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FOREWORD

This stud7 was undertaken at the request of the Office, Chief of Research and Development, Pe-

partment of the Amy, in order to provide background environrental information in support of stLdiis

of rhe problems encomutered by troops operating at very high elevations. It has been supplneoted
by a contract study of the second-highest c,otinent - South America - conducted alora someuhat
similar lines by the Batelle M'eorial Institute.

This report is the result or a team effort by a group of earth scientists and cartographers in
the Earth Sciences Laboratory. It was coordindted by Dr. Paul C. Dsl-ymple, Chief of the Regional

Environments Division. Authors of the report,, and portions for which they were prIncipally respon-
sible, were- Dr. Kaye R. Everett, landfors and water supply: Dr. William C. Robison, vegetation;
Miss Sarah Wollascon, climate; anc Mr. Andrew D. Hastings, Jr , glaciers and environmental stresses.

Dr. Terris Moore, consultant, served as expert advisor to the authors and made available his

profound knowledge of the study ares and of mountaineering in general. Dr. Moore's 1932 ascent ot

Minya Konka (with Burdsall and Emmons) was the highest climb by Americans until very recent years,
and in 1959 his aircraft landings and takeoffs at 4,950 meters on Mt. Sanford, Alaska, constituted
world altitude records.

Cartography was accosplished under the direction of Mr. Aubrey Greenwald, C"Ief of the Carto-

graphy Office, excepting maps 4, 21, and 22 which were prepared under as Army contract by the
American Geographical Society. In-hous) cartographic work vas performed by Mr. Oreenwald, 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 survey of environmental conditions - physiography, vegetation, and
clinate - which might affect military personnel and equipment above the 2,000-meter elevation
in Central Asia. These highlands include some of the world's highest and most inaccezsible
mountain rantese such as the Himalaya, Karahjra, Panir, Hindu Kush, Kun Lun Shan, Anne Machin,
Tiei 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, ourma,
China (including all of occupied Tibet), India, Mongolia, Nepal, Pakistan, Sikkim, and the
Soviet Union. It is organized in two parts: a general svnonsis of environmental character-
istics of the area as a whole, and a series of nore detailed treatments by sections. For the
latter, Central Asia is subdivided into five sections comprising t'e Sino-Buroese Ranges,
Tibetan Plateau and associated ranges, Panir Knot and associated rarges, Tien 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 13,800,000. The distribution of
terrain, vegetation, and climatic elements over the area as a whole is shown in a series of

snaller-scale naps at 1:10,000,000.
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INTRODUCTION

The purpose of this report is 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 elevatio-q in exce:-s 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 is
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 conflict 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
appreciable areas been contour mapped to any reliable degree, thanks
almost solely to photogrammetry of regions where aerialphotography is
the most difficult in the world.
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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 vfth
respect to physiological 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. In 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 weather 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 st,;!ied. 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
which 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 was often necessary to draw conclusions in part from h!ghly &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 on environmental distributions is the
Russian At•lae Mira (1964), particularly for supplementary information
on soils, a subject which has been omitted from the present 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,
limit the 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
(ap 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 regf.on. From this
western knot the Hindu Kush trends southwesterly through Afghanistan,
while projecting northeasterly from the same knot is the Tien Shan.
The Tien Sham 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-blown silt derived from glacial outwash deposits. In
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
wind borne. Crushed limestone and marble, which are found in abundance
nearly everywhere within the mountains, are valuable road-building
materials. Clay deposits are not common, but during a wet period such
an area, particularly one with steep slopes, could present serious
problems to transportation.

43



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 glaciers 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
to 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 Tsaidau
Basin, which, 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 such of its floor is occupied by large salt
flats.

The unglaciated Lesser Himalaya, which receive the full impact
of the monsoon, are 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 the 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
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b. Glaciers

Throughout the Pamir, Tien Shan, Karakoram, Hindu Kush, and
Himalayan mountain systems, 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 Sham 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 glaciers 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 mountain
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 snouts 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

15
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along stream channels with tremendous force. Immcrsion 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 360), 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.

c. 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 mentioned

in this section. However, this map was based on data cocpiled in
1951, and several important roads have been built since that time.

16



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:

(I) 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 40% 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
hovering ceiling to about 4,600 m.

North of Tibet's Kailas-Nyvnchen 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 Gobi 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
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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 tr' 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-
ing 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

(Zoji 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 c~n-
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. 18

* See the larger scale sectional maps as listed for locations of.these
routes. There is no sectional map of the Nan Sham, but route (6)
may be approximately located on Map 1.



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 machinery. 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 small-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 moisture, especially during spring and fall,
softens the turf and encourages rank undergrowth. Most of this wilder-
ness is a succession of closely spaced gorgea 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 fallen trees lie rotting in endless
deadfalls to hamper 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 roughness*.
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 slope, 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 any 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 with footing 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 vegetation 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
tmo 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 intclligence, 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 preblems 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 also 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
lower temperatures. Extra fuel may also be needed at high elevatios to
melt snow for water supply, and in certain systems for producing supple-
mentary oxygen. Thus a knowledge of the vegetation in 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 numerous types of
vegetation wiithin the study area were consolidated into a few broad
categories. It was first established that each category should have
distinctive characteristics in relation to the various military aspects

of vegetation discussed above. In addition, each should be extensivt
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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 all 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
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Some idea of the difference in the amount of detail that may be
shown at different scales can be obtained by comparing the small ares
in the Karakoram shown in Map 23a with the same area at a much smaller
scale on Figure 6. Map 23a shows the elevational zonation of vegetation
that is 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 semiarid Steppe, with which is grouped the tundra or "arctic steppe"
of the high elevations. :;teppe, in the Western sense, may be defined &s
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 sagebrush (Artemisia marit.ma 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 much in -amon with the typical steppe, they are here classified as
Dry Forest becAuse of the presence of trees, which constitutes a basic
difference for military considerations. 24
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Artemisia Steppe consists 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, ihich 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 is also
dominated by a species of Artemisia.

Alpine Steppe, which Schweinfurth equates with the "Alpine Tundra"
of Ward (1936), is especially notable for its sp.rseness. 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 meagerness 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 a (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 west.

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 may be interspersed among bare rocks and glaciers. Moreover,
certain regions 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 either 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 density of canopy
from very sparse to nearly continuous. All have in common, 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 if this category is the juniper, the
commcnest of at least seven species in the region being J. semigl8obsa.
This tzee 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:

(I) Junipers spp. (2,000 to 4.000 m)
(2) Qwerus iZex (90 to 2,700 a)
(3) Pimua gerardiana (1,900 to 2,700 a)
(4) Qu•rcs species related to itex (upper Tsangpo Valley

2,700 to 3,000 a and above)
(5) Pinue tabdaeforie and Pinus am.andi (upper Tsangpo Valley

and elsewhere in southern Tibet, 2,5M and 3,200 a)

In addition to these types, those listed below are often trans-
itional between steppe forest and dense evergreen forest. They usually
are open enough to be classified as Dry Forest, but under favorable con-
ditions they may have %,ore in ccumon with Hoist Evergreen Forest.

(1) Pinzis rv~burghii (generally below 2,000 a
except in innex valleys)

(2) Cedrus deodara (pure stands in the inner Hlnalayaaj
(3) Mtixed deciduous and coniferous forests of the inner

valleys of the Ass= Himalaya (oak-pine-cypress
forests, occurriug up to 2,800 a)

9



(4) Mixed deciduous and coniferous 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 rainfal• is adequate (about 40 inches) the grass has a degree
of luxuriance tbat requires its classification as meadov, but where it
is drier there &re true steppe forests. The forest trees tend to grow
in isolated Xr.ves among the steppes and consist chiefly of deciduous
trees and bushes. Fruit and nut trees such as wild apple, apricot,
mulberry, and walnut, are especially abundant at lover elevations. As

in the Himalayan region, juniper is a c on component of these woodlands,
but pine and oak are absent.

A distinctive type of dry forest that grows In dry basins of in-
terior drainage is the tmarisk (Txari spp.). These trees 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 ailitary units both for pasture of pack animals and as sources
for wood. Juniper. in particular, can be used as fuel; in many places it
Is the only natural fuel available. Fuel woods have already been con-
siderably depleted by woodcutters in some places, so it should be recog-
nifed that supplies are not unlimited. In the oak woodlands local wood
can be used for Implents such as tool handles. The most valuable wood
in the region is that of the deodar, which is used for railway ties,
grape stakes, and construction. Cypres, which grows in the inner valleys
of the Assam Himalaya, is used by the local people for shingles and prayer
flag masts.

A number of trees within the Dry Forests, particularly at lower
elevations, have edible fruits or nuts. Pie gerardiana has edible nuts,
and walnuts and pistachio nuts are camon in part of the Tien Shan.
Fruit trees such as apple, pear, plua, pmegranate, and almond are also
comon at lower elevaticns in the Tien Shan and sometimes appear above
2,000 m; apricots are grown in Tibet in the vicinity of Ibasa and to some
extent at higher elevations. Such trees could be a partial source of food
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
temperatures.

This category is found chiefly at high elevations 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 zone.

This type of vegetation extsnds 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. In the subalpine zone there are several successive associations
with increasing altitude. In much of the study area the lowest is one
dominated by birch (BetuZa uti•si). 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 Pinua exeZsa and various
species of Pjrua and PrunuS. Bark of the birch finds local uses as a
roofing material, 'for packing, and even 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, but 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 hu. shrubs of the
L.-ation variously known as alpine tundra, alpine scrub, krmnholz,

,r "high "shrub-plains" (HochstaudenfTuren). Krummholz is a grx.:'th of
stift .- 'rgreen bushes from 0.5 to 1 meter high, growing solitary u.
in a dense, -tiinuous, recumbent mat interrupted by patches of meadow.
The species comp;.!4ing krummholz are often depressed forms of plants
growing as trees or bushes at lower elevations. Typical of these are
Rhododendron spp., Juniperup equaiata, J. nana, and 4hedra gerardiana.
Although low (ankle to waist h-ch) and limited in extent, krummholz
locally presents a considerable oL.tqcle to movement due to its tough,
tangled structure. On the other hans, "" can provide small parties with
fuel for cooking and warmth. Krummholz au. -e2'nws tend to intermingle
above the tree line or to alternate according t- e.. iure, the meadows
occupying south-facing slopes and krummholz growing c:- `- moister north
slopes. Alpine meadows are characterized by grasses such . 'oa alpina
and Festuca spp., sedges such as Cobresia, and a variety of i.,. -ing
annuals. They are important summer pastures at high elevations in central
Asia.

f. Dense Forest. Evergreen or Mixed

This category includes all forests 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
species of oak have a deciduous habit. In the eastern part of the study
area (the western mountains of China proper) there is a more prominent
deciduous element consipting of various species of familiar groups such
as oak, birch, and maple.

In the southern part of the area 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 ý.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:
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(1) Temperate mi-ed oak and coniferous forest. This is a mixed
forest of evergreen oaks (Quercus incana, Q. dii-atata, Q. semicarpifolia,
in order of increasing elevation) and conifers such as the deodar and
silver fir. Rhododend-on arborew 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 a.

