000 m (Dhir and Singh, 1953), with

_considerable decrease above 3,000 m (Fig. 8).

Avaflability of moist air and the nature of the general wind
circulation are primary determinants of quantity and distribution of pre-
cipitation. Where the moisture source is closer and warmer, as in the
case of the monsoons, heavier precipitation is received as the highlands
force the air to ascend. Precipitation is usually, although not always,
greater on windward slopes than on leeward. Quantitative differences are
seldon known, but are so great that they cannot be shown by isohyets
except on large-scale maps.

In the areas where the moist air of the Indian monsoon first rises
up the slopes, heavy precipitation is the climatic element producing the
greatest stress on men and materials. Precipitation averages along the
southern Himalayan slopes, as given by Waddell (1899), Dhar and Narayanan
(1965), Pugh (1952), and Muller (1958), are shown in Table VI.
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TABLE VI.

Station

Mt. Everest
Sonamarg
Mt. Everest
Walungchung Gola
Yatung

Mt. Everest
Gurais

Ft. White
Darjeeling
Pedong
Sinlumkaba
Gangtok
Shillong
Kurseong
Sadon
Cherrapunji

Siliguri

Mean Annual Precipitation, Southern Slope of Himalaya

Height (m)
5800
3560
3350
3165
2987
2750
2640
2365
2265
2000
1829
1725
1500
1400
1396
1314

125

Mean Annual (dinches)

18
71

37

57
90
49

127

122

103

171

146

103

166

120

425

123

Although the precipitation maximum occurs just below 2,000 m,

widespread glaciation seems to indicate heavy snowfall at high elevation

(Map 4). However, little water content is required tc balance a rela-

tively small loss by ablation, and recent studies confirm the precipita-
tion decrease at higher elevations in the Himalaya.
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Chinese snowfall observations (Chung-kuo Ch'i-hou T'u, 1960),
and data from other sources for three additional stations, are given in
Table VII.

TABLE VII. Snowfall at Chinese Stations

Snowfall
Elevation No. of Accumulation
(m) days No. of Days Max Depth (in.)

Hsi'ning 2380 50 - -
Sung-pan] 2856 40 52 &
Hua'chia'ling 2440 36 63 4
Hua-ghan 2074 26 82 11
Min-hsien 2246 24 20 3
Kang-ting 2558 21 - -
Hsiao-chin 2465 8 5 2
Ta-1l1i 2001 2 0 0
Li-chiang 2416 2 0 1l
Huang-ho~yen 3873 86 106 4
Wu-hsiao-1ling 3045 75 124 9
Omeishan 3358 72 117 8
Yu=-shu 3873 45 - -
Kan-tz-zu 3320 35 42 6
Kung=-ho 3105 18 24 3
Chang~tu 3200 18 16 4
Lhasa 3685 8 - -
Tu-lan-ssu 3075 7 - -
Zhikatse (Yusov) 3660 5-6 - 8-11
Ta-jih (AWS) 3600 50-125 - -
Hsia-ho (AWS) 3049 50-125 - -

The fact that another author (Yusov, 1958) gives two snowfall-
days for Chang-tu emphasizes the fact that these are short-period records,
and also that the definition of a snowfall-day may vary.

In general, there are less than 20 snowfall days in the Tsaidam
Basin, in the valley of the Tsangpo in the lee of the Himalaya, and in
the lower elevations of the Sino-Burmese Ranges. The first of these is
an example of control by aridity, the second by shielding, and the third
by a winter-dry precipitation regime. Where there is less control by any
of these factors, the number of snowfall days increases into the range of
2G to 50 days per year. More than 50 snowfall days oc.ur in exposed
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locations near the headwaters of the large rivers (Salween, Mekong,
Yangtse, and Huang), or where high latitude and/or elevation results
in the monsoonal precipitation falling as snow.

In the cold, dry regions with little cloudiness, such as the
eastern Pamirs and the Chang Thang (northern Tibetan Highlands), snow
cover disappears rapidly. There is great variability in precipitationm,
dependent upon the degree of penetration of the monsoon. Large areas
of steppe and even desert climate occur in the highlands.

Apart from the monsoon rains and the more vigorous storms that
reach the borders of the highlands, precipitation, as in other mountain
areas, results from convection during daytime heating and shows a fairly
regular diurnal pattern which is most pronounced in the areas of great-
est relief and available moisture. Mornings are generally clear, cool,
and calm until about 0900 or 1000 hours, with convective clouds building
up during the late morning. Sometimes showers occur by noon, continuing
intermittently through the afternoon, and occasicnally 'nto late after-
noon. Winds diminish and clearing occurs slowly late in the day. At the
highest elevations, a second wind maximum occurs at night. Rain may be
heavy in the wetter regions of the main mass of the k.ghlands, but in
much of the region, water content is .ow. The diurnal pattern is more
pronounced in the warmer season but is still apparent in the colder
months.

Storms are sudden and violent throughout the mountains of Central
Asia. Although the yield of precipitation is less in the more arid high-
lands, abrupt onset and strong wind gusts are characteristic (Hedin, 1909).
Observations that show low visibility less than 1% of the time in the
Tibetan Highlands (U.S. AWS, 1945) give no indication of the suddenness
and extent of visibility restriction in the thunderstorms or snow squalls.

Thunderstorms are frequent.and severe in the dissected ranges of
the Chinese border provinces (Hanson-LEowe, 1941), the Himalaya (Wager,
1934), and in the western Tien Shan and the westera Altai {Arkhipova).
They are often accompanied by destructive hail, particularly in the
western Lesser Himalaya with 16-20 days/year (India Meteor. Dept., 1953);
and in the western Tien Shan, 6-11 davs/year (Pastukh and Sokhrina, 1960).
Hail frequency increases rapidly with height up to 2,000 or 2,500 m, but
only slightly above that elevation. In the upper parts of the gorges of
the large rivers in the Chinese border provinces there may be more than
80 thunderstorm days per year (Hushu has 86; Patany, 85; Kantzu, 81).
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Most of the year's precipitation, which totals less than 30 inches at
each of these three stations, falls in summer thunderstorms. Longer
record stations in the Western Himalaya show: Murree, 73; Mussoorie,
60; and Simla, 40 thunderstorm days. Even such sheltered 'locations as
Lhasa and Srinagar have 53 and 54 thunderstorm days, respectively.

d. Temperature .

The temperature regime above 2,000 m ranges from a polar climate
on the exposed high plains and peaks, with no months averaging above
freezing, to a warm temperate climate in lower sheltered locations such
as Kalat, Khorog, and Skardu where the warmest month averages as high as
70° F. Temperature in mountains normally decreases with increasing
elevation, but not as uniformly as does barometric pressure. Mountain
peaks and other sites exposed to winds resulting from the general circu-
lation, rather than from the influence of the local terrain, will have
temperatures nearest those of the free air. Above 2,000 m the normal
temperature lapse rate in all seasons averages about 10-11°F (5.5-6.0°C)
degrees per 1,000 m, except in shielded basins and valleys where lower
level inversions may occur on clear nights.

Truly reliable mapping of isotherms in mountains would require
well established temperature lapse rates and station normals for every
range and valley with adjustments for slope exposure, varying types of
vegetation cover, and extent of snow cover. While a few detailed studies
of temperature gradients have been made in the Central Asian Highlands,
it is not possible to apply these apart from the locales where they were
measured.

Temperature decreases northward about 1 F° per degree of latitude
in mountainous regions annually reached by the Indian monscon (morth to
about 30°N), and approximately 1.5 F* per degree of latitude farther
north. The range between the warmest and coldest wmonths (Map 9) 1is large
and increases northward and westward.

The diurnal temperature range varies considerably from region
to reglon. On the southern Himalayan slopes high humidity, frequent
fog, and persistent cloudiness in the wet season modify the mean tempera-
ture and the daily temperature range. The diurnal temperature range is
low in the Chinese, Burmese, and Indian lowlaids, and in Kashmir in both
winter and summer (Maps 10 and 11). The daily range is large in interior
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shielded valleys at such stations as Lhasa, Zhikatse, and Gyangtse, and
in the east at Sungpan and Patang both summer and winter. Largest
ranges in summer occur in Afghanistan and the southern Pamirs in the
2,000 and 3,000 m zone. These ranges are similar to those in the in-
terior basins such as the Tarim, Tsaidam, and Dzungarian.

The atmospheric disturbances that reach the western borders of
the highlands in winter and spring produce cloudiness which reduces the
January diurnal temperature range in the west~rn Pamirs and Tien Shan.
In the Altai, precipitation and cloudiness proa .;e lower ranges in the
northern and western parts, while ranges are larg. under clear skies in
the southern and easterr parts. The average daily rarse dces not fully
express the extremes that may be experienced. Diurmal changes of 50° F
frequently occur. Kobdo, located in a basin and sudject t¢ foehn winds,
has experienced rapid temperature rises of 40 F° with relative “umidity
falling from 35 to 11% (Murzaev, 1950). Fluctuations of 10 F° ma, occur
several times within a few hcurs. In the high Pamirs a 60 F° fall i.
temperature in a few hours overlapping the time of sunset was reported
by Olafsen in 1903.

Nighttime loss of heat by long~wave radiation to outer space
under clear skies results in temperature inversions; these inversions
may be very intense in enclosed mountain valleys where they are enhanced
by cold, dense air-flow down the slopes. While some of the lowest tem-
peratures in mountains occur on the highest summits, minima of equal
severity occur in enclosed basins and valleys that collect the cold air.
Such valley minima, however, occur under calm conditions, and cooling
power is not high. The literature contains references to expedition
mirima cf -40°F at Lake Aksai Chin (Hedin, 1909), -67°F at Nagchu near
Adag Mamar (Roerich, 1931), -49°F on Mt. Stalia* (Romm, 1936), -54°F
near Pamirski Post (Olufsen, 1903), and, at longer-record stations,
-50°F at Pamirski Post and -49°F at Dras (India Meteor. Dept., 1953).
Temperatures lower than -60°F occur below 2,000 m in Outer Mongolia and
in Siberia.

e. Wind

In general, wind patterns below 5,000 m in tne Highlands are
governed, not by general circulation, but by local mountain and valley
topography as well as by the resulting distributions of radiation, tem-
perature, and pressure in these regions. The subjects of mountain and
katabatic winds ure complex and only now are coming urnder intensive
study. Ly

* Now Pik Kommunisma
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Like temperature, wind and cloudiness exhibit a characteristic
diurnal regime in mountains, with maxima occurring in the afternocon. Un-
equal surface heating by the sun, producing upslope or downelope winds,
becomes more evident on steeper slopes and with lower sun angles. The
unequal heating 1s more pronounced in winter and in higher latitudes.

The mountain-valley wind phenomenon, so prevalent in varying
degrees throughout the highlands, is based on the principle that, during
nighttime, the colder, denser air drains down the slcpes and accelerates
down the axis of the valley. Studies in the Alps show this "mountain
wind" strengthening to 8 knots by morning (Defant, 1951). Within the
hour after sunrise, air begins to warm and rise up the slopes, rising
more rapldly on south-facing slopes. By mid-morning it retreats up the
valley axis and side slopes so that by the time of maximum heating an up-
valley wind is produced which is usually stronger (11 knots in the Alps)
than the early morning "mountain wind."” Within the hour after sumset,
air begins flowing down the slopes again. The valley wind subsides and
gradually reverses direction becoming a "mountain wind” late in the night.
Wind speeds usually reach a maximum in the afternoon except on the high
peaks where they are consistently strong. In locations subject to
mountain-valley winds, the "mountain wind" often attains a secondary
maximum at night, which tends to pulse in short-period gusts.

Valleys with cloud banks and damp forests on their sides, found
in moist areas of the eastern Himalaya, frequently have dry bottoms due
to complex mountain-valley wind circulations (Schweinfurth, 1956). The
glacier wind is a shallow down-valley flow occurring by day as well as at
night on elther clear or cloudy days. It may flow under the up-valley
tind by day and strengthen the mountain wind at night.

. ~sure to or shielding from the wind are of great importance in
terms of human cuoafort, verticularly at high elevations, since increase
in the wind speed has a greczer effect in increasing the cooling power
than does decreasing temperature. A wind speed of 39 knots is the maxi-~
mum recorded at a regular observing station on the Tibetar Plateau;
however, in this high basin-and-range region there 1s little natural
shelter from the wind. On Ama Dablum, near Mount Everest at 5,800 m, a
maximum of 35 knots and gusts up to 60 knots have been recorded (Pugh,
1962). 1In general, high winds occur by day while lowest temperatures
occur on clear, calm nights. In high passes winds are funneled through
the gaps, and temperatures in winter are near zero in daytime. Bent
trees with sparse growth on their windward sides are indicative of the
strong prevailing wind; hence there is a probability of extreme wind-
chill in such locations. 5
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£. Solar Radiation

Few measurements of solar radiation are available, and they were
taken with various types of radicmeters, Observations taken by several
high-altitude scientific expeditions are summarized in Table VIII.

The sites possessed diiferent characteristics. At Depsang the
presence of dust in the atmosphere limited gocd observing conditions.
It would be expected that the global radiation total at the glacier
sites, both in the Karakoram (Chogo Lungma Clacier) and in the Ever?st
region (Khumbu Glacier), would be lower compared with that at che high

TABLE VIII. SOLAR RADIATION

IN THE HI(

(Langley (ly) = gm
Elev. No. o
Type (m) Location Date Day:
Direct
(noral 4200 Kara-Dzhilga-Kry July 1958
incidence) Eastern Pamirs 38°N
(hor. surf.) 5362 Depsang (Maps 7, 18 July & 10
& 20) Aug
(normal 5718 Silver Hut on Ama 26 Apr. 4
incidence) Dabluw near Mt. -12 May,
Everest - Map 17) 1961
(hor. surf.) 6490 K-2 (Camp III) Kara- 7 July 1
koram (Maps 3 & 19) 1955
Global 1587 Srinagar Jan
July
4000 Glacier, Everest 10-16 7
(Maps 3 & 17) June 1955
4300 Chogo Lungma (near 12 July 22
Malubiting Peak
35N/TSE - Map 19)
4300 Glacier, Everest 29 July i
(Maps 3 & 17) 1955
4900 Fedchenko Glacier, June 1
Pamirs (Map 19)
5718 Silver Hut on Ama 26 Apr 8
Dablum (near Mt. 12 May 22
bverest - Map 17) 1961
L7 6400 K-2 (Camp III) Kara- 7 July 1
koram (Maps 3 & 19) 1955
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locations in the Karakoram (K-2) and the Everest arca (Silver Hut), due
to horizon obstructions and atmospheric filtering, particularly by the

water vapor produced by great ablation.

However, it was concluded that

on the Khumbu Glacier solar radiation reflected from higher snow slopes
and glaciers may augmont the sky radiation portion of the global by 20

to 30% (Bishop, 1965).

This also is indicated by the relatively high

fraction of the diffuse radiation (abecut 107 that is in the infrared heat-

energy range.,

The yearly total of global radiation observed on the

Fedchenke Glacier (38°N, 4,900 m) is among the highest on record (Geordio,

1961).
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IN THE HIGH MOUNTAINS OF CENTRAL AS1A
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CLIMATIC CLASSIFICATION OF CENTRAL ASIA

(ACCORDING TO KOPPEN)
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PART 11

SECTIONAL SUMMARIES

1., THE SINO-BURMESE RANGES

a. Configuration

The Sino-Burmese Ranges, with the exception of their northern
extensions, are shown on Maps 15 and 16. They comprise a series of
parallel ranges generally trending north-south in the southern part of
the study area but arcing inland toward the northwest. These ranges
are separated by long gorges through which flow tributaries of the great
rivers of Southeast Asia - the Yangtze, Mekong, Salween, and Irrawaddy.
The most easterly of the high ranges ls the Great Snowy Range (Ta Hsueh
Shan), dominated by China's highest peak, Minya Konkea (7,592 m) in
western Szechwdan* province., South of the Great Snowy Range, in Yunnan
province, the highlands lose their north-south trend in the highly dis-
sected Yunnan Plateau.

The northern portion of the Sino-Burmese Ranges merges into the
Kun Lun Mountains and the Nan Shan, both trenaing more westerly but
separated by the Tsing Hai and Tsaidam basins. The Kun Lun Mountains,
forming the northern rim of the Tibetan Highlands, are discussed in the
next section of this study. The Nan Shan lies mostly within China
proper and is included in this section, although it is entirely outside
the area shown on Maps 15 and 16.

The gensral crest elevation of the Nan Shan is about 4,000 m, while
th~ basin floors range between 2,000 and 3,000 m. The high-level (3,000 m)
int..montane valleys are 90 tc 120 km long and 2 to 5 km wide with gently
sloping sidewalls. They have alluvial sand and gravel floors, and contain
a braided, sluggish drainage system interrupted by swamps. Much of the
terrain is covered with wind~ lown silts and is subject to dust storms.

* Some maps show western Szechwan and East Tibet as the province of

Sikang, which was created in 1908. The present regime of mainland
China, however, has restored the earlier Szechwan-Tibet boundary.
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The broad, flanking slopes are dissected by dry washes. FPor the most
part vehicular traffic can proceed rapidly, with only swamp areas posing
hindrances in an otherwise favorable transport regiuon. Although some
movement across ranges may be possible through low divides, it would be
confined to a small scale until roads were constructed.

The principal streams in the Sino-Burmese Ranges begin in high
depressions on the Tibetan Plateau. .t their sources these streams
occupy relatively straight, broad valleys whose elevations range between
3,000 m and 4,000 m. The valleys are floored by alluvial sands and
gravels with silt cappings and carry perannizl, shallow, braided streems,

After leaving the high mountains at approximately 28° N, the
streams flor through deep, narrow, closely parallel valleys which follow
the structural trend of the arc., The Salween, Mekong and Yangtze Rivers
flow through similar gorges, and at their closest point all three rivers
are within 60 kilometers of one another. Tributary inflow is in the form
of cascades over the valley sides. Passage through these canyons is
difficule,

The Yunnan plateau 1is not rugged. Mountains rise gently from its
surface and most are rounded. As they cross the plateau, the rivers
diverge and the Yangtze turns easterly, while the Mekong and Salween flow
southward, ultimately through Vietnam and Thailand, respectively.

The eastern approaches to the Sino-Burmese Ranges, chiefly from
China, are through highly dissected, rounded hills. Valleys are narrow
and deep, but are usually terraced. The high-level uplands surrounding
and south of the Amne Machir Range are accessible through the large valley
of the Yellow River (Huang llo’. Many sites on these uplands, as well as
on the Yunnan Plateau, would be suitable for air-drop operations.

b. Water supply

The large rivers always contain ample water, even in the driest
areas. Because of the narrowness of the major rivers in Yunnan, their
level may fluctuate seasonally by 10 to 30 meters. Small streams on both
the sastern and western sides contain watar throughout the year. Farther
north, on the plateau near Amne Machin, most small streams, unless
glacislly fed, are dry during much of the year.

16 .



The quality of water is good through much of the area, but in the
northern and northeastern parts saline or brackish water may be en-
countered. In karst areas there are large quantities of underground
water, while thermal springs are common in the eastern part of the Shan
Plateau. In the Nan Shan, oases are the most reliable sources as the sur-
face waters are sluggish, brackish, and otherwise unpalatable.

¢. Climate

Tn symmer the eastern bordar of the highlande  from the soothern
edge cf the Gobi to the Yunran Plateau, is exposed tc the warr, moist,
southeast monsoon of China, while southern and western slopes of ranges
in Assam and Buma are exposed to the even wetter southwest monsoon of
India. Semiarid climates predominate in the Nan Shan and at the eastern
end of the Tsaldam Basin (Map 14). Scanty precipitation is concentrated
in the summer months; pastures near 2,700 m in the Nan Shan do not provide
grazing until June (Roerich, 1931).

Precipitation increases southward and eastward from the eastern end
of the Tsaidam Basin, varies greatly with local topography, is heaviest on
slopes exposed to the east, and penetrates valleys open to the east. The
westward liwit of rhe moisture penetration appeare to be at the divide
between the interior drainage of the Tibetan Plateau and the headwaters of
the large rivers, the Huang and Yangtze draining to the east and the
Salween and Mekong draining to the south. In summer, moist monsoon air
aloft causes cloudiness and afternoon showers generally throughout the
region.

The Tsaidam Basin has a desert climate with very low relative
humidity and scanty precipitation, occurriang mostly in summer. The
temperature regime is unusual because of its large diurnal range, which
averages about 30°F through the year. The range between the warmest and
coldest months is also large, over 50 F°. The coldest month averages
well below freezing; and frequently four or more months have average
temperatures above 50°F.

In general, winter-dry mesothermal climates characterize the
2,000 to 3,000 m zone in the Sino-Burmese Ranges, the northern and
western sides of the Szechwan Basin, and the southern fringe of the
Himalaya. In some deep, shielded valleys in the Sino-Burmese Ranges,
July temperatuxes average in the 70's, Simultaneously, while maxima

17
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are in the 80's in the Yalung Gorge, they are generally 10 degrees lower
at stations below 2,000 m farther east (Hanson-Lowe, 1941). The January
texperatures in the deep canyons are vaised both by shielding from the
northerly winds and by foein conditions. Again in July, mountainside
stations such as Kantzu, Litang, 2nd Chienning, wiih means in the 50's,
do not share the warmth of the slightly lower, arid bottoms.

There is considerable thunderstorm activity in the Sino~Burmese
Ranges, particularly in the southeast. It occurs both with the summ~r
monsoon and with the spring rains which produce a secondary maximum of
pr~cipitation. July mean temperatures in cloudy areas on the outer
slopes at 27° N are os low as those in clear areas 7 degrees farther
nuiih, Tho summer elousdiness rescricts melting at high elevation, main-
taining the snowline at comparatively low elevations (from 4,500 to
5,000 m) in the Sino-Burmese Ranges, in spite of their southerly latitude.

Since winter is the dry season in the Chinese mensoen regionm,
sno-falls are light, and above 3,000 m many days may pass with little or
no snowfall, As precipitat:on increases in spring (in some areas to a
secondary maximum), snow ac. mulates at the higher elevations, frequently
blocking passes. In the Minya Konka area, however, the maximum snowfall
is reported as occurring in late summer and early fall. 7Tm 1932, for
exarple, snow or rain occurred on all but three days between 18 August
and 17 September, but the n ¢ snow accumulation at 5,000 m melted by 22
September (Burdsall and Emmons, 1935).

On the otuter slopes the monsoon circulation predominates, while
in interior valleys, the w.nd field is largely coa.rolled by topography.
The Nan Shan and the high peaks and liigh plains bordering the Tibetan
Highlands, where winds are westerly in winter are a parcial exception to
this generalization. In these areas, t° Cdiurnal variation of weather is
large and changes can be abrupt, creating great environmental stresses.
Highlands near the Mekong-Huang Ho headwaters also are subject to great
dally and seasonal weather changes. Even areas above 4,000 m, where the
coldest month averages below 27°F, have at least one month with an average
above 50°F. The canyons of the large rivers and their tributaries have
a climate sc modified from that of the highlands trat it is not possible
to show the variations at man scales used in this report. Villages are
frequently located or. upper slcpes where crops fare better than in canyoa
bottoms, because of greater precipica:ion.
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d. Vegetation

The north-south trend of the Sino-Burmese ranges permits moisture-
bearing monsoon winds to penetrate farther into the interior of the con-
tinent than in other parts of Central Asia. Thus eastern Tibet is
notably wetter than the western part, and this difference is reflccted in
its move abundant vegetation. Nevertheless, there are many flaces that
exhibit a dry type of vegetation (Woodla.d or Steppe) because of the
local orientation of slopes with respect to moist winds, or the thirness
of the soil on steep slopes, or long-continued deforestation by the huran
occupants of the region.

Tn general, the lower elevations exhibit a relatively dry cype of
vegetation (mixed woodland of pines and deciduous trees) which gives way
to evergreen forests and moist meadows above 3,000 m. The deep gorges
have a steppe, shrub-steppe, or dry woodland vegetation in theiv bottoms
and lower slopes. Where the forest has been undisturbed it is relatively
dense, but cultivation and cutting have so altered this forest that many
areas are covered with grass and shrubs with only clumps cf trees remain-

ing.

At the higher elevations, especially on the southern and eastern
slopes, there is a dense forest - mostly of evergreen species - incer-
rupted by meadows of tall grass. In the lower part of this forest bam-
boos (Arundinaria spp.) grov in dense thickets. It was in this forest,
about 50 miles south-southeast of Minya Konka, that the giant panda was
first collected by the Kelley-Roosevelt-Field Museum Expedition in 1929.
This animal and the specialized habitat which it requires are found
between 2,000 and 4,200 m in western Yunnar and Szechwan (Roosevelt and
Roosevelt, 1929). Associated with the bamboo, and also growing above it,
are forests of spruce, hemlock, beech, and rhododendron. These forests
and thickets are covered with mosses, lichens, and vines, making pene-
tration through them Jifficult and limiting visibility to a few yards.

The expedition which made the first ascent of Mimya Konka found
especially dense forests in valley bottoms at high elevations (Burdsall
and Emmons, 1935). Rhododendron grows as a forest tree in some of these
valleys, but near the tree-line it is no mcre than a shrub grewing in
sery dense thickets. -{9
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The elevation of the tree line has been reported between 3,800
and 4,200 m, depending on the particular site and exposure. On certain
mountains in East Tibet, larch (LZarix potaninii) grows up tc 3,800 u,

On Yulungshan (a peak about 35 milec nortk-northeast of Tali, in Yunnan
Province) the tree line was found between 4,150 and 4,200 m, the highost
occurrence being in a region of terminal moraines at 4,250 m (von Wissvan,
1957). Between the tree line and the snow line are alpine meadows, re-
flecting a hijiier precipitation than can occur on the alpine steppes at
compazable elevations to the north and northwest.

The following ranges of elevation for various types of vegetation
in East Tibet are given by Gaussen and Barruel (1955) and may be regarded
as average figures for the higher Sino-Burmese mountains.

Cold temperate forest (pine, hemlock,
spruce, fir, larch, juniper, maple,

birch, poplar) e s e ¢ ¢« s Up to 3,800 m
Subalpine forest (fir in lower zone,

larch in upper) e e s 0 ¢ s 3,800-4,200m
Low alpine bushes (rhododendron,

juniper, live oak) e o o o o o 4,200-5,000 m
High alpine meadows e ¢« s+ ¢« + « 5,000-5,500 m
Snow ¢ « s+ s+ ¢« + above 5,500 m

The effect of these mountains as bdth a climatic and vegetational
barrier is summarized by Gaussen aand Barruel (p. 110) in these words:

“The narrow gorges carry the jungle of low elevations into
the heart of the mountains, bamboos abound and the forest
is populated with numerous species and a2 luxuriant under-
story. The maximum i8 reached in Yunnan or in Szechwan
vhere . . . . both coniferous and brcadleaf (evergreen or
deciduous) forest species grow together. But behind this
suaptuous curtain of forests which rises often to 4,500
meters, the alpine belt becomes rapidly dry and steppe-like
1o the immense solitude of Tibet." 80



2. TIBETAN HIGHLANDS AND ASSOCIATED RANGES

The Tibetan Highlands, shown on Maps 17 and 18, cunsist of a large,
roughly oval-shaped platcau irnterrupted by a number of high, transverse
mountain ranges. It is bounded on the north by the Kun Lun Mountains
(Kun Lun Shan) and on the scuth by the Himalaysn Mouncains. The prin-
<cipal ranges are identified on Maps 1 and 2, but reference to Maps 17
and 18 will pve necessary to locate many of the place names mentioned in
the following discussion. Withia eacli of the following summaries, treat-
ing wvarious aspects of the envirommernt of the Tibetan Highlands and its
bordering ranges, there is a progression from the Himalaya northward
across Tibet to the Kun Lun Mountains. In certain o. the discussions it
was convenient to subdivide the Himalaya i .co the Lesser and the Great
Himalaya, which are distinguished un *he basis of elevation.

a. Configuration

(1) Lesser Himalavya

The Himalayan Mountains are composed of two distinct sub-
regions, the Lesser and Great Himalaya. The Lesser Himalaya comprises
a series of spurs from the Great Himalaya, bas a length of s-me 2,500 %m,
and bas a width between 64 and 80 km. One range, the Nag Tibba, includes
many peaks with small glaciers and is not traversed by a river for over
160 km; it thus provides a significant barrier to travel. The Pir Panjal
in West Pakistan is the highest range, with many peaks exceeding 4,500 m.