(2) Western Himalayan coniferous forest, also called the "Pinu8-
Cedrus formation" and the "belt of moist needle-leaved forests." It is a
moderately moist forest dominated by conifers, particularly deodar, blue
pine (P. exce•a), 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
cal.cd 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 comon, and
undergrowth thick, ma,.Ing a forest which Champion (1936) described as
"among the darkest and g-',miest in India." This type is found between
1,800 and 3,000 m, cspeci-l." in eastern Assam and northern Burma.
Bamboos grow in the lower part 1 the forest.

(4) Tropical evergreen Rhodou. idron-coniferous forest, or the
"upper belt" of the tropical evergreen up• r 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
i. very comon in this zone, gives it a "cloud-for'-t" character. Hemlock
is u. 4nant in the lower part of the forest, giving v..- to fir above
3,000 a. Rhododendron is a conspicuous part of the undea -tory throughout
the forest. These forests are found eastward from western .!ýpal, along
the south side cf tale main range of the Himalaya. They also occur in the
valley of the Tsangpo, in the Misimi Hills, and in the source region of
the Irrawady.
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(5) Eastern Himalayan coniferous forest, in continental interior
va.-.eys of the range, especially in Sikkim. Bhutan, and Monyal. It is a
m,' erately 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 within 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. sibirica),
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 mixed 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 continuous.

3. CLIMATE

a. General

The Central Asian Highlands, because of their great elevation
(2,000 to more than 8,000 a) and location (oredominantly north of 25* N
latitude), have a cool to cold mid-latitude continental climate with
polar climates at the higher elevations. In this study, records from
approximately 80 stations above 2,000 m (half being above 3,000 a) were
considered (Map 7). A hypsometric map is used as the base for all cli-
matic maps, and the elevation zones are shown in color to facilitate
correlating :he 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 observations indicate less severe conditions than do the
accounts of explorers. Reliability of climatic data varies from station
to station, dependent upon instrumentation and personnel, station ex-
posure, and local terrain conditions.

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,
almost 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 O* F south of the 40th parallel, or -20' F north of thAt
latitude, are not shown for 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 lKppen classification (James, 1935). The classifi-
cation criteria are summarized in Table I.
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TABLE I

DEFINITION OF CLIMATIC CATEGORI
(Modified from Kb"pp

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 c) " " <26.6 0 F

Ds (ab, or c) " " <26.60F

Cf (a or b) Humid Mid- Mixed conifers, <64.4 0 F, >26.6 0 F
Latitude deciduous, and

grasses

Cw (a,b, or c) " <64.4 0 F, >26.6 0 F

Cs (a or b) ( <64.4 0 F, >26.6 0 F

BS (k or k') Semi-arid Steppe

BW (k or k') Arid Desert

a. mean temperature, warmest month, above 71.6 0 F

b. mean temperature, warmest month, below 71.6 0 F, with four or mor
c. mean temperature, warmest month, below 71.6 0 F, with one to thre
k. mean annual temperature below 64.4'F; mean temperature, warmest

k'. mean temperature, warmest menth, below 64.4 0 F
x. maximum precipitation, spring, with C and D climates

yt is mean temperature in degrees Fahrenheit 13
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1ORIES TABLE I
:%oppen)

L]MATIC CATEGORIES IN MAP 14

ature dified from Koppen)

Mean Temperature Criteria Precipitation Criteria
Coldest Month Warmest Month Driest Month/Season Annual

<32 0F
<50°F, >32-F _ ....

S 26.6 0 F >500 F Non-seasonal > 0.44t*-8.5
< 26.6°F >500 F In Winter, <0.1

wettest summer mo. >0.44t-3
<26.6oF In Summer,<l.6"+

60F <0.33 wettest
winter month >0.44t-14

64.4-F, >26.6 0 F >50"F Non-seasonal 1> 0.44t-8.5

.60F 64.4°F, >26.6F > 50°F in Winter,<0.l1
wettest summer mo. I>0.44t-3

64.4-F, >26.6 0 F )50°F In Summer, <1.6" +
<0.33 wettest

winter mo. i>0.44t-14

>500 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

>50-F Summer, 70% in
coldest six months <0.22t-7

Winter, 70% in

warmest six months /0.22t-1.5
Non-seasonal (<0.22t-4.25

more mc
hree mc
test mo ith four or more months with mean temperatures above 50OF

ith one to three months with mean temperatures above 50*F
rature, warmest month, above 64.4*F

ates
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b. Barometric Pressure t

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 chfltges
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 I!.

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

E

Height (m) Temperature (*F) Pressure (mb)

0 59.0 1013.3
590 53.2 954.6

1000 47.3 898.8 r

1500 41.5 845.6 1

2000 33.6 795.0 1
2500 29.8 746.9
3000 93.9 701.2
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 abovo which the pressure is half that at sea level is
about 5,/00 m. Pressures at a particular elevation tend to be higher in
the warmer season and in the warmer regions south of 45°N Latitude, and
conversely, lower in the colder season and in colder regions to the
north (US Air Force Cambridge Research Laboratories, 1965). Although
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the absolute value of the pressure change with height is less at high
altitude, it is a slightly larger percentagu of the total pressure at
that altitude. For example, the difference in tie pressures between
8,000 and 9,000 m is 14% of the pressure at c,50C m, while the differ-
ence between 1,000 and 2,000 in is 12% of that at 1,500 m.

The elevation at which marked symptoms of mountain sickness
usually appear is 3,500 ra in temperate 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 amoog in-
dividuals in response to lowered pressure and with degree of acclima-
tization of a particular indi-i'ual 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, Barila, Metzger, and
Gupta (1965) mention 1,830 ma as the lower limit for acute symptoms in
some individuals.

Pressure changes resulting irom increase in elevation are muc&
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 soundings (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 prestnted for U. S. stations (Ludlum,
1955) show largest ranges where statioIns are exposed to intense coastal
storms and hurricanes. Transposing pressure ranges from sea level to
high altitude is of questionable accurarv, however, And application to a
single station of the range between i pressure miniuim 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 above 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
C (Pugh, 1957); and at 5,800 m, Silver Hut (Pugh, 1962).,

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

Length Pressure
of Variation Approx. Alt.

Ht. (m) Period (MB) Equiv. rm)

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-28 Mar 1961 55 days 14.6 220
6,000 Jul-Sep (1957-9) 9 Mo. 13 200
7,000 Jul-Sep (1957-9) 9 Mo. 28 484
8,000 Jul-Sep (1957-9) 9 no. 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 follow a different pattern from that of
monthly means), monthly means for stations below 6,000 m indicate:

(1) Near 2,000 m, maximum pressure in winter, with increase in
the pressure difference with seeson 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 8,000 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 millibar higher than the
24-hour normal.
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TABLE IV. Pressure Normals at Stations in Central Asia

Ht. Pressure Station Ht. Pressure Station

SM) (MB) (& no. of yrs.) (m) (mb) (& no. of yrs.)

478 960.8* Tashkent (65) 1727 828.2 Gangtok

841 920.5* Alma-Ata (20) 1729 827.0 Parachinar

1208 878.8 Kalimpong (20) 1893 810.1 Kunming (19)

1302 868.3 Cherat (45) 2017 799.5 Kalat (20)

1435 848.6 Drosh 2049 797.4 Naryn (10)

1490 851.0 Gilgit 2115 789.8 Musaoorie (10)

1500 849.1 Shillong (48) 2149 786.5 Chakrata (12)

1587 843.2 Srinagar (50) 2168 783.7 Murree (50)

1601 832.2 Quetta (69) 2204 780.6 Simla (70)

2265 775.8 Darjeeling (50) 3074 702.5 Kyelang (4-5)

2280 765.3** Kunming (2) 3514 666.2 Leh (69)

2288 774.7 Skardu 3685 629.8 Lhasa (5)

2314 771.8 Mukteswar (40) 4610 580.5 Hanle

3066 704.4 Dras

* 3 or 4 times a day

** hourly 38
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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-ervations 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
S(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 Koaka) 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
6218 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

measured at the summit while temperature and pressure were being observed
at Camp VII, 7,315 m (Pugh, 1957).
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c. 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).

Availability 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
seldom known, but are so great that they cannot be shown by isohyets
except on large-.4trale 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 Mtller (1958), are shown in Table VI.
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TABLE VI, Mean Annual Precipitation, SouLhern Slope of Himalaya

Station Height (m) Mean Annual (inches)

Mt. Everest 5800 18

Sonamarg 3560 71

Mt. Everest 3350 37

Walungchung Gola 3165 40

Yatung 2987 57

Mt. Everest 2750 90

Gurais 2640 1'9

Ft. White 2365 127

Darjeeling 2265 122

Pedong 2000 103

Sinlumkaba 1829 171

Gangtok 1725 146

Shillong 1500 103

Kurseong 1400 166

Sadon 1396 120

Cherrapunji 1314 425

Siliguri 125 123

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 to 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 4
Hua'chia'ling 2440 36 63 4
Hua-shan 2074 26 82 11
Min-hsien 2246 24 20 3
Kang-ting 2558 21 - -
Hsiao-chin 2465 8 5 2
Ta-li 2001 2 0 0
Li-chiang 2416 2 0 1
Huang-ho-yen 3873 86 106 4
Wu-hsiao-ling 3045 75 124 9
Omelshan 3358 72 117 8
Yu-shu 3873 45 - -
Kan-ts-zu 3320 34 42 6
Kung-ho 3105 18 24 3
Chang-tu 3200 1s 16 4
Lhasa 3685 8 - -
Tu-lan-ssu 3075 7 - -
Zh.katse (Yusov) 3660 5-6 - 8-11
Ta-jih (AWS) 3600 50-125 - -
Hsia--ho (AWS) 3049 50-125 - -

The fact that another author (Tusov, 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 vinter-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 ocmur 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 precipitation,
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 occasionally "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 h-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 thL 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-Eowe, 1941), the Himalaya (Wager,
1934), and in the western Tien Shan and the western Altai (Arkhipova).
They are often accompanied by destructive hail, particul-irly in the
western Lesser Himalaya with 16-20 days/year (India Meteor. Dept., 1953);
and in the western Tien Shan, 6-11 days/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 Darts 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 l0-11*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 monsoon (north to
about 30*N), and approximately 1.5 F* per degree of latitude farther
north. The range between the warmest and coldest months (Map 9) is large
and increases northward and westward.

The diurnal temperature range varies considerably from region
to region. 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, unUlr clear skies in
the southern and eastern parts. The average daily range dces not fully
express the extremes that may be experienced. Diurnal chbages of 50* F
frequently occur. Kobdo, located in a basin and subject tL foehn winds,
has experienced rapid temperature rises of 40 F' with relative 'umidity
falling from 35 to 11% (Murzaev, 1950). Fluctuations of 10 F° m%, occur
several times within a few hours. In the high Pamirs a 60 F0 fall ii.
temperature in a few hours overlapping the time of sunset was reported
by Olafsen in 1903.

Nighttime loss of heat by long-wave radiatiJn to outer space
under clear skies results in temperature inversions; these inversions
may be very intense in enclosed mountain valleys where they are enhancee
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
minima of -40*F at Lake Aksai Chin (Hedin, 1909), -67'F at Nagchu near
Adag Mamar (Roerich, 1931), -49'F on Mt. Stalin* (Romm, 1936), -54 0 F
near Pamirski Post (Olufsen, 1903), and, at longer-record stations,
-50OF 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 are complex and only now are coming under intensive
study. L

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

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 slopes 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 rapidly 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 sunset,
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 (Schweirfurth, 1956). The
glacier wind is a shallow down-valley flow occurring by day as well as at
night on either clear or cloudy days. It may flow under the up-valley
.'ind by day and strengthen the mountain wind at night.

• -sure to or shielding from the wind are of great importance in
terms of human comfort, v'rticularly at high elevations, since increase
in the wind speed has a gre-zer 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 Tibetan Plateau;
however, in this high basin-and-range region there is 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 (Pugb,
1962). In 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.

19



f. Solar Radiation

Few measurements of solar radiation are available, and they were

taken with various types of radioneters. Observations taken by several

high-altitude scientific expeditions are summarized in Table VIII.

The sites possessed di-ferent characteristics. At Depsang the
presence of dust in the atmosphere limited good 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 Everest
region (Khumbu Glacier), would be lower compared with that at che high

TABLE V1II. SOLAR RADIATION IN THE, HI(
(Langley (ly) = gm

Elev. No. o
Typ(i) Location Date Dav_

Direct
(noriaal 4200 Kara-Dzhilga-Kry July 1958
incidence) Eastern Pamirs 380N

(hor. surf.) 5362 Depsang (Maps 7, 18 July & 10
& 20) Aug

(normal 5718 Silver Hut on Area 26 Apr. 4
incidence) Dabluti. near Mt. -12 May,

Everest - Map 17) 1961

(hor. surf.) 6400 K-2 (Camp III) Kara- 7 July
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/T5E - Map 19)

4300 Glacier, Everest 29 July 1(Maps 3 & 17) 1955

4900 Fedchenko Glacier, June
Pamirs (Map 19)

5718 Silver Hut on Ama 26 Apr 8
Dablum (near Mt. 12 May 22
Everest - Map 17) 1961

L 6400 K-2 (Camp III) Kara- 7 July 1

koram (Maps 3 & 19) 1955
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,ere locations in the Karakoram (K-2) and the Everest area (Silver Hut), due
a! to horizon obstructions and atmospheric filtering, particularly by the

water vapor produced by great ablation. However, it was concluded that
on the Khumb. Glacier solar radiation reflected from higher snow slopes

e and glaciers may augment 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 (about ]0% that is in the infrared heat-

t energy range. The yearly total of global radiation observed on the
FedchenkL Glacier (38 0 N, 4,900 m) is among the highest on record (Geordio,
1961).

HIGH ý1 IATION IN THE HIGH MOUNTAINS OF CENTRAL ASIA

gm cal Langley (ly) = gm cal/cm
2 )

0, of No. of
Date Days Reference lj/in IyJay Remarks

July 1958 Tadzhikov 1963 1.74 Max at noon

10 July & A0 Alesandri & 1.56 Mean at noon
Aug Venturi-Ginori clear

1931

26 Apr. 4 Bishop, et al 1.53 11 series, clear
-12 May, 1965 Max-165 ly/min
1961

7 July 1 Untersteiner 1.63 Pbt. 1130 clear
1955 1958 Instantaneous

Jan Ramdas 1956 319 Clear
July 690

10-16 7 Untersteiner 2.36 Max. 1330H 9/10
June 1955 1958 cloudiness

July 22 Untersteiner 728 Hourly.
22 1958 variab] e

clc,-"inTe ss

29 July 1 Untersteiner 2.36 Max. 1330H 9/10
1 1955 1958 cloudiness

June 1 Geordio et al 865 Max. day
I 1961

26 Apr 8 Bishop et al i..3 18 series,
8 12 May 22 1965 clear

22 1961 48
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LOCATION OF CLIMATIC STATIONS

IN CENTRAL ASIAN HIGHLANDS
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PART II

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 is the Great Sncwy Range (Ta Hsueh
Shan), dominated by China's highest peak, Minya Konka (7,592 m) in
western Szechwdn* province. South of the Great Snow5 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 Hal and Tsaidam basins. The Kan 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 general crest elevation of the Nan Shan is about 4,000 m, while

tbh- basin floors range between 2,000 and 3,000 m. The high-level (3,000 m)
int.,montane valleys are 90 to 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- 'own 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 reglme of mainland

China, however, has restored the earlier Szechwan-Tibet boundary.
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The broad, flanking slopes are dissected by dry washes. For the most
part vehicular traffic can proceed rapidly, with only swamp areas posing
hindrances in an otherwise favorable transport region. Although some
movement across ranges may be possible through lnmr 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. At 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 pernial, shallov, braided streams.

After leaving the high mountains at approximately 28" N, the
streams fltr 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
difficult.

The Yunnan plateau is 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 sourh of the Amne Machin Range are accessible through the large valley
of the Yellow River (Huang Ito). 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 eastern and western sides contain water throughout the year. Farther
north, on the plateau near Amno Nachin, most small streams, unless
glacially fed, are dry during much of the year.
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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.

c. Climate

Tq sr.mer the eastern border -f the high!ande, fro__ the scu-thern
edge cf the Gobi to the Yunnan Plateau, is exposed to the warir, moist,
southeast monsoon of China, while southern and western slopes of ranges
in Assam and Burma are exposed to the even wetter southwest monsoon of
India. Semiarid climates predominate in the Nan Shan and at the eastern
end of the Tsaidam 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 liLit of the moisture pee-t-rio-n appears to he 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, occurring mostly in summer. The
temperature regime is unusual because of its large diurnal range, which
averages about 30oF through the year. The range between the warmest and
coldest months is also large, over 50 F0 . 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 temperatures average in the 70's. Simultaneously, while maxima
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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
temperatures in the deep canyons are raised both by shielding from the
northerly winds and by foei.n conditions. Again in July, mountainside
stations such as Kantzu, Litang, end Chienning, with 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 summer
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

Thvrcia. - c!,•djnpss restricts 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 monsoon region,
sno-falls are light, and above 3,000 m many days may pass with little or
no snowfall. As precipitat .)n increases in spring (in some areas to a
secondary maximum), snow acumulates at th. higher elevations, frequently
blocking passes. In the Minya Konka area, however, the maximum snowfall
is reported as occurring in late summer and early fall. In 1932, for
exarple, 2now or rain occurred on all but three days between 18 August
and 17 SeptemLer, but the n, 4 snow accumulation at 5,000 m melted by 22
September (Burdsall and Emmons, 1935).

On the outer slope3 the monsoon circulatiot, predominates, while
in interior valleys, the w.nd field is largely cou.,rolled by topography.
The Nan Sham and the high peaks and iigh plains bordering the Tibetan
Highlands, where winds are westerly in winter are a partial exception to
this generalization. In these areas, t' diurnal 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
daily 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 0 F. The canyons of the large rivers and their tributaries have
a climate so modified from that of the highlands tl-at it is not possible
to show the variations at man scales used in this report, Villages are
frequently located or. upper slcees where crops fare better than in canyoa
bottoms, because of greater precipication.
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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

lnatably wetter than the western part, and this difference is ref .lC=ed in
its more 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 thinness

of the soil on steep slopes, or long-continued deforestation by the huiran

occupants of the region.

Tn general, the lower elevations exhibit a relatively dry type 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 their 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

areaq 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 - intrer-
rupted by meadows of tall grass. In the lower part of this forest bam-

j boos (AWundina-ia spp.) grox. 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.

g 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 thrum Jifficult and limiting visibility to a few yards.

The expedition which made the first ascent of Minya 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
valleyb, but near the tree-line it is no mncre than a shrub growing in

)ery dense thickets. 7
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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 (Larix potaninii) grows up to 3,800 M,.
On Yulungshan (a peak about 35 mileo north-northeast of Tali, in Yunnan
Province) the tree line was found between 4,150 and 4,200 m, the highotst
occurrence being in a region of terminal moraines at 4,250 m (von Wiss'4in,
1959). Between the tree line and the snow line are alpine meadows, re-
flecting a hl.iser precipitation than can occur on the alpine steppes at
compsaible 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) ...... up to 3,800 m

Subalpine forest (fir in lower zone,
larch in upper) ...... 3,800-4,200 m

Low alpine bushes (rhododendron,
juniper, live oak) ...... 4,200-5,000 m

High alpine meadows ...... 5,000-5,500 m

Snow ...... above 5,500 m

The effect of these mountairn as both a climatic and vegetational
barrier is summarized by Gaussen and 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 a luxuriant under-
story. The maximum is reached in Yunnan or in Szechwan
where . . . . both coniferous and broadleaf (evergreen or
deciduous) forest species grow together. But behind this
sumptuous curtain of forests which rises often to 4,500
meters, the alpine belt becomes rapidly dry and steppe-like
in the immense solitude of Tibet." 80
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2. TIBETAN HIGHLANDS AND ASSOCIATED RANGES

The Tibetan Highlands, shown on Maps 17 and 18. cinsist of a large,
roughly oval-shaped plateau interrupted by a numbei of high, transverse
mountain ranges. It is bounded on the north by the Kun Lun Mountains
(Kun Lun Shan) and on the south by the Himalayan Mouncains. The prin-
cipal ranges are identified on Maps 1 and 2, but reftrence to Maps 17
and 18 will be necessary to locate many of the place names mentioned in
the following discussion. Within each of the following summaries, treat-
ing various aspects of the environment 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 the basis of elevation.

a. Configuration

(1) Lesser Himalaya

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 Kimalaya, has a length of some 2,500 km,
and has 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 fista River in Sikkim, and
is traversed in the west by the Kosi and Gandak River systems in Nepal.
The Kali, Gandak, Arun, and TVsta rivers offer the best acce.ýs routes
through the range to the Great Himalaya and Tibetan Plateau. Until very
recently, the principal method of transporting freight over the Mahabarat
into Katmandu has been by a 25-mile aerial cableway. Crest elevations
vary between 1,500 and 2,500 m. The Dhauladhar Range is the westward
continuation of the Mahabarat 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 a).

Between 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 is not traversed by large rivers and as
a consequence access is 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 is between 1,000 and
7,600 m, with values betwcen 4,900 and 5,800 m most zommon. 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,
and 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, Arua, 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 ._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.
1here 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 central 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-central
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 2,000 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 to
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 wLth varying
amounts of glacial outwash - some of which rcy be terraced. The arca
south of the Dupleix Range is broken by a disarrayed group of hillq and
complex, narrow valleys which prevent any large-scale or rapid
vehicular movement. East of the Dupleix Range in southwest Tsingha` is
a vast, genutly rolling, swampy upland where elevations seldom exceed
4,300 m. In this area vehicular traffic is restricted to the better-
drained uplands. 84
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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 some of the
largest lakes in Tibet. These lakes are situated in broad, flat basins
surrounded by closely spaced, highly dissected hills or steep, sharp-
peaked mountains.