Other major ranges of the Lesser Himalaya are the Mahabarat and
Dhauladhar., The Mahabarat begins west of the Tista River in Sikkim, and
is traversed in the west by the Kosi and Gandak River systems in Nepal.
The Kali, Gandak, Arun, and Tista rivers offer the best access routes
through the range to the Great Himalaya and Tibetan Plateau. Until very
recently, the principal merhod of transporting freight over the Mahabarat
into Katmandu has been by a 25-mile aerial cableway. Crest elevations
vary between 1,500 and 2,590 m. The Dhauladhar Range is the westward
continuation of the Mahabsrat and is traversed by the Ganges, Bhagirathi,
and Sutlej rivers. The most important of these in terms of access to the
interior is the Sutlej, which, from its source in Tibet, crosses the
entire width of the Himalayan system.
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Through most of the Lesser Himalaya, the local relief varies
between 600 and 3,000 m and is greatest in those areas traversed by
large rivers. As a general rule, the crest elevations are close to
2,200 m, with the bottoms of the major valleys between 500 and 1,000 m.

Throughout much of the Lesser Himalaya the major drainage is
toward the South and Southeast. With the exception of the Kali, Gandak,
and Sutlej Rivers (discussed under the Great Himalaya), the valleys are
narrow, V-shaped, and steep-sided. Many become impassable during the
spring thaw. Movement through these valleys is hampered because the
narrow bottoms are clogged with large boulders in many places and have
only relatively few elevated terraces. Landslides are a constant
hazard, particularly during the monsoon season when vehicular movement
is impossible, The region displays a fundamentally dendritic drainage
pattern with such dense topographic dissection that cross-country travel
is extremely tedious.

(2) Great Himalaya

The Great Himalaya is north of the Lesser Himalaya, extend-
ing over 2,400 km west of Nanga Parbat (8,129 m) to Namcha Barwa (7,756 m)
in the east. Conventionally, the Great Himalaya is subdivided from east
to west into the Assam, Nepal, Kumaun, Punjab and Kohistan Himalayas.
The Assam section extends between the Brahmaputra and Tista Rivers,
forming the boundary between Assam, Bhutan, and Tibet. This south-
southwest trending segment includes the peaks Kula Grangri (7,552 m) and
Kangto (7,047 m). The Nepal Himalaya traverses the area between the
Tista and Kali Rivers, and its major peaks include Everest (8,848 m),
Kanchenjunga (8,603 m), Makalu (8,481 m), Dhaulagiri (8,172 m) and
Annapurna (8,078 m).

Betweea the Kali and the Sutlej Rivers is the Kumaun Himalaya.
The Sutlej River separates the Kumaun from the Punjab Himalaya, which
has a bifurcated trend line and lower crest elevations than the other
segments, The Punjab Himalaya 1s not traversed by large rivers and as
a consequence access 1s even more difficult than elsewhere.

The average elevation of the "cirque and arete" crestline of
the Great Himalaya is 6,100 m, The broad open valleys north of the
crest, mainly along the Tsangpo, have elevations between 3,600 and 4,800 m.
In this valley region divides are broad and ill-defined.
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The local relief in the zone of high peaks i3 between 1,000 and
7,600 m, with values between 4,900 and 5,800 m most common. In areas
of such _reat relief, travel is restricted to the major valleys and is
therefore vulnerable to attack. The smaller valleys are deep, v-shaped,
arnd for the most part, impassable. Almost all lead to cirques or ice
fields at higher levels,

The major streams which traverse the ranges such as the
Brahmaputra, Arun, Trisuli, Krishna, and Sutlej risc in the broad, high
elevation valleys within or to the north of the crest zone. The most
characteristic feature of these large, transverse access valleys is the
change from the steep, V-shaped, boulder-~clogged cross-section of the
Lesser Himalaya to a rather broad, U-shaped, alluvial-floored cross-
section characteristic of the Great Himalaya.

A brief description of the Krishna valley in the Nepal Himalaya
gives the brcad characteristics of these valleys (see illustrations in
Peissel, 1965). The main branch of the Krishna rises northeast of the
village of Mustang (Lo Mantang) near the Tibetan border. Between
Mustang and a point downstream about half-way to the village of Tukucha,
the valley is broad - 1 to 3 km - and level, The stream is braided
most of the year, winding back and forth across the alluvial sands and
gravels and, except during periods of int :e snow-melt, the numerous
channels are not deep. Valley sides are s._ep, but have terraces which
are discontinuous and alluvial fan deposits which occasionally extend
some distance into the valley. Vehicular travel through the valley
would be restricted during spring freshet; but foot travel would be
possible along narrow valley-side trails. Because of the shifting
character of a braided drainage, a resurvey of vehicular routes is
necessary after each high water period. The broad, level character of
the valley facilitates entrance from Tibet; however, such valleys offer
a minimum of concealment except during dust storms. As it approaches
Tukucha, the Krishna valley is flanked by several terrace levels whi h
are continuous for many kilometers., South of Tukucha, the valley
displays a V-profile, is steep-sided, unterraced, and contains a
torrential stream. The gorge section of the valley through the Lesser
Himalaya just upstream from the Gandaki Reservoir precludes the movement

of vehicles. Personnel m :ment through this region is difficult because

of steep slopes and physiological stress of high elevation. Aerial
deliveries might be possible in the upper valley area.
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(3) Tibet

The area of Tibet treated here extends from the north slope
of the Great Himalaya to the Kun Lun Mountains, and latitudinally from
the eastern flank of the Karakoram to the 98th meridian. The region can
be described as a vast, high plateau, crossed by mountains of generally
low relief trending in two directions, east-west and northeast-southwest.
Where these trends cross, a knot of high mountains results. The plateau
section of Tibet is underlain by little-altered sandstones, limestones,
and shales. Granitic rocks are exposed in the southern ranges, parts of
the Aling Kang Range (Alung Gangri) as well as the lesser ranges of the
Chang Thang Desert. Much of cenfral and northern Tibet has a veneer of
wind-blown silts, while glacial outwash sands and gravels are locally
present in some of the higher mountains.

The Chang Thang, comprising the northern and north-cenmral
parts of Tibet, is a desert of broad, alluvial valleys separated by
mountains of low relief, and numerous basins with interior drainage. Peak
elevations seldom exceed 6,500 m, and the range in relief is relatively
small, 1,500 to 2,00C m. The southern part of the Chang Thang assumes
the character of a steppe with gently sloping dome~shaped or flattened
hills. Elevations range between 4,300 and 5,000 m. The mountain ranges
which cross the Chang Thang are little dissected and have sparse or no
vegetation.

From the Dupleix Range (Monts Dupleix) north to the Kun Lun
Mountains, cinder cones, lava plateaus and escarpments dominate the
terrain. Most mountain ranges can be easily crossed by shallow passes,
although the closely spaced, narrow, steep~sided valleys and ridges of
the dry basins north of Karakoram Pass present a major obstacle tn
vehicular or troop movement,

The southerly Nyenchen Tanglha Range forms an almost un-~
broken chain of little-dissected, snow-capped peaks rising from 5,000
to 7,000 m, Travel through this range is possible through passes which
vary in elevation between 5,000 and 6,000 m. River valleys leading to
these passes are narrow and steep-sided, usually floored with varying
amounts of glacial cutwash - scme of which riy be terraced. The arca
south of the Dupleix Range is broken by a disarrayed group of hills and
complex, narrow valleys which prevent any large-scale or rapid
vehicular movement. East of the Dupleix Range in southwest Tsingha’ is
a vast, geutly rolling, swampy upland where elevations scldom exceed
4,300 m, In this area vehicular traffic is restricted to the better-
drained uplands. 8l+




L4

Central Tibet*, the area between the Nyenchhen Thanglha
and the Monga Kang Range (Monga Gangri), is one of internal drainage
with desert-like aspects., The eastern segment contains zome of the
largest lakes in Tibet. These lakes are situated in broad, flat basins
surrcunded by closely spaced, highly dissected hills or steep, sharp-
peaked mountains.

Movement of vehicles and troons on the Tibetan plateau
generally would not prove difficult. Passage in the southern ranges is
more difficult, particularly if movement is from the south where the
valleys are deeper, narrower, and proae to landslides. The dry basins
of Tibet provide a wide variety of larding and drop sites.

(4) Kun Lun

The Kun Lun Mountains extend 1,300 km from the Muztagh Ata
Range eastward to the south side of the Tsaidam Basir. This parallel
and sub-parallel system of ranges varying in width from 40-90 kilo-
meters forms the northern border of the Tibetau Plateau. As the Kun Lun
passes from Tibet into China it loses the form of a great chain and breaks
up into numerous minor ranges much like those of the Hindu Kush in
Afghanistan. Maximum elevations are on the order of 7,000 m. Much of
the crest area of the western and central Kun Lun is above the permanent
snow line of 5,000 m.

In the Kun Lun therz are a few long, broad, high-elevation
valleys which parallel the crest to the south. The rivers, instead of
converging within the ranges like those of the Himalaya, flow directly
down from the snow fields to the broad alluvial fans that border the
Taklc Makan desert. Exception are the Charchan and Keriya rivers which
drain areas south of the main crest.

Vest of Hotien (Khotan) the outer flanking ranges are highly
dissected by a labyrinth of narrow, branching canyons which are nearly
impassable to all forms of movement, particularly du-ing freshets when
they carry foaming torrents. The major drainage is via the Yarkand and
Qara Qash (Kara Kash) rivers (Map 19).
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* This large area is termed the Gandisyshan Transhimalaya by Yusov (19593 .
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East of Hotien the northward draining streams debouch
from deep, narrow canyons, at about-13 lm intervals, onto the alluvial
fans and bajada slopes marginal to the Tarim Basin, where they flow for
short distances in narrow, deep washes before disappearing. Most of
the stream valleys draining the north slope are terraced and those that
arise in passes (usually over 5,000 m) are easily traversed. It is not
likely that vehicles can negotiate many of them until roads have been
constructed. i

The major rivers of the central and eastern Kun Lun, the
Keriya (at about 81° 30' E) and the Charchan (farther east and north of
area shown in Map 17), which drain from the inner ranges, have deep,
steep-sided, and impassable canyons. The south slope of the Kun Lun
is gentle, with few streams. These drain to the saline lakes of the
Soda Plains (Aksal Chin) and Chang Thang desert basins, In general, the
Kun Lun offers much less of an obstacle to vehicles and troops moving
into Tibet than do the Lesser and Great Himalaya.

b. Water supply

In the Lesgser Himalaya, runoff is highest from June through
October when peak moduli may run as high as 100 liters/sec/km?, The
annual average approximates 52 liters/sec/kmZ, but a figure of 39 liters/
sec/kn? 1s probably more realistic when evaporation is concerned. These
values are subject to wide variations from area to area, especially below
1,000 m. Because of the large amount of precipitation in the region
(see Fig. 8), no problem of water availability should be encountered ex~
cept possibly in first and second order streams during the dry season.
Water quantity will be high, but treatment is advisable on most streams
because of habitation.

Peak flow in the major valleys of the Great Himalaya occurs
during early summer when glacier and snowmelt is greatest. Diurnsl
fluctuation of water level occurs during the melt period with streams
being lowest during the early morning hours and highest in late afternoon
and early evening. Water in the major streams is heavily laden with silt
and 1is generally unsuitable for human consumption or as a meter coolant.

The smaller streams may go dry during the summer, although
generally sufficient fresh water is available, Limited supplies of
ground water are available in alluvial fans, but use of exlsting dug
wells should be avoided because of the likelihood of contamina:%?n.
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The rivers of northern and southern Tibet, though different in
valley type, both show seasonal water level fluctuations. 7Tvo high-
waler stages occur in both regions, one in early sumer during snovw melt
and a secund in lato summer in response to thaw of mountafn glaciers.
This regime is scmewhat muted in July and August in response to maximum
temperatutes and high rainfall.

Because of the interior drainsge of northern Tibet, river systems
are largely patternless, 1.e., streams in the same sres msy flow in
opposite directions. The mountain rivers of northern Tibet either flow
vwithin the mountains throughout their entire course or rise 1in the mountains
and fall steeply nver rocky beds, eventually discharging onto the [lat
highland surfsces and flowing quietly through broad alluvial valleys.

Those not fed by groundwater masy dry up in autumn. 1In all cases, permaneat
streans freeze to the bottom in winter,

The southward increase in rainfall is reflected in the runoff
moduli as follows: Northern Chang Thang: 3.2 liters/sec/km*; Southern
Chang Thang: 6.3 liters/sec/km?; Central Tibet: 9.5 liters/sec/in2,

In general, adequate supplies of fresh water can be relied upon only in
the mountain areas. The large, interior-drainage lakes of the Plateau
are shallow and often saline. Some contain water only during the spring
freshet; others show a shift from brackish to saline as summer progresses.
Because of its salt content, this water is not suitsble for either humsan
consuaption or as a coolant for vehicles.

Throughout the Kun Lun, reliable sources of fresh water will be a
problem excapt during the spring freshet, and from streams originating in
pormanent snov fields. The spring freshet on the north slope may make
many potential access routes impassable for a short period. Most of the
small stroams dry up during the summer and fall, while stroams of inter-
mediate size contain a small flow within tho mountains. High level
svamps and lakes, except those receiving water frowm snow fields, will be
brackish or saline,

¢, Climate

Although the southarn slopes of the Himalays are subject to heavy
precipication at lower levels, the Tibetsn Highland is essentially a cold,
dry desert. Precipitation is less than 10 inches over most of Tilet, and
the mean tamperature for the warmest month s below 50° F. The 3reatest
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stress /s that due to decreased atmospheric pressure, but the low rem~
perstures, high winda, permanent snowfields, and abrupt weather chauies
create addiclonal stresses vhon superimposed on a complex terrain.

lo areas not directly exposed to molst afr masses, precipitacion
esually occurs in the form of afternoon showers. Its occurrence depends
tn same extent on local mofsture sources, but primarily it results from
the presence of moist air aloft subsequont to orographic lLifting. MNolst
noasoon alr penetrates through the north-south oriented valleys in Assan
ard Burma, creating cloudiness and afternoon shovers or thundershowers
in Jastern Tibet. Howvever, wolst air does not reach shiclded locatioans,
such as Gartok in the lee of the western Himalaya, because the moisture
is precipitated on the intervening, unbroken ranges of the Puajad
Hinalaya, Thus many valleys and high basins are arid, particularly in
the lower parts. Slopes around large inclosed dopressions, such as the
Tarin Basin, are arid since they are not exposed to moisture-laden air
borne by the general circulation.

In the Chinese provinces of Tsinghai, molsture penetrates to
about 35° %, even in tho higher areas (Tajth, Sewukou, Yuyujfhpen). Al-
though precipication neasurements are not avatlable at these hizher
stations, the relative hunidity and cloud cover show the prescace of
nolst alr, The vostvard limit of its penotration appears to be the water-
sked between the interior dralnage of the Tibetan basin and the head-
waters of the large rivers wiilch drain to the south and southeast. Pre~
cipitation throughout the whole castern reglon is concentrated in the
summer montlis,

The elevation of tho snov line is low where precipitation is
abundant and vhere sumner cloudiness Limits melting, as on the southern
ragges of the Himalaya. On the northsastern, arid slopes of the Tibetan
Highlands, 8 to 10 degress of latitude tarther north, the snov Lipe
renains At about the same elovacion as in the southern ransges. In the
arid regions, the anov Line is higher un southerly slopeas, vhere solar
radiation Is most offuctive in causing ablatinn, West of abaut 90°
loagliude in the Tibetun Highlands and on tho Kaflas and Nyenchen Tanmghla
Raoges of the Traos-Hinalaya, the snov Line \les above 6,000 m (Fig. 5).
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Orientation of valleys influences their temperature, wind
regime, and snowfalli. Differences due to extent of exposure to moist
air are shown by snow depths of 29 to 36 inches near 5,000 m on the
outer side of the Sikkim-Nepal ridge, compared with 19 to 20 inches on
the inner side (Dhir, 1953).

Storms are sudden and violent both in the Tibetan Highlands
(Hedin, 1909) and in the Himalaya (Wager, 1934). Snowfall, although
concentrated in summer when the monsoon provides moist air, may occur
in any season as local snowstorms at altitudes above 4,000 m in the
Himalaya, Né&vé depths of 15 to 75 feet are reported (except on the
steepest slopes) on the high mountains of the Nepal Himalaya (Dhir, 1953).
On the southern slopes of the Himalaya, east of about 80° E longitude,
a single pronounced summer precipitation maximum occurs. Fog is fre-
quent in valleys and on lower slopes. In the Tista Basin (about 28° N,
88° E), a snow survey by the Indian Government indicated winter snow
cover down to about 3,200 m. Lachen, at 2,700 m, had six feet of snow
cover in February-March {(Dhir, 1953).

Snow and hail showers occur frequently in the Tibetan Highlands,
but water content is low. Snow accumulation is small and disappears
quickly due to the combination of intense solar radiation, little
cloudiness and low relative humidity. The onset of snow and hail
showers is abrupt, with strong wind gusts, low visitility and rapid tem-
perature fluctustions.

On the southern slopes of the Himalaya between 3,000 and 4,000 m
a large portion of the precipitation is in thz form of snow. In the
Tista Basin of Sikkim the winter snow cover line extends dcwn to about

3,200 m (Dhir, 1953). Tnunderstorms with snow have occurr.d in Arril at
3,750 m.

Snow usually does not remain long on the ground in the Tibetan
Highlands. However, several feet of snow were reported at Nagchhw Dzong
(Heiho) near Adag Mamar in 1917 (Roerich, 1937).

Above 4,500 o on Mount Everest one to two feet of snow may fall
overnight. At this elevation, snowfall may occur in any month of the
vear. Light precipitation with low water content is to be expected
with extreme cold, but contrasts in snowfall do exist, due to variation
in the supply of moist air available, The aridity of the Tibetan High-
lands 1is due to th:ir distance from large moisture sources and the
impediment which the Himalaya present to the flow from these sources.
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Evaporation and eublimation resulting fros strosg vinds, dry
atr and high solar radiacion, remove the snow from most of the upland,
except for the passes, vithin a short period after it falls. Vhile the
lack of snow cover makes travel easier, it can lead to dangerous un-
preparedness for the severity of the sudden snowstorms, as Geasoned
explorers have discovered (iledin, 1509). "Deapite high elevation, it is
pousible to suffer greatly from heat in inclosed basins such as the
Garne Glacier in the Pamirs" (Siesser, 1962-61). Light winds and fo-
tensc solar radiation reflectod from the glacler surface and surrounding
spow-covered slopes can radically change the expected weather con-
ditions so fast that the efifect can be énarvating.

Precipitation decreases wostvard along the scuthern border of
the Hinalaya, but stations exposed to the monsoon, such as Dalhousie,
Muktecwar, Murreo, and Mussoorie, receive from 55 to 85 inches. Thunder~
storns, many with hatl, are frequent. Much of the Tibetan Highland has
steppe or even desert climate with double precipitation maxima in spring.
Even though the precipitation total is small, there are many wet 2nd
cloudy days.

Precipitatfon in the leo (north slopes) of the Himalays his a
summer maximum, It §s nommally Light and varies greatly from year to
yoar, depending upon the extent of penetration of the monsoon through
the deep valleys, For example, annual precipitation ar Lhasa (3,683 n)
totaled 198 inches In 1936, vhile the average for 14 years, sxcluding
i936, vas 17 inches (lsu, 1946}, Lhasa has little smovfall, about 10
days pes year,

In many shielded valleys, precipitation results from convection
and fron mountain-valley viné circulations. Some of these valleys are
very dry. The lover Limit of vegetation on thelr slopes 1s detemmined
by aridity and the upper Limic by cold (Schweinfurth, 1936). The most
arid parc of Tibet is the Chang Tang, vhich recelves generally less than
5 inches of precipltation per year,

The valleys of the Tsangpo (uppsr Brahmaputra) and its tribu-
tacies in the lee of the Himalaya have a dry steppe climate. Together
with great varfabilicy In precipitation from year to year, such
statlons as Lhasa, Zhikatse, and Cyangtse also esperience large dally
tunperature range. Under conditfons of high solar radiation and low
wind speed, tenperaturvs differ greatly in the sun and lo the shade .
(Ciholm, 1904). 90



In the Kun Lun Mountains along the northern border of Tibet,
precipitation is very light except on the western extremeties. The
steepness of slopes results in rapid run-off, particularly on the
northern slopes. Deep but not impassable snow has been encountzred on
the north side of thaz Suget Pass (north of Karakoram Pass in the Aghil
Mountains) in September (Reerich, 1931).

In both northern and western Tibet there is considerable dust,
despite observations that show "very low visibility" occurring less
than 1% of the time (USAWS, 1945), The frequency of cccurrence of low
visibility, however, is no measure of the extent of the extremes nor
abruptness of their onset.

Weather in the high passes is severe; here the exertion of climb-
ing in the rarefied atmosphere, colder temperatures, strong winds, and
snow and ice are stress factors to consider.

Summer winds in the Tibetarn Highlands and in the 4,000-5,000 m
zone immediately bordering them, are largely under control of local
topography, or of the monsoons where they penetrate., High exposed
locations have westerly winds in winter, but some locations are subject
to considerable local terrain control in all seasons. Wind-frequency
tables for stations in the eastern parts of the Tibetan Highlands show
a combination of influences from the summer monsoon, the prevailing west-
erlies of winter, and the diurnal mountain and valley circulationms.

At 4,000 m January temperatures average near 20°F in the east
and south, about 15°F in the wert, 10°F at the northera edge of the
Tibetan Highlands, and less facther north. Nocturnal temperatures and
daytime shade temperatures are, however, by no means so strongly depend-
ent on elevation in January os they are in July. Even in July, when
skies are clear and cold air Jrains into basins or enclosed valleys,
nights are cold in the lower soots due to radiational cooling. Minima
of 5 to 10°F have been reportec,

Precipitation is extremely light, above 5,000 m, due to the
absence of monsoonal influences. Even on slopes exposed to the monsocon,
there is much less precipitation at these levess than at lower
elevations with similar exposures Two supplementary sets of precipi-
tation observations in this zone in the Mount Everest area totaled 17.7
inches for the year (F. Muller, 1938; Pugh, 1962).

a1

et




29

Continuocus observatfons through one wintar and spring ncar 5,700 o
on Ama Dablam (south of Mt, Evercst) yieclded the following data (Pugh,
1962): average January temperature, 9.5°F; April, 19.4°F; absolute
wrinfaum, ~-16,6°F; winds, W to NW, about 22 knots, with calm for threc
wvecks In April; maximum, 35 kt, gurts to nbout 50-60 kt; average relatfve
hunid{ty, 25%Z. Monsoon stormms ended at the beginning of October. There
was little cloudiness, but frequently cumulus form below 5,000 m (n the
afternoon, Note that temperatures were higher than the pradicted 500 mb
level free-air temperatures of 7°F for January, and 10°F for April at thig
latieude; the hefght of the 500 millibar pressure level averages about
5,570 @ (Coldie ot al, 1958), January free-air temperatures range from
7°F along the southern Himalaya to =32°F in the Tien Shan; July temperatures
cange from 28° (30°F, Rangarajan, 1963) in the south to 16° in the Tien
Shan and 10* north of Lake Balkhash,

About 3 percent of the Tibetan Highland 1f{ec above 6,000 m. A ciimate
where mean temperatures in the warmest month do not average above freezing
{s to be expected almost cverywhere, and minimum temperaturcs here are
extrome,

Recent analysis of upper alr observations shows a diffuse, east-west,
warn belt in the upper troposphere over the continent of Asia from 25° to
30° ¥ latitude, with a ~10°F free-air temperature in July near the level
of the summit of Mount Everest (Rangarajan, 1963). This is 3 to 5 degrees
warmer than shown on most upper level maps. An average of about -40°F
may be expected in January, and -36° in April (Goldie et al., 1958; NACA,
1962), Most ascents of Mount Everest have been attempted between April
and early June, when temperatures are higher and winds lighter than in
winter, and snowfall lighter than during the summer monsoon. Pugh (1957)
attributes the choice of this particular season to the fact that the
observed summit temperature (-27°F) and interpolated pressure (333.3 mb)
were both higher than anticipated, The standard pressure and temperature
should not be applied at all altitudes without modification (Kay, 1958},
nor can the seasonal mean be expected on a particular day with no regard
to the scatter of the individual observations. Pugh experienced higher
pressures than shown by the standard tables, both at the lower camps,
where it was measured, and at higher locations, where pressures were
extrapolated ucing temperatures measured at the sites.
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d. Vegetation

(1) The Himalaya

In the 1,500-mile extent of the Himalaya the vegetation
exhibits pronounced changes both altitudinally and lacterally. The high
degree of relief in the Himalaya is responsible for a distinct zonation
of vegetation with increasing elevation, while the increasingly arid
climate toward the north and west causes a change from moist evergreen
forests in the southeast to steppe or dry woodland at equal elevations
in the northwest. Typical of the contrast between east and west is the
fact that bambov is a common element of the forests in the eastern
Himalaya but occurs only rarely in the western part,

The vertical zonation of vegetational types recognized by
Champion (1935) has been followed by many other auchors. In order of
increasing elevation, they are generally in the following sequence in the
central Himalaya (at about 84° E Lat.): (1) tropical moist deciduous
{sal) forest, (2) subtropical pine forest, (3) moist temperate forest,
(4) dry temperate forest, (5) alpine vegetation. The first of these
types is entirely below 2,000 m, while the second e.ceeds 2,000 m only on
southerly fringes, The remaining three types are chown on Map & as Moist
Evergreen Forest, Dry Forest and Woodland, and Thickets and Meadow,
respectively, although a part of the "alpine™ type would fall into the
Steppe category where growth 1s sparse,

At the castern end of the Himalaya, in Assam and northern

Burma, Champion (1936) recognized 2 “northern wet temperate forest"
between 2,000 and 3,000 m, This in part is the type that Stamp {13838},
writing of Burma, termed "mountain vegetatica”, but its moist evergreen
character is ummistakable from Stamp's description:

"The mountains of the north are clothed with dense forest, con-

sisting largely of rhododendren in the higher parts, but cf

pines in some areas."

At the opposite end of the Himalaya, in nerthwestern India
and Kashmir, moist evergreen forests are absent and the Dry Forest and
Woodland types are more prominent above 2,000 w. It should bks noted,
however, that dry valleys can be found throughout the whole extemt of
the Himalaya, even in the eastern part where the climate generaliy is
humid, It is pot uncommon to find a dry valley bottom with steppe
vegetation between slopes covered by moist evergreen forests.
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The vertical zonation of vegetational types in the centrail
Himalaya according to altitudinal and moisture gradients is shown by
Figure 238, which is adapted from a diagram by Kawakita (1956). The
altitudinal ranges c¢f the principal forest species in central Nepal
clearly show the importunce of the 2,000-meter level as a vegetational
boundary: none of the 'tropical’ species of trees extend above this
elevation except the chinkapin, Castanopsis indica, which exceeds it by
only a hundred meters, while none of the coniferous species character-
!stic of the higher elevations grow below the 2,000-meter elevation. The
species exhibiting the widest altitudinal range are the evergreen oak,
Quercus semicarpifolia (from 2,000 to 3,300 m), Pinus griffithii (from
2,100 to 3,800 m), and Rhododendron arborewn and Rh. wrightii (from 1,500
to 3,300 m)., Excepting these, must of the tree species that are character-
istic of either the "subalpine" or the 'temperate" zone do not range very
far beyond the elevational limits of their respective zones.

Kawakita draws the line between his Subalpine and Alpine
zones (i.e., the tree line) at 3,900 m in the central Himalaya. The
trees characteristic of the Subalpine zone - Pinus griffithii, Larix
griffithiana, Abies spectabilis, Juniperus wallichiana, Betula utilis, and
Rhododendron campanulatun - all reach their upper limit at or slightly
below this level. There is one conifer, however, a dwarf juniper
(J. squamata) that grows up to 4,200 m, These limitc agree fairly closely
with those given by Schweinfurth (1957), who reports the upper limits of
trees in the Himalaya at various altitudes from 3,600 to 4,000 m; the
highest tree nearly everywhere is the birch (Betula utilis), which has
been reported at elevations up to 4,200 m,

A very important aspect of the vegetation of the Himalaya is
the extent to which it has been altered by human activities. In Nepal,
for example, the Mahabharat or Lesser Himalavu is intensively cultivated
up to 3,000 m, despite the steepness of the ground, and it is estimated
that only one~third of this area remains in forest (Robbe, 1954). Accord-
ing to Kawakita (1956) the 2,000-meter level is the elevation at which
natural forests begin to appear fairly commonly in central Nepal, the
greater purt of the land below this elevation being utilized for cultiva-
tion, West of the Gandaki Reservoir, Kawakita found the lower limit of
natural forest at about 2,200 m on the eastern side and at about 2,400 m
on the western side. There has been widespread destruction of forests in
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this region, both for firewood and to create pasture land. Further north,
in the Himalaya proper, frequent forest fires have been reported in late
May in the valleys of the upper Marsyandi and the Dudh Khola (northeast
of Annapurna); secondary forests of pine (Pinus griffithii) in these
valleys probably owe their origin to forest fires.