Movement of vehicles and troops 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 landing 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 Basin. This parallel
and sub-parallel system of ranges varying in width from 40-90 kilo-
meters forms the northern border of the TibetanL Plateau. As the Kun Lun
passes from Tibet into China it loses the form of a great chain and breaks
up into ntunerous minor ranges much like those of the Hindu Kush in
Afghanistan. Maximum elevations are on the order of 7,000 in. 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 there 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

Takla 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).

85

* This large area is termed the Gandisyshan Tra,,shimalaya by Yusov (1959).

26



East of Hotien the northward draining streams debouch
from deep, narrow canyons, at about 13 km 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.

The major rivers of the central and eastern Kun Lun, the
Keriya (at about 81* 30' E) and the Charchau (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 (Aksai 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 Lesser Himalaya, runoff is highest from June through

October when peak moduli may run as high as 100 liters/sec/km2 . The

annual average approximates 52 liters/sec/kin2 , but a figure of 39 liters/

sec/km2 is 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 suer when glacier and snowmelt is greatest. Diurnal
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 is generally unsuitable for human consumption or as a meter coolant.

The amaller 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 existing dug

wells should be avoided because of the likelihood of contamination.
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The rivers of northern and southern Tibet, though different in
valley type, both show seasonaL water level fluctuations. Two high-
water stages occur in both regions, one in early sumner durieg Snow melt
and a second in late Sumer in response to thaw of mountain glaciers.
This regime Is somewhat muted In July and August in response to maximm
temperatures and high rainfall.

because of the interior drainags of northern Tibet# river systems
are largely patteraless, i.e., streams in the same areas may flow in
opposite directions. The mountain rivers of northern Tibet either flow
within the mountains throughout their entire course or rise in the mountains
and fa£1 steeply over rocky beds, eventually discharging onto the ilat
highland surfaces and flowing quietly theough broad alluvial valleys.
Those not fed by groundwater may dry up in autumn. In all cases, permanent
streams freeze to the bottom in winter.

The southward increase in rainfall is reflected in the runoff
mnoduLt as follows: Northern Cha"g Thang: 3.2 liters/sec/km'; Southern
Chang Thang: 6.3 liters/eec/kn2 ; Central Tibet: 9.5 liters/sec/km2 .
Iv general, adequate supplies of fresh water can be relied upon only in
th4. 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 sumer progresses.
Because of its salt content, this water Is not suitable for either human
consumption or as a coolant for vehicles.

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

c. Climate

Although the southern slopes of the Himalaya are subject to heavy
precipitation at lower levels, the Tib.Un Highland is essentially a cold.
dry desert. Precipitation is less than 10 inches over most of Tibet* and
the mean tesperature for the warmest month is below 50' F. The 3restest
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sgros P.s that duo to decreased altmospheric pressure, but the low tam-
peratures. high winds, permanent anowfields, &nd abrupt weather chaies
crete additionaL stresses when superimposed on a cooplex terrain.

in areas not directly exposed to mnois air masses, precipitation
4saLty occurs in the form of afternoon showers. Its occurrence depends
to saw extent on local moisture sources, but primarily it results from
the presence of moist air aloft subsequent to orographic lifting. Moist
iwnsooa air penetrates through the north-south oriented valleys in Assam
and Burma, creating cloudiness and afternoon sh4oers or thundershowers
in Zscern Tibet. However, moist air does not reach shielded lmocatl.ns.
ouch As Gartok to the Lee of the vestern Himalaya, because the noLsture
is precipitated on the intervening, unbroken ranges of the Punjab
Himalaya. Thus sany valleys and high basins are arid, particularly In
ao Lower parts. Slopes around large inclosed dopressions. such as the

TUrL, UasLa, are arid sioce they are not exposed to noiscure-Laden air
borne by the generaL circulation.

i[ the Chinese provinces of TsinLghal, moisture penetrates to
about 35" 3, even In tho higher areas (TaJih, Sewukou. Yuyujihpen). Al-
though precipitation ueasuroments are not available at theme hiaher
stations, the relative huitdiry and cloud cover show the presence of
solrs air. The westv4rd Limit of its penetration appears to be the water-
sied betow"n the interior drainage of the Tibetan basin and the head-
watvrs of the Large rivers which drain to the souch and southeast. Pro-
cipluatloa throughout the whole eastern relon Is concentrated in the
6U.MMer month .

T7 elevatLon of the snow Line Is low where precipitation Is
*aWoods and where stunmr cloudiness Limits nelting, as on the southern
rant., of the Himalaya. On the northeastern, arid slopes of the ?Ibotan
Highlands, I to 10 degre-s of latitude larther north, the snow ine0
r*natis at about the same elevation as in the southern ranges. In the
arid region*, the snow Line is higher un southerly slope., ubwre solar
radiation Is most effective In causing ablation. West of abOu 90"
LOMItue In the Tibecia Highlands and on the K•1Ia% and %yencben TavshIa
1a~* of tis Tran-Uinlalaya, the snou Line Lies above 6,OO a (Fig. $).
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Orientation of valleys influences their temperature, wind
regime, and snowfall. Differences due to extent of exposure to moist
air are shown by snow depths of 29 to 36 inches near 5,000 v. 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. N~v4 depths of 15 to 75 feet are reported (except on tle
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 280 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 visibility and rapid tem-
perature fluctuations.

On the southern slopes of the Himalaya between 3,000 and 4,000 m
a large portion of the precipitation is in tha form of snou. In the
Tista Basin of Sikkim the winter snow cover line extends dcwn to about
3,200 m (Dhir, 1953). Tnunderstorms with snow have occurred 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 Nagchhu Dzong
(Heiho) near Adag Mamar in 1917 (Roerich, 1937).

Above 4,500 m on Mount Everest one to two feet of ý.now may fall
overnight. At this elevation, snowfall may occur in any month of the
year. 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 is due to their distance from large moisture sources and the
impediment which the Himalaya present to the flow from these sources.
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Evaporation and sublimation resulting from strong winds, dry
41xr and high solar radiation, remove the snow from most of tOe upland,
except tar the passes, within a shbrm period after it falls. A4tlI the
lack of snow cover makes travel easier, it can load to dangerous ma-

preparedness for the severity of the sudden snowsaton, As seasooe
explorers have discovered (Redin, L509). "Deswpit high olevation, it is
possible to suffer greatly from beat In Inclosed basins such as the
Garen Glacier In the Palirs" (Slesser, 1962-63). Lishr wiand and to-
Lem@o solar radiation refleceod from the glacier surface and surrounding
snao-covere4 slopes can radically change Vio expected weather coo-
ditloas so fast that the effect can be enervating.

Precipixation decreases westward along the southern border of
the Ii•xalsya, but stations exposed to the nonsoon, such as Dalhousie.
Muktetoar, Hurroo, and Hussoorie, receive from 55 to 85 Inches. Thusdr-
storms, many wLth hall, are frequent. Much of the Tibetan HibhLand has
steppe or even desert climate with double precipitation maxina to spring.
Even though Cho precipitation total Is small, there are Mnay wet And
c Loudy days.

Precipitation in the Lee (north slope*) of the KImalAya b" a
suer maximum. It ts nomally Light and varies greatly from year to
7a". depending upon tho extent of penetration of the uonoaon througb
the deep valleys. For example, annual precipitation 2r ULasa (3.685 n)
rwtald 198 inches in L936, while the average for 1A years. &xcLudlA
1936, was L7 Inches (lisu, 1946). Lasa ts Little snowfall, about 10
days pe• year.

It "ay shielded valleyai, precipitation rastts; from "ovectloa
and from nountaln-va/loy wind circulationg. SOme of theose vallys are
very dry, The lower li1it of v4egtation on their slopeS Is detetmled
by aridity and the upper LIitI by cold (Schwolnfurth, 1956). The 1o0t
Arid part of Tibet is the Chaft Tana, Which receives generally leSS than
5 jnche of precipitation per year.

The vatllys of the Tsaspo (upper DbabaAPUra) and itLs tribu-
tarije Is bhe le# of ghe Il1nsaaya have a dry steppe cli•mte. Tqgetber
mith great variability In precipitation (rto year to year, sgeo
eiagti. as Lbasag Zhlkatse, and Gyafttso also ,xperince large dAtIly
ganefragure raoge. Under conditions of high solar radiation EQd law
wind speed, oruperatures differ greatly In the sun and It the sbade

(tbiau, LIKK). 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 encountered on
the north side of the Suget Pass (north of Karakoram Pass in the Aghil
Mountains) in September (Roerich, 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 occurrence 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 Tibetan 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 circulations.

At 4,000 m January temperatures average near 20'F in the east
and south, about 15'F in the we-t, 10OF at the northern edge of the
Tibetan Highlands, and less farther north. Nocturnal temperatures and
daytime shade temperatures aze, however, by no means so strongly depend-
ent on elevation in January .'s they are in July. Even in July, when
skies are clear and cold air Arains into basins or enclosed valleys,
nights are cold in the lower sDots due to radiational cooling. Minima
of 5 to 10*F have been reporte&

Precipitation is extremtly light, above 5,000 m, due to the
absence of monsoonal influences. Even on slopes exposed to the monsoon,
there is much less precipitation at these leveis 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. M~ller, 19i8; Pugh, 1962).
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Continuous observations through one wIntar and spring near 5,700 a
on Ama Dablam (south of Mt. Everest) yielded the following data (Pugh,
1962): average January temperature, 9.5'F; April, 19.4*V; absolute
p;nlmum, -16.61F; winds, W to 1Wl, about 22 knots, with calm for three
weeks In April; maximum, 35 kt, gusts to about 50-60 kt; average relative
humidtty, 25%. Monsoon storms ended at the beginning of October. There
was little cloudiness, b.it frequently cumulus form below 5,000 m In the
afternoon. Note that temperatures were higher than the predicted 500 mb
level free-air temperatures of 7*F for January, and I0OF for April at this
latitude; the height of the 500 millibar pressure level averages about
5,570 m (Goldie et al, 1958). January free-air temperatures range from
7*F along the southern Iilmalaya to -32*F in the Tien Shan; July temperatures
range from 28' (30"F, Rangarajan, 1963) in the south to 16' in the Tien
Shan and 100 north of Lake Balkhash.

About 3 percent of the Tibetan llighland liec above 6,000 m. A climate
where mean temperatures in the warmest month do not average above freezing
L5 to be expected almost everywhere, and minimum temperatures here are
extreu e.

Recent analysis of upper air observations 9hows a diffuse, east-vest,
warm belt in the upper troposphere over the continent of Asia from 25' to
30* N latitude, with a -l10F 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; NAC4,
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 (-270F) 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
prespures than shown by the standard tables, both at the lower camps,
where it was measured, and at higher locations, where pressures were
extrapolated ucin4 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 lazerplly. 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 bamboo 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 840 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.cceeds 2,000 m only on
southerly fringes. The remaining three types are shown on Map 6 as Moist
Evergreen Forest, Dry Forest and Woodland, and Thickets and Meadow,
respectively, although a part of the "alpinc" type would fall into the
Steppe category where growth is sparse.

At the eastern end of the Himalaya, in Assam and northern
Burma, Champion (1936) recognized a "northern wet temperate forest"
between 2,000 and 3,000 m. This in part is the type that Stamp (1930),
writing of Burma, termed "mountain vegetation", but its moist evergreen
character is unmistakable from Stamp's description:

"The mountains of the north are clothed with dense forest, con-
sisting largely of rhododendron in the higher parts, but of
pines in some areas."

At the opposite end cf the Himalaya, in northwestern india
and Kashmir, moist evergreen forests are absent and the Dry Forest and
Woodland types are more prominent above 2,000 m. It should be noted,
however, that dry valleys can be found throughout the whole extent of
the Himalaya, even in the eastern part where the climate generaliy is
humid. It is not 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 central
Himalaya according to altitudinal and moisture gradients is shown by
Figure 23B, which is adapted from a diagram by Kawakita (1956). The
altitudinal ranges of the principal forest species in central Nepal
clearly show the importance 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 semioarpifolia (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, most 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 spectabiZis, Juniperus wailichiana, Betula utilia, and
Rhododendron campanulatwn - all reach their upper limit at or slightly
below this level. There is one conifer, however, a dwarf juniper

(J. squmnata) that grows up to 4,200 m. These limitz 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 utiUis), 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 Himalaya 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 part 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-

atnons give an impression of a vast area that is relatively homogeneous

in vegetation and aspect. This impression is erroneous for two reasons.

First- 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 mnust be classified as barren. In a region where the growing

period -is short and the conditions vary widely from year to year, there

may be a marked difference in the appearance of the vegetation when seen

at inter;als 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) Eternal 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 regions)
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The first of these categories is generally above 6,000 mi

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 during a brief period each year and, consequently,

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 illustreted 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 table rises, some lakes even turn fresh, , . . In the

7utu-:a, when the thawing of the snows and the rains come to an

oa and the dryness of the air increases, the grass dries out

ts _u the landscapes become completely desert-like.'

Conditions such as those described above seem to prevail

in -A large part of the Chang Thdng, which may be alternately a desert,

a steppe, and a region of relatively lush "ieadows in different seascos

or years.

(3) Kun Lun Mountains

The Kun Lun Range is probably the most barren o
4 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 3iopes 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 reflicts the

seasonal melting of snows on the higher parts of the range.
96
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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 is 3,600 m and that of the flanking mountains is 4,600 m. The
majority of the valleys trend nearly east-west.

The rock types found in the Pamir area range from crystal-
line to slgightly 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 Pf the Pamir region the local relief
is relatively small, probably not exceeding 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 few 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 is 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 km, 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. 7he 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 defender. The east-west-trending pamirs are subject to sudden
strong winds and dust storms which are hindrances. These are not found
in the najor 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 Karakoram-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 Afghanistan
border, and thence southwest into Afghanistan, terminating in the
Koh-i-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 In the
Great Himalaya, and stream density is greater. The division of the valley
cross-sections into a "V"-shaped lower segment and a broad U-shaped upper
segment is not as apparent as in the Himalaya; however, glaciers and ice
fields are more extensive. 98
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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

I highest in the east where local relief is gencra]ly between 1,500 and
3,200 m, decreasing westward to between 900 and 2,700 m in the western
Karakoram and in the Hindu Kush. Total relief from the zummit of K-2
(Mt. Godwin-Pusten) down to the Sudus River, just 100 miles Eouth, is

nearly 7,000 m.

Particularly in the Karakoram Range, most of thý large
rivers ýad some of their tributaries flow in rather broad "J'-.5aped
valleys, whose headwater valleys are generally above 3,0U0 m. TIe

streams are usually breided and flow on glacial outwash sands a&• gravels.
Many of the valleys are terraced. In the Karakoram especially, rost of

the headwaters originate at glacirs (Fig. 22) and have gentle gradients.

Most of the large rivers and their tributaries are subject to

severe and sudden flooding, which usually is the result of sudden
releases of glacier or moraine dammed lakes. Rock falls and debris ava-

lanches are commncn 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 floored,
ranging in width from tens of meters to several hundred meters, and con-

tain braided streamg flowing with gentle gradients over alluvial and out-
wash gravels. Such channels are longest and most distinct at the foot of

south-facing slopes marginal to eaut-west tzunding glaciers. Though in

some cases they provide easy access ý-ays to passes, all are subject to

great diurnal 7ariations 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 major 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 Karakoram, personnel 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. 9
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In broad valley bottoms coarse gravel and sand are overlain
in many 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
swamps. 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 leact, will be heavily
laden with silt and clay during the huighwater 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 expected.

c. Climate

Hoist air from the Mediterranean and North Atlantic reaches the
western Pamirs, particularly during winter and early spring, penetrating
only weakly into the deep west-east-oriented valleys. The high valleys
(pamirs) and all the eastern slopes are very dry, with strong west winds
end blowing dust. In spite of the aridity, however, swampy areas occur
around the lakes. The line dividing the :,estern Pamirs, which have con-
siderable winter snow cover, from the eastern Pamirs, with almost none,
corresponds closely to the 10-inch isohyet. In some areas it is barren
Just below the firn line. Su;muer temperatures above 80"F occur in the
deep, protected valleys on the western s.e 0 of 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 Alai Range have considerable snowfall, but
less 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 precipitation maximum is characteristic in the lower zones, and
suer showers occur more frequently in the higher zone.

Both the Mustagh Ate 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 eastern 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 avn.raged
33Z, 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 kra.-ts. 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
L-"itrctions.

d. Vegetation

(1) Pamirs

The Panirs have a treeless surface in which meadow, sparse
sti.ppe, and barren ground are all present. The vegetation of the Pamir
Plateau 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, Old World winter fat (Eurotia ceratoides, native to the
stony desert of the Pamirs), which is used for fuel;
AcanthoZimon diapeneioides, which is flattened in the form of
a cushion, and rise 3 to 5 cm above the stony soil; the cushion-
shaped legume, crazyweed (Oxytropi•); the high mountain polyn,
Artemi•ia skorniako'ii; and the feather grass Stipa orientaZie
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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 n (Mirov, 1951). The
tree line in these mountains varies from 3,400 m to 3,600 m (Hermes, 1955).

(2) The Karakoram

In zhe 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). In this particular area, the Steppe largely consists of artemisia,
while Dry Forest and Woodland is similar to steppe but has a scattered
growth of Juniper trees (J. semiglobosa). In a few localities ti'e Dry
Woodland consists of Pinz.s 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 th2
Thickets and Meadows include alpine meadows and thickets of birch and
mountain-ash.

In the micdle 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 aider altitudinal gap between the tree line and the snow
line, which has an average elevation of about 5,500 m,
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(3) The Hindu Kush

The Hindu Kush is described by Stamp (1.959) as "enLirely
barren and uninhabited." This is only a slight exaggeration, as there
are small areas of irrigated agriculture in some of the mountain
valleys, 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 (-u;ith of Che

Kabul River) has been reported at 3,300 to 3,500 m, about 1,100 to 1,200 n,

below the snow line (Hermes, 1955).

4. THE TIEN SHAN AND ASSOCIATED RANGES

a. Configuration

The Tien Shan and its associated ranges (Maps 24 and 25) extend
for more than 2,500 Ion, from just east of Samarkand eastward through
the Karlik 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 bula) farthest

north; a series of parallel ranges on both sides and west of the Issyk
Kul. terminating in the Talas Range (Talasskiy Ala-Tau); and the Alai
Ranges of Trukestan between the Syr and Amu Rivers. These ranges and
spurs border the major drainage basins of the Iii, 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, although generally it is less
than 3,000 m.

Though rugged, the Tien Shan complex contaiu.. many high, gently
rolling plains and broad valleys with alpine meadows. These upland
plains are generally above 3,000 m. Travel thrcxugh 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 many narrow, steep-sided
valleys which may be seasonally impassable due to rapid snowmelt in the
highlands. 104
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Most of the perennial drainage, Is on the moister, nortb-facing
slopes* The valleys of the major rivers are long, broad, sad floored
with alluvial, sands and gravels* Valley bottoms are between 500 sand
1,000 a to elevation, except In headwater areas where they may be nearly
3,000 a high. In zhe lower portions of those valleys ar* extensive
areas of marsh close to the streamsi elsewhere dune fields and desert
pavements flank the river@. Terraces of widely ranging heights above the
rivor level occur along these streams, principally In their middle courses.
The downstream, uninterrupted terraces provide excellent sitos for roods.
In snmaller valleys, particularly those not affected by mountain glaciers,
the valley bottoms are narrow, rock-filled, and unterraced in both their
upper and middle courses,

b. Usatr @uovlvZ

North of the crest-line of the Tien Shan, perticularly above
3,000 a, procurement of reliable fresh water presents no problem. The
large streas are probably subject to flooding during the spring freshet.
South of the divide, reliable fresh water Is less abundant. Only atremsz
discharging from glacial sources can be relied upon during late s&wooer
and fall. Many ot the swamps and lakes south of the range are saline or
brackish.

C. Climate

In the Tien Shan, the slope# bordering the Tarim Basin are
extremely arid. Light sumer precipitation in the eastern parts of the
ranges Increase* westward, becomes irregularly distributed with respect
to season In the Innier ranges, and than changes to a spring saximun on
the lower parts of the vesters slopes. The snowline, which Is above
4,000 v In the central Tien Shan, is lower In the vetoer vestern parts.
It Is located between 3,700 and 3,900 a In the Trans-ALL (Northern
Pamirs), where precipitation at 3,000 a totals about 30 Inches a year.
Moist air striking the western and cold northern slopes of the Talaq
and Dsungarian Ranges (Talaskiiy and Dzungarian Ala-Tau), produces
considerable snowfall, particularly during vinte: and early spring.

few climatic observations above 2,000 a are available, but a two-
year record at 3,400 a on the Tujuksu Glacier (between Maom Ats and the
lsayk Kul) shows 30-36 Inches of annual precipitation (S. Huller. 1967).
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Older recotda from Tien Shanskays at 3,614 a about 100 10ies to the
omtbe*at, show 11 inches (Vlohn, 19W8.. Farther vest, precipitatien
Is greater on the northern slopes of the Tlien Shno, reaching 60 Inches
ca the Vaa Rang* (Rualov, 1961).