Even at the higher elevations, where forests are discontin-
uous or absent, the vegetation has been considerably altered by grazing.
The effect generally has been to decrease the relative abundance of the
more palatable grasses, to eliminate reproduction of trees, and in some
places to increase the area of barren, unusable land.

(2) Tibetan Highlands

Many small-scale vegetation maps show almost the entire area
ot Tibet as covered by "steppe' or some similar type. Such represent-
ations give an impression of a vast area that is relatively homogeneous
in vegetation and aspect, This impression is erroneous for two reasons.
Firs+ is the considerable variation in mean annual precipitation within
Tibet, with a general decrease from southeast to northwest. Second is
the fact that Tibet is crossed by a large number of transverse mountain
ranges, some of very considerable height. Since there is no significant
vegetation above about 6,000 m, there are large areas, even in southern
Tibet, that must be classified as barren. 1In a2 region where the growing
periocd is short and the conditions vary widely from year to year, there
may be & marked difference in the appearance of the vegetation when seen
at intervals of only a few weeks, or even at the same date in different
years.

One of the best summaries of the geography of Tibet, that

of Yusov (1959), recognized the following categories of vegetation (or its

absence):

(1) FEternal snows and glaciers

(2) Gravel-pebble desert

(3) Vegetation of high mountain deserts

(4) Vegetation of high mountain steppes

(5) Meadow-steppe vegetation

(6, Temperate zone forest

(7) Tropical and subtropical forests

(8) Cultivated vegetation (agricultural regioms)
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The first of these categories is generally atove 6,000 m.
Most of Tibet is shown in Yusov's categories (2) to (5), each occupying
an east-west band arranged from north to south in order of increasing
moisture. The fourth category (high mountain steppes) is the most exten-
sive of these four.

When considered in terms of the categories shown in Map 6
and the criteria used in their differentiation, some consolidation of
these types is possible. Areas of "Negligible Vegetation" include not
only those that are perpetually snow- or ice-covered, but also bare rock
and the gravel-pebble deserts of the northern Chang Thang, where plants
are so few and widely spaced as to have no practical significance. On
the other hand, even Yusov's "high mountain deserts' have a growth of
grass and other herbs durlng a brief period each year and, conmsequently,
they are visited by nomadic herdsmen. Because they provide some forage,
however limited, that could be of use to small military parties as well
as to the indigenous population during part of the year, they can be
regarded as Steppe. The "meadow-steppes” and scme of the "temperate
forests" in Tibet, however, have a similarity to the Thickets and Meadows
in other parts of the study area, although the trees tend to be small
and confined to the valley bcttoms. This seasonal character of the
vegetation in a large part of northern Tibet is well illustrcted by the
following passage from Yusov (p. 130):

"In summer. when the rains come, and snow and ice melt in the

mountains, favorable conditions arise in the Changtang for the

growing of grass; the soils are saturated with moisture, the

water tabie rises, some lakes even turn fresh, . . . In the

aututa, when the thawing of the snows and the rains come to an

ya and the dryness of the air increases, the grass dries out
« the landscapes become completely desert-like.’

Conditions such as those described above seem to prevail
in « large part of the Chang Thang, which may be zlternately a desert,
a steppe, and a region of relatively lush meadows in differeat seascos
or years,

(3) Kun Lun Mountains

The Kun Lun Range is probably the most barren of any in the
entire study area. Particularly on its northern slopes, it is known for
its almost complete absence of vegetation. At the foot of these slopes
is a wide zone of barren piedmont gravels, while higher the slopes are
deeply eroded and all but lacking in vegetation of any kind. Only on the
southern slopes of the range is there a sparse growth that reflacts the
seasonal melting of snows on the higher parts of the range.
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3. THE PAMIR KNOT AND ASSOCIATED RANGES

a. Configuration

The Pamir Knot is an area where several high mountain ranges con-
verge - the Karakoram and Hindu Kush on the south, the Muztagh Ata on the
east, and the Tien Shan on the north. (Maps 19 and 20). The highest
point in the area is Communism Peak (Pik Kommunisma, 7,493 m), formerly
known as Stalin Peak (Pik Stalina) and so designated on Map 19. The Pamir
Knot and the Karakoram~Hindu Kush are considered separately in the dis-
cussions below,

(1) Pamir Knot

The Pamir area has been called a plateau, but in reality it
is composed of a series of nearly parallel, high, broad, alluvial valleys
(pamirs) separated by mountain divides. The average elevation of these
valleys 18 3,600 m and that of the flanking mountains is 4,600 m. 7The
majority of the valleys trend nearly east-west,

The rock types found in the Pamir area range from crystal-
line to slightly altered or unaltered sandstones, shales, and limestones.
Shales and limestone form much of the high relief of the ranges. Salt and
coal beds are found among the various strata, The valley floors are made
up of gravel and sand deposits; some are recent alluvium, some emanate
from landslides, and others are glacial moraines.

In the central portion rf the Pamir region the local relief
is relatively small, probably not cxceeding 1,000 to 2,000 m. To the
west, where valley bottom elevations are much lower, values increase to
nearly 4,000 m, The western flank of the Pamir area is highly dissected
by narrow, steep-sided valleys, some of which contain discontinuous
alluvial terraces. A feuv of these valleys provide access to the high-
level pamirs, but their narrow defiles preclude vehicular ingress. The
broad, gentle alluvial slopes which flank the pamirs may be cut by deep
washes and canyons where landslides are also common,

There 1s easy access to the pamirs along the alluvial
terraces of the Ab-i-Panja River valley to the Great Pamir, Approaches
from the east and north are difficult, because here deep, narrow canyons
and valleys provide the only access through the flanking ranges. The
pamirs themselves provide little hindrance to large scale movement,
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They can be described as smoothly-contoured troughs framed on both sides
by snowcapped mountains, The streams which flow in the Pamirs have not
cut deeply into the sand and gravels and they wander sluggishly in a
braided fashion across the valley floors.

The major east-west-trending pamirs range in length from
40 km (Rang Kul) to 200 km (Sarez), in width from 1 to 25 lm, and are
approximately 30-40 km apart. Bottom elevations range between 3,000 and
4,000 m and low points in each pamir are commonly occupied by a lake or
dry lake bed., The largest of these is Kara Kul which occupies almost the
entire Karagash Pamir,

The two north~-south-trending pamirs are in most respects
similar to the others. They are longer (110 to 130 km), have more
sinuous alignment, and lack lakes of any size. They lie to the east of
the east-west trending group and separated from it by a mountain range
called the Sarykol.

In the Pamir area, just as on the Tibetan Plateau, there are
few major obstacles to movement once the difficult approaches have been
traversed. Thus from the standpoint of mobility and defense, the terrain
favors the defendex. The east-west~trending pamirs are subject to sudden
strong winds and dust storms which are hindrances. These are not found
in the major north-south-trending valleys,

There is a substantial area covered by glaciers in the
Pamirs, shown on Map 21. The total area of ice and firn is estimated
at 8,041 square km (American Geographical Society, 1958, Part 7a).

(2) Karakoram~Hindu Kush

The belt of the Karakorasm-Hindu Kush extends in an arc over
1,000 km long from its eastern terminus at Lake Ngombo, Tibet, northwest
through Kashmir, westward through northern Pakistan to the Afghanisten
border, and theuce southwest into Afghanistan, terminating in the
Koh-1-Baba Range,

The major drainage is tributary to the Indus River. The
region also has a northward drainage to the Tarim Basin via the Yarkand
River. The general elevation of the valley floors is higher than dn the
Creat Himalays, and stream density 18 greater, The division of the valley
cross-gections into a "V"-ghaped lower segment and a broad U-shaped upper
segment ig not as sapparent as in the Himalaya; however, glaciers and ice
fields are more extensive,
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The Karakoram Range is high and perhaps more impressive than
the Great Himalaya because of the intense glacial action. The range is
highest in the east where local relief is generally between 1,500 and
3,200 m, decreasing westward to between 900 arni 2,700 m in the western
Karakoram and in the Hindu Kush. Total relief from the zummit of K-2
(Mt. Godwin-Austen) down to the Sudus River, just 10C miles couth, is
nearly 7,900 m.

Particularly in the Karakoram Range, most uf the large
rivers «nd some of their tributaries flow in rather broad "U'~shaped
valleys, vhose headwater valleys are generally above 3,000 m. “hne
streams are usually breided and flow on glacial outwash sands and gravels.
Many of rhe valleys are terraced. In the Karakoram especially; 1-usf of
the headwaters originate at glacicrs (Fig. 22) and have gentle gradients.

Most of the large rivers and their tributaries axe subject to
severe and sudden flooding, which usually iz the result of sudden
releases of glacier or moraine dammed lakes. Rock falls and debris ava-
lanches are commen in all valleys. Unique to the Karakoram are the broad
lateral drainage channels which run parallel to the glacier tongues,
between the ice and the rock walls. These channels are flat flcored,
ranging in width from tens of meters to several hundred meters, and con-
tain braided streams flowing with gentle gradients over alluvial and out-
wash gravels. Such channels are longest and mos: distinct at the foot of
south-facing slopes marginal to eact-west truending glaciers. Though in
some cases they provide easy access t'ays to passes, all are subject to
great diurnal rariations in stream height.

The Hindu Kush are for the most part much less rugged than
the Karakoram and display an arid morphology. Individual ranges are
flanked by alluvial fans and talus. The mz2jor valleys are terraced and
usually broad near the head waters. Where they pass through the ranges
they become canyons. Movement through the Hindu Kush, particularly in
the Afghan Hindu Kush, is relatively easy. The only serious impediments
to movement are the numerous dry washes which cut the alluvial fans and
pediments. In the Karakcrem, personnzl and vehicular movement would be
restricted to the major stream valleys such as those of the Indus, Shyok,
and Nubra systems. Periodically, movement will be rendered hazardous by
possible landslides and flooding. Qq
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In broad valley bottoms coarse gravel and sand are overlain
in sany areas by fine silts. In general, the coarser materials are
above the valley bottoms and near the glaciers.

b, Water supply

Perennial streams and lakes occur in the central and eastern
section of the Pamir region, Many of these are fed from glaciers and
have a large discharge during the spring freshet. Rivers of the indi-
vidual Pamirs have low gradients and are interrupted or bordered by
swanps, Flooding during the freshet probably occurs along most of these
rivers. The more arid eastern section has few perennial streams and
many of the smaller streams go dry during the summer months.

In the Karakoram all glacially fed streams show both seasonal
and diurnal high water stages, Channel shifts and local deepening and
filling of channels usually accompany high water stages in the braided
drainage. Infrequent catastrophic flooding occurs, particularly in the
Shyok drainage.

The water from the major drainages, at least, will be heavily
laden with silt and clay during the hiighwater periods. In the melt
period the quantity of fine sediment is least during the early morning
hours. In the desert ranges of the Hindu Kush, water shortage and saline
or alkaline water can be expacted.

c. Climate

Moist air from the Mediterranean and iWorth Atlantic reaches the
western Pamirs, particularly during winter and early spring, penetrating
only weakly into the deep west-east~oriented valleys., The nigh valleys
(pamirs) and all the eastern slopes are very dry, with strong west winds
ond blowing dust, In spite of the aridity, however, swampy areas occur
around the lakes. The line dividing the -.estern Pamixs, which have con-
siderable winter snow cover, from the eastern Pamirs, with almost none,
corresponds closely to the 10-inch isohyet. Jn some areas it is barren
just below the firn line. Summer temperatures above 80°F occur in the
deep, protected valleys on the western sfﬁeoof the Pamirs.
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In the Pamirs, the perennial snow line lies within the 4,000~
to 5,000-meter zone, The western slopes of the north-south ranges and
the southern slopes of the Alal Range have considerable snowfall, but
leas total precipitation than the 50-60 inches that fall on the lower
exposed slopes near 2,000 m, Autumn is the driest season at all levels;
a spring precipication maximum is characteristic in the lower zones, and
summer showers occur more frequently in the higher zone.

Both the Mustagh Ata Range and the high Pamirs are very dry.
Observations were made from 14 June through 26 September 1958 at a 4,200 m
site in the eastarn Pamirs (Tadzhikov, 1963), In July temperatures
averaged 50°F and minima below freezing were recorded. The maximum
diurnal range of 35°F occurred in September. Relative humidity averaged
33%, but ranged 93 percentage points in July and August., Sudden, brief,
violent storms occurred occasionally. Wind speed was most frequently
3 to 10 knots, with a maximum near 30 knotg, Graupel was the most
frequent type of precipitation in showers, although one hail stone 0.2
inch in diameter was reported. Snow accumulation of 2 to 3 inches occurred
twice. Cloud cover was less than 20% on 29 of the 105 days, and 44 days were
overcast. Wind was frequently accompanied by dust clouds from various
d1xeoctions,

4. Vegetation
" (1) Pamirs

The Pamirs have a treeless surface in which meadow, sparse
steppe, and barren ground are all present. The vegetation of the Pamir
Piateeu is described as follows by Berg (1950, p. 186):

"The vegetation is sparse, and the mountain slopes, as well as

the valleys, are far from covered with verdure, Among the
characteristic plants are the small squat halophytic under-

shrub, 01d World winter fat (Eurotia ceratoides, native to the
stony desert of the Pemirs), which is used for fuel;

Acantholimon diapensioides, which is flattened in the form of

a cushion, and rise 3 to 5 cm above the stony soil; the cushion-
shaped legume, crazyweed (Oxytropis); the high mountain polyn,
Artemisia skorniakovii; and the feather grass Stipa orientalis . ..
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Lichens and mosses grow on the "Takyrs";* sometimes they cover
as much as half the surface. On the solonchaks there are very
few plants; one of them is the annual crucifer Dilophia
ebracteata. In moist places in the valleys there are cobresia
meadows; solonchak sedge meadows are common. But there are al-
pine meadows as well."

Only in the western part of the Pamirs which has a somewhat
more abundant vegetation than the eastern part are trees found. There
are birch and cottonwood trees along the streams, and open forests of
junipers on the slopes. Orchards of apricot, pear, and mulberry are cul-
tivated in valleys up to an elevation of 3,500 m (Mirov, 1951). The
tree line in these mountains varies from 3,400 m to 3,600 m (Hermes, 1955).

(2) The Karakoram

In the Karakoram the zonation and types of vegetation are
much like those of the western Himalaya. The pattern of vegetation
types in the northwestern portion of this range, in the vicinity of the
Hunza Valley and Rakaposhi Peak, is shown on Map 23A as mapped by Paffen
(1956). 1In thiis particular area, the Steppe largely consists of artemisia,
while Dry Forest and Woodland is similar to steppe but has a scattered
growth of Juriper trees (J. semiglobosa). 1In a few localities thte Dry
Woodland consists of Pinus gerardiana or Quercus ilex. The Moist Ever-
green forest contains denser stands of juniper or spruce (Picea morinda),
pine (Pinus excelsa), or fir (Abies webbiana). At higher elevations thz
Thickets and Meadows include alpine meadows and thickets of birch and
mountain-ash,

In the middle Karakoram the tree line is found at 3,500 to
3,600 m (Hermes, 1955). This is somewhat lower than in the Himalaya,
and there is a wider altitudinal gap between the tree line and the snow
line, which has an average elevation of about 5,500 m.
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*Takyr (Russian): "The flat-floored bottom of an undrained desert

basin becoming at times a shallow lake, which on evaporatior, may
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(3) The Hindu Kush

The Hindu Kush is described by Stamp (1959) as "entirely
barren and uninhabited." This is only a slight exaggeration, as there
are small areas of irrigated agriculture in some of the mountain
velleys, and some of the mountain slopes have a sparse growth of grass
that can be classified as steppe, Trees are absent except on the lower
southeastern flanks of the range where there is some monsoonal rainfall.
Where such rainfall is sufficient, there are coniferous forests of
deodar, pine, and larch., The tree line on the Safed Koh (a.ith of che
Kabul River) has been reported at 3,300 to 3,500 m, about 1,100 to 1,200 mn,
below the snow line (Hermes, 1955).

4, THE TIEN SHAN AND ASSCCIATED RANGES

a. Configuration

The Tien Shan and its associated ranges (Maps 24 and 25) extend
for more than 2,500 km, from just east of Samarkand eastward through
the Korlik Range in the Gobi. The system trends northeast and east from
the Pamir Knot and has three major spurs projecting westward into the
Soviet Union, These are the Boro Horo Range (Boro Horo Uuia) farthest
north; a szries of parallel ranges on both sides and west of the Issyk
Kul terminating in the Talas Range (Talasskiy Ala-Tau); and the Alai
Ranges nf Trukestan between the Syr and Amu Rivers, These ranges and
spurs border the major drainage basins of the Ili, Chu, and Syr rivers.

The Tien Shan is the highest mountain range north of Tibet, with
crests varying between 3,000 and 6,000 m high and an average elevation of
about 4,000 m. The highest peak (Pik Pobedy) is 7,444 m in elevation.

In a general way, elevations decrease from west to east, as does the
total area above 3,000 m, The variation in total relief is large, ex-
ceeding 5,000 m south of the crest line, althovgh generally it is less

than 3,000 m.

Though rugged, the Tien Shan complex containz many high, gently
rolling plains and broad valleys with alpine meadows. These upland
plains are generally above 3,000 m. Travel thrcugh the mountains is not
difficult because of the broad, east-west trending intermontane valleys
and the terraced or open valleys leading from the south and north to the
high passes {i.e., those exceeding 4,000 m)., On the lower slopes, prin-
cipally on the south side of the range, are mzny narrow, steep-sided
valleys which may be seasonally impassable due to rapid snowmelt in the

highlands. 1 0 I-{




Host of the perennisl drainage iz on the moister, north-facing
slopes. The valleys of the major rivers are long, broad, and [loored
vith alluvial sands and gravels. Valley bottoms are betwveen 500 and
1,000 & in elevation, excupt in headvater areas where they nay be nearly
3,000 m high. 1n zhe lower portions of these vallays sre extensive
arcas of sarsh close to the streass; elsevhere dune [{elds end desert
pavements flank the rivers. Terraces of widely ranging heights above the

river level occur along these streams, principally in their middle courses.

The dowvnstrean, uninterrupted terraces provide excellent sites for roads.
In wnaller valleys, particularly those not affected by mountain glacfers,
the valley bottoms are narrow, rock-filled, and unterraced in both their
upper and niddle courses,

b. Mater supply

North of the crest-line of the Tien Shan, particularly above
3,000 », procurement of reliable fresh water presents no problem. The
large strecams are probably subject to flooding during the spring freshet.
South of the divide, reliable fresh water is less abundant. Omly streazs
discharging from glacial sources can be relied upon during late sumser
and fall. Many of the swvamps and lakes south of the range sre saline ovr
brackish.

¢. Clinate

In the Tien Shan, the slopes bordering the Tarim Basin are
extremely arid. Light summer precipitation in the eastern parts of the
ranges increases westward, becomes irregulsrly distributed with respect
to season in the inner ranges, and then changes to a spring maximun on
the lower parts of the western slopes. The snowline, which is above
4,000 u in the central Tien Shan, is lower in the vetter we¢steran parts.
It i3 located between 3,700 and 3,900 m in the Trang-Ali{ (Northern
Panirs), vhere precipitation at 3,000 m totals atout 30 inches a yesr.
Moist air striking the western and cold northern slopes of the Talas
and Dzungarian Ranges (Talaskiiy and Dzungarian Ala-Tau), produces
considerable snowfall, particularly during winter and ecarly spring.

Fow climatic observations above 2,000 m are availadle, but a two-
year tecord at 3,400 m on the Tujukeu Glscier (betveen Alma Ata and the
1ssyk Kul) shows 30-36 inches of annual precipitation (S. MHuller, 1967).
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Older records from Tien Shanskeys at 3,614 m sbout 100 niles to the
soatheast, show 11 lnches (Flohn, 1958}, Farther vest, ptecipitation
{s greater on the northern slopes of the Tien Shan, reaching €0 inches
ca the Valas Range (Suslov, 1961).

Aloa-Ata (848 m) has 0 days with snowfall and 111 with snow
cover, vhile neardby, Medoo Mydro Station (1,529 m) and Crest Alma~-Atenka
See (2,311 m) have 153 and 187 days with snow cover, respectively
(S, Maller, 1961). Snow cover days around Aktash (near Teshkent) total
100 to 1350, Average temperatures, cheutved by balloon soundings in the
fre¢ air above Aktash, range in July {rom 50°F at 3,000 m to 1B°F st
5,500 8, and In January from +16°F to ~1)°F, Hean monthly surface tem-
petatures near 3,500 m, at Tujuksu Clacier and Tien Shanskayas, agree
vith free alr temperatures in July. 1In January, Tien Shanskays is 20
degrevs colder than both the free air and Tujuksu., This is probably too
witrene o difference to he representative, since station records were
for short periods, July temperatures at the Tujuksu Glacier and Tien
Shanskaya are similar,

Throughout the Tien Jhan it 1is fair to generalize that the
climate 1s severe, with precspitation occurring predominantly in summer.
In some parts the snow line extends below 4,000 m. On the northern edge
of the Tarim Basin, the 2,000 m contour forms gn appropriate divide between
the desert below and steppe climates above, Farther north, ateppe con~
ditions occur along the borders of both the Dzungarian and the Kobdo Basins.

d. Vegetation

The predominant vegetation of the Tien Shan, above the 2,000~
oveler elevation, consists of mesdows snd scattored thickets or groves of
tregs. Lover ulevations are comparatively dry and have a steppe
vegetation, but incrassing elevation brings incrensing precipitation
until the intermediate altitudes have good pastures and a certain smount
of woody vegetation. There are, however, few forests of much extent.
In sone places there is a forest-steppe zone where various species of
trees grov in copses (thickets). This scarcity of forests is in part a
reflection of the limitetions of the natural asnvitomsent and partly a
result of fires, over-cutting, and overgrazing of the land,
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The trees that ace found in the Tien Shan present 2 contrast,
in some respects, to those of the Himalaya. There are no pines or ozks,
these gpecies being replaced in similar habitats by the wide-ranging
juniper (J. semiglobosu). Spruce and fir are represented in the eastern
Tien Shan by the Ti=n Shan spruce (Picea schrenkicna) and Turkestan fir
(Abies semenowi). They do not occupy largz areas any place in these
mountains, but locally there are dense spruce forests between 1,850 and
2,850 m in the Kungei Raunge (Kungel Ala-Tau) north of the Issyk Kul, ana
on the northern slopes of the Terskey Range (Terskey Ala-Tau) south of
the Issyk Kul at elevations between 2,100 and 2,800 m. Where *hese two
ranges converge farther cast, spruce is found between 1,800 and 2,80 v
(Berg, 1950), WNorth of the Tien Shan proper, spruce and fir both grow
on the northern slopes of the Dzungarian Range between 1,500 and 2,300 m.
Juniper grows at higher elevations tharn spruce or fir; lts upper limit
is about 3,000 m, South of the Dzungarian Range the forasts of sprucse,
fir, and juniper tend to grow ic open, park~like stands, They 212 of
value both as a source of fuel and as a check on erosion,

In many of the groves and thickets of the Tien 3han, deciduous
trees are more preminent than in the forests of the Himalayas. Scrub
thickets of hawthorn (Crataegug spp.), apple, and other rogaceovs
species atre common throughdut. In the extreme southwest of the region
there are forests of maple (Acer turkestanicum) ond walnut (Juglons
Ffallax) up to 2,200 m, while from 2,200 to 2,700 m there are scTubby
groves of maple, juniper, plum, honeysuckle, and rosa (Miroev, 195.).

The zone of subalpine meadcws, as distirguished from “low-
mountain meadow', begins at varying altitudes. In the Fergana Range
along the east flank of the Fargana Baslin they appear at 2,500 to 2,700 m,
and in the Alai Valley {Dolina Alayskaya) at 3,100 to 3,200 u (Berg,
1950). It is in this zone, or & little sbove it, that the scattered
stands of spruce, fir, or juniper grow. The herbaceous vegetation of
these meadows is not as tall as that of the lower mountain meadows, but
it is relatively abundant.

The elevation of the tree line in the 1ien Shan is giver by
Susiov (1961} as 3,000 to 3,500 m. Above this level are alpine meadows
of sedge (chiefliy cobresia), flowering plants such as edslweiss, and

semi-shrubs such as saxifrage and rock jasmine, which grow among the rocks.

107

37




37

Hermes (1955) gives the following tree~line elevations in this region:
the Kirghiz Range (Kirgizkiy Khrebet) west of the Issyk Kul, 2,800~
2,900 m; the Khan Tengri Massaif ESE of the Issyk Kul, 3,000 m; the
Khalik Range (Khalik Tau) immediately east uvf the Khan Terigri, 2,800 m;
and the Bogdo Range (Bogdo Uula) north of the Turfan Depression, 2700-
2,800 m, The Dzungarian Range (Dzungarskiy Ala~Tau) at approximately
45° N latitude, has its tree line at 2,500 m, at least in the central
part.

5. THE MONGOLIAN HIGHLANDS

a. Configuration

In this section are discussed all of the higher areas northeast
of the Dzungarian Gate, a low pass which forms & natural topographic
break at about 45°N, It includes the Altai Mountains, on the border
between Sinkiang and Mongolia, the other uplands in Mongolia, and the
Sayan Mountains of the Tuva region near the border between Mongolia and
the USSR. The mountains of Mongolia exceed 3,000 m only over a compar~
atively small area, and they are tharefore of only secondary concern in
this study. For this reason, there is no detailed map of the Mongolian
Highlands in this report, and the reader is referred to Mep 1 for the
main physiographic features.

Immediately northeast of the Dzungarian Gate rises tke minor
Tarbagatay Range (Sai-1l{ Shan), with a maximum elevation slightly above
2,800 meters facing the markedly higher Altai Mountaine scross the
Ireysh river basin,

From their highest peak, Kutiun (4,653 m), where the borders of
the U.S.5.R., Sinkiang, and Mongolia meet, the Altai Mountains stretch
in a slender arc for nearly 750 miles southeastward to the outlying
Cobi Altai (43° N, 105° E). Several peaks exceed 4,000 meters in the
western half, but summit elevations in general are lower toward the
southeast and the average height of peaks throughout the system is
somewhat less than 3,000 meters. There are a number of spur and
satellite ranges associated with the Altai, the most prominent being the
Tannu Ola which arcs east—-northeastward along the Soviet-Mongolian border
forming a divide between the Tuva Basin and Ubsa Nuur (lake) in the so-
called Valley of the Great Lakes or Kobdo Basin.
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The rocks of the Altai are for the most part crystalline and
sedimentary. Typically, sandstones and conglomerates have been comPle‘felY
deformed and intruded by fine-grained crystalline rocks. Volcanic action
has a2lso occurred here.

The highlands which extend north and west of Kutium, in the
Soviet Union, have rounded summits which rise several hundred metere above
the surroundipg felsemmeer (rock slab upland). Although this upland is
little dissected, travel across it would be greatly hampered by the coarse,
tlocky surface. Streams in this area drain mainly into the Ob River
through deep, steep-sided gorges which are without terraces aad difficult
to ford.

The high, northwestern mountains of the Altai have been dissected
by glaciers into cirques and aré%es, and much of the area is covered with
permanent snow and ice fields, Near Kutiun Peak the streams head in
small upland lakes or glaciers and descend into the Kobdo Basin via deep
gorges. Personnel movement in this area would be difficult, and
vehicular movement would not be possible except in the lower reaches of
the canyons.

North of Ubsa Nuur, the Tannu-0Ola Mountains rise zbruptly. These
mountains have broad, flat passes which average only about 1,000 m in
elevation. The mountains aave a hogback form with the steeper side
facing gouth, Movement across them from the upper Yenisei Valley would
be virtually unrestricted.