Alan-ALa (848 a) has 30 days with snwfall and lI, with snow
cover, while nearby, Medoo Hydro Station (1,529 m) and Grest Alma-Atenks
A*# (2,511 a) have 153 and 187 days with snow cover, respectively
(S. Huller, 1961). Snuw covar days around Aktash (near Tashkent) total
100 to 10. Average temperatures, ob-.ixved by balloon soundings in the
treo air above Aktash, range in July from 50of at 3,000 a to 101F at
5,50 a, and in January frees +16'? to -125F. Mean monthly surface too-
peratures near 3,500 m, at Tujukau Glacier And Tlien Shanskaya, agree
vith free air temperatures in July. In January, Tien Shanskays is 20
dogreva colder than both the free air and Tujukau. This is probably too
.,atrane a difference t6 b. representative, since station records were
for short periods. July temperatures at the Tujuksu Glacier and Tien
1Sbasakays are similar.

Throughout the Tien 5han it is fair to generalize that the
limate is severe, with precipitation occurring p)redominantly in smmer.

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 an appropriate divide between
the desert below and steppe climates above. Farther north, steppe con-
ditIons occur along the borders of both the Dzungarian and the Kobdo Basing.

d. Vegietation

The predominant vegetation of the Tien Shan, above the 2,000-

aeter elevation, consists of meadows and scattered thickets or grove3 of
trees. Lower ulevatlons are comparatively dry and have a steppe
vegetation, but increasing elevation brings increasing precipitation
until the Intermediate altitudes have good pastures and a certain amount
of woody vegetation. There are, however, few forests of much extent.
In some places there is a forest-steppe toae where various species of
trees grow In copses (thickets), This scarcity of forests is In part a
refleccion of the limitations of the natural envitonment apd partly a
result of fires, over-cutting, And overgrazing of the land.
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The trees that are found in the Tien Shan present a contrast,
in scone respects, to those of the Himalaya. There are no pines or oaks,
these species being replaced in similar habitats by the wije-ranging
juniper WJ. semiglobosa). Spruce and fir are represented in the eastern
Tien Shan by the Tian Shan spruce (Picea schrenkiana) and Turkestan fir
(Abies semenowi). They do not occupy large areas any place in these
mountains, but locally there are dense spruce forests between i,&I and
2,850 m in the Kungei Range (Kungei Ala-Tau) north of the Issyk Kul, ano
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 ýhese two
ranges converge farther east, spruce is found between 1,800 and 2,80C. v
(Beig, 1950). North of the Tien Shan proper, spruce and fir both grow
on the northern slopes of the Dzungarian Range between 1,500 and 2,300 n.
Juniper grows at higher elevations than spruce or fir; Its upper limit
is about 3,000 mn South of the Dzungarian Range the forests of spruce,
fir, and juniper tend to grow in open, park-like stands. They ai-Ž of
value both as a source of fuel and as a check on erosion.

In many ol the groves and thickets of the Tien Than, deciduous
trees are more prominent than in the forests of the Himalayas. Scrub
thickets of hawthorn (Crataegq's spp.), apple, and other rosiceovs
species are common throughout. In the extieme southwest of the region
there are forests of maple (Acer turkestanicwn) and walnut (Juglans
faliZar) up to 2,200 m, while from 2,200 to 2,700 m there axe scrubby
groves of maple, juniper, plum, honeysuckle, and rose (Mirov, 1954).

The zone o? subalpine meadows, as dist1i'g;uished from "low-
mountain meadow", begins at varying altitudes. In the Fergana Range
along the east flank of the Fqrgana Basin they appear at 2,500 to 2,700 m,
and in the Alai Valley (Dolina Alayskaya) at 3,100 to 3,200 n (Berg,
1950). It is in this zone, or a little above 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 lien Shan is given by
Suslov (1961) as 3,000 to 3,500 m. Above this level are alpine meadows
of sedge (chiefly cobresia), flowering plants such as edelweiss, and
semi-shrubs such as saxifrage and rock jasmine, which grow among the rocks.
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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 Massif ESE of the Issyk Kul, 3,000 m; the
Khalik Range (Khalik Tau) immediately east of the Khan Tengri, 2,800 m;
and the Bogdo Range (Bogdo Oula) 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 a 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 MHp 1 for the
main physiographic features.

Immediately northeast of the Dzungarian Gate rises the minor
Tarbagatay Range (Sai-li Shan), with a maximum elevation slightly above
2,800 meters facing the markedly higher Altai Mountains across the
Irtysh river basin.

Fr3m their highest peak, Kutiun (4,653 m), where the borders of
the U.S.S.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 completely
deformed and intruded by fine-grained crystalline rocks. Volcanic action
has also occurred here.

The highlands which extend north and west of Kutiun, in the
Soviet Union, have rounded summits which rise several hundred meters above

the surrounding felsenmeer (rock slab upland). Although this upland is
little dissected, travel across it would be greatly hampered by the coarse,

blocky surface. Streams in this area drain mainly into the Ob River
through deep, steep-sided gorges which are without terraces and difficult
to ford.

The high, northwestern mountains of the Altai have been dissected
by glaciers into cirques and are'tes, 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

t vehicular movement wouli not be possible except in the lower reaches of

the canyons.

North of Ubsa Nuur, the Tannu-Ola Mountains rise abruptly. These
mountains have broad, flat passes which average only about 1,000 m in

j elevation. The mountains nave a hogback form with the steeper side
facing south. Movement across them from the upper Yenisei Valley would
be virtually unrestricted.

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

b. Water 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 large, 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 Altai 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.

c. Climate

The northwestern slopes uf the Altai and the northern slopeo
of the western Sayans are exposed to moist air whichr in spite of its
distant source, produces considerable precipitation as it is liftad over
the mountain slopes. fleaviebt precipitation 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 slopes
(Suslov, 1961) but shielded basins and canj',nu (e.g. Kusnetsk, Minusinsk,
and Tuva Basins) have little snow and a thin snjw cover. Very cold
nocturnal temperatures occur during calms. Warm dry fZhn 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 avecage iin the low 50's (F) and January
mean temperatures average appcoximately -20'F. The mean daily tempera-
ture range is estimated to be about 20 F° with larger ranges below
2,000 m ele'-ation, where diurnal changes of 50 F* in a day are not un-
common, and Yanges of 70 F° have been reported (Murzaev, 1950). The
annual extremes in this area are approximately between 100 0F and -60 0 F.

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

d. Vegetation

Since these mountains derive their moisture chiefly from northerlywinds, the south-facing slopes tend to be drier than those with a northern
exposure. As in the Tien Shan, the lower elevations have a predominantly
steppe vegetation which extends above 2,000 m on some of the southern
slopes. •n 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 siberica), spruce (Picea obovata), and
cembra pine (Pinus cembra), which is v:e of the white pine group although
it is referred to in Russia as kedr. Larch, which is also a prominent
component of the taiga, does not gr, w above 2,000 m, nor does the common
or Scot's pine (Pinus sylvestris), but cembra pine grows to an elevation
of 2,600 m (Mirov, 1951). The subalpine iieadows which occur in conjunction
4ith the coniferous stands contain larkspur, cowparsnip, and other tell
herbaceous p ants.

The tree line, marking the boundary between 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 well
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.
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Appendix A

Some Comments on Climatic Stresses Caused by Elevition

a. Barometric Pressure

Without a doubt, the most influential climatic factor is th.t

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 panting, vijlent and hasty palpitations;

distaste for food; then buzzing in the ears, respiratory dis-

tress, dizzincss, vertigo, weakness constantly increasing,

nausea, vomiting, irowsiness, 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 tie result of these serious symptoms ... , The

inteosity of these symptoms is considerably aggraveted by

walking, running, and expcnditure ot energy."

Within the past few years, a team of U. S. Army military and

civilian scientists made a clinical study of acute mountain sickness at

a high-elevation Indian outpost in the Himalaya (Hall et il., 1965).

!hey r~portf

"Acute mountain sickness results from hypoxia, but the patho-

physiology remains obscure. Some persons experience symptoms

at elevations as low as 6,000 feet above sea level, Virtually

all unacclimatized persons transported rapidly to altitudes of

15,000 feet or higher are affected. The cardinal manifesta-

tions are headache, breathlessness, and inpaired capacity fo1

exertion. These may be so severe and affect such a large pro-

portion of exposed persons, that the effective performance of

an unacclimatized group taken rapidly te high mountain alti-

Itudes .ill be markedly impaired. There is rapid clinical im-

provement, but full recovery of work performance cqual to 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 cr-inadequacy of
the beneficial body mechanisms (diminished output of worký, 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 periods 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
coapensate 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 soldier 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 5,500 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 come& 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 elevatijns. 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 inche.,
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 tra:Lls. 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 only in-
directly to the amount rece-ved 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 expecLed.
Regions of interior drainage contain swamps which hamper travel and breed
insects, 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.

I50

50



c. Temperature

The stress created by loy teperature at high elevations Is a
major one, but one that is weil understood and one with which the U. S.
Army has had a degree of familiarization through Its polar programs and
operations. In the free atmospbere, the air teperature decreases
approximately 1 C* for every 100-reter Increase in altitude. The extraem
mnimumt winter temperatures of the Arctic and Antarctic are missing in
Central Asia, but the winter temperatures are still low enough to create
a stress on the soldier.

Compared to the Arctic, wintertime minimu and maximu temera-
tures In mountains are higher; smuertimm miniinm temeratures are lower;
and maximum temperatures are higher. The relatively large diurnal tinpera-
ture range in sumer creates a clOthiu6 problem. Troops on duty at night

at site* above 5,000 a can expect nocturnal minimu beolw freezing. At the
same site, the black bulb radiation to perature in the day many be above
150' F. it is not at all uncommon, above 2,000 a. to experience aid-
sumer black bulb radiation temperatures greater than 100* I7. Pugh cites
a sun-shade temperature difference of 67 C* (100 14) at 18,300 feet
(5,370 a).

Although one say quostion the accurac of sose meteorological
observations, one cannoc doubt that the canperature difference experienced
by anyone at high elevations can be extrome. A poaaisin cloud can change
the siensible temperature by tens of degrees. Stres~seas personnel are
usually created by extrieso, not by seem.* and ame scald always be co-
nizant of expected extreme*, their frequency. and their possible duration.
it would seem that the most wortb"Ile uniform fee high elevatioo In
numsr would Include features which would first of all protect against
the relatively low summer temperatures, but which would also allo for
internal ventilation.

San can fmaction quite well for sateuied periods at temeratures
as low as -20* IN In fact. men will probably fucmtion as lead as necosnical
equipment will, support than at low temperatures. There are only three
trouble aome (feet. hands. and face) Is the protection of am against the
cold, but unfortunately all three are smidtium an Iportant. The mast
Important tase Is the feet, where the develorment of a thermo-electric
system to wam Insulated boots may solve the problem. The mechastlo will
have to be light *n compact in order not to kinder the soldier's noenes.

1t~1
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The second most important area is the fingers. The U. S. Army

can put excellent polar mittens on the soldier 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 trigger. The

repeated touching of one's fingers to cold metal objects will result in

the formation of cornified layers of skin which will eventually peel.
I 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. None of the U. S. services has a satisfactory face mask,

and probaLly the best thing for protecting the face from the cold is a

relatively loose balaclava belmet. 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 than are much colder temperatures.