East of the Kobdo Basin rise the Hangai Mountains (Hingayn Nuruu) .
They are essentially a high, dissected plain, 1,000 to 1,500 m above the
surrounding lowlands, with bald, roundsd mountains rising several
hundred to 1,000 m asbove. Streams draining southeastward and westward
from these uplands flow through narrow canyons onto and across broad
alluvial siopes. Many of the streams have narrow, high-level terraces
and some have cut canyous as much as 90 m deesp into the soft alluvial
sediments., Movement in the Hangai region is almost uunrestricted, but the
terrain offers little concealment. -

‘-

b. Kater supply

The northern portions of the Tannu-Ola Range and Hangai Mountains
are drained by the Yenisei River system (Tuva Basin area). The eastern
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parts of the Hangai and the Sayan Mountains drain into Lake Baikal
through largec, broad rivers. The western end of the Altai is drained
by the Ob tributaries and the Irtysh River through Lake Zaysan. The
drainage of the eastern slopes of the Altal and the western slopes of
the Hangai Mountains drain to interior basins and saline lakes.
Reliable fresh water sources are found in the Altai mountains and above
2,000 m in the Hangai Mountains.

¢, Climate

The northwestern slopes uvf the Altai and the northern slopes
of the western Sayans are exposed to moist air which; in spite of ite
distant source, produces considerable precipitation ae it is 1liftcd over
the mountain slopes., teavient orecipitation occurs below 2,000 m
(Mirov, 1951). In the western Altai, about one-third of the precipi-
tation occurs as snow, most of which remains on the mountains during the
long period of low temperatures, Abundant snowfall and westerly winds
produce 10-14 foot accumulations on some northern and western slcpes
(Suslov, 1961) but shielded basins and canyas (e,g. Kusnetsk, Minusinsk,
and Tuva Basins) have little snow and a thin snow cover, Very cold
nocturnal temperatures occur during calms, Warm dry fohn winds
occasionally modify the climate of certain valleys and enclosed basins.

The higher parts of the Altai have snowstorms accompanied by cold
winds in all seasons; even though precipitation decreases eastward,
the eastern Sayans have less than a month with no snowfall. Snowlines
are about 300 m lower on the northern slopes than on the southern, and
are lower in the western mountains than in the east (von Wissmann, 1960).
There is considerable snow on slopes at the eastern end of the Tuva
Basin, More than 20 inches have been reported as persisting for three or
four months at Tannu-Ola Pass. Olenya Rechka station in the Sayans has
255 days with snow cover; depths in that area reach 84 to 99 inches
(Suslov, 1961).

Observations are scarce above 2,000 m in Siberia and Mongolia.
They are primarily observations of glacier distribution. Extrapolation
from station records below 2,000 m by use of lapse rates must be made
with caution because maximum temperatures during inversions occur below
2,000 m, as does the maximum precipitation (in the north and west).
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July mean temperatures average in the low 50's (F) and January
mean temperatures average approximately -20°F. The mean daily tempera-
ture range is estimated to be about 20 F° with larger ranges below
2,000 m elevation, where diurnal changes of 50 F° in a day are not un-
common, and ranges of 70 F° have been reported (Murzaev, 1950). The
annual extremes in this area are approximately between 100°F and -60°F.

Glacier climate, with no month averaging above freezing, occurs
as low as 3,000 m, alchough areas above 3,300 m in Siberia and Mongolia
are small and few observations are available. 1In places, tundra climate
extends down to 2,000 m. Timberiine reaches above 2,000 m only in the
Southeastern parts cf the Altai. The southeastern end of the Altai is
more arid than the northwestern end and only the highest elevations have
pesmanent snow.

d. Vegetation

Since these mountains derive their moisture chiefly from northerly
winds, the south-facing slopes tend to be drier than those with a northern
exposure. As in the Tjen Shan, the lower elevations hzve a predominantly
steppe vegetation which extends above 2,000 m on some of the southern
slopes. un the northern side, however, the mountain forests are an exten-
sion of the spruce-fir forests of the Siberian taiga. Some of these
forests extend above 2,000 m on the northern slopes, but the character-
istic vegetation above that elevation is one of coniferous thickets and
subalpine meadows., The conifers here are the same species as those found
in the taiga: Siberian fir (Abies siberiaa), spruce {Picea obovata), and
cembra pine (Pinus cembral, which is uae of the white pine group although
it is referred to in Ruseia as Kedr. Larch, which is also a prominent
component of the taiga, does not gr«w abeve 2,000 m, nor does the cemmon
or Scot's pine (Pinus sylvestris), but cembra pine grows to an elevation
of 2,600 m (Mirov, 1951). The subalpine meadows which occur in conjunction
#ith the coniferous stands contain larkspur, cowparsnip, and other tall
herbaceous plants.

The tree line, marking the bouncary hetween the subalpine and
alpine zones, is found between 2,000 and 2,400 m. Above this elevation
there ar> alpine meadows with a short growing period and less weil
developed vegetation than those below, and above 2,800-3,000 m these
meadows give way to tundra similar to that of the Arctic. Above 3,300 m
t.ere are no plants excepc Lichens.

111

35




b o] A ONRAY

SINO-BURMESE RANG oy

PHYSICAL FEATURES

e CNTERNATIONAL BOUNDARILE

{273 Disputed zone

- MAJOR CITY {Agproximate Extent) ———

SECONDARY MUNICIPALITY

1] IMPORY. NT TOWNS

A Pecks and Spot Heigh's {Elevations in Meters)

4  Foses {Elevetons n merers)

! MAJOR TERRAMN FEATURES

W Pk w1 ke Srard e

CONTOUR INTERVAL - 1602 METERS {Notated in "newsads;

1 SCAY

£ o

VALLLYS RANGES ETC .

v‘
" ASOR KOADS ﬁ‘bg x 579' Wraa

SLIONDARY ROADS

IMPORTANT TRACKS AND TRAIY P v chung
Y, Shepu
4724

f;
S

" Koo sha, ~—
‘00;;3\\ Z

N )

i . = I e
Flemgs "ﬁcug To
?}X‘ ;"37

A .

LONEST CONTGUR SHOWN 15 2003 WEFERS ¥ A 450 {35
i 1 R -
e o TR Iy \"’,.Cﬁeh[f ¢ Jon 2 2
Ve ’g:«j‘f —*1:3; ‘ﬁlﬁﬁrs“@ézf-;@"fgggyt‘*z—ﬁ
b{'\;i‘;;i?z) -‘?55 l-)zo;w i .-f-:-,lho:fvd‘ \ 4‘
599 Z {1206 4755 RN
P o . / C N
’“4397 a
N \.'G“ L i
N ! ’;:?amm H \»“ ‘?4538

\\ ‘N..w %490 A
eyer J'ﬁ% - t‘mm T\M'.é_m: R
- A -~ NG
ORI P> G
é3{§“‘N i Radwa i 3 z
a’ﬁé”b &Hsk’\g Lorg\ v

. -

pcng un M\!L\!') 3 ': f ‘\.\

-

=
®

i

&...5
3 L .
A; b
At L L Heolokdgl i N
A Matsihku 23872 H ": = .{oo chi 5
3567 ! #3 oS5 .ng~u’o!
Bumhoa - g7 Z !
a8 = 5 t ~ ’
:341, N 3 P . -
: 7 - §4028 3 A
< 3 \Shon ngaw, 2 = ... .
C N 34718 S ¥

AN o
gAW Sir r(cshoﬁg
,:\ Koubr ‘?5?&

T A £

rd .

e

. = i
lung 7 Panmou’v‘
EYEETY 20863 -
s a Y I
‘a'}y N, el
— 22 N gt
~ [
b T




lou ;hon '//

);ma m

~ ! P &Mt Gtosvenor o
) /Ychmk% { 2N } Omeish
inyd Konko s NY 2 3 Omesshon
//\é‘a 7592 Fesyver * 7

mabe Tobsiong 3353

<
Lac :h;m g\%:\\ye‘lx

S ysg‘Hsmo pai-
ts a0 mg

Wu-ht xq
‘3m

R

-

;7'

&J'm

%
SKUN

(Fun

)

T mr g e

¥

L]

‘ Scn ¢higo

»
;e
~

\P.htf'St

ol




e

e

Y i -
[ R ] \, §AONG 43U
by — Y" weky £ PEorh oA LI
L\ LAY iy P R
KANPETLET @ 40 o P
!‘ [} 1 { 38
o FiE N
‘ o e L‘;
- " i N
rmwteaslya— "

“.

Yo

",

iy

P

o

b )

R

HANOI NATIONAL CAPITAL 1MPHAL
——— =

- MAJOR LITY {Approximate wx'ent)

e SECONDAR: MUNIGIPALITY

- -
L ] T T T I
~ SINO-BURMESE RANGES | |~
CULTURAL FEATURES e AN -«
‘ - TEONAL BC — —  PFOVINCIAL 80UNTARIES e \"iﬂ..\
73 Oisputed zone 13 o, . :

L IMPORTANT DWNS

RALROADS X AIRPORT
—————— RAAROADS UNDER CONST ulti3m X LANDING FELD
O e Horer o s e S Numg, e T ~or -

PROVINCIAL CAPITALS .

MAIOR ROADS
SECONDARY ROADS

tMPORTANT TRACKS AND TRANIS

AIRCORT WITH JET FACHLITIES

-
®
-
=2
ik
.
'\\v-’

/

TONCSA DIONG,

s

{(BHUTANY

1
1=
j
|

A | LA S
: “(‘“«_..i,.--‘mc’:C:{_ﬁ'DZChG [T ,
! S ] /\:\:
B o— R
. g Y N
DAY
N

RIS PP oL WY o
e Fm

3

B\JN[(‘{’,‘i
o

|

57

1( i N | s 3
1 ! S H Y <t
i - KR Lol - [ P DAMRO H
H P SNt T . [H 4 /
e ~ = : N Lol #
™. F ™ ' S e P4 /
——— / MARA @ \,‘-‘ AL~ 20T NIZAMGHATY
B e | B Toaongl Ay
= L — ! DV
sAL LT } )
e NN

Y
S,

PLT

[
—U \ :'A R MONG it B
nc;_?cx

RONGYU P~

N )
Va1

’

- HANG i!:',r‘me;(
.

J S,

o

.:n,y R AY
e

Mg
v
i

A

HE 'y
{ 3
N \
- Y
o
. > A
iz [
= Crib (M T
o { .
~ P
s H
= s
YAN

: NuA%/C;BEC/"UI/
= YUNGRING &
-

e

Srak VANG CHEN

BAWDWING

R
# . LUNG-UNG

N
() : LY
«

z‘y.NG FAN CHiE:
-

4T

by ",\

o S {
AWaN NAMLET g
AN B LM AWENG Yn
e




107

136 il
T
1 \

¥

H
/
H
’cwuc HUA
g

7
&
5

INTA Hsisn
; <
t
!

Lty HO NG SHAN . S
e S
S, 2 N wAN HSIE
/ . iy ‘ __.MQU KUNG
b 2 5__*& G A KO ChEn
U I i
——t g r TAN P4, A ! o
H § - A, AN i :
H 3 he L | ! i §
H N H i o { i
N : 3 : Y
; L 5 H . i |
1 \f A H AN 3}
H . N /
2 A

3 /
} . Iy
{ ' /70 HSING
Noeooo -
Lo
J

ELSHAN

A A N
CNG CH’lNG 'f'
7 QA .
N
iy MRANG CHING H i
‘ ‘\ NAN CH UAN . i
J \ ‘ [,
2 ‘_)' 7 LR
—— 3 AN SHOU CHAN, -
\ ¢ . v hed
=z (’ 3 i ) nl
i P I e e e T THIU LUNG 4 no‘ CHIARG : !
é‘ _: ) : : 7 f :\ '~ e f
£ \ ' ! l,’ . \l 3 CHENG AN
1 i ¢ , - ISUNG X AN '
Vol ' . a N Lol
P 1 \ B¢ junG ’ ! |
B T \ \Tq ; .
AIE CHIN PR — i 2 !
/ -9 T
—_ v . A TUNG T2 Tl
. o4 { . . < y TUN LIEN / 5, ] 5eNG KANG
O S . e ) .
4 A U - ' “g‘ =~ FYEN CHING__ ._,{:4‘:'-‘-—/— — l SUbYAN '
v N ; 7 o — *7945:[147[1“7"%' A 7 . q g
— %X ]| I A / ol ~ T OU 'C'i CH O SHUI N ®,EN HUAl Jany
e m—— . n - LG TSUNA N
AP = N o P - ‘HSR cH ANG YUNG sn}}- - . o /,.,«?CHW SHUIH ;
z ? CNUNGrTlENQ" -{ "4?_, ~. o] CPrurg Ha u" TA KUANG “ - |__; ; R HULLUNG E&MNG%
\ TUNG NING ; Y o4 % Umrvar - 2 A ! CHIl SHA ® pyan chi LS i
1AL A ’. ' Tu ¢ < N A { y ;
- e 2 w FuHa y B S :
& TN ' Vg 5 e |
o * \ N Y I . - N i
[ NS ~ . \eruro S S440 T NG, AN \ s FLCHIE e :
P R/ . YEN YUAN v C4 aNG ty o > s NG
WY TIEN H 1A% N ,l' ' I Iy st FENG Y™ WENG AN iy cnouln
~ Nechy iew N (u TEN ll a S Ay A TNG . LFENG X hore Al YANG
' S, - i s - N HO Caad G vl | ,“_guﬁmqw MN ENLHSE—— NNuA PZ;U»ANG ?iNGY |
- » > \ H N - ' _ — T s ~ CHUNG AN
: Wt Nt N H : NING NAiA B - (R e o ~ N { A <n NG s, ‘
b i S, - — i— — -1 ] ¥ h b '\’ s
o e S b 3 3 EnPIEN CHIAQTHIA (’Ta aid i PWELNING + ’
3 - . ~ ‘ g N
{ I [ L-CHIANG NS Fand W A p !
. N ¥ ! R
3 i 2 TUNG TIEN E - 'Y .] 1
12 [N o H W YUNG SHENG ! H A\ H
% - : CHAL P N !
B ‘ . . cH A = . = :
¢ H L= cHiENCH yan @5 PHAC R N,(hxng e § & HUL SE X !
kW3 H [ 4 " ' Dot - : :
. E/ H C v SUNG KUET CHiER (o0 LA CHA 9 L dgrsuan weu) n
\ Z D Y s 9 i ]
1 Vot Y = €91 14 C l
. i ” p: LA CHA o :
5 [ P L e 1y Qcmu TA T ANG i
HoTA 3 [ cnr it N M [ ) T SHAN,
o HIY CHETAY H YUNG £ —r = ) N o
H z ¥ \— i } WPING TAKG - N
1 = + G HENG CH AN "+~ ¥
1 » ! - J 2, AN!ﬁs; TH ANG
Vol g . ven rmol ¢ !
o \ e A\Q o Ha -~ b ; e,
a - 2 PRSI,
. ‘.__..,--.,} \ u Ta YAQ i WAN 1 \ U PgE
o YANG ¢ RROTIN | RN :
: I N NS\A:G\ViN YAD AN o7 QKA U CHING N gw
o RUANG ey HS{A KUAN ! | Y
21 yuneeinG & ; BLHING HUA TUNLY WA LUNG | -t P 1,
N ( L w10 R Qn;xen cHou \ 1 Fanc CH!ANG Hsu & /771‘25
. SHAN vi.uc cHEN ! KUA kG JYANG LN o VIR O S HAR TAN !
| 3 NAN HUA ‘ SRRQLU FENG, !
: W 4 KJAN-M
TENG-CHUNG , N ey neunSRTT P ING Y %v- == v
, ¢ ANNIRD
b i SHUANG PA' Tren (WY J incicuple
B oanG D N CHINN
;_’ff-'a) I Cf ENG- cum.c
N A PIAQ CHIEH g ¢ XN yant it - UNG YUN \ Rl
4xan kou - ALy ? Budhsten K \ ; '(
e, \ g a1y
P N YUN HSIEN \«mmuns ANG T uaN wanxanc € M
TING 5 &% CHIEN @ } &, 7,
Y Tor { % \ fmand chuan Rap. o (R ,12‘
LA S T ¢ -q'——"'lvmruncww‘
_f {r"a’ N {l‘} \‘: “rad = PAI SE 4
e TLMEN ¢ NGO, H o - - Y e R A, B
: _CHEN-vUAN d CHIFNG PIEN CMIER l \ ; D ,}
L oh o~ _\//\/ ® A CHI CHIER A i 1
} 7 Lo, |
RN s YANG CHIEH ( ALY AN
31/ CHENSYUAN A\ j ‘ H
AR : ~ SH'H P ING e N “ e ) “i
1\,’,u . YUAN CHIANG CHIEN-SHUL Co? CHEH WA TANG ,\J-#’. e CH ou \& o U Tt§
§CHING.KU \ : A f)@ i
’ #AR HyNG . ™ Ko e NG-T '/ JCH ou u;ﬂﬁ LELD (Y =
i T N /L — S Ak
CHING ,\el NS!ANG CHING, P, 2 7
EAN NmMLET ~G o . \; 1 S
R .ﬁ;uvgc v\mq Y o By . S AR HANH THUY
- = ¢ tﬂ A
3 Y ?.¢._.74 % — : ¢ T ‘ L 3 \ “ /-;J “AHA GIANG,
N P iy H 2 " Ba o . y | /7 L J [onit
N . 2 Y \ £ - 7 RGUYEN BINK
SSUSMAD Ry [l ]
S - . x g s\g«m rm.m LY N K )
_— H —— : ".
{ . N . i ly‘,\ \) IR PHONG THO QM L2AE QUANG” | TOONG Kue
. N \ ) c H
5 TANGYAN H . o~ \, : « boTas KHES
B " | N _ ; . N, cn?u K ¢ N [
— & H H
m : / o , MUONG ; NEva " : { P ». “¢ . BAT CAN |
{ p = ¢
/ ; 0 e ‘ R T H o4
P e UGN ou‘ O RO \ i [ VT — R TN i 2 e mor
s T — % g 5o
i ’_____J,;,n{‘_';“ i = ON&"O‘ i !UYE':I\QUANG <
‘S 2% LY / : 3 YEN B Pry HIEN - *
- S dum ot J' . AN LAy d
s \:::_. }‘ [ 5 ‘uo 4 ; k\“‘ nNGHIALO R\ (RoAnyune- W
= i PN 1! NG SALY =¥ l"“” [-U% ' RN H V H :’1 A ™
LY - X
Ve N PR ORTOE oT eQ
; ™y Vag S / . Yo \ \viep 8
T TN . A (SPTORITR 1A MUNG O i
H A ~Te ) ¥ LN BIEN PHU H 2 Iy
_ by P T son Al %0y i fruyc
‘M"‘“‘ Muw POM 1OY LLPBAN NARAM ) M 3
gy y iy L g e




3

kil

3

i

% Lo

RGAT GANGM 6209 |
T

S doink W

“UA

u N I\L\

MAGCHHAS GANGU
ho3o2”,

Saglan
kg nao 'n NG

4 [} (?\} %ﬂfoAmAm T M ;

; PARAT™. R
CH‘UW% TR gﬁungnb:ngn L
proi; S 2AMPIYA DHURA
carhirs UMY DA /g

PORL Lz

/\,.// ‘A/G\ING
) i TR

,Noma
,,,,,,‘,,“, ’\m cmoe:
»

g
» N
; & MAIA’H {Mamma ATA

i

tPun d
. svngxmmo; iy |

G

e Lunkars,

<, ':‘)
n/!)L(ut %S
i _ i3 EERY
MNDAMXVI*; L4 * | 5Q e 5 & e h

& AT T A ¢
7 NG fp {LONPC GANGH 8487
> : el g

AR XAR CHAKIL enE; -
e =
7 n»ssm ) -

.
ARNHLN ROV
ST

BUKA L

PN

ISANTSAKANG 8385 |
. A

. DE RHIN:

b1 1SHING

R A S
. L “KUIE 1AM uoo ki s
: : =7
H N C; GO 1
1 kc Z* 1h1 | < NGOV
- Ll
- B k } e
) | z w”m* FITHINR
. P | A ~
- TALK GANGE! [ sowvAOr gias & .
LI ! M iR Q.“'
Sower ! N .‘ : o MO‘“ . ,:1:71;0:
R SNGDO RENE |
18 MBLRIRING w0 ry 1< ,jp“,x,,”,p,wr“‘ s
£ I - - 'q. -/ PE AL E

7 v
GoRY LEAL A

i

e T ¢ ., w‘
& mg\:n‘ R h\/\?lﬁuu‘i
- e

) Dangd’en ’ 0/

1 ¢ “”“""
hCd - Sangmo . i -
I 4 S - L4 v ik @) R
Y i M & ‘5' o ’{) o
G ANGRI.DO, 62 }
| ‘ﬁ ¥ , JAPGHUNG - DHLRY &

ok,

NS oy

\Samya © T
CHOMO G:GMR’

TIBETAN HI(JHLANDS & ASSOCIATFD RANGE
PHYSICAL FEATURES

-~ PRINCIPAL MOTOR ROUTE —~Q@L_ JEEPABLE ROAD Y NATIONAL CAPITOL
S CITY (APPROX EXTENT) @ SECONDARY MUNICIPALITY @ LESSER POPULATED SITE

~ e~ Nanonal boundary ~-""\_.~ Provincial boundary
1 b MAJOR TERRAIN FEATURE -
1 S Mountain poss of notable occess
* FRESH LAKF @) SALT OR BRACAISH LANF

A MOUNTAIN PEAK ELEVATION IN METERS
" Pgre *mtl stream s
M&«OUR INTERYAL mna METERS {motated ix thoysands) lLewest ceatorr shews 15 2000 a ey

fr PROVINCIAL CAPITOL
© NOTABLE CAMP GROUND

Disputed zone
Valley, RANGE, Plain, HILLS, Basin

Intermstient stream
STATLTE MILES & 20 4 (1] 80 100 120140 180 180 200

;1 R YOK

(A-uk’)
4

/%#!ll( o T '\T“ N

r  PIC DUMREWL TRYN 1o
|
i
H

S 6802 &

0

' RINEA CHILTAHEN
& e MMONT1QUE)

NGRUL?‘/;\J‘ .H"\(.P(l .

SHAMY
\( NG 15 5258

S
‘SNAUTOGDE 8001

KANBONSHA a,:zo

" PUBCHEN &1 6260
N2 L C
N A
SANGRA R ¢
S 6227 o

~ '
angia ®

-
\luAngden e

HL

iy £

N A Jolov G
Q DIRUNG, UNGOTA 6298 N 12 - 4 tmawkoro sonG
- - | J INGSHO | 45300 \
. - TRASH N w} w R é
i RUNGDLR v PHUB o Manga
TONGR: '\Aiﬂ\l & U «*7
i T b EROR— e gasan SR s -
- 3 { 1
R B [ xwmmxmo 7216 | . . - phe
! NG ANGEARTNG - } S L
ZEUNSHANKNAR §120 kil 1 ; . SHANKANIAM e “ -
o : y 7l ) ' ¥ § iR . 4. quemu . -
T E PRI - KVANG 6510 ’ - THONGC, 'uRA 2
,‘suN{.IRGA 188 Jomolgne . \".:‘,‘:3.«) L A G ladung ;&Y - AR~ s
3 Y 7 "~ B4R AN 3; TAGEDOM NG JASENAGYANG  STRHUNG
- ' : SHDO 18 -0 & - YANGKAR
| N R - ! 5{; 14\(&.{ ¢ AXTANG
] . .; Kyl [ CKAMA» 6398 z Lot ‘“’"ﬁﬂ“f'4
yda

K'

YA

»-
7 "),
5,

LHAKO GANGRI
54824 - %
{7

Isoma
N RIIEN

PASHALA
‘s’

5 Ches

¢ LHU

1

L34

E ') /} N

HEGITT

< T NtoM

Z g
BONVALOT 6549
'\— Of )\‘“{( -

Q o™

< /‘n apreins

<_$,".._J

v

kn:‘ .
RINER CHNG T.\HL\

;Awm;\ng

. ‘L:Pafou G

LANTSHO A4
b $
{ , N, \ o
T oM
- i,

Fo NGZHUNG -

: -~ HION!

4 - O &gic

TAGDECOM: Nd TASENAG)
6280 &253

‘ i (\GR f/ *

A s 4% 1

7 A ;\,/‘ V
(XA W
— JONG!UV
v 6025 |
HE o = NOINGTS
raRGON~—~ T
Zioos * <

:-'§’YMMONSHA ¢

I\

21 20 o25d {0 pp ’i .

\&\ m;;;a‘tn;,,; -

;iﬂk)ﬂk
P




YAGHL -
e

/J .

A 'al .

uRUK VO!(AN@‘;—M .
AN

N ;\JAN\D:?P‘UH

B - " }a
b . " i %} l kU\fﬂ 4(-7\5, -
apery

= - - W
Tl MaNIL

,,,,,gxggg; - I RN et g
N 4 A 'ﬂ” LO Ko
— i w0, 0, DE.BUSSY volcmo\uoo ‘69 !
= z A - s - AN ‘1 A- PUngU
o < A+ 7;’,‘ * A K ZURKAN 5309
LN e L JPlf,X v SHA i .
. 1 & It
T = . ° 1 peuk0.ssu & A ) . i o
m'?DWfW{"’ g ' . 7620 -, P
"z 5. . PIC HENR DOMEANS 1 == Dupleix ¥ - T
F ‘Tﬂ ¢5:593 L Tk = .
, BONVAOY g5ep| - R - B Ampr e I
EDA : ek E%Q.’ . B \ sasupan yid]
: ST T _ K o8 F . .
LA : Wk - [ATTIOALE PEA 5 e, ) _— o
B P SRE ) Fau ERFRTRERR , ul S
. < Sfoentgins cproney . - p——— oo Tang kv la . [1 - . NI DS Y
e St 2 (o
4 - 3 s -
va o rmn ¥ \Tbﬂa\?mngg‘; Sab- A \ .
© L RINEA CHHLTSHEN : - ,Grﬂ'GEN» HUMBU - . g
AMMON T900E) | - R
- 4 ; K N . -
«Polov G 7 [ S . -
b ~ - A pwan KQPO MELONG
ARG i A6300 "
b AN v R
X H '
o g . VY Mange
GRYENG & e

9* o v
. 6450 °
[)!4)\(;\74,16

. 1M
qu AN N - _ i %ANG(UNG - “ \j\v/
S ERN —""ONGCﬂ[jﬂt, - 5905 P

_VC b2 - A
uoowomsmé - I:SENAGYANG TSIRALNG M = - Ahhen SRO NANTAM s1e0 -
YANGKAR G g . -
J(\«:R.{f’ " um»nu AXTANG ~ ACHE ‘muc?m AT, 4l - A L, N
DT Li7s Ay . T chin't

_ CHHLDDY, cmclm‘nﬁnclsuo‘\ AN - -
N — RU
. S IE0ns R - e
. T RNl ; ! XN
‘ TA'?%%Y\-;’, T SN’AT)YOG‘DE PR . UENGRY
A 71604, . ‘xuasmxpmz p < .- 3
JRANBONSHA 6330 T e IJ o
A = : N S = nvmcunfmmaeﬁﬁ
| 7 D PUBCHIN R b20 ‘S'"G"' 6225 T ae 4708
pSHALA | w \\ /’} - : ,N A C"smﬂu 6240 FRPTT Ne T
o ~ S _- i
R e 00 am{ ‘\uuu' (I ”"GR:"R; ] . H :‘E‘ !
) Chaagio ® ‘. . b !
PR -. - e Rl e s T
4 - e - z
LM K hesaﬂa
{ f)/ lc 3 4 . { 1
D EE B
} 0"?“{1 S el TT
A 3 RS RN
H “ V- T i
. -3
_ - -1
==\
a. - RIS
o - 1

N
I O e N _ NODTNKA
‘ﬁampbe A e

Cerst —a .
WMA‘A - Agurrura pros

= Mot

&7
BranGIe ‘(:
sm::ﬂffi’v*

e

-
o

2 A
Tt

Sty

Y

17




kY

[T T ]

Fo—— —— e

CULTURAL FEATURES

& CUIY [APPROX EXTENT) B SEUONDARY MUNICIPALITY @ LESSER POPULATED SITE

w = ™= - Nauonal boundary ~-""_.- Provincal boundary

[T Disputed

S RARROAD .- 7. AERIAL CABLEWSY X AIRFIELD (EC-3 $1ZE ¥ &IR STRIP {OTTAR

[ T Ty

STATUTE A ites & 28 40 880 o

—~  Porernmal stveam .- Intermutient vrream

_~~ PRINCIPAL MOTOR ROUTE -~(._. JEEPABLE ROAD ﬁ NAHONAL CAMTAL  T¥ FROVINCIAL CAFITAL
O NOTABLE CAMP GROUND

ST St UR BhACRISH 1Al

zone

SI2E)

84 3
ur— ; & % ]
- i Y @ OALAL KURGHAN i
3 i MOLCHA . ! ;
I : ) i
3 ; K o
v s :
i i . ,
i . . .
: KARASAL | Hren .
R N N T i “
i H ! A M
i -~ *
Dasdr KO SUN
. —_—
B { ;
% e i POLIR . ; . a—t
- t, , i e
_ I . & \HOR . e
T — —
1 LANGAR . Ny D i e — =8, v
QiziL 1AGHD w ": SKUMBOYAN : - - - ,,’\. -
[t Y ; \ ~ sue e - ! INFEIOP
€ moot { P | L - ———— T T ' -
i s owie LN ro~ ' TN T . - . =T
° QIZiL JNGA . N ! R
DEPSANG "~ 2 [
PARRNAL ‘~<."-.,"g ReHALY .
) < ® ' E - i
3Hi- . SMURSO b0 . gl "t - . Vi
N : hdativdvd N TN \ v . &
T DRV s At vl Iu ThAH $M : ST 4 RHEA KD TN o~
PANAMIK T T N - L RN | G o ’\w‘-/_(:‘{', . -
ZSAMZUNGLUING, € * . : <3 .
S . IREETEN 3
kMSAR 2 . . . » b
& s 3 =1
- - o b . . ' — MA}-I’
Y, . " . . X i Atk
s op 4 N . s
il - L VY GURE . - {ﬂj'fx\m v -
- o v ~
, ' PaLLO RT0K 3 ! -
3 } \'AgNEK T e vk il bl FING
RIS ) o
P . 7 OULA GOMPA o\ -
= e B PIRCERN -
\‘ - "1 A 4ni A Y = - o
NGO ~ crarey N F3 4 - - . ~
\”‘W < -« ' [ R
CHUSHUY cpa LGouR ORINGMAR THOK . o~ e eun £y
\f, AN R D ‘ P GOMO SELNG ~ru \lupy ¢ NG MRD
. Y
[T N -
TS
N . ¥ =
sa FA i g 3 oHAN iR
-l FANGN: CHRUME AMONAK THUK Sami . "
ST - - s (A NG ‘ REBECHUNGY
S jen 4R § 3 00 - W oganGs i s
> » f\ ! rIgawr . SHAZA ce MECRLUK v A0 P .
- el HEAN S R ol =~ FIFARGRICE JFFRORTY,
ae ity e . ) Ve ¥
{ RN SR / - 14
~ i S ~ a
- ~ ECuumaR S DEMCHOG KUMOING PN PRLE . o I R
ot N . 1410 Re + THHOMCTHU O ¥ RS
B UCHU - v { 5 . ™ soN Ok . RINEC FEyISEN < POIQCHC
[ { ANE TN o7
1 .- Q!
i A panxear! samsy > BNUPUK IALUNG MANGO |,
. 7= comeA . . T FrTR
H () ~ N R Ny O 15 OKSUN ' PRI <
2 . : NEAR p o FHin b
i \:‘nP' LEPTA Al nhak - FAGHA
1 T _ GraMOY, . xu"-“ S L\&)d\‘
[ LWANG c e * - S RS *InoK DAKCHA i
o - KYINIPUK ° SAMBUK SUMDO TATHTR Parzan
NACHAR  CHIN ¥ P"CHOSA ARTox oG CoaNGE 4RI ' (UMASHAD BADA NAKCHUFan o “‘19'32‘.”5*”“”5
» Ratiotig T Gosrans :é CIHANCME NG BTAT,
YilBA { s,\gANc |OL’NG'MA1H [4 S & FAGy P - LOMO X,
o CHITKE S o N At A =
1, - i ~ T
- - <. o 3 SELIPUK GOMPA il o - . [AVIN NN
L e N POUNG =~ SENGEPIY Sl e NI\ . o~
L BoIEHRAN ==, e PP TN
ni,-.* NAKTSOF , -t aRaR JERDORG GOMPA Yo TPMFEORIC 23
; ° - a co s . Buareins *
< ¥ T X N Yo e LUNGKAR GOMIA o 7 e =¥ <
- - L NIV — N, THRN Y s N o
CHAKRATA _e¥ BARKH2 Py REaRLY T A ‘ L' : P S f\' .
- BHATWARL |~ BADRINATH PO a SURNGE PR - . K ARaN CYAMARS 7 A
onaRRSUy LT . M GYXNV:MAO. GOM) LUNGPA i, el CELYANG 5., Y AT A
Y e ALr s OGCHHEN i ° Mo e ¢
T mMUSLOORE sl SOSINATH \ [ o AU N kW ) - KHANGRAR SLERGY GOMPA
~ MNJ i T 4K D70EME % fudh s z
DE RA S TEMR' . = . ! RN = -
TN HAMOL - MILAM . A, KARDAM: "\«q S
DAK =Y
i canot® TAKLAXHOT ~ - = .
H ne BUPYUNG R'NG 23 mSANLD
ki KHAT'® . NIHALD o o SEHANGLA . % 2 sancoan
! . JALTHA ,f N feuanerehe | A s ! it &t » cov
BANNATH, T D T — —— - 4 e ~ @0 S PRALYIY - .
srRctsnwar amsin SimiKote e R R . . £ B .
\ DONG3A CNGARODF
S o \ _
) oHULI epAgmi  MURY 173 4N SEETIRTONG
MUKTESWAR fapaniact " < paumt .=, NAGOR YRy on
' avioL o o, DAY -
SRR . ® RRiTDang - 7 \ »
CHAMPAWAT MUHGAON PHOPAGAONS T, Rt anny
4 - SANCIANG TSR
% o — SAGRE
< DANDEDHURA -9,y o e .
ke - . @SIYABALA &
3 N YMLA i TINGITGAON® ) I . et 2
Anarned . N TOARERC T e T
Rt - o ZAN -
g £, LhiariuAg s [, SURG KALLIG DIONG
mHROY  guOTGABN T g -
KHURPA 'mu"ei'v- SANTHUGAOM
[ S g
R S PASANDHARA N . SHEKAR
- TuKuCHA AeeENRZAR L e DI0N
THON,E .~ p =
.
- QSALLYANA
- - TUUNG  C(u3TICNG
% M&k\ SEULABANG® BAGLUNG SOFrARA ~ .
7
b/ 3 s
< “440ANG I kuncona i GaRH ’1& v sonGEUZ®
v URATHUM & - A
— 13 L] L] 7 (1] \O/. . ATCHE g ™ (s:?:.
= % RISLIT RES SYULE T
gty - 3 N ~ Y J T O L S osixil. ] ® ol .
SETAN HIGHLANDS & TATED RANGES ['[en o L0
1 1 8 N rasude

P4N 1071 RIS
NN KAMECHHAT




8 51 8 83 9 il 52 93 U EH %
T T I - H 1 i
/ﬂ iian | 1 : ] \ i
P ; VT D \ - ;
’ i T _ [ S Iy " - T | N HU »lé‘l R ;
’, A 4 [ yacHctin i . 4 ! ;
ki s, H 2 1 ' QTAFTUPE s Kesmg‘v - L AC My uncg
B “ ‘ , i f
y - ! UNT At
2 \ ' 3 t . PLLUNT A ‘ )
KO SUKO A . | M ! ) LO SHIF €RH . H .
* \ K
e— ! xosuko” b 3 B /ft’ ! : ,
: et T T . e~y ¢ 7 ‘ : 1%
/ e DV A o : . YT i - ' i
< . - [vel - - : A
F — —_— - /’ . . . ! RN SPAN 11 NP ' .
e . | N _ . . NA CH { A
. Ve ' hd ' / b : - - wat b Srurgthdn !
i L . » L e - — —— F . . - ) ' i
s : & e - -, ' . - F . ‘ i
- v - S . - e S - — 1 . i i
e y == . PAY SU K AN =2 ' — S, L AU DOKSA 4
! 4 = R 8 ! T < - ANGIRTAKShia s \ H
i 5114 0FE Sy - < [\§ : ; §
= B e REDY €131 ) A At 1N @ _ 1 ARt Av i
1 i ' . - T [ 2 . !
~ . . } RO — ma OF '
” 4 | pu
3 . ~ry [ . TTRU KU S @ THUMARKA. : ! 5
a B . = : ’ - N ; i
) ‘ I, 4 -w;‘:,\_ﬂ \‘ - ',' : | - , ~ H
fTe e * gﬂ A BINGITT U ¢ = ' . bty C1ONKHORG - STy i |
v CNKHORGO i} |
. . - - B - - w _ N — | : : )
R R /NK_;/C [ «7: 'Y - - T SrRE NOR . ' . ’
Yo - o A e — T o 3 H . PoE - SHU kAl ) !
< 164 ¢ » : - M ' 3E WU KOUs
7 14 :’,ﬁ " % I\ AL ( - rep
’ S N i ~ .
MANE — ' “y, M
! . - AONsf o L, o\ ULANERG
,’f; CRATIR]) - Q'\-\"’»\, c:{p . N . . ; , -\
: % 3 < - s ™ : RO k) A .
T l' Aty C.S’D <3 = C,;\A/fg ! 7 ’ ,AL’EL;/MJ"J LR SELEITU 45
K g 2 MAN TF RO Wi i N s Do . R “ <
e TBIN LARES [~ (MONTO 4T, 0 T , ey xapCpiar (Drej o . - .
E. > . - ot - S - i ' —
3 ' e
- " kY o L e == T - . ——,
" R i R ST T T TS : /A/ : /‘ 2 [ Bl .
} TR AL L] = A i { H = H KOI"P‘(NQD
= . \ - /
A fo b - . - H
B SIACOM e A E ADAG\NABCHUKA i
n N \ KARAKO.G t
b “BUIRsL - WEN CH LAN . * g e i
™ . e}
2 : - . N PRl r\iii‘h i N e o i
G115 ER = ; L \ , . . H .
L. W' X H il BULAK _
NGy PR 2 (R DN o1 N c .
" & ' ——— ——— . | CHITING St Line <,
, JJEARINDCE SPIRDRIN, . it . Ry N (KHETINSIRING, -
* e B PO L DAL P ~ ——— P . ,\’_ i
) 4 " & Varwm 1 " vAGHO GON #ECH e Mooy N ~. Y., —
A - . - E
J1eeHe RAFR CHHUTSHEN - . O MAL MA v p e - s,
LT RMMeNgLE) $010CH0 =7 - - 3 - T :
Y WAKA H
' A GARTHE / . hd :
. : ?
. sEka L i -
= ’ X -
A r KA ~
PAGRA J SHABA

Xs_‘dw,:gcxuzum(;

-
LOmO XAR ‘, .

'GOMPA NG -
__Jla0 pTONG,

A} #TAGCHHUK
A

SO hSIEN .ANGENONG

Sronovt e GucHANGSANICY \_/\_/\/\—\
FANG g A hd i -~
\r - HT,H\;\/IH NG & LOMD KARNG] | - S PN NAKSHO B RuS
. AGY . o TGRS N I, SKATNG
Saknes g o AdENG rorsn ' JUNGSHIKA .
TIRHUN ppge . 4 TorAB . SawsarONe . H - .
L . CHuSumbE o LUNGHAR GOmPa DOLNG GOmEA &+ Py atteey, PN
- ;.\Ax— T4NGRA/ WWAMIA - / B = P
Lne cers Yoo Hi \1’“:'1:[-‘!(’1 DIAMDO AR COMNG, _ Jbarc mc.‘ss . ~ " SHOEANGOD |
. s ! 4 i TAMESH ANG CH ENG HSUN Ty L
.~ + 4 ’ /’?‘3“‘"“ AVARIG] M Gt CHHT I, - avive e ‘X . . o sU !
A < & ’}'\'Q(’:X' - B T T ael NGMA DIONG - BTAR o
7 ¥ ANGMA DION! =
R L " RYAPA o THSIANSHATSUNG N g SUANCRADIONG | .
. NG NT ToE SF7SHEN CHA DZONG! A N o NA CH ENC TANG |
~ o R CEENGELD - . :
SIERG Y GOMPA S N KHYUNGLURG '
‘ & CHERTUNG & . RAsA ’“:;0.',“_// & ®TAATR SUMDO KONGMA Thue o oans
& - g d b . .
- noLAN® 4 SoucoNc (’ Yeh-8t lang TN T
| < THOKAR .3‘(\ MF SIANKO tuimao:,
Scdtt (eGranune 'S
i Y S ®OONGTO Dryy -
s IANG EUNG #. HIANG T,
J5OV0 ) Hsianoan famsan U CHIANG TA e ’,—,‘. vin _
. " R > Lovo @SEUNDO YANG P4 CHNG — Kerm HSUEH PA { T eruuranang
GARDY 31 ] - . - 'k:l[‘m‘(;’)“ TAGTSE MEDP SGUNGKHAR =GAPO 15U My ALAL - t
UNGAKOK 47~ v < mon.,( ‘ G 1dmd, NISUNG
) 3 - e “AMUK
o LHASA * TSOMORA . - .
SHMKYOKYUNG NARUNG D20NG A S n DIONG . ik CHK - -
e | FYTRP Jueato % . 3 - TATNGEA  1g5ia TSUNGY - P P
. :
2 ‘)f%ﬁc) B R = - kN
S - e Py, UNGO - 5 =4 CHHUSHUL DZONG SANGRi SYE 3a 4 — PIOIRANS A
one S anesenie sangpa (Brapmapnira] - A 3 TR aors nPRBGTN uom,“w‘- Ao )
[ATR . c.’-‘n ~ TSETHANG T o s PR A B ~ i
N Al - i (¢
M MINPHUNG DIONG , . ~T"BONGK . CHONGOYE SLHAGTAR T Ny .ot 95 :
- ; S LHATSE . DIONG BOCHUNG oHo DI:NGerZONG. - lONAM' @ ANG HSEN 7~ .
h 1 7 <
1 KALUNG DIONG LINGBOCHREN & . o !’ No':f; g DICNG v b soupal =
. CHANG T2 768G ’*50,.,,“ I'd RN
- SARYA GOMPA IGYANGTSE) PG 4 . P . -
AR - NERONG SHADY SLINGKAR TRIGU DZONG) *onGiy o
NG e MIGA o GA BDAMEDS -
CHung ¥ NGl Feied DIONG SANG KA SO 'R ¢ Toameo
o - DION Rvenva TRIGE ' 3
% DIONE- crunsul - KHANGMA ‘sown TRIG 4] Noe Ashia
TsoMo LOMPA  gryma : DIONG WNG 720 v 2
NRETUNG /~ CHONGIDZIA DACHUNG, CHAVULE. © .~
i KHAMPA - NAS ~ BYAICHER
TN cnoozons S it 1Y s A — 4L
i i ] .
4 ; - [aar Y i SARTAM:
TAe - ONGIUK® fore N = 5 1 u-RACAM CONGEAR 2 - -
A foc; A CHANGWU  # : -
G - KHARTA -
1 J A ‘“Ulf.",‘l__ SHIKA © __ KUANGY, . ,..(”; R £ Ot YAMS o
R A 3T B ) 0) GGy A fol335% L wNana ; «©
-~ - ~ 3 ~ DIONG A .
J/ L -~ s ; " . A Lum
WAKVNGC:UNl NEMCHE Rl -~ PHARI DZONG h T zAS’E 3 smu.nc.r' $NOLANG .
& GO PR cramkor sxzie WALUNGCHUNG! K P INAXRA  rongsa NUNTS'  TAWAN D ,
TAP.E" . Gota A 2 AW N
ZIRLY: ooane - Y, N Z BION 2208 A XY N
PR ' (% » t
iA S Y ’:,G: TAPLETHOKS 3 2230 = Sicorone & i ‘§\ _WVENGH i
B Tarie DINGIA DIONG, > 3 AL . AOMOILA
o -~ "‘.*‘;C“"’ ¢+ . . sivu.:uuc‘. 741 o KAMGANE A . Qx‘; “l-,s;%i‘_,;c' X TR '{27
} Ml g ORALDHUNGA { 3 omme SHTANG ., SHANGRARA® v S grAlartanG] BN
E ) " ';\. OZONSéA RYAPCHA ‘\ A YA$A — ;:
ey DA&QGTN lf) N DIONG WCHIRANG R Q3 v.v 8
OranfuTA s \LiMpO! P -3 —v=. FANTA g £ N
- HAM GEASSMOPE ,smcm{!& i . ~p 5, s !
RGP 2 L PuNCHaOL NG Ransar & " ;
A KuRSEOM R o rgymon UL Terwwc |
133 g i
* ncnhog (/ 3 LANE. H
S5 .
JNAPA\: / H
58 3 90 \H
-




1

PAMIR KNOT

AND ASSOCIATED RANGES
PHYSICAL FEATURES

A MUKTHIN PEAK  ELEVATION X METERS ® Mgunio~ pass of rotoble occess

-/
. a‘yiw

MAJOK « . nAIN FEATURE - vailey, RANGE. Desert, PLATEAU, Basin _\_\/
! P
P P ARNAVAD
N\ Mayer nerenmeal tream - v Antermittens wream i AS033
. AP -ccif FATER LaA T To = GEMERAIZY ST AMPY ke

! CTP $4:1 0F BRACAISH LANE CTD nRY Lans BN saLiNg FLAT,

fue
,c\’/ SAFép
o

vip x;n‘"es
. ‘_{, 3 ‘o
4 L] m‘:
s HAWAIA MA'-AMKM‘
wv:r . ‘L kg

CINIIY Rifuk RETEES ottaies 1 nysaedl

L0 ozt spewE o 2000 Sres

! Sterte My S0 30 80 6 100 120 isg 150 1020

&2

/
Jap is1eEG sun}
) nosnna; 5,5

e 2 oA ,fmcu ‘il
- Gérah l-,.) *
iomZn mmtsu’ 7 \“
T 3
Asiom3n foraes
KAMDi!ﬂ slx‘

\ DORSIC 4343
A

Murgh{t

7.
Song 1 Sulakhfs 7% Khiriskhd wa

\ S /”
Y L] hahsd G ld:xh
. o

T N - ._ Bagholok,] A

- Polonozdr

mﬁ 1 S.- \H 5 ] xofum{ik vz,
Sor +-Keiok -

i s s
£ n : . ',
; TR ' Khonck
14 N N KOH [XHURD 4101 ;i
\/& ‘"”'""'BD&":/ &. XOH (SANGEN 3923 b - 4

s HY 1N T ag

. A 4 A ¥ Barshak
= - o KOH 1 GHiZAOL . ® ) e

s ‘f -~ 985 -

7 . - R H A 7‘\1 *‘I .

rann
Kormu luot

(7RIS
RESLRY IR, / 3

i
18GH DB
F-reserrom

*’SF’!L{ yiuis

T

- M nm(‘mwn
—— —cmnﬂ'ém
. Cat: A6 Ao ﬁ\,\

64 66




. - Fhi mmwusmnst‘

’ r 3 S T
RAKEMshoTE | . PR “- E,! i- 10}’Ku" ‘L

e

h B )
ﬂ"‘hya - D°

\ ‘ﬁ?jmy“,s %3

§oaly e
‘tm 134(_
‘I;E!I)A.(.M OF
!

£¢Au

=
~-“*—ﬂt‘srm(n
A R A
‘*“’" - { Chos

. -gfm‘ KGR
035 3 . R
o= Muz:‘.); mz: \' 4K, EN
NG kLL,;h,

B sr.ucvc‘mr;z!am %‘ ;,,a 5
H SHOR

i

SHIFA Lms
'(ku,o Porwu:.

ap #Sruc 38328,
. NosHag ;4'?555«::6 [

i
i

KAmDESH si;n;,
s six Vyion =
+
SANlA"‘A
$485

/

»l\\
- -k

AMAKOS‘T ‘ i / “‘f“ :’yﬁ' !

ﬂMZ‘

i
:

4

-5324 f\ — WAk iAc

MABAD

Rt s buiurs
A
; « \\
M RAW ALFIND. \\:\
Fraes onet € IO
\\

of Por wan

___’_"“'“‘"‘\
BIVIDED Kasy \123
TA4MG & KASHNIR)

‘bt:w;m :n; aéuf TAGH i
£ 4{ arivut ‘Ai 7785 % Saos ( H
T, .mm\a cuasiny :
R K7 &
% :
MUZTAGH }ownk :nelbao -w 051 -
UM 4062 4' .
Y2aly P
‘ﬁ’f A;( ﬁ« G “‘")’ S o
MAFHERR ce«'acoun‘
(

7751
4 K orokaraur”’ [\cv"
5
‘Oﬂmﬁ,

Y2ty

Phiwa Voglin
] xem T30,

HA
€ W‘QQO

a cruu X ;{70
. &

A,’ vangu mcﬁ\ [ wync x5
A1

&_‘

o&m‘\li,{

-

. .
Ta prdst

Aksay Chin

- Ary e

~.
/

i
&40 AR 'SD' '_
o RINURE s64E
~w
Syokar

o Bonscroma
?‘ sai0

s

¢Mw@}uﬂ
Q&L" S—




-

P

Tt T o H T ;
i VRARCAGSAOTL \is ARa_ (CHIMIONS
140 URHRANIE LI T ~Y
I\WII( I:V() l i E/ T
: A
i 1 ! ~ - ~ :’*:\\‘OAE‘\E
. ! 155 ANA - _
. e ! | 5
*\\D Ab"()( "XTED R \ (Jl' : 55“"“""0 e xUlSAV N E—
' ] 5z tnT * \ N . - -
H — o~ R - <
- HE 3 . \
CULTURAL FEATURES | i e e ‘(.L_ : DAY S
s i KITAB, /‘\“ "‘-..,
oy CITY (APPROXIVANE EXTEINT) N~ National pourdary P
; ;lcm TRGANSAOYE  F
B SFCONDARY MUNICIPALTY ““o-/ Pyowvingcial gouraary ! ' AedRANIL SHCHE e - -
H ty
H Yistriz DOJ y H RUTANSTY
@ 1E55¢R POSULATID SITE _ .. Distrac boanday i N Lo \Jksn UTANSTIOY
e uzar DAV
cantAts Y VATIONAL FrPROVINCIAL ~ RANROGAD 'ANY GAUGE ! ?
n aepn X e Facury
H ~ FR-BCIPAL MOTOR RCAD i
H i
H i
H Py H
H > resu v ATER LAAt TUT_ = GENERALLY SKAMPY ARES i
2 LT OR #RACKISH [ 4AL 1 )}/n\o SARA {NSAGN 7 .
N Magnr perennial stream (:? 41T OR PRACKISH [ 4 i ‘.'Oum\ti Ui 0
senems Inrermuptent stveam T 0RY LAKE BLi (SALINF FLAT) : s - (smuer.u e 7 ¥
+ 9gnxua» A , < g
H . p
i . ¥
: &
; 4 i
N o HIR 4 2 Ry iK1
H SHAARTU,
20 4 &0 B W0 120 40 166 w0 109 H ;
H Statute Mites | : 2 | HAmE {".
S 64 86 \
R = - ~ 5 \ )
' -
7 \ S ; gl
¥ aragns / /7 " w:.mu:? MAZAR.1 SHARIF e
£ A >W o TASHKURGHAN “fusowgly  kukniskp
N : P 4 3/7\ \ *a /
¢ ' ; ?ZIA‘J ERFUY o B | yoR) N
H { s Ry H
s ;o E S A3 -
4 —_ i . kR RS I A . N .
. ~7 i - 3 N
o A R R e

MAMANA el Ay
Vel gy
~—
- nrzu/

. /—\"‘\_/ { . . ‘.
N~ ‘, i TA A SARe AR g,\uz-ﬂ\
~ o ~ - - /
— ’ h s - [0SR
e COAE B oanTAan. o7 )
o= ~ 3 e - e
« . o e -
o ~ . - : P
X - FALARHAR - B .
- AN H /" N _ .
. \\‘—&“ S )c‘u (,. [ LR T .
~ 7 Ty T ‘\ Nl

- DAL AT YA

Harl REd T

/*
H gf, - -

3
/s <
/

P O N A e g
{ 7 a
P - <

. Ad4l4n i
i l‘f“R"(ll

A P
CANDT S 7 i
1
ARGHAND §B 2"
RESERVOGIR > '/
- r P di

/ ZBHAKKAR
] 4
i Y A
: / \3/
H h N
H LABWES=AN A ( =i
i ’ :
L B &3
H H - }
' i H
: o K 1 M §ian Scm
H I, } 4 : >
: ) [/ i
i i EGHA K B1A: TAUNSA i
HARAL BLEIAR ! il iy i ,’ ﬂ \
. e - B 2 . 'Y
; B
. A
hg H
: \ -
: nufan
; R
i DERA GHEZi KHEN
:




\
\
4 76
H t - 2. . T i
1- ~ .
D . CHINA (siyg |
e — - For IA
A LLTIS N
“LARKER iy,
7 R -- 52
S - wotnia T . e
AvvnCEN FrEEsHTAY N /\‘\ -
N - - ol ~
N e~ T P S Kzl m
il - — ' rs AUT KURC AN P .
/J,é e Y { Bgitistan
of e p g
© a3
[y t N2
e ALY AZAR o7ek0 MR v’kk{uux o
Mukbiu s . YET v GUWBAZ R
Mukiu ~— A _ 5. _——.m — -
- — - T —— e - 4 - it G —_ *
_ N ~ r (L } i
5 f— I
e Yo N
~ : 10N AL:
-
i Ul HHIH
[NV ~ , Oceu, ea by
e o ® aza $11TIE SARE AL —l
L [N VHOR RN RARGRUL “
F1 o5
g?)‘ﬁ‘v"w MUAGA i
Aﬂew‘l\\é“: CARIZAA ‘”V\\\"‘—’ 3 /\,) KE wag " e [ SEFNES
SRV e baire 5 7, »- ~ /-~ DIVIDED KASHMIR
. - H \
174" S N T - - Tl . H e Pt
Y ASHIL bEJ < oy t Tach Rurghan o | ARRY § MASKMIR: N
Fi - - Z) e el 1358 1 DiA
M B . P2 — R R N
‘ (03 SIn AMDY These reea e . o\ L - Lok BT -~ LT
GrLRY, OZERGY 7 \ H X o ———— 1 5
- A - >, Y A8 R .
B SIS 4 FIRHOROG 1 457 41 4% AM L LT T AT ERY saae \aas 78
Linrg '} . - n/7EROYY L Y . N
i pt st e~ YT St Ly : /{i
s b oln Sy /J )
LY y g - . A (
m TAREAL WAKSAN o~ — -~ L N ‘.“'\ i
- P A Slmpeiar GG AN - /
— - J— \
{7 T T _ 1 \
- N »sGAre B .
s . . I W AZAT A RUAN KURGHAN /
T s AN P
14 . O H Pusra . f"\
=4 2 iy EA ‘M > 4 </,’ [ {3
5 £
P - s - . .
cwnw 3 ~ .
Ay e s évé‘g 7 26
- “
Il”‘-’:,, .a’ N T \\H-AJL{ANGAK EEN -
'{“.‘)*‘R‘NUN;AN‘ < P - — ~ 7 A.b
_ -7 i 5 \
R / i 6 S - ~ S
3 I _— .. . - . -
. — s oa Qiaea . ~ . CoonG TASH s —
. N fo ety “ G 1Ay L ~
- . < ~ Vs e b ) - - ; -
s LNIAD . { LR I ': :
e Ka z.-" VR 1A N~ aSHIGAR ST MGA T o va N ;
R / . N R /w
H s < L X3LTN ~ } , Lov /g
- Ao ) SKARD / 5
- ! R / 5 .
N hd / -
- S \\«5 =~ RarTud 4 T T
Yoo el H “dx . SARDAE CRAUK . - y © :
Y . (WS - 3 \ \
~ {racraiam y s - ~ N [T
¥ A7, BN ARG - - Tn, FANAY Ty SAMIUNGINGg ’\ s ANENC R
& . ’v;l;"’ N 201 KHASG® SoYARGUAKL A =T e A ’
z -z KANZA . . - s T !
(R o AnZAL S ARG e KHALSAR S
Ruhiﬁ Y R ke N \?(/ DerKFA K UNTANG Y-
- o { - ORAS /¥ N % . E NP
R, - s . o uu\ﬁ-_'_‘ Py pRHALATSE o 3
}ALAKABXD‘ 4'56 ~ ;o\ni;% < xH A - 5 .
h \—\,// * o3 a ) sugsrane ~
T . <5 rnGoom NV Branghd™ o™
v “ (] = . KON Tast,
~ - ‘ CHUMATANG ~ - Nevosr .
. ~ 1 .
> SPRNGOUT N
SANCNA e AR
ANANTNAG NN < Y‘*Ul.\\ ,,vu/‘\“,ﬂ
. - rADAM . \ \ “’/*:" ” ;
B . 4 RN ETRTS
Ak sTae — e - R = rca wawe ) Tm e Ot
_ z S oam . S . ,
§MIRPLR Y i K SHIWARy . hY ROV ~ 7 Y
_ Y CHAR /, . N 1R
Ve N TAEne =z, © o AteR e NN v oro nfieg
— WKLAR .= - * /J.CN‘\HKANL-
X/j .‘NA’JAI;NA)‘ ’_/ 4 ~. SaRe W; <. e N /7
7 ~. = ) . S
L{\_,,luamwpul - ) ~-y Eal »“:f REHANE oo et 5
L - * L [ane ChumArg AU =
P LAMmy  TAMNAGAR ~ ; 5 S
7 £, CrAssa :
e
/- DALHGUSE~
o TEARMSALA T
QSA é;mm ) ABuiyknwaLa L
T U
Y quiiom ™ ek o ;
L KHAN
~ A{
- OUNGMATH
DARABAN ZK /o g ~ - _a
\* . HOSHIARPUR \ 7 eervor hi’%“ﬁh - Surits
BEARRY 2, oS \ P LYY
N S g ¢ )
b resmu e
e “
| ik pe 5 e
"~
’ S ' , H
[ Y BN ot
L §1ian : v T
G . "
| HAkTyAg < .
I 3t DHaBASL ¥ -
R ] R
i 5 vussport s
) ¥ AMIELA R < e AR O
/] ) N CSANDHAMRA 3 t
h L -1~ H 4
’ ATIALA \ 7 oinddpun A
H 3
R | wv HANEWAL \ i 7 3 // \Y A 3z
) IIND H H / = ;
i 3 e/ N i . 2 GAAROWAR ) s
i sanpfesze < {
/ \ ¥ . N rOohE A Aarsoowse”
{ d \ PR B\ U L PN ALMORA
1 // y sarnidg § ;' W ;} N AN Swak 3
1 / 1IN . y ALY <7
S T / /¥ AN __J
N i 7 \ i
N RAa g /V_ \ :}uaari-l ~
= -z T




GLACIERS OF
U.5.S.R. PAMIR

O 10 20 30 40 50 60 Km
:7 i %‘ i v L ‘T’ — -
[ 10 20 30 40 ™I
Glociers
o V.iloge

g
= Pass

—~-“ Internationo! Boundary

a Peak

7495 Elevolhon in meters

Socurce Maps
AMS Asic sheet NJ-43, 1:1,000,000 (1953)
NJ-42 1°1,000,000 (1960)
Glaciation of Pamir, RD Zabirov, 1955
Russian Map, 1958 1-2,500,000

124

»

MMR oot ¢ PV P PO T I e e

<

: Daxaui-Kurg?E_/«

Muksu I




It ~ B ‘\»,7 -
"¢ K orra-kul
/

z

21




W

s b

TS W

LLOCATION MAP

trocued Sources

Ser e 80T, HOOX A

Quareer smn Serses

Sorvey o -zg

{ep boxt for o1%er SGurcars

g

e
e

7

e
/'—"\
R

.
AN
™~

H
~

S

Map By American Geographial Society Under-U$ Army{onntra.cl .
< Y A

75°

- -
B~ Yauoe ot vog

I

. P

o
\v?‘ ANy
\ Vel
1 msha Vave .,//

T

A
\
Y
}
i
.
\
s\
2




78° 1
GLACIERS OF THE

KARAKORAM

~ (9 x 30 MULES
S Ul —
Q 0 20 0 43 KILOWETERS

@ .