At extremely low temperatures (colder than -20 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, one does not experience this sensation and may end

up with severe frostbite.

In addition to 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 diurnal 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 out-

crops, jagged rocks, and limbs cf trees ond shrubs. Because of the great

interest in mountaineering throughout the iorld, 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. W'inds
gusting to 60 knots were measured at Silver Hut (5,800 n), although the
maximum sustained wind was only 35 knots.

Winds above 15 knots, when combined with temperatures below

-20' F and a snow surface, produce severe environmental stresses.
Depending upon the nature of the snow, 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 amount of biowing snow. In
fact, this could be considered the wind tbreshhold restricting travel over
snow. Pouever, the quantity, crystal type, moisture, density, bardness,
age, and cuner factors influence the speed threshholds for both drifting
and blcwing srow.

Blowing snow creates more of an operational stress as it re-
stricts both visibility and mobility. The combination of high winds and
low temperatures creates a chilling effect which will be discussed in the
next paragraph. High winds alone are chiefly a nuisance to the soldier
in mountain areas and it is only when they are combined with low tempera-
tures that the, ,reate a severe environmental 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 Highlands.

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 lini:ations; it is a raw computation 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 of its cold stations. This instrument,
a black ccpper sphere wbese temperature is maintained at the deep body
temperature of man, takes solar radiation temperature and wind speed into
account, and, in addition, is influenced by moisture/precipitation.
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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 beeiL used in E£'rope 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, altitude of the sun, angle of slope,

direction of slope, screening, and reflectivity. On sunny days, fabric

colors will fade more rapidly and cameras vith focal plane shutters must

never be turned skyward with the diaphragm 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 200 can receive twice as much

radiation in mid-winter as a horizontal surface. Screening occurs when

the horizon is obscured by mountains, thus cutting down the period with

radiatione As the atmosphere decreases in mass with higher elevation,

direct solar radiation intensities increase. Very high radiation values

are obtained at high elevations under partly cloudy sky conditions, as

the amount reflected from clouds, added to that coming through gaps in the

clouds, 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- 1 for a height of 6,400 m at Karakoram Camp, and at 4,300 m on

Chogo Lungma Giacier. However, the maximum measurement at Silver Hut

Camp 5,800 m (near Mt. Everest), was only 1.65 cal cm- 2 min-, (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 h.zmidity, 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,
relatud directly to local topography. Low clouds would be generally of
stratus type. Monsoon clouds are usually stratiform, rarely reaching
above 2,000 m. Middle clouds (above 3,000 m) are more extensive. 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 personnal.
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I Appendix B

CLIMATIC STATION LIST
i PART 1: 2000 meters or higher

Meters Years of Record
Station N. Lat. E. Long. Elev. Temp. Precis.

Adag Mamar 32 00 92 10 4000 5 0
Apa 32 43 102 18 2750 5 5
Chahanwusu 36 10 98 16 3400 5 0
Chakrata 30 42 77 51 Z149 0 12
Changtu (Chamdo) 31 10 97 14 3200 8 4
Chienning "laining) 30 34 101 30 3496 1 0
Chitinghsilin 32 51 92 28 5049 1 0
Chiulung 28 59 101 32 2880 5 0
Dalhousie 32 32 75 59 2343 0 m
Darjeeling 27 02 88 16 2265 50 60
Depsang 35 17 77 58 5362 1 0
Dras 34 27 75 46 3066 40 40
Gartok 31 45 80 22 4602 6 1
Gvazni 33 33 68 26 2218 m m
Gnatong (Natang) 27 15 88 50 3749 m 0
Gularg 34 03 74 23 2654 0 40
Gyangtse (Chiangtzu) 28 57 89 38 3996 5 5
Hanle 32 48 79 00 4610 i m
Hsiaho (Tewulu) 35 14 102 30 3049 2 0
Hsiaochin 31 01 102 23 24665 4 4
Hsining 36 35 101 55 23880 13 8

I Huachialing 35 27 104 47 2440 5 5
Huanghoyen (Mato) 34 57 98 08 3873 8 3
Huashan 34 27 110 05 2074 4 3
Irkeshtam 39 41 73 55 2850 30 30
Kaerhmu (Karmu)(Golmo) 36 22 94 55 2850 5 0
Kalat 29 02 66 37 2017 20 55
Kangting (Tatsienlu) 30 03 102 02 2558 9 14

Kantzu 31 38 100 01 3320 10 5

Karakul 39 02 73 33 3912 1 1

Kargil 34 44 76 08 2682 30 30

j Khor-g (Chorog) 37 30 71 36 2098 22 22

Khuitun Nor (Lenghu) 38 55 93 12 2773 1 0

Kukushihii 35 17 93 02 4267 2 0

I Kungho (Chiapuchia) 36 21 100 47 3105 8 2

Leh 34 09 77 34 3514 60 60

Lhasa 29 39 91 06 3685 16 14

Likiang (Lichiang) 26 57 100 18 2416 6 6

Litang (Lihua) 30 00 100 16 4187 5 0

Lungtzu (Lhurntse) 28 26 92 27 3000 1 0
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Appendix B

CLIMATIC STATION LIST
PART I: 2000 meters or higher

(continued)

rd Meters fears of Record
i. Station N. Lat. E. Long Elev. Temp. Precip.,

Malkang 31 51 102 41 2600 5 0
Mangyai 37 50 91 38 2800 4 0
Minhsien 34 30 104 02 2246 12 14
Mukteswar 29 28 79 39 2314 40 40
Murree 33 55 73 23 2168 50 60
Mussoorie 30 27 78 05 2115 10 15
Naryn 41 26 76 00 2049 51 63
Niti 30 42 79 51 3231 0 1
Omeishan 29 28 103 21 3358 ii 11
Pahsaichaitamuh (Tachaitan) 37 50 95 17 3350 1 0
Pamirsky Post (Murgab) 38 11 74 02 3653 22 22
Patang (Pa-an) (Batang) 30 05 98 55 2700 8 7
Phari Dzong (Pali) (Pharitsung)27 45 89 10 4420 5 0
Puri (Pu) 31 46 78 35 30,00 0 Pi
Sarytash 39 44 73 15 3128 0 W
Sewukou (Chumalai) 34 35 95 18 4262 1 0
Simla 31 06 77 10 2202 45 60
Skardu 35 18 75 37 2288 40 40
Sohsien (Sotsun) 31 51 93 40 4000 1 0
Sonamarg 34 19 75 19 3560 0 40
Sungpan 32 39 103 54 2856 8 8
Tag Dzong (Panko)(Tagtsung) 32 00 89 30 4663 1 0
Tajih (C'iimai) (Chinai) 33 55 99 52 3600 5 0
Tali 25 42 100 11 2001 i1 10
Tanpa 30 57 101 55 3000 0 1
Tejung 28 46 99 19 2700 0 1
Telingha (Tehlingha) 37 15 97 00 2761 5 0
Tien Shanskaya (Tjan San) 41 55 78 14 3614 m m
Tingching (Techin) 31 32 95 26 4000 4 0
Tulanssu (Dulaan) 37 01 98 46 3075 5 5

2 Tungte 35 10 100 40 2744 5 0
2 Walungchung Gola 27 45 87 37 3165 0 m
U Wuhsiaoling 37 11 103 05 3045 5 5
2 Yatung (Chumbi) 27 29 88 54 2987 45 45
2 Yushu 33 01 96 44 3873 5 2

Yuyujihpen 33 09 94 43 4000 1 0
6 Zhikatse (Jihkotse) 29 15 88 53 3660 1 0
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m = length of record missing from data sources 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 ii 11
Akterek (Akterek Gave) 40 24 73 30 i800 m m

(Akterek Pass
Uima Ata 43 16 76 53 841 47 47
Altayskaya 49 10 85 34 1000 18 18
Anantnag 33 43 75 07 1597 0 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 56 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 69 27 1406 25 25
Gilgit 35 55 74 23 1490 45 45
Haka 22 39 93 37 1860 10 .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
Kunming (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 (Urtuchi) (Wulumochi) 43 48 87 35 913 5 5
Tsetserlig (Zezerlik) 47 28 101 28 1687 2 0
Tunhuang (Tunwhang) 40 C8 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 (Karashahf) 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

m = length of record missing from data sources used
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_ _ AppendixC

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

Key to Mountain Systems:

AH - Assam Himalaya (1) MD - Monts Dupleix

AK - Aling Kang Ra. (Alung Gangri) NH - Nepal Himalaya (3)

CW - Chao Wula Shan NT - Nyenchen Tanglha

HK - Hindu Kush PH - Punjab Himalaya (4)
KA - Karakoram-Aghil PR - Pamir Ranges

KH - Kumaun Himalaya (2) SH - Sikkim Himalaya (5)

KL - Kun Lun-Arka Tagh TH - Ta Hsueh Shan (Gt. Snowy Range)
MA - Muztagh Ata 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 4 n Tibet/Assam

(2) East of the Sutlej and west of the Kali rivers
(3) State of Nepal (Kali River to Sikkim) in Nepal/Tibet

(4) E~st of the Indus and west of the Sutlej Rivers, all in Punjab
(5) State of Sikkim (Nepal to Bhutan) in Sikkim/Nepal/Tibet

Ele•7etions (in meters) are appioximations except on peaks which have been climbed.,