861 « Lievat gns in meters

L Sw veyea mvery
vitlage
-

——m Teap

e Pass'Lay

RVAY
= =

\ﬂ

= —— - —— = 367
'!
i
!
]
- o

4

~Tratakoram "
Fass S50




36°
30°

VEGETATION OF Tl
NORTHWESTERN
KARAKORAM

RN

. 7710 ”Funza Kunp

: 7785
= -~

V\A

~ et %f‘%’m
~a .0l

7610 ghuliin Gl
1 % L ’,‘///-

AN o
-’ \A7330 &l
> T - A-A58]O g

] BARREN: ICE AND ROCK ] ORY FOREST AND WOODLAND
THICKETS AND MEADOWS ARTEMISIA STEPPE

BB noisT EVERGREEN FOREST B cuunvates
~ < RIDGE LINE A PEAK © VILLAGE

ELEVATIONS IN METERS

Z 40 2N




EDN OF THE
WVESTERN
ORAM

R PAFFEN

ODLAND || . :_.}

LAGE

23

DIAGRAMMATIC DISTRIBUTION OF MAJOR VEGETATION TYPES

IN CENTRAL NEPAL"®

Snow § Ice
e SOW LR 5200 M|
5000 : 2
~ —_ Alpine Barrens >
~ z
S~
~— ~— &M\ of Vas u_‘_a_L —— _E‘—an_t_s_—-— AS%M
of  _vascl
— | w
l Z
Arid Alpine Zone l Humid Alpine Zone e
. <«
4000} "~ 4
\T\\___Fggst | Timit 3900M
~ .
—— e e —— — Birch (Betula
-
Leg:minous Juniper T \ \\\utilis) type »
thorny | woodland ’ Z
— shrub l (Juni \\ . . - N 5
perus ‘ Fir (Abies spectabilis) t =
(Caragana) um”ichiana)l \ P ) type N\ =
type | tree | \ N2
3000 | ! \ N
! | \r_________ —______2900M
| . Evergreen ock
I l ( :-me l Spruce (Picea Isemicarpi(fool:":;c:‘yspe
inus  y_ .
th t
n | | griffitnii ) LS thiana) type i 2500 M
' l type ‘ Evergreen oak | w
l(Quercus species) -
| l | type ] S
2000 ! ] H . &
! S — — 1
I Pine Broadleaf evergreen -
(Pinus | (Schima- '
l roxburghii )l Castanopsis) i
— ‘ type ' type ,
L ] l _1200M|
— ji =
1000 Sal . o2
(Shorea robusta) type [ "'8
o
ARID SEMIARID | SUBHUMID HUMID PERHUMID

* after Kawakita

123




e T B B T e

""BALKHASH

! PHYSICAL FEATURES

H A NBUNTAIN PEAK  ELEVATION 1N METERS ¥ pountain pass of notable access

Z i — 74\ 75 7o 77 78 %
TIEN SHAN LY
| AND ASSOCIATED RANGES g T 0ZERO

b MAJOR TERRAIN FEATURE - Valley. RANGE, Desert, PLATEAU. Basimn
. 0 |

= My poorrial spean Sy S4l7 0K BRACRISH { IRT
.
Putcomszont sfredm {2 TSR TN ¥
3
QO FRINH R t1Ek RS - Guree v amy ar o :
3
i

"
! | ;
% e i
i 65 6% 70 7 2 73
A U o S ————— S S —
i
hY
~ \
143 ¢ 0z
! AR-KLL
2
&7 0z ‘ )
N \ BIYLIKOL e
)
GORA KU, -
N : ‘&g{umnny .- 50 ako PRABUTUCE
: - co;.}ucmu 7@" - y—;man
. : (5 49817 2489, A
f - AH YSKIY AGOR
PP . ' : S/c\"”’ bt 5345 -4 u“:?fmi Kcragﬂy .8
' ik T 1 { / A 1 TAU .
g0 NPT uhert AT S
LV Keg T l,q Ss ﬁrem: Kara Batha £
D [ dekert. | p - Hdmet: sa-Aas PB
. X - \ Pefeval ,’ = )
KLRUK -/ v ! s\&- Bich Tash- AL4r ,;\ . - .
KFLES = » o i Al 1023
W r3ri” a805BOKE! 33 v X '%HH .
+ BOUSHOY cwmcnw *% Naryn Yo
* yﬁ
. (] . . |
) \(\ ?~ S AW SON-KLL .
[ NH +Bozgygy
4 ) ipe aval Kazyk Bel - b 3érmm -
GORA AL{SH Blst1 - s
M os)] & . r‘AvGRArAsu Dzhu!ym e/rl
- 2946 e

AAYR ARUHIAOYE 3 3
$ FODOKHRANILISH)

' Py .
\ ; R . . g ', A
T i ST -] hcorx suy.u,x ;'3’) o Arkin Dowan t Wb
&HR scorx muxn TURKES‘[ANS‘(,Y AY 5 K { ) 0“2774 Bre) = r A Tu&w‘,y e
o XOX TAGRA
g 0 . er icia p A Arbuux 4 l»{:"\l ‘?/5,1*‘;‘3}_& N :
% GORA - rwamm s} R - .
P . ik TAMDTK e . R N REERY
(4o | GORA ousnoqu.vaal ﬂusl-nlh;rsc{h ,T/R I N s Di"i *X‘“\‘ : ke r"” Ll
: ? ; = Rypdsu ¢ R 7 - " OL -
‘[ H ;mum A 15 ) - L R BO(AC i I\ "
7 P » /‘“‘*“7“ '\’ ANTA
g ¥
‘*{ 1) % 3 ,?/"ﬂ; CHOL KoL
: ) j’ - LIS
4083 4PIK ARN, ‘(evm’ uzfhchy \“\(,\,f“’

3 AD
NPeieval By -

ereve g‘my A‘nk REvOLYUTSH
- o974

: . i « Z.- SAREZSKOYE.
; T e o T
lo B

OZ. YASHH.' I\LL
Atscht S‘am.

$

.- ﬁl xanA Py
G'?&

.. tetms! 22
T Sieisiavyr.,

cmcu %’:‘
Ti49 ‘2‘ T -

P = — > -, v e T 77 78




82 83 34 85 8o 87 88 89
; ; v : \ ; T T
' a W O0Z. ZAYSAN 2\ 4:,/( :

: ' ]

GORA SHORAASS
2033

i
|
1
|

PU-LUN
J O-HAl

Lrung
-
I
46
15A1 ERH UING N S - o
81348 4yRIG/NL UR’ - @
d’ < N
-8 s h <
\@zoyr: Deboan - -3
%
o
A\
o
\
5 43
2
R
_ . \__\-.J 14
[u.:m FOGDO TAGH 5470
k-4 © TTS0GDO UVIA $380
ACHUIUUN BUEKU TAG )
o /2 3237
.sogﬁgvzygg ) {* ~Jo Pon Cheng To Faa
LY B
. 7439.@921\ <Ry s
UN TA
(u;gggyu E | - Z- ‘ ‘ u tfan 43

ALAGUY UlAg -
1906 Pepression
- < T e~
3 H -
'

. X J/
Mulld A&cﬁ’ R
ol

Monan Chosz Dowva

e’ 3 Axizit TAGH
2225

_ - B 42
T ) BAGHRASH KOL

KODAILEKE: =

- TAGH g AITAN TAGH HAN
g | e T WO s
. MONUR SHAN
. 4ry8 SUGET BULAK TAGH& 2618 cHoL
~ b, A/\,‘“1 2253 TOGHRAK
s - . Dat}« L B SHINDI TAGH 2181
. s i 1219

40

o
NTAR KO A T ANTAK KOL

0L R CHOL KoL

{ R Takila Makan Desert




| TIEN SHAN |

AND ASSOCEATED BuyZois

CULTURAL FEATURES

0ZERO
BALKHASH

~ ~ Nanonz: bourgary Yr  PROVINCIAL  CAPIALS .
~ ~  Pioonc.zl mo o omdare B CTY (APPEOXIMATE EXTENY)

i [ SECONDARY MUNITIPAUTY

T $ ngia jrocx rarircac
. VESSER POFUTATEN § 7t e
=~  Dziple caxex roriroad ERs
o Rz 00d LneeT fuf st trine ™~ Principal motor ruad
s} Airtiara
T Mo porenms doavear < NEIT E HRACKINE [ 4N
- Inccrmatten’ sircwtn Dry luk b £ v oy}
L YRR R R . Gor rutls mumps ars
ARASANS
*KAD A
R e i e &
TALT F-KURGAN

AYNA By AR

SRUGALY

SELINKOVD

(I‘ng’b‘\ BAYIVR S
(h'i - ’\4>
A
. f e -
FSRE — 4
: y :Ef it CHAYKA/L_./
AxTASHO - i
i AULRLA iy / g . 7
{
H T oy - EE
" sovaes WR =
i 2 SON-RUT . STHEN SHANSKAYA
: —
i —_
.\KOKA/"\WANGAK
KISHLAK
DZHALAL KBAD
WATAN-ABAD
;
i NAUKAT
H
H
H
i
i
P
! Q506 ACH ROI
i T PA.CH U -
i o ¢ . N s
i U FU (KASHGAR) N SRV LY ,
i ~7V Y ANT AR
: SULD a"ﬁt"‘
H t
i - Y c CHOI KoL
: 3
: £, AU
ntﬂ&’w’u»e N YING-CHI-SHA 5
52 FYANCH N MAI AT T
'
;
§ YARKAND
., m,k/
N \i’i/ YEH-CH ENG
37
o
Pt SHAN
\*\\\
onvaR SAN.U BAZAR m———s
. - JHC TiEn




e

AKSUAT

i
. ZAYSAN i

PU-EYH-CHIN

[ ———— T T

s
MOraN :
TAMAATA - :
MAN1-SSU-HL ’
aRazav s - B
h .lAPA& -
TALDY-KURGAN :
2 T
TEKEL S :
!’ AYNA EULAK = \
SKUGALY
@30R0 TUNHE :
CHILIK
: .
, CHAD-SU :
- SKARA KO ‘!\
MO SHIH
! PALCHENG - BAGHR ASH AOL
W e 1 A .
\,. nikt N
SHA-YAR & . 3 \,‘6 - puaty«e. .
- R o
@ = B
n2al Coa &L LB .-
;1@/-/-”' »fx z
Yu P B
1 e T4 SN e e ) :
avd )
O paryt T :
7 2 L

-~ }1“&? T .

L AOL N - 7 U ; .

AR ROUJT T WA e e - . _
2 VT . o
LT VANT AL Kal .
v CHOL KOL -~ :
KoL~ ;
<":}"“
. -
o7 3 .
< & - -~ zp
~I' \1" Q:" Mon FENGS A R
g P Y
aut Pl SHAN )
q\ N . ? 7 z
$ 3 " - AYAGH

| & 4;_‘ AL M ‘ .
HO THEN K AOL .
, 2 .




BIBLIOGRAPHY

Academia Sinica, Nat'l. Res. Inst. of Meteor., 1943, 1944: Climatological
Data, Precipitation (1943); Air Temperature (1944).

Abal'ian, T. S., 1958: Prognoz stoka rek Chuiskogo basseina [Discharge
forecast for rivers in the Chu Basin] Trudy TSentral Inst. Prognozov
67:3~41.

Akademiia Nauk SSSR, 1964: Atlas Mira [Physical-geographical Atlas of
the World], Moscow.

Alessandri, C. and N. Ventrui-Ginori, 1931: Relazioni scientifiche delle
spedizione italiana DeFilippi Nell'Himalaia, Caracorum e Turchestan Cinese
(1913-14), Geofisica: meteorologia, aerologie e pireliometria [Scientific
Report of DeFilippi's Italian Expedition to the Himalaya, Karakoram and
Chinese Turkistan. Geophvsics: Meteorology, Aerology and Pyrheliometryl,
Ser. 1, vol. 3, Bologna, 194565 p.

Alisov, B. P., 1956: Klimat SSSR [Climate of the U.S.S.R], Moscow,
Izd-vo Moskovskogo Universiteta, 125 p.

Amer. Geogr. Soc,, Dept., of Exploration and Fleld Research, 1958:
Geographic Study of Mountain Glaciation in the Northern Hemisphere, pts.
~7a and 7b, Central Asian Mountain System (I and II), New York.

Amer. Meteor. Soc., 1951: A Selective Annotated Bibliography on Mountain
Meteorclogy, in Meteorological Abstracts and Bibliography 2 (11), 976 p.

Amer. Physiological Soc.,, 1056 p., Handbook of Physiology, 1964,
Washington, D. C.

Arkhipova, E. P., 1960: Kartygeograficheskogo raspredeleniia chisla dnei
s grozoi na territorii SSSR [Maps of the geographic distribution of the
nunber of thunderstorm days in the USSR], Glavnala Geofizicheskaia
Observatoriia, Trudy 74:41-60, 1957 (Transl. by H. K. Gold, U.S, Weather
Bureau, Off. of Climatology).

Balke, B., 1964: Work capacity and its limiting factors at high altitude,
in The Physiological Effects of High Altitude, New York, Macmillan Co.,
PP. 233-247.

Belinskiy, V. A, and S. P. Khromov (eds), 1963: Materials of the Pamir:
Expeditions 1957-1959, (translated title), Moscow, Section on Meteorology
and Climatology, Geog. Faculty, Moscow State Univ,., vel. 1, 234 p,

13t

41



41

Bert, P., 1943: Barometric Pressure, Researches in Experimental
Physiology, (Transl, from Fr, by M. A, & F. A. Hitchcock), Columbus,
Ohio, College Book Co., 1055 p.

Bishop, B., 1962: Wintering on the Roof of the World, National Geographic,
122(4): 503-547.

Bishop, B. C., A. K. Angstrom, A, J. Drummond and J. J. Roche, 1965:
Solar Radiation Measurements in the High Himalaya (Everest Region),
Contract No. DA19-129~AMC-74(N), U.S. Army Natick Labs. Also in Jour.
Applied Meteorol. 5(1):94-104, Feb. 1966.

Bleeker, W., 1936: Meteorologisches zu den 3 hollandischen Karakorum-
Expedition, K. Akademia van Wetenshappen te Amsterdam, Proceedings,
39(6-8):746-756, 839-845, 962-970.

Bordet, P., 1961: Researches Géologiques dans L'Himalaya du Népal Region
du Makalu, Paris, Edition du Centre National de la Récherche Scientifique,
275 p.

Burdsall, R. L., and A. B. Emmons, 3rd, 1935: Men Against the Clouds,
New York, Harper & Bros., 292 p. [Account of the first ascent of Minya
Konka.] :

Burrard, S. G. and H, H, Hayden, 1908: A Sketch of the Geography and
Geology of the Himalayan Mountains and Tibet, Calcutta, India, 308 p.

Captain Deasy's Journey in Western Tibet, Geogr, Jour., 9(1):217,
Jan. 1897,

Champion, H. G., 1936: A Preliminary Survey of the Forest Types of India
and Burma, Indian Forest Record (n.s.) vol, I,

Chang, C, -Y., 1946: Climate and Man in China, Annals Assoc. Amer.
Geogrs., 36(1):44-73,

Chatterjee, S. B., 1953: Indian Climatology: Climostatics, Climatic
Classification of India with Special Reference to the Monsoons, Calcutta,
Commercial Printers, 417 p. 135




Chhibber, H. L., 1934: The Geology of Burma, London, Macmillan & Co.,
Ltd., 538 p.

Chu, C., C. W, Tu, and P, K, Chang, 1936: The Chinese Rainfall, Nanking,
The National Research Institute of Meteorology, 596 p.

Chung-kuo Ch'i~hou T'u [An Atlas of Chinese Climatology], 1960: Peiping,

Off. of Climatological Data Res., of the Central Meteor. Bur. (ed.), JPRS
16, 321, 293 p. '

Conway, W. M., 1893: The Crossing of the Hispar Pass, Geogr. Jour.,
1:131-138,

Cressey, G. B., 1944: Asia's Lands and Peoples, New York, McGraw-Hill
Book Co., Inc., 597 p.

Daniels, F., Jr., 1964: Man and radiant energy: solar radiation, in
Handbook of Physiology, Section &, Adaptation to the enviroment,

pp. 969-987, Washington, D. C., Amer Physiological Soc.

Defant, F., 1951: Local Winds, in Compendium of Meteorology, Boston,
Amer. Meteor. Soc., (T. F. Malone, ed.), pp. 655-672.

Desio, A., 1939: Geological Work of the Italian Expedition to the
Karakoram, Geogr. Jour., 75:402-411.

de Filippi, F., 1913: Asiatic Expedition (Notes), Geogr. Jour.,
45:228-232.

Dhar, 0. N. and J. Narayanan, 1965: A Study of Precipitation Distri-
bution in the Neighbourhood of Mount Everest, India Meteor. Dept.,
Indian Journal of Meteor, & Geophysics, 16(2):229-240.

Dhir, R. D. and H. Singh, 1953: Snow Surveys in the Himalayas, New Delhi,

Gov't of India, Central Water and Power Commission.

Duncan, M. H., 1929: The Mountain of Silver Snow, Cincinnati, Ohio,
Powell and White, 233 p.

Ekholm, N. G., 1904, 1907: Meteorologie, in Scientific Results of a
Journey in Central Asia, 1899-1902 by S. Hedin, Vol. S5, pt. 1,

Observations, 1894-7 and 1899-1902, Stockholm.

136 ‘

42



42

Federation of American Societies for Experimental Biology, 1963: A Study
of the Biomedical Problems Related to the Requirements of Troops ac
Terrestrial Altitudes of 10,000 feet or above, Washington, D. C. U. S.
Army Contract No. DA-49-092-AR0-9, 20 p.

Ficker, H. von, 1933: Bemerkungen uber das Klima der Pamirgebiete;
einige Ergebnisse der Alai-pamir Expedition 1928. Meteor. Zeits.,
50:81-87.

Ficker, H. von, 1923-25: Klimatologische Bemerkungen Lbet Turkestan,
Gesellschaft fur Erdkunde zu Leipszig, Mitteilungen, pp. 42-47.

Ficker, H. von, 1923: Untersuchungen uber Temperaturverteilung,
Bewoelkung und Niederschlag in einigen Gebieten des mittleren Asiens.
[Investigations of Temperature Distribution, Cloudiness and Precipitation
in Some Regions of Middle Asia]. Geografiska Annaler 5:351-400.

Field, W, O, and Associates, 1958: Atlas of Mountain Glaciers in the North-
ern Hemisphere, Technical Report EP-92, QM RSE Center, Natick, Mass.

Fisher, M. W., L. E. Rose and R. A. Huttenback, 1963: Himalayan Battle-
ground, Sino-Indian Rivalry in Ladakh, New York, Frederick A. Praeger, Inc.,
205 p.

Fleming, P., 1936: A Journey through Central Asia, Geogr. Jour., 88:128-147.

Flohn, H., 1958: Beitri&e zur Klimakunde von Hochasien. Erdkunde,
12(4):294-308.

Flohn, H., 1947, 1956: 2Zum Klima der Hochgebirge Zentralasiens Pts. I and
II., Meteor. Rundschau 1(3-4):95-97, Sept. -Oct., 1947 and 9(5-6):85-88,
May-June, 1956.

Flohn, H., 1954: Zur meteorologie des Nanga Parbat, in Nanga Parbat,
1953 by K. Herlickoffer, Munich, pp. 171-192.

Flohn, H., 1955: Zur vergleichenden Meteorologie der Hochgebirge
Archiv. f. Meteor., Geophys. u. Bioklim., Ser, B, 6(3):193-206.

Gansser, A., 1964: Geology of the Himalayas, New York, Interscience
Publishers. 289 p. and maps.

Gaussen, H. and P. Barruel, 1955: Montagnes, la vie aux hautes altitudes,
Paris, 207 p. 137




Geiger, R., 1965: The Climate near the Ground, Cambridge, Mass,, Harvard
Univ, Press, (Transl, of Das Klima der bodennahen Luftschicht, 4th German
ed., by Scripta Technica, Inc.), 611 p.

Geordio, V. A., A, B, Kazanski, V. N. Kolesanikova, B. K. Rozdruhine,
and M. A. Petrossiants, 1961: The Fedchenko Glacier and Climate, Intn'l
Assoc. Sci. Hydrol. Publ. 54, 440-448.

Gherzi, E., 1944: (Climatological Atlas of East Asia, Shanghal, Tou'se-we
Catholic Mission Press, 175 p.

Gherzi, E., 1951: The Meteorology of China (2 vols.), Macao, Servigo
Meteoroldgico.

Goldie, N., J. G, Moore and E. E. Austin, 1958: Upper Air Temperature
over the World, Geophysical Memoirs No. 101, Great Britain Meteor. off.,
Air Ministry 13(1), 228 p.

Grenard, F., 1929: Haute Asie, in Geographie Universelle, Tome VIII,
Paris.

Hall, W. H., T. G, Barila, E. D. Metzger, and K. K. Gupta, 1965: A
Clinical Study of Mountain Sickness, Arch. Environ. Health, 10:747-753.

Jann, J. and K. Knoch, 1932: Handbuch der Klimatologie, Allgemeine
Klimalehre, &4th ed., Stuttgart, 444 p.

Hanson-Lowe, J., 1941: Notes on the Climate of the South Chinese~Tibetan
Borderland, Geogr. Rev., 31:444-453,

Hardy, M. E., 1920: The Geography of Plantg, Clarendon Press, Oxford.

Hrdin, S. A., 1903: Central Asia and Tibet, New York, C. Scribner's
Sons, (Transl. from Swedish by J. T. Bealby), 2 vols., 608 & 664 p.

Hedin, S. A., 1909: Jrans-Himalaya, New York, Macmillan Co., 2 vols.

Hermes, K., 1955: Die Lage der oberen H:}dgtenze in den Gebirgen der
Esﬁe und ihr Abstand zur Schneegrenze, Kolner Geog. Arbeiten, Heft 5,
Koln.

2

Herrligkoffer, K., 1954: Nanrga Parbat Expedition of 1953, Munich,
I. D. Lehmann.
138

43



43

e e b AN .

Hill, S. A., 1885: Das Klima des nordwestlichen Himalaya und die
Temperatur in NW-Indien, Oesterreiche Gesellschaft fur Meteorologie,
Zeitschrift, 20:281-296.

Hill, S. A., 1879: Die Hohe der Maximalzone des Regenfalles im
Nordwest-Himalaya und ihre physikalische Begrundung. Oesterreiche
Gesellschaft fur Meteorologie, Zeitschrift, 14:161-165.

Hill, S. A. (1880): The Meteorology of the North-West Himalayas,
Indian Meteorological Memoirs, Vol. 1, Pt. VI.

Hill, S. A., 1888: Uber die Jahrliche Schwankung des Barcmeters in Indien,
Meteorologische Zeitschrift, 5:340-348.

Houston, C. R., 1964: Effects of High Altitude (Oxygen Lack) in Medical
Climatology (Sidney Licht, ed.), New Haven, Physical Medicine Library,
vol., 8, pp. 469-493.

Hau, G. -T., 1941: A Note on the Climatic Conditions of Lhasa, Amer.
Meteor, Soc., Bull., 22:68-70.

Hu, H. =Y., 1946: Some Remarks on the Climate of Omeishan, Jour. of
Meteor., 3:50-52.

Huntington, E., 1905: The Mountains and Kibitksis of Tian Shan, Bull.
Amer. Geogr. Soc., 37(9):514-530.

Hurtado, A., 1964: Acclimatization to high altitudes, in The Physiological
Effects of High Altitude, New York, Macmillan Co., pp. 1-17.

Irdia Meteor. Department, 1953: Climatological Tables of Observatories
in India, Delhi, 400 p.

India Meteor. Department, 1891-1954: India Weather Review.

Iyer, V. D. and R. f. Pradham, 1958: Monthly Frequencies of Rainfall in
India, India Meteor. Dept., Memoirs 30(6):217-289, 1958.

Jagannathan, P.: Regression of Climatic Elements on Latitude, Longitude
and Elevation in India, Part I, Mean Daily Temperature, India Meteor.
Dept., Scientific Notes 10(121).

James, P. E., 1935: An Outline of Geography, Boston, Ginn & Co., 373 p.

133




e - e

Jourzey of Captain Wellby and Lieut. llalcolm, Ceogr. Jour., 9(1):213,
Jan. 1897.

Karaa, P. P., 1960: XNepal, A Physical and Caltural Ceography, lexington,
Ky., Univ. of Kentucky Press, 101 p.

Xavakita, J., 19%: Vegetation, iz Land and Crope cof Nepal Rimalava:
Scientific Results of the Japanese Expediticas to Nepal Himalaya
1952-1953, wvol. 11, (. Kihara, ed.), Faoana aod Flora Res. $-.v., Kyoto
Univ., Kyoto.

Kay, R. H., 1958: Standard Atmospheres in Respiratory Physiology, Rature,
Loundon, 182(4641):1032-1033.

Kendall, H. X., 193): Mouatain Climates, Syracsse Univ. and Xiami (Ohio)
Univ., Final Beport, Contzect No. DAbA~100-qu-620, 7% p.

K::'ppeu, W. aod K. Ceiger, 1%927: Das Kiimas woe ressisch Mittelasien,
Peternanns Ceographische Mitteflwogen 73:224-22.

Korff, S. A. (ed.), 1954: The World's High Altitude Research Stations,
Joiat Commissicn ca Eigh Altitude Besearch Staticas, 82 p.

Lahey, J. F., R. A. Bryscu, H. A. Corzime and C. ¥. Rutchins, Atles of

300 wb Wind Characteristics of tihe Xorthern Bemisphere. Madison, U. of
Wisconsin Press, 1960. [ARCEC-TR-3%-270, pt. 1}.

Landsderg, K., 1947: Physical Climatology. State College, Pa., The
Pennsylvania State College, 28) p.

Lee, J., 1949: The Rainfall Distribution oo the Tibetan Plateau and its
Surrounding Regions, Jour. of the Chinese Ceophysical Soc., 1(2):166-176.

Lee, S. -T., 1947: Delimitation of the Geographic Regions of China,
Annals Assoc. Amer. Geogrs., 37:155-168.

Leuchs, K., 1937: Geologie von Asfen, wol. 1, pt. 2, Berlin, 317 P

Lu, A., 1939: A Brief Survey of the Climate of Lhasa, Roy. Meteor. Soc.,
Qu. Jour. 65(281):297-302.

Lu, A., 1947: Precipitation in the South Chinese-Tibetan Borderland,
Geog. Rev., 37:88-93.

Ludlum, D. M., 1955: Extremes of Atmospheric Pressure in the United
States, Weatherwise 15(3):106-115.

44



I R e

44

LT T

Miller, M., 1964: Observations on the Geology of the Mahalangur Himal
with Comments on the Glaciology of Mt. Everest and some Related Problems
of High Altitude Research, American Mt, Everest Expedition, 1963, Glacio-
physical Report No. 1, Contract DA19-129-AMC-74(N).

Mirov, N. T., 1951: Geography of Russia, New York, John Wiley & Sonms,
Inc., 361 p.

Monge, C.,, 1948: Acclimatization in the Andes, Baltimore, The Johns
Hopkins Press, 130 p.

Muller, F., 1958/59: Eight Months of Glacier and Soil Research in the
Everest Region, Mountain World, pp. 191-208.

M\'x’ller, S., 1961: Das Arbeitsgebiet und die hydrologischen Untersuchungen
der deutschen glaziologischen Expedition 1958 un Tujuksu - Gletschergebiet
in Sailiskischen en Alatau (Tienschan), Zeits. f. Meteor., 15(10-12):291-330.
Berlin (Eng. Susmary).

Murzaev, A. M., 1950: Mongol'skaia Narodnaia Respublika [Climate of Mongolia],
(Transl. G. S. Mitchel)), pp. 91-115 abridged, (Institute of Geography of

the Russian Academy of Sciences, 1948), Spec.Rept. No. 32, Clim. Unit,

U. S. Aruy QM Res. and Dev, Branch.

Murzayer, E, M., (ed.), 1958: Physical Geography of Tibet, Moscow,
(Transl, by U. S. Joint Publ, Res. Serv., 224 p.).

National Aeronautics and Space Admin., U. S. Air Force and U. S. Weather
Bur. 1962: U. S. Standard Atmosphere, Washington, U. S. Gov't. Printing
off., 278 p.

Nuttonson, M. Y., 1950: Agricultural Climatology of Siberia, Natural
Belts, and Agro-Climatic Analogues in North Americs, Washingtoum, Amer.
Inst. of Crop Ecology, 57 p.

Olufsen, 0., 1903: The Second Danish Pamir Expedition, Meteorological
Observations from the Pamir, 1898-99, Coper'uagen, 91 p.

Paffen, Kh., 1956: Die Pflanzenwelt der Hunza-Landes, und die Vegetetions,
~-gtufen und ~zonen des NW-Himalaya und ~Karakorum in Profil, Erdkunde,
10:23-30. 1 ,*1

2



Pastukh, V. P, and R. F. Sokhrina, 1960: Grad nac territorii SSSR [Hail
in the USSR} Glavnaia Geofizicheskaia Observatoriia, Trudy 74:3-21, 1957
(Transl. by I. S. Donehoc, U. S. Weather Bureau, Off. of Climatology).

Peissel, M., 1965. Mustang, Nepal's Lost Kingdom, Nat. Geog. Mag. 128(4):
579-604 .

Petrov, B. F.: Landshafty i pochvy Tsentral'noy Chasti Vostochnykh Sayan
[Climatic Sketch of the East Sayan Mountains], Zemlevedenie, Moskovskoe
Obschchestvo ispytateley prirody, Novaya Seriia, 42:286-320 (Klimat,

pp. 291-296).

Poire, I. V., 1953: Pamir, The Roof of the World, Appalachia, 29(4):
534-565.

Pond, A., 1951: Climate and Weather in the Central Gobi of Mongolia,
Arctic, Desert, Tropic Information Center, Air Univ., Maxwell, A. F. Base,
Alabama, ADTIC Publication D-101.

Ponomarev, M, D. and V. N, Borsuk, 1927: Klimaticheskii Ocherk
Kazakstana {Climatic Outline for Kazakhstan SSR], Trudy Obshchestvo
izucheniia Kazakstana, pp. 163-200.

Pugh, L. G. C. E., 1954: Notes on Temperature and Snow Conditions in the
Everest Region in Spring, 1952 and 1953, Jour. of Glaciology 2(15:363-365.

Pugh, L. G. C. E., 1954: Scientific Aspects of the Expedition to Mount
Everest 1953, Geogr. Jour., 120(3):183-192.

Pugh, L. G. C. E., 1954: Scientific Problems on Mt, Everest, 1953,
Himalayan Jour., Oxford, 18:46-68.

Pugh, L. 6. C. E., 1957: Respiratory Studies on Mt. Everest, Jour. of
Physiology, 135:590-610.

Pugh, L. G. C. E., 1962: Himalayan Scientific and Mountaineering Expedition
1960/61, The Scientific Programme, Geog=. Jour., 128 (pt. 4):447-456.

Pugh, L. G+ D. E., 1964: Animals in high altitudes: man above 5000 meters-—«
mountain exploration, in Handbook of Physiology, Section 4, Adaptation to
the environment, pp. 861-863, Washington, D. C. Amer, Physiological Soc.

Raghavan, K., 1956¢ Influence of Orography on the Upper Winds over Mussooree,
Indian Jour., of Meteor. and Geophysics, 7(3):289-294.

142

45




-~

ee,

45

Randas, L. A. and S. Yegnanarayanan, 1956: Solar Energy in India, in
Wind and Solar Energy, Pruceedings of the New Delhi Symposium, UNESCO,
pp. 188-195.

Rangarajan, S., 1963: Thermal Effects of the Tibetan Plateau During the
Asian Monsoon Season, Australian Meteor. Mag., Melbourne 42:24-34, Sept.
1963.

Riordan, P., 1970: Weather Extremes Around the World, Tech. Rpt.
70~45-ES. U. S. Army Natick Labs., Natick, Mass,

Robbe, E., 1954: Report to the Goverment of Nepal on Forestry, ETAP
Report Mo. 209 (mimeographed).

Rock, J. F., 1926t Through the Great River Trenches of Asia, Rational
Geog. ey 50:133-185. ([Other articles by Rock appear in same Magazine
1325-31] .

Roerich, G, K., 1931: Trails to Immost Asia, Kew BRaven, Coun., Yale Univ.
Press, 504 p.

Romm, M., 1936: The Ascent of Mount Stalin, London, Lawrence and Wishart,
270 p.

Roosevelt, T. and K. Roosevelt, 1929: Trailing the Giant Panda, Wew York
and London, C. Scribner's Sons,

Rubinstein, K. von, 1931: Klima der Uniom der Sozialistischen Sowjet-

Republiken, Teil 1, Lf, 3, Monatsmittel der Lufttemperatur im Asiatischen

Teil der USSR, Hydro-wetecrologisches Komitee der USSR, GCeophysikalisches
Zentral Observatorium.

Russian Expeditions in Tibet, Ceogr. Jour., 9(1):546-35S.

Ruttledge, H., 1934: Everest 1933, London, Hodder, Hodder and Stoughton
Led., 390 p.

Ruttledge, H., 1936: Everest: The Unfinished Adventure, London.

Schweinfurth, U., 1957: Die horizontale und vertikale Verbreitung der
Vegetation in Himalaya, Bomner Geogr. Abh., Xo. 20, Boan, 373 p.

Schweinfurth, U., 1956: Uber Klimatische Trockentaler im Himalaya
[On clinatically dry valleys in the Himalayss], Erdkunde, 19(4):297-302.

143



Sen, S. N., 1934: Himalayan Meteorology, In Everest 1933 by H. Ruttledge,
PP. 352-379.

Singh, 1., 1964: Medical problems during acclimatization to high altitude,
in The Physiological Effects of High Altitude, New York, Macmillan Co.,
PP- 333-338.

Sion, J., 1928: Asie des Moussons, in Geographie Universelle, Tome IX,
Paris.

Slesser, M., 1962-63: Peak of Communism, The Mountain World, Swiss
Foundation fcr Alpine Research, pp. 133~143.

Somervell, T. H, and F. J. W. Whipple, 1926: The Meteorological Results
of the Mount Everest Expedition, Roy. Meteor. Soc., Qu, Jour., 52:131-142,

Stamp, L. D., 1930: Burma: An Undeveloped Monsoon Country, Geogr. Rev.,
20:86~109.

Stenz, E., 1946: The Climate of Afghanistan, its Aridity, Dryness and
Divisions, New York, Polish Institute of Arts and Sciences in America,
14 p.

Suslov, S. P., 1961: Physical Geography of Asiatic Russia, (translated by
N. D. Gershevsky), San Francisco, W. H. Freeman and Co., 594 p. [First
published in Leningrad and Moscow, 1947].

Tadzhikov, M. M., 1963: A Brief Characterization of the Background of the
Kara-Dzhilga-Kry Line (Eastern Pamir), from Voprosy Fiziologii I Patologii
Nysokogor'ya (Problems of the Physiology and Pathology of the High Mountains),
vol. 62, Tadzthikskiy Meditsinskiy Institut Ia Ibuali Ibni Sine, Dushanbe,
Trudy T62, Izdafel'stro AN Tadzhikskoy SSR, 195 p.

Troll, C., 1959: Die Tropischen Gebirge, Boanner Geogr. Abhandlungen,
No. 25 Bonn, 93 p.

Troll, C., 1947: Thermal Types of Climate of the Earth, Petermanns Geogr.
Mitteilungen, 89(3-4), 1943 (Transl. by C. R. Sage and F. D. Horigan,
Washington, 1947).

Tso, T.~K., Y.-X. Wang and C.-X. Chen, 1963: Characteristics of the
Distribution of Total Radiation in China, Acta Meteorologica Sinica,
Peking, 33(1):78-196, (Eng. Summary p. 96).

141




46

Tu, C.-W., 1936a: Climatic Province of China, Meteor. Mag., Nanking,
12(9):487-518.

Tu, C.-W., 1936b: The Exceptionally Heavy Precipitation of Mt. Omeishan,
Meteor, Mag., Nanking, 12(10):560.

Tu, C.-W., and L.-C. Li, 1935: Some Regional Rainfall Types of China,
Acad. Sinica, Inst. of Meteorology, Memoir, No. 5, Mar. 1935.

United Kingdom, Air Ministry, Meteorological Office, 1958: Tables of
Temperature, Relative Humidity and Precipitation for the World, M. 0. 617e,
Part 5, Asia, London, H. M. Stationery Off., 129 p.

United Nations Economic Commission for Asia and the Far East, 1961:
Geological Map of Asia and the Far East, Explanatory Brochure, 74 p.

U. S. Air Force Cambridge Research Laboratories, Office of Aerospace
Research, 1965: Handbook of Geophysics and Space Enviromments, (S. Valley,
ed.), 637 p.

U. S. Air Force First Weather Wing, 1962: Climatic Data Tabulation, Burms,
Climatology Div., S & Cs.

U. S. Alr Force, Geophysics Res., Directorate, 1958: Mean Monthly 300 and
200 mb Contours and 500, 300, and 200 mb Temperatures for the Northern
Hemisphere, Geophysics Res. Paper, No. 57, Bedford, Mass,, 80 p.

U. S. Air Weather Service (MATS): N Summaries, Asheville, N. C. Data
Processing Div., Climatic Center, USAF.

U. S. Afir Weather Service, 194>5: Weather and Climate of China, Parts A,
B, USAWS Tech Rept., No., 105-34,

U. S. Army, 1964a: Area Handbook for India, Dept. of the Army Pamphlet
No. 550-21, prepared by Foreign Areas Studies Divisfon, Special Operatioas
Res, Off., The American University, Washington, D. C. 802 p.

U. S. Army 1964b: Area Handbook for Nepal (with Sikkiz and Bhutan), Dept.
of the Army Pamphlet No. 5350-35, prepared by Foreign Areas Division,
Special Operations Research Office, The American University, Washington,
D. C., 448 p. ‘

U. S. Army, 1964c: Mountain Operations, Field Manual T 31-72, 159 p.

145




ponssd DY B B swe

. S, Army Research office, 1963: A Summary of the Arwmy Research 0ffics
Confesence on Oxygen Requirement and Supply te Troops at ngﬂkilevations.
Life Sciences Division, 49 p. ’

U. 5. Weather Bureau, Oct., 1952.

Normal Yeatrer Charts for the Xerthneen
Hemisphere, Tech Paper HWo. 21.

Untersteiner, N., 1958: Glazial-meteorologische Untersuchungen im
Karakorum, I, Strahlung [Glacial-meteorological Investigations in Karakcrar,
Pt. I, Radiation], Archiv, f. Meteor., Geophys. u. Bioklim., Ser B,
811):1-30, 8(2):137-171.

Velasquez, T., 1964: Response to physical activity during adaptation
to altitude, in The Physioiogical Effects of High Altitude, Wew York,
Macmillan Co., pp. 289-300.

Visser, Ph,, 1928: Von den Gletschern am obersten Indus, Zeitschrift fﬁi

Gletscherkunde, vol, 16,

von Wissman, H., and H. Flohn, 1959: Die heutige Vergletscherung und
Schneegrenze in Hochasien [Contemporary glaciation and the snow line in
High Asial] mit Hinweisen auf die Vergletscherung der letzten Eiszeit {von
Vissman), mit einem Beitrag Bemergungen zur Klimatologie von Hochasien
Aktuvelle Schneegrenze und Sommerklima (i'lohn). Akademie der Wissenschalte
und der Literatur, Abhandlungen der Mathematisch-Naturwissenschaftlichen
RKlasse, nr. 14, 1103-145i, Mainz.

von Wissman, H., 1960-61: Stufen und vurtel der Vegetation und des Kiimas
in Hochasien und seinen Randgebieten [Vertical and Horizontal Zones of
Vegetation and of Climate in High Asla and its Surroundings], A. Hygris?he
Raumgliederung und Exposition [Humidity Zoning and Exposition of Slopes]
Erdkunde, 14(4):249-272, B, Thermische Raumgliederung und Frostboden
(Thermal Zoning and Frost Surface) 15(1):19-44, Bonn.

voznesensky, A. V. (ed.), 1930: Transactions cf the Bur. of Agrometeor.,
Trudy. Lenin Acad, of Agric. Sciences of USSR, vel. 21, Leningrad.

Waddell, L. A., 1869: Among the Himalayas. New York, Amsterdam Bcok Co.,
452 p.

Wager, W., 1934: The Weather, In: Everest 1933 by H. Ruttledge, Londonm,
Hodder, Yodder and Stcughton, Ltd., pp. 337-351.

146

N




L7

Wagner, A., 1932: Hangwind, Ausgleichsstromung, Berg- und Talwind,
Meteor. Zeits., 49:209-217,

Walter, H. and H. Lieth, 1960: Klimadiagramm Weltatlas, Jena, Gustav
Fischer Verlag, 7 parts.

Ward, F. K., 1936: Botanical and Geographical Explorations in Tibet,
1935, Geogr, Jour., 88:385-413.

Weihe, W. H. (ed.), 1964: The Physiological Effects of High Altitude
(Proceedings of a Symposium Held at Interlaken, Switzerland, Sep. 18-22,
1962), Pergamon Press, Oxford.

Willis, B., 1907: Research in China, vol, 2, Systematic Geology, Carnegie
Institution of Washington, Publ. 54,

Winnington, A., 1957: Tibet; Record of a Journey, N. Y., International
Publishers, 235 »n.

Woeikof, A., 1896: Das Klima Centralasiens nach den Beobachtungen von
Prschewalsky, Meteor. Zeits., 13:49-61, 90-100,

World Weather Records, 1944, 1947, 1959: Washington, D. C. Smithsonian
Miscellaneous Collections, v, 79, Before 1920, 1199 p., v. 90, 1931-30,
616 p., v. 105, 1931-40, 646 p.; U. S. Weather Bureau, 1941-50.

Wylie, T. V., 1962: The Geography of Tibet, according to the 'Dzamgling-
rgyas-bshad (Text and Eng. transl.), Rome, Instituto Italiano per il Medio
ed Estremo Oriente, Serie Orientale Roma, 286 p.

Yusov, B. V., 1959: Physical Geography of Tibet (Transl. by U. S. Joint
Publ. Res. Serv., New York, 670~D, 197 p.); first published in Moscow,
1958,

Zuev, N. V., 1960: On_the Heat Balance of the Kara-kul' lake, Transl.
no, 40, U. S, Weather Bur., Off of Climatology.

147




WI‘

e

Appeadix A

Some Comments on Climatic Stresses Caused by Elevition

a, Barometric Pressure

Without a doubt, the most influential climatic factor is that
of barometric pressure, People react differently to the lower pressure
experienced at high altitudes. Physiologists have explained many of the
symptoms and reactions of mountain sickness. One of the better summaries
of the effects of lowered barometric pressure is that given by Bert
(1943):

"at the beginning, a sensation of inexplicable fatigue, short
respiration, rapid pacting, vinlent and hasty palpitations;
distaste for food; ther buzzing in the ears, respiratory dis-
tress, dizziness, vertigo, weakness coastantly increasing,
nausea, vomiting, drowsiness, finally, prostration, dimming

of the vision, various hemorrhages, diarrhea, and loss of cor-
sciousness. Such is the ascending series of symptoms, in pro-
portion to the altitude reached ..., Even death, an immediate
death, may be tiue result of these serious symptems .... The
intessity of these symptems is considerably aggraveted by
walking, runping, and expenditure ox energy.”

Yithin the past few years, a team of U. 5. Army military and
civilian scientists made a clinical study of acute mountain sickness at
a high-elevation Indian outpost in the Himalaya (Hall et al., 1965).
They report?

"Acute mountain sickness results from hypoxia, but the patho-
physiology remains obscure. Some persons experience sympLoms
at elevations as low as 6,000 feet above sea level. Virtually
all unacclimatized persons transported rapidly to altirudes of
15,000 feet or higher are affected. The cardinal manifesté—
tions are headache, breathlessness, and impaired capacity fot
exertior. These may be o severe and affect such a large pro-
portion of exposed persons, that the effective perfornanCE’of
an unacclimatized group taken rapidly %e high mountain alt%~
tudes will Le markedly impaired. There is rapid clinlcal im~
provement, but full recovery of work performance egual o that
at sea level is achieved slowly, if at all.”

.
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At the Interlaken Symposium on High Altitude Physiology, Inder
Singh (1964) reported on some of the medical problems during high alti-
tude acclimatization., He divided these problems into those resulting
from adverse effects upon the body mechanism (dimness of vision,
loosening of teeth, gastro-intestinal disturbances, lack of interest,
insubordination) and those resulting from exhaustion or. inadequacy of
the beneficial bedy mechanisms (diminished output of work, loss of weight,
gastro~-intestinal disturbances - such as flatulence, indigestion, loose
bowels, and pancreatic deficiency - thyroid deficiency, and severe and
fatal infections).

In general, the journals show that men can become partially
acclimatized to high altitudes if they are brought to high elevations in
periodic and prolonged increments. It has been suggested that adaptation
camps be established at 2,500, 3,500, and 5,000 m, with pericds at these
elevations of at least ten days duration. Pugh (1957) states that
acclimatization cannot become complete for sea-level personnel above
5,000 m. It is most unlikely that the work capacity of even the best
acclimatized man at such elevations can approach his sea-level produc-
tivity. The temporarily acclimatized, on the other hand, may be as pro-
ductive as the native,

A certain amount of deterioration of acclimatization takes place
at high altitudes. In contrast to acclimatization, which takes place in
several weeks, deterioration is a much slower process involving several
months., A good example of this deterioration was what happened to
several of the wintering-over members at Silver Hut when they attempted to
climb Makalu along with newly-arrived members of the expedition. The new
members, who had been with the expedition about a month, were found to be
in better climbing condition than those who had been there longer. To
coupensate for this deterioration, Indian troops maintaining daily out-
posts at elevations above 6,000 m are quartered at about 5,400 m and are
rotated monthly downhill to an elevation of about 3,500 m. One must bear
in mind that the socldier at high altitude becomes more of an individual
than one at sea level where there is less variation in physiological
responses. Of the eight mountaineer-scientists who wintered over at Silver
Hut (elevation 5,800 m), one had to descend each week to a lower elevation
and another had to do so every month. Imagine what would happen if a
squad of soldiers, randomly selected, had been sent to this elevation. Un-
less there is a medical break-through in the prevention of mountain sick-
ness, we cannot expect soldiers to function effectively above 5,300 meters.
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b. Precipitation

Both precipitation and the lack of it can create stresses on
personnel and materiel., As most of the study area comes under the in-
fluence of the monsoon, there is precipitation in summer and the winters
are predominantly dry. The summer monsoon drops most of its moisture
before it reaches the higher elevations. A good example of how the mon-
soon can fluctuate is the precipitation record for Lhasa, which is at
3,660 m (12,000 feet). In 1936 Lhasa received nearly 200 inches of
precipitation, approximately eleven times that of its long-term average
(Riordan, 1970). The maximum received in a 24-hour period was 11.7 incheo,
the most in one month being nearly 26 inches.

It is the extreme conditions with which the Army should concern
itself in mountains, as annual averages often mask conditions which could
stop an army. Flash floods, mudflows, and slides of all types can result
from prolonged rains and heavy showers. In areas with steep local relief,
debris from slides closes off roads and trails. Earthquakes are relatively
frequent in certain parts of the Himalaya, and these often trigger slides
of various types. Excessive ablation of snow fields or breaking of
glacial dams can also result in severe flooding and considerable mass move-
ment. Thus the stresses created by precipitation may be related oniy in-
directly to the amount receisved during that year,

Transportation and maneuverability of man and his equipment are
strongly influenced by precipitation, primarily through its effect upon
stream flow and ground conditions., In cold dry regions with little cloud-
iness, such as the eastern Pamirs and northern Tibet, snow cover dis-
appears rapidly and travel is much less difficult than might be expected.
Regions of interior drainage contain swamps which hamper travel and breed
insccts, particularly in the spring, even though there is little precipi-
tation. Salt playas, such as those in the Tsaidam Basin, are extremely
treacherous when wet,
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c. Tuguture

The stress created by low temperature at high elevations is a
major one, but one that is well understood and one with which the U. S.
Army has had a degree of familiarization through its polar prograes and
operations. In the free stmosphere, the air temperature decreases
approximately 1 C* for every 100-teter increase in altitude. The extreme
minimum winter temperatures of the Arctic and Antarctic are missing in
Central Asis, but the winter temperatures are still low emough to create
a stresa on the soldier.

Cospared to the Arctic, wintertime minimue and maximum tempera-
tures in mountains are higher; susmertime minimum temperatures are lower;
and maximum temperatures are higher. The relatively large diurnal tempera-
ture range in summer creates a clothing prodblem. Troops om duty at night
at sites above 5,000 m can expect nocturnal minimum below freezing. At the
same site, the black buld radiation temperature in the day may de adove
150° F. It is oot at all uncommon, above 2,000 m, to experience nid-
summer black buldb radiastion temperatures greater than 100° F. Pugh cites
a sun-shade temperature difference of 67 C* (100 F*) at 18,800 feet
(5,370 m),

Although one may question the sccuracy of some metecrological
observations, one cannoc doubt that the temperature difference experienced
by anyone at high elevations can de extreme., A passing clowd can change
the sensible temperature by tens of degrees. Stresses om persoanel are
usually created by extremes, not by means, sod coe should always de cog-
nizant of exprcted extremes, their frequency, and their possible duration.
It would seem that the most vortdwhile wnifora for high elewatiocns in
sumnet would include features which would firat of all protect agaioet
the relatively low suamer temperatures, but which wowld alsv sllor for
internsl ventilatioa.

Man can function quite well for extemded periods at temperatures
as low as -20° ¥. In fact, men will prodadly fumction as long as mecnaaical
equipment will support them at low temperatures. There are oaly three
trouble zoves (feet, hands, and face) ia the protection of mem against the
cold, dut uvafortumately 211 three are semsitiw. sad importamt. The most
inportant zooe is the feet, where the development of s thermo-electric
system to wark insulated doots may solve the prodlem. The mechanism will
have to be light and compact ia order aot to dinder the soldier's movements.
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The second most important area is the fingers. The U, $. Army
can put excellent polar mittens on the scldier which will protect him
well below -100° F, but a satisfactory contact glove is not yet available
for use when bulky mittens must be removed to squeeze a trizger. The
repeated touching of one's fingers to cold metal objects will result in
the formation of cornified layers of skin which will eventuvally peel.
There are electrically heated woolen gloves on the market, but they have
not been adopted by the Army.,

The third area is the face, particularly the cheek bones and the
end of the nose. Nome of the U. S, services has a satisfactory face mask,
and probatly the best thing for protecting the face from the coid is a
relatively loose balaclava helmet, It is necessary to keep the balaclava
loose, for when pressure is brought against the skin the circulation is
restricted and it then becomes susceptible to frostbite. One of the ad-
vantages of the balaclava-type helmet is that the wearer has excellent
vision, both fcrward and laterally., Strange as it may seem, moderately
cold temperatures are more of a hazard thar. are much colder temperatures.
At extremely low temperatures (colder than -2G° F), a needie-like sen-
sation is experienced when the skin on one's face is frostbitten and one
can immediately massage it so that no damage will result; with more
moderate temperatures, cne does not experience this sensation and may end
up with severe frostbite.

In addition tec these three clothing problem areas, the rest of
the mountain uniform has to be selected carefully. It has to be adequate
for a relatively large diurral temperature range, light in weight (not to
exceed 20 pcunds, including boots) so that the soldier will have some
mobility, and of a tough fabric that will not easily tear on mountain ocvt-
crops, jagged rocks, and limbs cf trees ond shrubs. Because of the great
interest in mountaineering throughott the Jorld, there has been much
developmert of civilian mountaineering clothing. However, many of these
items are not sufficiently durable for wear ir sustained combat.
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d, Wind

Another climatic element creating a stress on personnel is
wind, an element for which data are often misleading because of the
sheltered location of most stations. Expedition accounts tell of
winds of hurricane force, particularly at the summits of the giant peaks.
One can discount the summit areas of mountains extending above 7,000 m,
as military operations at such elevations would be most unlikely. Winds
gusting to 60 knots were measured at Silver Hut (5,800 m), although the
maximum sustained wind was only 35 knots,

Winds above 15 knots, wher. combined with temperatures belcw
-20° F and a snow surface, produce severe envircomnmental stresses.
Depending upecn the nature of the snmow, one can normally expect snow move-
ment to begin at wind speeds around 15 knots. When winds increase to
around 25 knots, there will be a considerable amcunt of biowing snow. In
fact, this could be copmsidered the wind threshhold restricting trzvel over
snow. However, the quantity, crystal type, moisture, density, hardness,
age, and ciner factors influence the speed threshnolds for both drifting
and blcwing srow.

Blowing snow creates more of an operational stress as it re-
stricts both visibility and wobility. The combination of high winds and
low temperatures creates a chilling effect which will be discussec in the
next paragraph. Righ winds alone are chiefly a nuisance to the soldier
in movntain areas and it is only when they are combined with low tempera-
tures that the, create a severe envirommental stress. In addition to
this stress, a minor one is created by blowing dust and/or fine gravel in
the atmosphere at the operational level (near the grcund) in the highlands
of Afghanistan, the Pamirs, and the rorthern and northwestern parts of the
Tibetan Highlends.