1 Evaýrest (Chomolurgma I) NH 8848 26 Di.,teghil Sar I KA 7885

2 Godudn-Austen (K-2) KA 8611 27 Himal Chuli I NH 7864

3 Kanchenjunga I SH 8585 28 Khinyang Chhish KA 7852

4 Lhotse I NH 8501 29 Ngojumba Kang NH 7843

5 Makalu I NH 8481 30 Nuptse NH 7841

6 Kanchenjunga II SH 8474 31 Manaslu II NH 7835

7 Lhotse II NH 8400 32 Masherbrum East KA 7821

8 Everest (Chomolungma 11) NTH 8393 33 Nanda Devi West KH 7817

9 Lnotse Shar NH 8383 34 Chomo Lonzo NH 7815

10 Broad Peak I KA 8270 35 Nanga Parbat I! PH 7814

11 Dhaulagiri I NH '172 36 Masherbrui West KA 7806

12 Manaslu I NH 8156 37 Rakaposhi KA 7788

13 Cho Oyu NH 8153 38 Hunza Kunji I KA 7785

14 Nanga Parbat I PH 8129 39 Zen.u SH 7780

15 Annapurna I NH 8078 40 Kanjut Sar I KA 7760

16 Gasherbrum I (Hidden Peak) RA 8068 41 Kamet I RH 7756

17 Casherbrum II KA 8035 42 Na-ncha Daiwd I AI /05

18 Gosainthan I(Shisha Pangma) NH 2013 /i S-nghi KY-ri KA 7751

19 Gasherbrum III KA 7952 4L Dhaulagiri II NH 7751

20 Lamjung NH 7937 45 Saltoro Kangri ! KA 7742

21 Annapurna II NH 7937 46 Gurla Mandhata (Memo Nani) NH 7725

22 Broad Peak II KA 7930 47 Jiugh Muztagb KL 772A

23 Gasherbrum IV KA 7925 48 kungur HA 7719

24 Gyachung Kang SH 7922 49 Kumbhakarna (Janu) NH 7710

25 Kangbachen SH 7902 50 Hunza Kunji II KA 7710
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Appendix C

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

51 Saltoro Kangri II KA 7705 93 Pik Lenina PR 7434
52 Dhaulagiri III NH 7703 94 Chumik II KA 7428
53 Tirich Mir HK 7699 95 Sin Kangri I KA 7422
54 Diateghil Sar II KA 7696 96 Dome Kang SH 7420
55 Saser Kangri I KA 7672 97 Saser Kangri III KA 7416
56 Gosainthan II NH 7661 98 Teram Kangri I1 KA 7407
57 Makalu II NH 7657 99 Salasungo Danda NH 7406
58 Chigolisa I KA 7654 100 Kondus I KA 7401
59 Hisal Chuli II NH 7645 101 Istoro Nal HK 7398
60 Dhaulagiri IV NH 7640 102 Haramosh KA 7397
61 Dzagar CW 7620 103 Trivor KH 7393
62 Tupeilikosau I (Dupleix) MD 7620 104 Talung South SH 7388
63 Ghulkin North KA 7611 105 Rimo Muztagh I KA 7M85
64 Rathong SH 7593 106 Teram Kangri III KA 7382
65 Minya Konka TH 7589 107 Tent Peak SH 7365
66 Peak 38 (near Lhotse) NH 7587 108 Churen Himal NH 7363
67 Annapurna III NH 7577 109 Manaslu III NH 7361
68 Kula Gangri AH 7554 110 Abigamin KH 7355
69 Changtse NH 7553 111 Nuroregh Zom HK 7349
70 Muztagh Ata MA 7546 112 Talung North SH 7349
71 Skyang Kangri KA 7544 113 Paitju NH 7346
72 Gangri I All 7541 114 Momhil Sar I KA 7343
73 Hamostang Kangri KA 7526 115 Staircase Peak KA 7339
74 Cangri 11 AH 7516 116 Kabru North SH 7338
75 Shukpa Kunchang KA 7513 117 Nalakankar NH 7335
76 Tupeilikossu II MD 7508 118 Chongstar KA 7330
77 Annapurna IV NH 7507 119 Ghulkin Sbuth KA 7329
78 Peak 38 SE NH 7502 120 Alung Gangri I AK 7324
79 Jakthang Gangri AK 7500 121 Chamlang NH 7319
80 Kabru South SH 7498 122 Temo SE AH 7315
81 Pik Koumunisms (Stalina) PR 7495 123 Jomolhari (Chamo Lhari) AH 7314
82 Saser Kangri II KA 7495 124 Baltoro Kangri KA 7312
83 Pumarikis KH 7492 (Golden Throne)
84 Tupeilikossu III MD 7488 125 Sherpi Kangri KA 7303
85 ,Noshaq HK 7485 126 Karicham AH 7300
86 Chumik I KA 7469 127 Duzakh Tagh KL 7291
87 Term Kangri I KA 7464 128 Pasu KA 7284
88 Jonsang SH 7459 129 Baltistan KA 7282
89 Malublting KA 7458 130 Muztagh K-5 KL 7281
90 Gyala Per I AH 7450 131 Muztagh Tower KA 7279
91 Pik Pobedy TS 7439 132 Earuntse I NH 7276
92 Nanda Devi East KH 7434 133 Mans KH 7273
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Appendix C

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

134 Nodzinkangsa I TV 7252 179 Sia Kangri II KA 7093
135 Langtang tirung NH 7245 180 Kamet II KH 7092
136 Apsarasas I KA 7245 181 Kun PH 7091
137 Mukut Parbat KF 7242 182 The Outlier SH 7090
138 Baruntse Ii NH 7240 183 Changtok South KA 7090
±39 Putha Hiunchuli NH 7239 184 Kangto AH 7089
140 rangri Ii AMi 7239 185 Nyencnhentanglha NT 7088
141 Apsarasas I! KA 7239 186 Satopanth KH 7075
142 Apsarasas III KA 7235 187 Tirsuli KH 7074
343 Ri'no Muztagh II KA 7233 188 Shelkar Chorten I KA 7071
146 Kuhanbokano AK 7216 189 Rakhjct PH 7070
145 (Unnamed) northern Bhutan AH 7212 190 Dunagiri KH 7066
146 Khartaphu NH 7205 191 Khartachangri I NH 7065
147 Baruntse III NH 7200 192 Nuroregh North (NZ-2) HY 7062
148 Saltero Kangri In1 KA 7200 193 Lombo Kangra NH 7061
149 Momhil Sar I! KA 7199 194 Chomo Gangri (in Lunkar Ri) NT 7060
150 Jugal Himal NH 7195 195 Purbi Dunagiri KH 7050
151 dagrot I NH 7194 196 Nyegyi Kangtsang AH 7047
152 Nodzinkangsa II TV 7188 1Q7 Changtok North KA 7044
153 Gauri Sankar East NH 7181 198 isnekanj IE 7043
154 Laptshegang NH 7178 199 Matachumba NH 7043
155 Sringe H-mal NH 7177 200 Tabsar NH 7040
156 Dhaulagiri V NH 7175 2C0 Shah Dhar HK 7038
157 Rimo Auztagh III KA 71b9 202 Saipal NH 7034
158 Nepal Peak SH 7168 203 Knartachangri II NH 7032
½•9 (Unnamed) SE Tibet AH 7163 204 Yanghi Tagh KL 7032
160 (Unnamed twins) NW Bhutan AH 7161 205 Pauhunri IT SH 7032
161 Gyala Peri II AH 7152 206 Nilgiri North NH 7031
162 Hardeol KH 7151 207 Nupchu Chabuk NH 7028
163 Pumnr! NH 7145 208 Chogo Lungma Kt. 7027
lo4 Gauri Sankar West NH 7144 209 Shilla PH 7026
165 Nun PH 7140
166 Chaukha--ba ("adrlnath) KH 7138 Aconcagua (highest In Americas)Aig.7021
167 Pyrawld Peak SH 7133
168 (t•- amed) NW Bhutan AH 7133 210 Kumdan KA 7016
169 Gda•sh Himal NH 7132 211 Sanglung PM 7015
170 Api NH 7132 212 Amne Denve CW 7010
171 Himlung Himal NH 7!26 213 Shelkar Chorten II KA 7004
172 Pauhunri (PaiLhunghri) I SH ,1 5 214 Tilje North NH 7001
173 Pabil X.1 7120 2i5 Chomo Gangar NT 7000
174 Trisul KH 7120 216 Namla Karpo AH 7000
175 Front Peak (Nanga Partat) PH 7118 217 Machhapuchhare NH 6998
176 Namcha Barwa II AM 7110 218 Khan Tengri TS 6996
177 Chepanglik KL 7102 219 Aghil Tagh KA 6995
176 Targot (near Tangra Lake) NT 7100 220 Noghor Zoa HK 6994

7000 meters = 22,966 feet (4.35 miles) (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 officiel place names as well. This
applies chiefly to the names of cities and other political units, but
natural features of the landscape are not exempt from such changes, as,
for example, the change of "Mt. Stalin" to "Pik Kommunisma" that resulted
from an internal shift in Soviet policies.

Because of differing data sources and differing purposes of the
various maps in this report, there is not complete uniformity from one
map to another. In general, place names shown on the larger-scale maps
(Mans 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 Russian 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 areI used in the text and in the orientation maps (especially Maps I and 2).
These are the forms that generally appear in the source literature and
in such standard sources as the National Geographic Society maps, the

SColumbia-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 same 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 obvious, or
where names have been changed, reference to the following tables will be
of assistance. The first table (Place Name Equivalents) gives synonymy
foc names that are found in more than one form in the literature and on
the mans in this report. The second table (Interlingual Glossary) gives
the equivalents of various common geographic features in the principal
languages used in Central Asia.

The following errata should be noted with respect to 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) New (BGN) form

Cities:

Chatchil Hadhal
Jibhalanta, Ulyassutai Uliastaj
Karashahr Yenchi
Khotan Hotien
Kobdo, Jirgalanta Chovd
Saynshanda Sajnsand
Tatsienlu Kangting
Tsetserlig Cecerleg
Urga, Ulan Bator Ulaanbaatar
Urumchi Tihua

Lakes:

Nam Tsho Na-mu (Tengri)
Seling (lake) Zilling
Tangra Tsho Tmngra Yum

Mountains:

Alai Mountains Alayskig Khrebet
Alung Kang Range Alung Gangri
Altai Mountains Altayn Nuruu
Astin Mountains Astin Tagh
Bayan Kara Mountains Pa-Yuan-Kola Shan
Great Snowy Range Ta Hsueh Shan
K-2 Mt. Godwin-Austen
Khangai Mountains Hangayn Nuruu
Kokoshili Range Hoho Shile Uula
Kun Lun Mountains Kun Lun Shan
Monga Kang Range Monga Gangri
Mont Dupleix Tu-Pei-Li-Ko-Ssu

(highest of Monts Dupleix)
Muztagh Ata Range Muz Tagh Ata Tagh
Nyenchen Tanglha Nyenchhen Thanglha
Shaluli Mountains Su Lung Shan
Tannu Ola Range Khrebet Tannu Ola
Stalin Peak Pik Communisma
Tarbagatay (range) Sai-Li Shan

The names for the various parts of the Brahmaputra River can be a source
of some confusion. From its headwaters in Tibet 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 CO?~MM

ENGLISH AFGHAN CHINESE KASKMhIRI MONGOLIAN NI

desert dasht sha-mo gobi
gaud e le sen

hill(s) ghar shan tibba tologoy

lake kol hal tso nuur
hamun hu nor

tan dalay
ch'ih usa

mountain(s) koh shan tagh hira bh
kohl kang muztagh ula&
sar feng sar ondor
ghund yueh hada

pass kotal shan-hou an hotolL
bel dawan dabaan

plain dasht tala
gob i

range kuh shan-mo dhar nuruu1
band ling uula
sarunia 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
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ON P yOF COMMON PHYSIOGRAPHIC TERMS

REPA OLIAN NEPALESE RUSSIAN SANSKRIT TIBI-, T &N TURKIC

peski. chang knum
en

9G- Y bugor dongar tagh

talI tal ozero kere tsho kol
sar(salt) jhil

y bil
sagar

lhirna himal gora parbat g,--ngri tagh
ýdand danda gory girl kangri

r golefl-s ihari
bum

la 1 la pereval dawan la dawan
aan daban dakhru bel

a ravnina thang dala
I step'

lekhuu Thl ,kh khrebet dhar ri tau
-'yayla tiang ala-tau

kryazh

khl khola dara ghat chhu su

istok jhor
reka suti

do 16 uzun
dolina 3p ami r
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