There has been a lot of discussion of what constitutes the best
indicator of the severity of a climate, The U. S. Army has used windchill
computations to determine clothing requirements in polar climates. How-
ever, this index has severe limi:ations; it is a raw cemputation based
solely upon temperature and wind speed, and it takes no account of radia-
tion or of atmospheric moisture. Within recent years the U, S. Army has
used the Davos frigorimeter at some cf its ccld stations. This instrument,
a black ccpper sphere whese temperature is maintained at the deep body
temperature of man, takes sclar radiation temperature and wind speed intc
accourt, and, in addition, is irfluenced by mcisture/precipitation.




A case can be made for including the Davos frigorimeter as a standard

item in the military meteorological system, Although the complete unit

is not manually portable and requires a power system, it could be

modified into a back-pack item, It has beeun used in Curope since the

late 1920's, and once the instrument has been installed, a minimum of
maintenance is required. Physiological limits have never been determined
for the frigorimeter and this must be done before the data will be
generally usable by the Army, When these limits are established, some
sort of an altitudinal factor must be introduced, as man is certainly more
susceptible to cold injury at higher elevations than he is at sea level.

e. Solar Radiation and Cloudiness

Solar radiation experienced at high elevation is much more
intense than at sea level. This results from the thinness of the
aerosol-filled layers of the air at high elevations. With clear skies,
the total sun plus sky radiation increases approximately 1% for every
100~meter increase in elevation; with overcast skies, the increase with
height is approximately 4% per 100 meters because of the diffused
radiation (Geiger, 1965).

The quantity of radiation received at a given place is a function
of latitude, declination of the sun, altiiude of the sun, angle of slope,
direction of slope, screening, and reflectivity. On sunny days, fabric
colors will fade more rapidly and cameras with focal plane shutters must
never be turned skyward with the diaphragw open. Only seconds are re-
quired to burn or melt a hole through such shutters when the sun's rays
are concentrated by the lens, Cameras are also among the many delicate
instruments and weaponry which can jam or become permanently damaged by ice
crystal formation in moving parts when operating under a cloud cover.

A southward-facing slope of 20° can receive twice as much
radiation in mil-winter as a horizontal surface. Screening occurs when
the horizon is obscured by mountains, thus cutting down the period with
radiation. As the atmosphere decreases in mass with higher elevation,
direct solar radiation intensities increase. Very high radiaticn values
are obtained at high elevations under partly cloudy sky conditioms, as
the amount reflected from clouds, added to that coming through gaps in the
¢louds, can result in instantaneous readings above that of the solar con-
stant. Untersteiner (1958) has made measurements of 2.6 and 2.4 cal cm‘2

min~}* for a height of 6,400 m at Karakoram Camp, and at 4,300 m on
Chogo Lungma Glacier., However, the maximum measurement at Silver Hut
Camp 5,800 mw (near Mt. Everest), was only 1.65 cal cm—2 min~1 (Bishop
et al, 1965).
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What does this mean to the soldier? Basically, it reduces to the
fact that he can be quite comfortable with subfreezing temperatures down
to ~25° F if the sun is shining. Once the sun is shut out by a passing
cloud, an individual immediately feels cold. The same thing happens at
sunset, but more gradually, Consequently, people at high elevations
should be prepared not only for large diurnal ranges but also for sudden,
abrupt changes, If a continuous deck of stratiform cloud hangs over the
mountains for an extended period, it will not only serve to shut off the
direct short-wave radiation but will also act as a blanket and will trap
some of the outgoing long-wave radiation and thereby warm the layer
between the surface and the bottom of the cloud deck.

An overcast sky over a snow surface can create 'whiteout" con-
ditions, obliterating the horizon, All air traffic then has to be shut
down, as flying in such conditions in a mountain area would be dis-
astrous., However, it is also a period when troop movements can be
executed without being observed from above. Most white-outs are not so
severe as to restrict horizontal movement, as dark objects can be picked
out.

The protection of one's eyes at high elevations, particularly
over snow, is another problem. Snow blindness can result when an individ-
ual fails to use his goggles, The critical factor here appears to be the
elevation angle of the sun, as a low sun (less than 15° above the horizon)
will not do the harm that a higher sun will. Snow blindness is a painful
experience and keeps a man from active duty for several days while he
lies in a darkened room. It is also an unnecessary happening, as one
should always wear goggles at high elevations. Mirror-surfaced goggles
are not recommended for military use as they reflect light and can easily
give away one's position. The combination of strong solar radiation, low
relative hrmidity, and strong winds also affects the skin, causing burning,
drying, and cracking. Facial creams and chap sticks are standard pro-
tective items at high elevations.

Cloudiness in mountain regions can be a depressant. The human

being finds conditions much more pleasant when he is able to see where

he is and where he is going. On the other hand, an atmosphere of fcg

or clouds dampens his outlook and may become most unpleasant when the
cloud particles approach the freezing temperatures of high elevation. In
many mountainous areas the problems with clouds are of a local nature,
related directly to local topography. Low clouds would be generally of .
stratus type. Monscon clouds are usually stratiform, rarely reaching
above 2,000 m. Middle clouds (above 3,000 m) are more extenslve. Sky
conditions improve above 5,000 m as high clouds are above the mountain
peaks and have little effect on a person's comfort. It is the clouds

of low elevation that have the most adverse effect on personn:l.
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Station

Adag Mamar

Apa

Chahanwusu

Chakrata

Changtu (Chamdo)
Chienning "Taining)
Chitinghsilin
Chiulung

Dalhousie
Darjeeling

Depsang

Dras

Gartok

Grazni

Gnatong (Natang)
Gulmarg

Gyangtse (Chiangtzu)
Hanle

Hsiaho (Tewulu)
Hsiaochin

Hsining

Huachialing
Huanghoyen (Mato)
Huashan

Irkeshtam

Kaerhmu (Karmu) (Golmo)
Kalat

Kangting (Tatsienlu)
Kantzu

Karakul

Kargil

Khorog (Chorog)
Khuitun Nor (Lenghu)
Kukushihli

Kungho (Chiapuchia)
Leh

Lhasa

Likiang (Lichiang)
Litang (Lihua)
Lungtzu (Lhuntse)

PART I:

Appendix B
CLIMATIC STATION LIST

2000 meters or higher

Meters
Elev,

32 00 92 10
32 43 102 18
36 10 98 16

31 10 97 14
30 34 101 30

28 59 101 32
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2017
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3912
2682
2098
2773
4267
3105
3514
3685
2416
4187
3000

Years of Record

Temp.

N

£
o EH UVMOE H O OOWVEEFO0OWIN;m

=

n w
W OoOWLmOoO oUW

N w0 =
OMN RN QO

- N
OO

Precip.

=

OB OO TR WLO

£~ £~ [N
Buvoo 83 PrPoo

w
QWi o~ O

=

oW
OO HFEONOONORWLM VMO

(o3

n

53




RN SRS SR I

AT WY

i)

\)-')—D

[=2rve)

BTN

oo

53

PART

Station

Malkang

Mangyai

Minhsien

Mukteswar

Murree

Mussoorie

Naryn

Niti

Omeishan
Pahsaichaitamuh (Tachaitan)
Pamirsky Post (Murgab)
Patang (Pa-an) (Batang)

Appendix B

CLIMATIC STATION LIST
I: 2000 meters or higher

Phari Dzong (Pali) (Pharitsung)27

Puri (Pu)

Sarytash

Sewukou (Chumalai)
Simla

Skardu

Sohsien (Sotsun)
Sonamarg

Sungpan

Tag Dzong (Panko) (Tagtsung)
Tajih (Chimai) (Chinai)
Tali

Tanpa

Tejung

Telingha (Tehlingha)
Tien Shanskaya (Tjan San)
Tingching (Techin)
Tulanssu (Dulaan)
Tungte

Walungchung Gola
Wuhsiaoling

Yatung {Chumbi)

Yushu

Yuyujihpen

Zhikatse (Jihkotse)

(continued)

Meters
N. Lat. E. Long Elev.
31 51 102 41 2600
37 50 91 38 2800
34 30 104 02 2246
29 28 79 39 2314
33 55 73 23 2168
30 27 78 05 2115
41 26 76 00 2049
30 42 79 51 3231
29 28 103 21 3358
37 50 95 17 3350
38 11 74 02 3653
30 05 98 55 27006

45 89 10 4420
31 46 78 35 3000
39 44 3 15 3128
24 35 95 18 4262
31 06 77 10 2202
35 18 75 37 2288
31 51 93 40 4000
34 19 75 19 3560
32 39 103 54 2856
32 00 89 30 4663
33 55 99 52 3600
25 42 190 11 2001
30 57 101 55 3000
28 46 99 19 2700
37 i5 97 00 2761
41 55 78 14 3614
31 32 95 26 4000
37 01 98 46 5075
35 10 100 40 2744
27 45 7 37 3165
37 11 103 05 3045
27 29 88 54 2987
33 01 96 44 3873
33 09 94 43 4000
29 15 88 53 3660
1

m = length of record missing from

data scources used
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CLIMATIC STATION LIST

PART II: Below 2000 meters
Meters Years of Record
Station N. Lat. E. Long. Elev. Temp. Precip.
Aktash 41 40 69 48 1135 il 11
Akterek (Akterek Gave) 40 24 73 30 1800 m m
(Akterek Pass
Alma Ata 43 16 76 53 841 47 47
Altayskaya 49 10 85 34 1000 18 18
Anantnag 33 43 75 07 1597 2 47
Baytyk 42 44 74 30 16155 14 14
Chatchil (Khatkyl) (Hadhal) 50 03 100 05 1637 3 4
Chengtu (Tungchwang) 30 40 104 04 498 21 21
Cherat 33 49 71 53 1302 45 45
Cherrapunji 25 15 91 44 1313 35 35
Chitral 35 55 71 356 1672 14 31
Chiuchuan 39 46 98 34 154 18 18
Dalan Dzadagad 43 35 104 25 1981 1 7
Drosh 35 34 71 47 1435 40 40
Durekchi Van (Tesiin Huryee) 49 38 97 24 1668 3 0
Fort Sandeman 31 20 65 27 1406 25 25
Gilgit 35 55 74 23 1490 45 45
Haka 22 39 93 37 1860 10 1.0
Herat 34 20 62 10 922 m m
Hsichangg 27 53 102 18 1597 11 17
Hsinghsinghsia 41 47 95 07 1776 3 3
Huili (Hweili) 26 50 102 15 1920 3 7
Kabul 34 31 69 12 1954 9 45
Kalimpong 27 04 88 29 1208 20 15
¥Fandahar 31 36 65 41 1044 m m
Kashg (Sufu) (Koshih) 39 31 75 45 1410 3 3
Katmandu 27 42 85 12 1337 40 6
Khotan (Hotien) 37 07 79 55 1387 2 3
Kilba 31 31 78 09 1525 0 m
Kobdo (Jirgalanta) 47 59 91 35 1300 3 6
Kopal (Kapal) 45 08 79 03 1239 36 36
Kosh Agach 50 00 88 40 18 2 m
Kuche (Kucha) 41 45 83 04 1100 5 5
Kumming (Yunnanfu) 25 07 102 54 1893 20 20
Lanchou 36 03 103 59 1508 19 19
Lenindzhol 41 04 72 38 700 m m
Markakul 48 42 85 30 1410 3 7
Mondy 51 40 100 59 1310 9 6
<
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CLIMATIC STATION LIST
PART II: Below 2000 meters

(continued)
Meters Years of Record

Station N. Lat., E. Long. Elev. Temp. Precip.
Okinski Stan 52 41 99 41 1276 4 4
Olenya Rechka 52 48 93 14 1225 5 m
Orlovski Poselok 48 44 86 32 1084 7 7
Osh 40 32 72 48 1023 45

Paotou 40 34 109 50 1044 5 5
Parachinar 33 54 70 06 1729 24 40
Pendzhikent 39 30 67 37 990 13 13
Perevalnaya 51 44 112 37 1624 12 10
Przhevalsk (Karakol) 42 29 78 24 1770 32 45

(Kara Jilga)
Quetta 30 15 66 53 1601 73 773
Sayn Shanda 44 52 110 09 1189 7 0
Shillong 25 34 91 53 1500 48 10
Srinagar 34 05 74 50 1587 50 50
Tashkent 41 20 69 18 478 56 56
Tihua (Urumchi) (Wulumochi) 43 48 87 35 913 5 5
Tsetserlig (Zezerlik) 47 28 101 28 1687 2 0
Tunhuang (Tunwhang) 40 €8 94 47 1139 12 12
Ulan Bator (Urga) .47 55 106 50 1322 26 2
Ulyassutai (Jibhalanta) 47 44 96 52 1719 3 0
Verkhnyaya Mishikha 51 30 105 58 1280 8 8
Wutu 33 23 104 41 1090 5 3
Wuwei (Liangchow) 38 05 102 55 1475 9 11
Yenchi (Karashahr) 42 04 86 34 1058 3 3
Yunnan Sen (Hsianyun) 25 29 100 35 1980 2 2
Zaysan 47 31 85 01 557 22 22
15¢
N

m = length of record missing from data sources used
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Appendix C

CHECKLIST OF CENTRAL ASIAN MOUNTAIN PEAKS WHICH EXCEED 7,000 METERS

Key to Mountain Systems:

AH - Assam Himalaya (1)

AK - Aling Kang Ra. (Alung Gangri)

CW ~ Chao Wula Shan

HK - Yindu Kush

KA - Karakoram-Aghil

KH - Kumaun Himalaya (2)
KL -~ Kun Lun-Arka Tagh
MA - Muztagh Ata

Elevations (in meters) are appioximations except on peaks which have been ciimbed.
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MD - Monts Dupleix

NH - Nepal Himalaya (3)

NT - Nyenchen Tanglha

PH - Punjab Himalaya (4)
PR - Pamir Ranges
SH - Sikkim Himalaya (5)

TH - Ta Hsueh Shan {(Gt. Snowy Range)
TS -~ Tien Shan
TV - Located in the Trans-Himalayan Vales apart from great range systems

(1) From Sikkim to the great bend of the Brahmaputra River ‘u Tibet/Assam
(2) East of the Sutlej and west of the Kali rivers

(3) 3tate of Nepal (Kali River to Sikkim) in Nepal/Tibet

{4) Eest of the Indus and west of the Sutlej Rivers, all ia Punjab
(5) State of Sikkim (Nepal to Bhutan) in Sikkim/Nepal/Tibet

Evarest (Chomolungma I)
Godwin-Austen (K-2)
Kenchenjunga I

Lhotse 1

Makalu 1

Kanchenjunga II

Lhotse II

Everest (Chomolungma 1I)
Laotse Shar

Broad Pesk I

Dhaulagiri I

Manaslu I

Cho Oyu

Nanga Parbat 1
Annapurna J

Gasherbrum I (Hidden Peak)
Gasherbrum II
Gosainthan I1(Shisha Fangma)
Gasherbrum 1III

Lamjung

annapurna 11

Broad Peak II
Gasherbrum IV

Gyachung Kang
Kangbachen

NH
KA
SH
NH
NH
SH
NH
NH
NH
KA
NH
NH
NH
PH
NH
KA
KA

o

AT

KA
NH
NE
KA
KA
SH
SH

8848
8611
8585
8501
8481
B4L74
8400
8393
8383
8270
°172

156
8153
8129
8078
8068
8035

ony

-

7952
7937
7937
793C
7925
7922
7902

26
27

Dir.teghil Sar I
Himal Chuli I
Khinyang Chhish
Ngojumba Kang
Nuptse

Manaslu I
Masherbrum East
Nanda Devi West
Chomo Lonzo
Nanga Parbat 1T
Masherbrum West
Rakaposhi

Hunza Kunji I
Zemy

Kanjut Sar 1
Kemet I

Namcha Daiwa 1

Cinchi Kangri

. bhaulagiri II

Saltoro Kangri 1

Gurla Mandhata (Memo Nani)
Jlugh Muztagh

Rungur

Kumbhakarna (Janu)

Hunza Kunji 11

160

7885
7864
7852
7843
7841
7835
7821
7817
7815
7814
7806
7788
7785
7780
7760
7756
7755
7751
7751
7742
7725
7724
7719
7710
7710

35
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51 Saltoro Kangri I1
$2 Dhaulagiri III
53 Tirich Mir

54 Disteghil Sar 11
S5 Saser Kangri I
56 Gosainthan 1I

57 Makalu II

58 Chigolisa [

59 Himal Chuli II
60 Dhaulagiri IV

61 Dzagar

62 Tupeilikossu I (Dupleix)
63 Ghulkin North

64 Rathong

65 Minya Konka

66 Peak 38 (near Lhotse)
67 Annapurna III

68 Kula Cangri

69 Changtse

70 Muztagh Ata

71 Skyang Kangri

72 Gangrl 1

73 Mamostang Kangri
74 Cangri II

75 Shukpa Kunchang
76 Tupeilikossu II
77 Annapurna 1V

78 Peak 38 SE

79 Jakthang Gangri
80 Kabru South

81 Pik Kommunisma (Stalina)
82 Saser Kangri II
83 Pumarikis

84 Tupeilikossu III
85 Noshaq

86 Chumik I

87 Teram Kangri 1
88 Jonsang

89 Halubiting

90 Gyala Peri 1

91 Pik Pobedy

92 Nanda Devi East
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Appendix C

CHECKLIST OF CENTRAL ASIAN MOUNTAIN PEAKS WHICH EXCEED 7,000 METERS
(Continued)

7705
7703
7699
7696
7672
7661
7657
7654
7645
7640
7620
7620
7611
7593
7589
7587
7577
7554
7553
7546
7544
7541
7526
7516
7513
7508
7507
7502
7500
7498
7495
7495
7492
7488
7485
7469
7464
7459
7458
7450
7439
7434
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93 Pik Lenina

94 Chumik I1

95 Sia Kangri 1

96 Dome Kang

97 Saser Kangri 111
98 Teram Kangri Il
99 Salasungo Danda
100 Kondus 1

101 Istoro Nal

102 Haramosh

103 Trivor

104 Talung South
105 Rimo Muztagh I
106 Teram Kangri III
107 Tent Peak

108 Churen Himal
109 Manaslu III

110 Abigamin

111 Nuroregh Zom
112 Talung North
113 Paitju

114 Momhil Sar 1
115 Staircase Peak
116 Kabru North

117 Nalakankar

118 Chongstar

119 Ghulkin South
120 Alung Gangri I
121 Chamlang

122 Temo SE

123 Jomolhari (Chomc Lhari)
124 Baltoro Kangri

(Golden Throne)

125 Sherpi Kangri
126 Karicham

127 Duzakh Tagh
128 Pasu

129 Baltistan

130 Muztogh K-5
131 Muztagh Tower
132 Baruntse 1
133 Mana

EEFCCCREY CEZERT TR RS O R REE R0 RETRTHETEREER

7434
7428
7422
7420
7416
7407
7406
7401
7398
7397
7393
7388
7485
7382
7365
7363
7361
7355
7349
7349
7346
7343
7339
7338
7335
7330
7329
7324
7319
7315
7314
7312

7303
7300
7291
7284
7282
7281
7279
7276
7273



134
135

158

1.
P

160
161
162
163
lvs
165
166
167
168
169
170
171
172
173
174
175
176
177
178

7000 meters =

¥

Appendix C
CHECKLIST OF CENTRAI ASTIAN MOUNTAIN PEAKS WHICH EXCEED 7,000 METERS

Nodzinkangsa 1
Langtang Tirung
Apsarasas 1
Mukut Parbat
Baruntse I1
Putha Hiunchuli
Gangri i1l
Apsarasas Ii
Apsarasas II1
Rimo Muztagh IT
Yyhanbokano
(Unnamed) northern Bhutan
Khartaphu
Baruntse I1]

2 Saltero Kangri IIl

Momhil Sar IT

Jugal Himal

gagroet I

Nodzinkangsa II

Gauri Sankar East
Laptshegang

Sringe H~mal

Dhaulagiri V

Rimo Muztagh IIL

Nepal Peak

{Unnamed) SE Tibet
(Unnamed twins) NW Bhutan
Gyala Peri II1

Hardeol

Pumord

Gauri Sankar West

Nun

Chaukhz~ba {(Badrinath)
Pyramid Peak

('~ :amed) NW Bhutan
Gaucsh Himal

Api

Himlung Himal

Pauhunri (Pavhunghri) I
Pabil

Trisul

Front Peak (Nanga Partat)
Namcha Barwa II1
Chepanglik

Targot (near Tangra Lake)

TV
NH
KA
Ke
NE
NH
AR

KA
KA
KA
AK
AH
NH
NH
KA
KA

NH
NH
TV
NH
NH
NH

Ny
NH
NH
SH
N
KH
PH
AY
KL
NT

(Contipnued)

7252
7245
7245
7242
7240
7232
7239
7239
7235
7233
7216
7212
7205
7200
7200
7199
7185
7194
7188
7181
7178
7177
7175
7169
7168
7163
7161
7152
7151

145
7144
7140
7138
7133
7132
7132
7132
7126

~

[

7120
7120
7118
7110
7102
7100

22,956 feet (4,35 miles)

1

(9]

2
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179 Sia Kangri II

180 Kamet II

181 Kun

182 The Outlier

183 Changtok Southk
184 Kangto

185 Nyencnhentanglha
186 Satopanth

187 Tirsuli

188 Shelkar Chorten I
189 Rakhict

190 Dunagiri

191 Khartachangri I
192 Nuzoregh North (NZ-2)
193 Lombo Kangra

194 Chomo Gangri (in Lunkar Ri)

195 Purbi Dunagiri
196 Nyegyi Kangtsang
197 Changtok North
198 isnekanj

192 Matachumba

200 Tabsar

2C} Shah Dhar

202 Saipal

203 Knartachangri II
204 Yanghi Tagh

205 Peuvhunri IT

206 Nilgiri North
207 Mupchu Chabuk
208 Chogo Lungma

209 Shilla

KA 7093
KH 7092
PH 7091
SH 7020
LA 7090
AH 7089
NT 7088
KH 7375
KH 7074
KA 7071
PH 7070
KH 7066
NH 7065
HY 7062
NH 7061
NT 7060
K 7050
AH 7047
KA 7044
NH 7043
NH 7043
NH 7040
HK 7038
NH 7034
NH 7032
KL 79032
SH 7032
NH 7031
NH 7028
K& 7027
PH 7026

Aconcagua (highest in Americas)Airg.7021

210 Kumdan

211 Sanglung

212 Amce Denve

217 Shelkar Chorten II
214 Tilje Worth
215 Chomo Gangar
216 Namla Karpo
217 Machhapuchhare
218 Khan Tengri
219 Aghil Tagh

220 Noghor Zoa

KA 7016
MH 7015
CW 7010
KA 7004
KB 7001
NT 7000
AH 7000
NH 6998
TS 6996
KA 6995
HK 6994

(Mount Everest (8,848 m) = 29,030 feet
or 5,50 miles above mean sea level)
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Appendix D

A NOTE CONCERNING PLACE NAMES

Since the study area includes a number of countries and languages,
none of which uses the Roman alphabet, it is inevitable that there should
be several ways of rendering most place names. The situation is further
complicated by the fact that changes in sovereignty or political control
of an area often bring changes in officiesl place names as well. This
applies chiefly to the nzmes of cities and other political units, but
natural features of the landscape are not exempt from such changes, as,
for examplz, the change of "Mt. Stalin" to "Pik Kommunisma" that resulted
from an internal shift in Soviet policles,

Because of differing data sources and differing purposes of the
various maps in this repert, there is not complete uniformity from one
map to arcther. In general, place names shown on the larger-scale maps
(Mabs 15-25) follow practices of the U. S. Board on Geographic Names,
These names follow the official usage of the country concerned, as ren-
dered by rigid rules of transliteration. For example, Lake Baikal is
shown in the Pussian form as "Ozero Baikal" and the Altai Mountains are
given in the Mongolian form as "Altayn Nuruu." To facilitate under-
standing of the text, however, Anglicized forms of many place names are
used in the text and in the orientation maps (especially Maps 1 and 2).
These are the formsg that generally appear in the source literature and
in such standard sources as the National Geographic Society maps, the
Columbia-Lippincott Gazeteer, and the Times Atlas. Their use here thus
will aid in referring to the sources and to the more widely used atlases,
In citing climatological stations it is especially important that station
names be given in the came form as in the source, even when the names
have since been changed.

It is usually a fairly easy matter to determine the equivalence of
indigenous and Anglicized place names. Where this is not obvinus, or
where names have been changed, reference t> the following tables will be
of assistance. The first table (Place Name Equivalents) gives synonymy
for names that are found in more than one form in the literature and on
the mavs in this report. The second table (Interlingual Glossary) gives
the equivalents of various commor. geographic features in the principal
languages used in Central Asia.

The following errata should be noted with respect co place names
shown on certain of the maps in this report:

For Khirghiz Steppes read Kirghiz Steppes
For Yarland Darya read Yarkand Darya (River)
For Helmana (River) read Helmand River

For Ozero Bailkal read Ozero (Lake) Baikal
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PLACE NAME EQUIVALENTS IN CENTRAL ASIA

Anglicized or older form(s)

Cities:

Chatchil

Jibhalanta, Ulyassutai
Karashahr

Khotan

Kobdo, Jirgalanta
Saynshanda

Tatsienlu

Tsetserlig

Urga, Ulan Bator
Urumchi

Lakes:

Nam Tsho
Seling (lake)
Tangra Tsho

Mountains:

Alai Mountains
Alung Kang Range
Altai Mountains
Astin Mountains
Bayan Kara Mountains
Great Snowy Range
k-2
Khangai Mountains
Kokoshili Range
Kun Lun Mountains
Monga Kang Range
Mont Dupleix
(highest of Monts Dupleix)
Muztagh Ata Range
Nyenchen Tanglha
Shaluli Mountains
Tannu Ola Range
Stalin Peak
Tarbagatay (range)

New (BGN) form

Hadhal
UVliastaj
Yenchi
Hotien
Chovd
Sajnsand
Kangting
Cecerleg
Ulaanbaatar
Tihua

Ha-mu (Tengri)
Zilling
Tangra Yum

Alayskig Khrebet
Alung Gangri
Altayn Nuruu
Astin Tagh
Pa-Yuan~Kola Shan
Ta Hsueh Shan

Mt. Godwin-Austen
Hangayn Nuruu
Hoho Shile Uula
Kun Lun Shan
Monga Gangri
Tu-~Pei-Li-Ko-Ssu

Muz Tagh Ata Tagh
Nvenchhen Thanglha
Su Lung Shan
Khrebet Tannu Ola
Pik Communisma
Sai-Li Shan

The names for the various parts of the Brahmaputra River can be a source
of some confusion. From its headwaters in Tidet it flows eastward as
the Matsang (Matsang Tsangpo or the Tsangpu) until joined by the Raga
Tsangpo at 88°E. There it becomes the Yalu Tsangpo (Tsangpu) or simply
the Tsangpo until it exits from Tibet as the Dihang River, to become the
Brahmaputra proper where it commences its westward flow down the Assam
Valley., Some maps show this entire system as the Brahmaputra River.
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INTERLINGUAL GLOSSARY OF COMMOM

ENGLISH AFGHAN CHINESE KASHMIRI MONGOLIAN NI
desert dasht sha-mo gobi
gaud elesen
hill(s) ghar shan tibba tologoy
lake kol hai tso nuur t:
hamun hu nor
t'an dalay
ch'ih usa
mountain(s) koh shan tagh hira h
kohi kang muztagh ula d
sar feng sar ondor
ghund yueh hada
pass kotal shan-hou an hotol 1
bel dawan dabaan
plain dasht tala
gobi
;ange kuh shan-mo dhar nuruu 1
band ling uula
saruna khan haan
stream nala ho chu gol k
(river) rud ch'i nadi moron g
hora ch'uan su
khwar ch'iang
valley darra hsia

e
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ON PRY OF COMMON PHYSIOGRAPHIC TERMS

NEPAEOLIAN NEPALESE  RUSSIAN SANSKRIT TIBETAN TURKIC
peski chang kum
en
goy bugor dongar tagh
tal tal 0zZero kere tsho kol
sar{salt) jhil kual'
v bil
r sagar
hima himal gora parbat gengri tagh
dand§ danda gory girdi kangri
T golets lhari
F; bum
1a El la pereval dawan la dawan
an daban dakhru bel
A ravnina thang dala
i step'
Tekhjyy Lakh khrebet dhar ri tau
a yayla tlang ala-tau
kryazh
'kho khola dara ghat chhu su
gad bn gad darya khal darya
istok jhor
reka suti
4 dol 106 uzun
dolina i pamir
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